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Centro Internacional de Agricultura Tropical 

< IA1' BE3GAN operations for its international agricultu~ral 
researchactivitiesin 1969, As p-art ofthe CGIARsystem,(see back 

elndpaper), CIAT is headqu'iartered in Cali, Colombia. 
gcnerate and deliver, in

The~ objective of each center is to 
national institutions, agricultural technologycollaborationVVithi 

production productivity. and
'that will cotributi, to increased 
'Jquiaity of eii'iic basic food commodities within specified
 

>geogtplli9 'areas, CIATs r'esponsibility is primaiily focused on
 

the areasf cassava, field beins, rice, and tropical pastures within
 

Countries in Latin America and the Caribbean. In this mainer,
 

ClAT- seeks to help improve the econoimic situation of the
 

1gricultural producers and raise the nutritioual levels of both rural
 

and urban populbitions.
 

beans and for research, on improvement in cassava in all regions
 

Africa. Rice and tropica! pastures improvement are restricted
 
Sbut 

to alofL-atin America, and' therice efforts are in cooperation with
 

IRRI (International Rice Research Institute), the Philippines. Tie
 
riceis to increase their 

aygoalwith beanscassava, and 
..
lands presenly under cultivation. For tropicalproductivity on 

well for cassava, the goal is to develop improvedpastures, as ts 
technology to enable increased productivity on lands where other
 

crops cannot be ecdnomically produced., Tropical pastures
 
,


research isgenerated to expand beef and milk production on the 

acid, infertile soils. 
with otheralso maintains cooperative agreementsCIAT 

national and regional institutions to help carry out regional and
 

international testing activities at many locations, In some cases,
 
these agremet hlsuprt outposted staff members >who
 

further commodity networks. In all cases,
conduct research or 

international collaboration and network activities among CIAT
 

the researchand national institutions enhance and support 

GIAT Donors in 1981: 
International Bank for Reconstruction andFoundation, th:he IRckefellcr Foundation, the Ford 

l)Cvelopnli'n (IBRI)) through the International De veopment Association (IDA), the Inter-American 

Bnk (ID1B), the Europe.an Economic Community (EEC), the lnternational Fund for 
- Development 

Agricultural Development (IFAI)), the International Development Research Center (IDCR), and the 

foreign assistance agencies of the governments of Australia, Belgium, Canada, the Federal Republic of 

Japan, Me,\ico, the Netherlan)ds, Norway, Spain, Switzerland, the United Kingdom, and the 
Gerima, 
United States. Inaddition, special project funds are supplied by various of the aforementioned donors 

plis the Kellogg oundation, and the United Nations,Development IProgramme (UNDP). 
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economic development of the
CIA is a nonprofit organization devoted to the agricultural and 

lomlhd tropics. The government of Colombia provides support as host country for CIAT and 

furnishes a 522-hectare site near Cali for CIAT's headquarters. In addition, the Fundaci6n para la 

makes available to CIAT a 184-hectare substation in Quilichao and a 73-
Fdticaciin Superior (FES) 
hectare substation near Popayan. CIA] also co-manages with the Instituto Colombiano Agropecuario 

Research Center in the Eastern Plains of Colombia and carries((A) the 22,000-hectare Carimagua 
Out collaborati' c work on several of ICA's experimental stations in Colombia; similar work is done 

kith n1tional agricultural agencies in other Latin American countries. CIAT is financed by a number 

Of doors reprcsentcd in the Consultative Group for International Agricultural Research (CGIAR). 

Inhomation and conclusions reported herein do not necessarily rfflect the position of an'' of the 

alorementioned agencies, foundations, or governments. 



Foreword
 

CIAT's principal achievements in agricultural technology
development and transfer for the year 1981 are highlighted
in this CIAT Report. Progress attaineu is related within the
larger context of the mission of CIAT and the general
strategies pursued by our four commodity research 
programs. All four, plus training and the seed unit, are, we 
feel, well on their way to accomplishing their goals, the
major one being collaboration with national and inter
national agencies to increase the quantity and quality of
selected staple foods in Latin America and the Caribbean. 

The technology development efforts of the Bean Program
has in some countries; already reached its fourth and mostw.<-. advanced stage: horizontal transfer of new bean technologydeveloped by one country, as has been done by Guatemala 
and Honduras, to other Central American countries. Thefirst stage resulted in a build-up of the world germplasm
collection in various bean-production regions through theinternational bean nurseries. Today, these materials are 
grown on more than 40,000 ha in 15 countries. In the second 
stage, improved CIAT-developed lines named,were 
multiplied, and relcased by several collaborating countries: 
four countries have already named new varieties from these
lines and six more are gearing up for extensive seed 
multiplication schemes. At least three national programs
have already reached the third stage, in which new varieties 
are produced at the national level from early-generation
materials provided by CIAT. Today, the Bean Program has 
available improved materials for a majority of the 16 basicbean grain types produced in the tropics. In addition, 
sources of resistance to most bean diseases and insect pests
have been identified and are being incorporated into 
commerci;dly acceptable varieties. 

Earlier. our Cassava Program showed that improved,
low-input cultural practices can double traditional yields of
10 to II t/ ha. Recent data suggest that traditional yields can 



be tripled il these agronmlic practices arC coupled with
 
newl, de eloped h id,,. O()n a larger scale, these early
 
expectati, ns ha\C bCCn ,applied commercially and have
 

vorks. loday, much
demonstrated that (I.A I technology 

1ftoiir ttCntion is 1oCuIsCd oll altCnati\c uscs fbr cassava ill
 

rocest'd fl it) ile high perishability fresh
i, (fi, t o 

as.:1aad IliitCd potcntial ltr Cxpansion of the friesh
 

markct...\ pilot ploect COIudiCt.d inI northern Colombia, in . -,.:

j ' ,-i. 

xhich the ( 'A ( 'assa\ a Program participates, has 


ita steady stpplv of cassava is assured (in "'.. ...
illiistrlted that 

this Case t Ilarniltrs" cOc0ie [rat i prdftoducing dried cassava .4

-

Chips iI" ai iial IICd ).the marketing of even large cassava ,,
 

siipplics at 2dtl priccS is pI cs. ible. \Vc have great hopes that.
 
..
syith (our ne\ pIliictioi tc.hnlo1gv aLd with new cassava 


markels, rmans iatiopical will find con pelling .
at country 
reasons to greatly expand cassava production,ccoitotic 


thc.eb rdcini ccstl\ imlports of lood and feed and
 

inCrCiiic ,tMIll-l-rmlcr incomie.
 

Oi l( iCe IOritirainhas cOni iniCd in its remarkable ability 

to provide a ditcrs set ol promising rice lines to national
 

prograins f*itraming as new varieties or for use in national
 

breeding programis. .I day. some 80 percent of all planted
 

irrigated rice in ILatin Amierica are high-yielding varieties ... .
 
thl'at oniiited from I.,l'I ricC-inmproveinent effort- a 3
 

cltca \ir for the Western ilemisphere stlrictly regional 

workin in close colla bcratictn with 1 . I is largely due to :'t-.. .
 

. ,...

mrican and Caribbeai rice 7 

production has bcen able to kccp up with. tile continually *-;**,,. 
these new \ aictics thatI .at .t I-IciIi,..t:Ci eiI 

.incrCasi (i.itdemald.I (dav. nMost encoLi aging results are vtjl;......
 
tur rice team ini their search to find better 
-L
hein alchieved b'. 


nlldiic e stablc resstalnce to rice blast disease, the most i...;,, ..
 

serious ricC-priod uct ioli prciblcnm in L.atin America. fhc year -0,1
 

19 1 \vas,, isc tirst year ofour relatively modest breeding
 

Cf o1 f,r s,ppcrt ,of upliand rice culture. The constraints to
 
r 

l r tile various types of upland-incasetd prc iduction 

pr cl'U

prcfuiing parental niaterials have been identified.
e t, sstems ha\ C a1Ircadyv bcc i qualitatively defined, 
and 

I Ile hild st rae.g, ci ot- Tropical Pastures Program -

dC\Clol p PrIil1rd ieti\c and eccnomically viable low-input
 

pasture techhiii ci gv Ir tile acid, iiinfertile soils of the Latin
 
Anicrical ticics is niovw beig Confi rimed. This technology
 
.ill be the kC\ comp nent lcir the ecologically sound
 

productitity of ()le ci the last remaining great agricultural
 
of continuous
frontiers ,i tile \\korld. After 4 years 

evaluation, tile most ad\anccd grass legume associations 
ccmttintic to ilook exceedinglv promising, from both 

iv 



l; l~ioiioie and ecmonlc \ iewpoiints. In addition, in
cMlastng numbers 1)riiiiliiilg .le 
acc.ssions are he.ijg idcitifiCd and11 hIlrough the rigorous 

of 1 her lguill and grass 
pt

e\ aliat ion seq leic. We are coifident that tie.'new past tre
productioln tcchnohogv rcsuIltiiiI 1ro0t1 our collaborative 
ClI ills itnational proglalis will cormbine with the 
cxliamdinai\ abilit\ and \illingncss of the livcstock
l)..... .li..L-tion sc'Ttor to accept illlprovcd technology, leading to
api(\eCfI ullmlituml fot increased ,orccs of beel and 
milk, botIh of which arc staple )oodsfor low-income 
coristinuCrs ill the rcgioll. 

The collaboration \wC eCCCi\C Iroln o(ur partners on the 
national le\ colltinlCs to IX the most outstanding leature 
of our work. Through the years. the national programs and
C IAT have continuall\ cxplored ways and ieans for more 
eflCcii\c aid Cfficicnt coiopcration" which has led to a clear
definitio:1 of rcsponsibilities for hotli the inlternational and 
the national lc\cls. thus assuring a high degree of 
coifnplcumnelril.tari v. It is most gratifying to receive solid and 
(lecisi\c aid frm)iii our collabiorators in national prograns at 
every critical stagc of ()ir work, which assures total 
continuilV betwcen the cll'oils of both parties. 

Mary I take this opportunity to express our sincere thanks
f he finncial and technicaI assistauce we receive from the
donor coniu anr Winni\ aid collaborating research and 
de'elopintl institiltiOiis. With their continuCd strong
suppiort. \Nc call Iook inio the futlure with great confidence 
that we can c'iitiii, o car out oul. essential role within
the larger c iritexi of ihe o crall clfort to increase production
in the tropics. 

Jo.)hn 1. NickelIii lor#(w',il(ral 
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011-flVi" of the 
production technologies 'lat permit increased yields and 

improved yield stability over time. Reflecting ('IA l's concern for 

resotn ce-efficient production technology and the intensification 

of the sniall-farm sector, the Bea n Irograin emphasizes 

technologies based on ii proved germ plasm that combine: 

TI" OI CIAT Bean Prograin is to develop 

* rcsistance or tolerance to the principal diseases, pests, and 
S011l and clitialtic constraints-, 

Scilicienc\' in the use of applied inputs: 
* iiip o\cd plant archi:,octure and yield potential. 

As part of its gernplasm development work, the Bean Program 

collahborates closeiv with national bean programs in the develop

ment ot viable bean-production technologies that meet regional or 

national requirements in terms of the fIarmers' cropping systems, 
the predominant agronomric production constraints, and con

suner rcIIIcmnCnts. [raining is the principal means by which the 

Bean I ogrii i provides assistance to the efforts of national bean 

progra lls to develop further and. ultimately, to become self

sufficice itin bean research and development work at the national 

level. 
[ornmed ii 1973 with six senior scientists. by 1981 the Bean 

ProgranisoNisted of 15 scientists at tile senior staff level. In 1981 

the Prograin continued to make important advances in both 

technology development and international collaboration. 

SUMMARY
 
OF ACHIEVEMENTS
 

An integrated gcrmuplasni development and evaluation scheme has 

passed its fornmativc years and has become fully operational. In 

breeding. notable nrogress was achieved in 198 1 in the develop

mci t of inprovel characters. A nong diseases, this includes 

iml roved resistance tolerance to bacan common mosaic virus 

( 'MV, bean golden mosaic viitt (1(.1 MV), rust, anthracnose, 

augulMr lCA .spot, and cominmon I-acterial blight (CIiB). Among 

insect pests. lllint advances w :rc made in breeding bean lines 
resmitant to lcafhoppcrs and the -114011 p11d \cC\ 1l. For the first 

time, in 19M 1promising sotuccs of rIsistancc to the most damaging 
and tlmcrcloic econmmically important storage insects -tihe 

z/,/row.t \scie identilicd. Breeding successes also extended to 

imlro\cd nitrogcn-fixiitmon technology for beans: through tile 

rcninbination of promising donor materials, markedly higher 
le\ els of ttplospheric nitrogen fixation were achieved. In the area 
of brecdimug lot improxcd iiechitecture, several new plant types 

\%crc dc\clopcd and are now in preliminary testing schemes to 

dctctn inc thent usetulncss in improving yield, yield stability, and 

2 mncchMInisIS lot disease and insect pest avoidance. Beyond 



Inoculation for screening of Lean varieties against resistance to various diseases, in this caseBCMV (left), enables developn;ent of improved bean production technology. Thus, even this
small bean producer in Latin America (right) will profit. 

improvement work for single traits, further advances were made in
conferring desired combinations of improved characters onto the 
multitude of diffcrent seed types required by national programs.
Already, improved bush and climbing bean materials are available 
for the majority of seed types required in the various production 
regions. 

With the incorporation of resistance to bean common mosaic
Imll/foved bean virus-the most widespread and serious seed-transmitted disease
lines are now problem affecting current bean production in Latin Americainto all materials leaving CIAT foravailahle.f'or i711.j' further testing, and theavailability of improved materials representative of a wide range
(h/ferenltiro(hictionl of required seed types, the process of selecting from advanced
re,'ions. breeding lines is being decentralized to collaborating national 

bean programs. In 1981, national programs in Latin America 
selected more than 20 lines from advanced-generation materials
and entered these lines into seed multiplication and/or farm-level 
testing schemes. At the same time, 18 countries in Latin America 
and Africa requested more than 7000 germplasm accessions from 
CIAT for further testing and/or for use in their own breeding
programs. These developments attest to the fact that a strong,
viable international bean development effort isjointly underway. 3 



This, the initial impact on bean production, which CIAl has 
achieved through the wide Ltissemination of available, non-CIA F 

improved commercial cultivais, can be expected to be redoubled 

in the near futIIre tilrough the wide cultivation of newly improved 

materials emanating from the cooperative breeding efforts 

between CiAT and national programs. 

Collection and Screening 
of Germplasm 

Germplasm Collection 
The basis for all bean improvement work is the Phaseolus 

germplasm bank at CIAT. Thirough donations from collaborating 
instittitions, and through collection expeditions to Brazil and Peru 

(in collaboration with and funded by the International Board for 

Plant Genetic Resources. IB[IRI,. with headquarters in Rome, 

Italy), the CIAT collection increased in 1981 by some 2000 new 

accessions, reaching a total of over 32,000. The composition of this 

collection is shown in Table 1. 

Table 1. 	 Collection of Phaseolus beans in CIAT germplasm
 
bank, through December 1981.
 

Accessions (no.) 

Species 	 Cultivated forms Wild forms 

Cultivated 	species 
P. vulqaris 	 28,117 332 
P. hunatus 	 2,221 62 
P. coccimeus subsp. coccineus 707
 
P COCCIfleus Subs[). polyanthus 317
 
P COCC/fleuS 58
 
P. acutiJOIus 89 59
 

Noncultivated (wild) species
 
25P. amusotrcmhus 
11P. me tcalfei 
8P. ritensls 

P. [iliformis 	 10 
P. wrightii 	 4 

P. microcarpus 	 9 
P. pedicellatus 	 6 

P. polystachyus 	 8 
P. galautoides 	 1 

1P. parvulus 

Total 31,451 5944 - _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 



Germplasm Screenng 
\Vith the evaluation ofan additional 4I(00 aicessions of P. v'uf4aris
 
In 1981, tile total number of accessions that has undergone 
 15,000 P. v\ulgaris
iiliorploagrllonoic cvailtatin1l now stands around 15,00O. All data 1(iC'C' S.Vis-1 ha/f I/w
about the introduct io,. maintenanece. evaluat ion, and distribution
 
for cach of the four cultiva ted species are orgaii'-ed in computer ,('l')t1)l han.

tiles and arc Illad availahle to all rese:rcners on tic national level. 
 /t ti/ihh~t,'wne

Il addition to the ba'sic cva;ition and documentation work iml()'/il lgrO'llmic

pCrlroiicd on all entries of (he iormplasin bank, the va rious bean- e' alulhliols.

breed Inc projccl s svstcina licallv screen the accessions for parental
 
sources of specific characiers or for commercial grain types.
 

Bush beans. Somc 5000 newly released accessions from the 
gernip'asm bank wcrc evaluated in hill plots at Pop,',n and 

)bo niico. In additiol. sclcttions Irom 500() accessions previou'sl,
c'ali;itcd ii hill plot,, tunder\vent further evaluations in 1981 in 
single-row, plots at PalInira. IPopayan. L.a Selva . and Obonuco. 
lable 2 lists the spilic characters for which the hush bean 
ieiiipasnn is cvaluatM,:d. and the number of lines now%available as 
parents for crosses in the breeding prograin. 

Table 2. Number of bush bean lines available at CIAT with 
resistance or tolerance to various characters for use 
as potential parents in CIAT's improvement program, 
through December 1981. 

Unes 
Character (no.) 

Biological stress 
Diseases 
Bean common mosaic virus 5 
(recessive gene resistance) 

Bean golden mosaic virus 30 
Rust 40
Anthracnose 180 
Angular leaf spot 70 
Powdery mildew 21 
Common bacterial blight 23 
Halo blight 14
Web blight 30 

Insects 
Leafhopper (Elnpoasca) 64 
Bean pod weevil (Apion) 29 
Storage insects (Zabrote,' ) 5 

Edaphic stress 
Nitrogen fixation 12
Soil phosphorus 16 

Climatic stress 
Temperature 10 
Drought 17 

Architecture and yield 15
Early maturity 6 

Total 587 
5 
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Collaborative Research
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Specifc charactersof 
germplasni are imn-
p)roved antd r'icom-
hined accoording to the 
needs Iic bwe,-hean-
/)rhd'icing regions, 

Climbing beans. All climbing bean materials are evaluattJand selected for intercropping with maize. In addition toresistance and tolerance to priority diseases (such as Ascochvta,
powdery ,iildew. anthracnose, and angular leaf spot), evaluation
criteria include the competitiveness of the climbers relative to themaize and their ability to produce well at densities lower thanthose used for bush beans in monoculture. In 1981, some 800accessions of climbing beans were evaluated in Palmira, 500 in LaSelva, and 300 in Obonuco. In each site, th'e most promising
materials were selected for further testing and for use as parents in 
the hybridization program.


In 1981, 
 one of the objectives in germplasm evaluation was toidentify materials that could overcome the narrow adaptation totemperature observed with earlier evaluated materials, particularly between the testing locations at La Selva and Obonuco (meantemperatures of 17 and 13'C, respectively). To date, twooutstanding varieties ;ave been identified for wide temperatureadaptation. These are E 1034 and E 1056, both from theEcuadorian collection in CIAT's germplasm bank. 

Germplasm Improvement 
Dilerent bean-growing regions produce beans with a greatvariation in such factors as growth habit and the color, size, and
shape of the seed. This variation reflects both producer and 
consumer preferences as well as differences in agroclimatic
conditions and cropping systems. In addition, while most disease 
great variationand pest problems are common across many production regions,is found in their relative order of economiciniportance. Screening and evaluation of -'rmplasm for each of 
these factors generally require specific methodologies and climatic
conditions that are often incompatible with other artificially
created epiphytotic conditions. 
 This is one important circunstance that restricts the number of limiting factors that can be
managed at 
a given time in a single breeding nursery to two to
three. Thus, in order to identify desirable genetic variation and
utilize it in improvement activities, the bean germplasmimprovement program follows a two-part strategy consisting of(I) specific character improvement and (2) recombination

desirable characters according to production 
of 

regions and 
preferred grain types. 

Specific Character Improvement 
The character-improvement process is a continuous search forbetter sources of adesirable trait across all growth habits and graintypes. Each of some 20 agronomic characters playing animportant role in solving major production problems is handled in a separate breeding project. Emphasis is on maximizing the 7 
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is being organized to be distributed in 1982 in the m'ajor bean

growing areas of the world. 

Angular leaf spot. Although not as advanced as the 

improvement project for anthracnose, the angular leaf spot 

project -after field and greenhouse evaluations with Popayan 

isolates of the pathogen, Isariopsis griseola, plus glasshouse 

evaluations for anthracnose resistance -now has available some 

classified as "resistant" or "intermediate" to the15 accessions 
Popayan isolates. and with good resistance or tolerance to various 

isolates of the anthracnose pathogen. The usefulness of these 

of angular leaf spot resistance cannot be determined until 
sources 

O/T*('sistanceto additional evaluation data is available from other locations andFor the/first lime, 

with additional isolates from other bean-growing areas of the
Ms oteso/eistanto 

Zabrotes and Acanthus - world.
 

1979 and 1980cclidcs have been The segregating populations of crosses made in 


identili/tL' in wild to combine sources of resistance to angular leaf spot, halo blight,
 

and powdery mildew are being evaluated in Popayan and 
.orWs. 

Obonuco. 

Common bacterial blight (CBB). The Program continues its 

efforts to develop CBB-resi'!ant (common bacterial blight) 

bean types and grain colors with commaercialmaterials in 
is an importantacceptance in regions where this pathogen 

production constraint. The very promising sources of resistance 
the program;1980 now 

progress achieved with progenies of these sources will be reported 

next year. In 1981, some 100 early generation and advanced 

breeding lines, previously rated as resistant to the CBB pathogen, 

identified in have entered crossing 

evaluated for foliar resistance.Xanthounonas phaseoli, were 
Among the 27 lines found to be resistant or intermediate were both 

small, red brilliant and black opaque-seeded breeding lines-color 

groups that previously had proved difficult to accept resistance 

transfers. 
In the search for higher levels of CBB resistance, 19 F2 

populations from interspecific crosses between P vulgaris- and 

Xanthononas-resistant accessions of P.coccineus were evaluated. 

Several highly resistant selections were identified or confirmed. 

prior years, the achievement ofLeafhopper. As reported in 
(Empoascalin'creased levels of resistance to the leafhbpper 
more thankraenieri)has proved to be a difficult process. In 1981, 

from various nurseries were evaluated, but less5300 materials 
than I percent of these were rated as resistant. The best accessions 

were utilized as parents in the recurrent selection program. With 

the completion of' the fourth cycle of intermating in this breeding 

program, progress observed in earlier cycles of recurrent selection 

to increase levels of resistance was reconfirmed. Promising 
of a good range of seed colors. Aselections are representative 

special effort has now been initiated to select for large-seeded 

types, which have proved to be especially difficult to improve for 
-inpoasca resistance.
 

L "uchidoviposition resistance.
 
Screenhouse evaluation for 

Pod weevil. Damage from the pod weevil, Apion godmani, is 
Lach sleeve contains a bean pod 

of considerable economic importance in bean-production areas of
1 0 and a pair of adult insects, 



Central A mei ica. In 198 1,the .l/pion breeding project registered Prc,i it agesigAil'icanti progress in that a series of highly resistant breeding 8olines were idinttilied (Figure 2). Ihese lines were identified through 
 '- i,,,j,,
an international ,,pionnursery, with distribution to FI Salvador, p)iuis(uat.nala. IHonduras. Mexico.and Nicaragua. Inthis nursery of 7o eD ,
40 entrie,, a 
total of 28 lines were classified as resistant. One ofthese lines. APN 05.was released in IHondunras as a new varietv 60
 
tlder lil alilelt
(opill.
 

Storage insects. Alter evalim'ing more than 6000 germplasm bO
hank accession; for resistance to the NMexican bean weevil
 
(Zahrote. .Wi/)faliatus). and more than 
 1000 accessions to thecommon bean weevil (Actntmhscelidles obhtectus), inthe period
1975 to 1981, tie conclusion was reached that resistance levels in 

40 

cultivated materials are too low to be of economic relevance. In
1981, however,evaluations of 206 semi-ctutivated bean accessions 30
collected earlier in Mexico showed some ofthese lines to be highly
resistant to both the Mexican and the common 
bean weevil. This 20resistance was found to be expressed in gnatly reduced numbers
of progenies of the weevils combined with retarded development

an( 	 reduced )rogeny dry weight (Fable 3). '[he most promising of 10the resistant lines have been entered into the crossing program in an 	 attempt to transfer the resistant genes into commercialmaterials. Should this prove successful, an important advance in Aver -ge fS X
0 of six sS lscepible~,llb (the 	fight against storage insects --a primary cause for the widely new breeding lines checkobserved collapse of the 	 price of beans immediately after Figure 2.Several bean linesharvesting will be registered. hiue 2have been identified for 

resistance to the pod weevil 
through the international 
Apion nursery. 7he percel)
tages of damaged seeds and 
pods from the weevil were 
reduced by 72 and 42%, 
respectively, ilthe new 
breedinq l1nes now available 
through collaboration with 
tationialprogqrams.Table 3. 	Resistance of the best-performing cultivated bear,


accessions, of 206 collected in Mexico, 1981, and
susceptible chieck 
a
 

to the Mexican bean weevil 
(Zabrotes subfaciatus). 

Average 
length of AverageAverage development adult dry


adults emerged cycle weight
Accession (no.)a (days) (mg)
 
G10019 
 7 J8 8G12952 
 9 
 67 
 7
G12880 
 39 
 33 10
 

Diacol Calima 
 306 
 31 
 16

(susceptible 
check)
 

,j.
Averaige of adtults in five rophI llions of 50 seeds each 1 



Results after three cycles of intermatingNitrogen fixation. 
and selecting for enhanced N, fixation in bush bean cultivars are 

most encouraging. The 114 lines of the third cycle of glasshouse 

selection and field evaluation fixed an average of 50 percent more 

N, than their original progenitors, which were seiected for their 
five of these lines fixed fully 100high fixing ability. The best 

percent more than the original parents (Figure 3). As these highly 

fulfill all agronomic requirements,promising materials do not 
made to introduce this variability from otherfurther crosses are 

projects into this recurrent selection scheme forimprovement 

enhanced N, fixation.
 

In the search for improved yields, yieldPlant architecture. 
stability, and mechanisms for disease avoidance, a number of new 

traits have been developed for further testing.plant-architecturc 
One particularly promising characteristic is a plant with short

spaed but numerous internodes that promises to improve yield 

potential especially ot determinate bean types (Figure 4). Also of 
uprightmuch promisc is "abean type with a strong sten and 

branching. but \\ith a high 'lumber of pods (Figure 5). Such 

erectness prcents the pods from soil contact, thus increasing seed 

quility and decreasing disease incidence. Characteristics such as 

short intei'nodes and suppressed branching are being combined 
with othe, architectural traits such as small pods, stiff stems, small 

on yieldfoliage. lanceolate leaf. and others to study their effect 

potential. As most of these architectural traits are available only 
to warmer climates, increasingfor small-seeded lines tdapt,:d 

attention is given to transferring these traits into medium- and 
and into varieties adapted to coolerlarge-seeded varieties 


production environments in the tropics.
 

Rate of N2 fixation,
 
measured by C2H4 produced
 
(prmol' plant/hour)
 
54
 

39 

26 

Top 5 lines broOriginal parents 114 lines bred 
(BAT 76 and BAT 332) 

Figure 3. New bush bean cultivars have been bred at CIAT for 

enhanced nitrogen fixation. Results after three cycles of recurrent 

selection show N2 -fixation increases of up to 100% in progenie. 

1 2 over the origInal parents. 
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Figure 4. As part of its efforts to 
improve the architecture ofbean 
plants, CIA T has developed this 
plant type, Line A 132, with 
short-spaced and numerous 
internodes, which is expected to 
improve yield pntential in bush 
beans. 

Figure 5. Another C/AT bean
pie A 57, w deo 

typeLine A 57,was developed
 
with a strong stem,upright
 
branching,da high numberof
 
improve seed quality and reduce 
isese cidence. 
disease incidence.
 

Combination of
Desired Characteristics 
The most promising sources of resistance and desired agronomic
characters are selectively and cumulatively transferred intoagronomically suitable materials with commercial bean types. Inthis process of recombination, some degree of individual character
expressions often has to be sacrificed. As information accumulates 
on the value of the progenies, some parents are more widely used,while others are discarded. Using the criteria of growth habit,
climatic adaptation, seed size, and grain coat color, the Bean
Program has grouped the major commercial bean types into 16basic bean groups (Figure 6). All of these groups are included in
the improvement activities of the CIAT Bean Program.

In 198 I,the bush-breeding projects made some 1250 crosses forthe recombination of multiple characters and produced a total of
681 new experimental lines for the various production regions inLatin America and the Caribbean. 'li of these lines are 13now 



GROWTH HABIT 

IClimbingBush 

CLIMATIC ADAPTATION 

Tropical
Tropical 

T Temperate Temperate 

Warm Moderate 
Warm Moder- _ate 

SEED SIZE 

Small Medium an d Small
Medium Large

Small Medium Large Small 

t I I I GRAINCOAT COLOR 

White*cream* Cream* Cream 
WhWeeRed' - Pink low 

Black WhtYehiow Black Red Red* Cem'
Pupe White Yellow* Cream'

Black Red Red* Pink* White Brown Brown' Graypurple'aurpl e Black Pinto Brown Brown'I 

, ,, , ' I ' I !I BASIC BEAN GROUPS , a a' ' a' 'a ' 
II 

10 1Y2T1YI3 1 15 12Z7iIZ .Z4 .i56 7 8 9 
Includes solid, mottled, striped, or speckled types. 

16 basic commercial beangroups includedinhe CIA Tbreeding-improvement activities. Bush and climbing beans 
Figure 6. There are 
are developed and evaluated for adaptation to tropical and temperate climates and for seedsize and grain coat color, as required for 

consumer preference in the various production regions. 



Table 	 4. Bush and climbing lines submitted for VEF nursery evaluation in 1981. 

Grain
Basic characteristic Production region Linesbean 	group Color a 

Size for consumption (no.) 

Bush 	 beans
 
1 Black Small 
 Mexico, Brazil2 Red Small Central America 

160 
190
2 Red Medium Caribbean 714 Red Large Andean Zone 	 465 White Small Peru, 	Ecuador 516 Cream Small Brazil 205
7 Whije Medium Peru, Chile 12
8 Pink Medium Mexico 70
9 White Large Argentina

Yellow Large 
1010 	 Chile, Ecuador, Peru 59 

Climbing beans 
11 Black Small Guatemala (highlands) 2112 Red Small Central America 6913 
 Red 
 Large Andean Sierra
14 Cream Large 	

79 
Andean Sierra 25
15 Black Small Central America

16 White Small 	
18 

Peru, 	 Ecuador 23
 

Total 430 

a.lncludus solid, mottled, striped, or speckled types. 

undergoing further evaluations. In the climbing bean project,
some 270 crosses were made to transfer desiable characters into 
the various commercial grain types. Progeny of these crosses were
planted and --valuated with maize under high BCMV and
anthracnose pr,!ssure. A total of some 1400 progenies were
evaluated in CIAT-Palnira, 2000 in Popayan, 1(9)0 in L1a 	Selva,
and 300 in Obont,ao. Some 430 of the most promising selections 
were advanced to the first stage of nursery trials, the VEF, for 
testing for disease resistance. 

In stmmary, 1981 saw the development of promising line. in all 
16 basic bean groups (Table 4). All of these lines are BCMV
resistant, and most have introved plant types. The most notable 
advances in improving specific grain types were registered for the
Andean zone, the Caribbean (the Pompadour type), Central 
America (small, red types) and Brazil (Carioca and Mulatinho 
types). 
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Progeny Evaluation
 

The Bean Program uses a three-stage progeny evaluation program 

The first stage, the Bean Tearn Nursery (VEF), is a(Figure 7). 
uniform. multidisciplinary evaluation for adaptation and pi iority 

disease and insect resistance. Some 1000 
ge
lines are entered into this 

lua io st on evtil se 
P-ena ovlcin nursery each year. Selected materials (about 30) lines per year) are 

Parental evaluation, hybridization the Preliminary Yield
advanced toand selection at CIAT 
Trials (E'). In the 1-P, lines undergo a nearly complete evaluation 

including resistance to minor diseases and pests, quality factors, 
from the EP trialsand N2 fixation. [he best materials selected 

(about 100 lines per year) are included in the International Bean 

Yield and Adaptation Nursery (IBYAN). 

Bean Team Nursery (VEF) 

The 1981 Bean learn Nursecy (VEF) contained I110 entries, of 
235 were improvedwhich 661 were improved bush beans and 

194 either were germplasm bank
Advanced breedin lines from climbers; the remaining 

CIAT and national programs IccessioIs or came from national programs. Materials from all 16 

,Z Germksm bink ,materiails b-isic bean groups were represented. The group with tile smallest 
white bush beans for Argentina)number of entries (i.e.. large 

10 lines, while the group with the largest number ofcontained 
and brown grains for Brazil) registeredentries (i.e.. small cream 

205 lines. All materials entering the VEF were resistant to BCMV; 

43 percent of the bush bean entries and 47 percent of the climbers 

showed a resistant or intermediate reaction to rust. The frequency 
VEF has greatly increasedof anthracnose resistance in the 1981 

(A) Advanced breeding lines
 

from national programs
 

VEF 

EP1000 entrios/year max, 

300 entries/year max. 

100 entries/year max,' 

STAGE 3STAGE 2STAGE 1 
Preliminary Yield Trials International Bean Yield

Bean Team Nursery 
and Adaptation Nursery 

Multilocation adaptation
Disease and pest resistance Unifoim triE.1s for disease 


and pest resistance, 
 and distribution 

quality, and N2 fixation 

Figure 7. As reported previously, the CIA TBean Program uses a three-phase nursery and testing 

program for the development and distribution of improved bean materials. Original entries 

are from both CIA T and national programs.1 6 into this evaluation scheme 



over previous years, with over hall' the entries showing resistance 
to this important bean disease (Figure 8). Anthracnose-resistant 
lines were identified in all 16 basic bean groups. 

Preliminary Yield Trials (EP) 
The Preliiniiary Yield Trials (ETl)scheme is the first evaluation 
for .iclding ability of newly improved lines. These trials are 
corniducted both at CIA'll-l'almira and CIAT-Popayan, under 
hi.! h-,nd lo% -in plut conditions at each location. lin1981, seven sets 
of the EP were also planted in locations outside Colombia. 

Tle 1981 Preliminary Yield Trials consisted of 191 lines,
selected from over 500 entries evaluated in the 1980 VEF. Bush 
beans were represented by 135 lines and climbers by 56 lines. 
Fxcept for the large-and medium-sized white grains, all basic beantypes were represented. The steady progress in the long-term 
ClIAl improvement effort isevidenced by the fact that, in the large
ruajority of basic bean groups tested, selected breeding lines 
managed to outyicld their respective checks, both under 
chemically protected and unprotected conditions, in the two
principal testing sites. 

Among bush beans, a series of highly promising breeding lines 
werc identilied in each of the eight basic bean groups for which 
advanced breeding lines were available. Figure 9 shows that, in the 
case of the CIA I-lalmira testing site, the average of the most 
promising new materials in each of the basic bean groups tested isnearly alwvs higher than the average of the check varieties, both 
under protected and unprotected conditions, 

I)ue to the relatively late start-up of CIAT improvement efforts 
in climbing beans, the CIA I Ireeding lines for basic bean groups
for climbers arc not as advanced as those for bush beans,
Nevertheless. outstanding lines in each ofthe six basic bean groups
for clinbers are present in the 1981 EP. In five of the six climber 

lel was improvednpro line.groups, the top yieldc-91,olps.tiletopU wa anan ed lne.reacti 
A high perctage of the Preliininary Yield Trial entries showed 

resistant or intermediate reactions ioone or a combination of the 
fol %ing diserses: common bacterial blight, rust, anthracnose, 
..
ICoChta. angular leal spot, root rot complex, and web blight
(1-igure Il An iintermediate reaction to Am)poasca kraemeriwas 
observeu in I I (6 I)of the entries. 

Percentage 
60 - Resistant Q

Susceptible Q 

50 

40 

30 

20 

10 

0 
0 1 1981 

1979 1980 1981 
Figure 8. Resistance to anthrac
nose in the VEF nursery trials 
has more than trioled in the lost 
3 years. In the 1981 nursery, 
over 59% of the new lines were 
classified resistant. All lines 
entered into the VEF are already
BCMV resistant. (Intermediateons are excluded in this 
graph.)
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Figure 9. Continued progress it developing improved bean materials in allbasic bean groups is 

evidenced by the results of the 1981 Preliminary Trials at CIA T-Palmira.In seven groups (of a total of 

eijght groups tested), the average of the 10 best new CIA T breeding lines was well beyond the 

average ol the best-available standard control varieties, under both chemically protected and 

unprotected conditions. 
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Figure 10. The 1981 EP demonstrated improved resistance in the field to most of the primary bean 

diseases (each disease tested in about 191 entries). 

Results of experiret conducted under greenhouse conditions. 
8 ) Evaluated in two sites in Costa Rica. 



A// sources oldesirable 
traits are made 
available to ilterested 
bean researchers,either 

through iiiternaiiotal 
nurseries or upon in-
dividuial request. 

:"',.• . "__yP 

-, -,s 

International Bean Yield 
and Adaptation Nursery (IBYAN) 
The International Bean Yield and Adaptation Nursery (IBYAN) 
was started in 1976 as a bu,,h bean trial in which.all seed colors 
were evaluated in one nursery. Since 0 77, black and colored 
entries of bush beans have been evaluated in separate nurseries. 

Climbing bean trials were added in 1978, with climbing materials 
separated into three color groups: black, red, and others. In 1980,
the 11YAN was increased to seven different nurseries by dividing 
bush bean trials into four groups -black, red, white, and cream 
colored- allowing each national program to receive material of 
grain types of its interest. By the end of 1981, some 1200 IBYAN 
trials had been shipped worldwide (Table 5); in 1981 alone, some 
300 trials were sent out. 

The seven nurseries in the 1981 IBYAN trials contain-.d a total 
of 46 bush bean and 30 climbing bean lines. All entries were 
selected from the 1980 Preliminary Yield Trials. The results of 
each years IBYAN are published in separate reports available for 
consecutive years from the CIAT Distribution Office. The present 
report only includes results from the IBYAN trials planted by the 
Bean Program in Colombia in the second semester of 1980 and the 
first semester of 1981. 

4 -A 

t t ' -
" '*e. 

4~ J4, 

Bean seed for shipment in internationalnurseries is multiplied in an arid valley near Cali, Colombia, an. 
area free of bean production and bean diseases. Quarantine officers from the Colombian Institute 
for Agriculture periodically inspect the plots as a requisite for issuing phytosanitary certificates. 19 
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Table 5. Distribution of IBYAN trials by geographic zones. 

Region 
1976 
Bush 

1977 
Bush Bush 

1978 
Climbing Bush 

1979 
Climbing 

1980 
Bush Climbing Bush 

1981 
Climbing Total 

Latin America and
the Caribbean 69 80 136 37 141 59 143 50 180 64 959 

North America, Europe,
Australia 8 9 5 0 2 0 6 0 8 0 38 

Asia 9 14 0 3 1 0 17 10 26 11 91 

Africa 4 5 9 2 12 5 25 8 27 9 106 

Total 90 108 150 42 156 64 191 68 241 84 1194 



Bush beans. At CIAT-Palmira and CIAT-Popayan, trials 
were planted for black-, red-, white-, and cream-seeded bean 
types. Used as international checks were Jamapa and Porrillo 
Sintdtico for blacks; Diacol Calima for reds; Ex-Rico for whites;
and Carioca for cream-seeded mateiials. In addition, the best
available local varieties were used as local checks. In all cases, the 
international and local checks outyielded by selectedwere new
breeding lines and by elite checks (elite ch,""ks are outstanding
lines from previous IBYAN trials). Yield rankings under 
chemically protected and unprotected conditions were again 
found to be very similar. 

Climbing beans. All IBYAN trials with climbing beans are
designed for planting in association or relay with maize. The trials
with black-seeded materials showed most breeding lines out
yielding local checks. The best varieties at any one of the locations 
(i.e., CIAl-Palmira and CIAT-Popayan) proved to be poor
performers at the other testing site, indicating a specific
environmental adaptation of' the materials. In the trials with red
seeded materials, the genotype-by-location interaction was less 
prono !nced. Again, the highest yielders proved to be new
breediiig lines. Finally, in the trials with large-seeded materials 
(materials preferred in the cool highland areas of the Andean zone 
and in Mexico), all but one of nine breeding lines outyielded the 
local checks. 

Dissemination of
 
Improved Bean Materials
 

The evaluation scheme for bean materials, as presented in Figure
7. allows for a free flow of genetic materials from national 
programs to versa.CIAT, and vice In the initial phases of this

evaluation scheme (1976-1977), the materials passing through it
 
were selections from the germplasm bank and established varieties
 
from throughout Latin America. Since 1978, the representation of
 
new breeding lines has steadily increased. By 1981, for example, 
more than 80Ci of the bush bean entries in the IBYAN trials were 
improved lines from the Bean Program.

The Program supplies breeding materials to collaborating
national programs at whatever stage of development the 
respective national programs wish to make use newof the 
materials. This stage varies in accordance with the type of 
production constraints that particular national programs are
confronting, as well as the human and physical resources available 
at the national level. For sonie countries, CIAT provides breeding
lines that can be used immediately as varieties. For other" arly
generations of segregating populations -most often from crosses 
made specifically to meet the needs of given national programs -best suit the requirements of national programs. 

Clhibitg beans are 
evaluaied and selected 
for imtercropping with 
maize. 

21 



Over the years, then, the Bean Program has been involved in the 

distribution of three types of bean materials through its scheme of 

development and evaluation of germplasin: (1)varieties and 

bank entries obtained from national programs; (2)germplasm
advanced breeding lines resulting from the improvement efforts of 

the Bean Program',and (3) advanced lines developed by national 
programs often developed from early-generation breeding lines .
 
from ('IA 

CIAT disseminated materials already existing in national 

programs. Of the roughly 400 entries included in the IBYAN trials 
to 1981, 151 were variet:-s andfrom their inception in 1976 

germplasm accessions obtained from national programs. As 

shown in [able 6, by 1981 some 15 countries in Latin America had 

released bean varieties selected from such entries. It is estimated 
40,000 hectaresthat these varieties are now planted on some 

outside their country of origin. This same dissemination proce-,s is 

also starting to become evident in eastern Africa; for example, 
Burundi has selected the variety Diacol-Calima from a nursery 

assembled by CIA]F and is already making extensive commercial 

use of it. 

Table 6. Germplasm entries in CIAT bank, received from 
national programs and adopted as new varieties in 
other countries, as of December 1981. 

Adopted bya
Variety Source 

Brasil 2 Brazil Ecuador (INIAP-Bayito) 
Pirata 2 
Diacol Calima 

Brazil 
Colombia 

Peru 
Burundi, Gabon 

ICA Palmar 
ICA Pijao 

Colombia 
Colombia 

Peru 
Bolivia, Costa Rica, Cuba, 
Honduras, Guatemala 

ICA Tui 
ICA-10103 

Colombia 
Colombia 

(Suchitan), Nicaragua 
Costa Rica 
Costa Rica (Talamanca) 

G 1753 
E 1056 
Porrillo Sint6tico 

Costa Rica 
Ecuador 
El Salvador 

Argentina 
Colombia, Ecuador 
Cuba, Peru, Costa Rica 

Apetito 
G 2333 

Mexico 
Mexico 

Peru 
Peru 

Puebla 444 Mexico Peru 
Linea 78-0327 
Redkloud 

United 
United 

States 
States 

Peru 
Chile, Peru, Belize 

Ex-Rico 23 (unknown) Canada 

22 aNames inparentheses are variety names adopted by that country. 

BlY 1981, mor-e than 80i of 
tle h.sh bean entries in tihe 
11 )'lN trials were ia
pro'ed lines.from the Bean 
Program. 
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' 
 At the end of in-country courses on bean production, participants
receive a package with seed of various newly released varieties to
plant (right) as a demonstration trial rather than the certificate 
usually awarded. These CIA Tlines (such as E 1056) are multiplied
for in-country advanced testing and frequently given variety names 
(such as ICA-Llanogrande) (inset). 

In addition, dissemination ofClAy breeding lines took place.
Whereasin the 1977 IBYAN trials only two of 35 entries were 
CIAT breeding lines, by 1981 there were 63 of 75 entries from 
CIAT breeding lines. By late 1981, Bolivia, Costa Rica, El 
Salvador, and Nicaragua had named as new varieties selections 
from such breeding lines. Figure I I provides a summary of the 
CIAT breeding lines that are now undergoing seed multiplication 
in various Latin American countries. 

Varieties developed by national programs based on CIAT 
crosses were also released. In close collaboration with CIAT, the 
national programs in Guatemala and Honduras already have 
developed their own varieties based on early-generation lines from 
CIAT crosses. The varieties developed by Guatemala are ICTA 
Quetzal. ICIA ,lutiapan. and ICIA Tamazulapa; varieties 
developed in Hlonduras are Acacia 4 and Copan. With the active 
collaboration of the Bean Program's regional project in Central
America. these lines are distributed and tested throughout the 
region. For example, the variety ICTA Quetzal has already been 
adopted in Cuba; IC IA Jutiapan has been adopted in Nicaragua;
and Acacia has been introduced into Costa Rica. 23 
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Figure 11. CIA T bean lines, including named varieties, being multiplied for commercial use in 

24 various Latin American countries, as of December 1981. 



Growing Momentum of the
International Bean Network 

Ihrough the training of more than 500 bean workers, thexa'ji'lu! f)1(NoI(I)ls ill ()rL-a n,;i 1Ion of periodic workslhops. and the development of the 
I~ulill .1 ilwr'(U (l'(' ill- Colhborati,. internalliorial bean development and evalniation 
rrOl'sign I/lr schem,. the ,; n I'ori inhas hecn ahe to set in motion a 
(al/lcli to ill- thoronglily international bean research and development effort. 
('F('/t!Itll tjllld I hronghntl Latin America. national programls are steadily

ploress .ing toward increased levels of capacities to independently,a'nd. callnd,raiveh engage in bean development work. [heill /e'atll-d '''t-clhlmle int erc;tSe technology-developtnent process het ween the national 
iiu' and iiHrnautioMal lels has now attained tile point vhere new,

inlpr,\cd materials are Undergoing seed mltiplication and are 
beginuitng to reach the munltitnde of hean iarners in many Latin 
A.,lierica eotin tri s. Against thIis backdrop, tle Bean Progran
inccasingly looks toxward major bean-prod tnct ion areas outside 
the Western Ilenmisphe.re. Preliminary work along this new 
Irntmler Ifr the 1oaln lIrogramrn indicates that the technology hase 
establilted lor the l.atin American context is likely to provide a 
strong starting point Ior bean-d evelopment work in such 
iimportalnt beall-production regions as eastern and central Africa 
and tile M ddle last. 

e 

Multiplication of certified seed of variety Revolucion 81 (CIA T Line A 40) in Nicaragua. This line 
meets thme consumer preferences in the area, is high yielding, has wide adaptation, and is resistant 
to bot/i huan ConIlin mosaic vir'us and rust. 25 

http:Ilenmisphe.re


l'$ 

4,d. .jtj
 



Cassava
 
Program
 

Page
 
Summary of Achievements ............................ 29
 

Germplasm Development .............................. 31
 

Development of Elite Lines ............................ ?4
 
Yield potential .................................... 3.5
 

Gcrm plasm Collection ............................... 32
 
Germplasm Conservation ............................. 12
 
Germplasm Bank Evaluation ......................... 33
 

Yield stability .................................... 36
 
A. Temporal stability ............................ 30
 
B. Spatial stability .............................. 37
 
C. System stability ............................... 7


R oot quality ..................................... 
 40 

Development of Management Practices .................. 43
 
Soil and Plant Nutrition ............................. 43
 

Long-term fertility trial ............................ 43
 
M ycorrhizal association ............................ 43
 

Plant Pt ,tection .................................... 44
 

Iec hnology Testing ................................... 44
 

Regional Trials ..................................... 44
 
On-Farm Evaluation ................................ 48
 

A n Epilogue .......................................... 
 49 

27 



CASSAVA IS the principal root crop and a major calorie 
staple in tile rural lo Nwlanu tropics. Tt plant's high carbohydrate 

potential per unit of land or labor and its adaptation tol'oduIctitoi 
mOre malrgitml agrictIlturial conditions Coi1hine with an excep
t otial crsaitilitv for alternative markets: cassava can be eaten asa 

Ihsh cgctablc: it can he processed into it variety of lorms for 
hutallill consumption: it can be used as an animal feed or in the 

can serve for tile productionmantilaicture of Ieed concentrates: it 
oh alcohol i a luel substitute for gasoline, and, in the form of 

Starch. it has 1111merous industrial uses. 
I odav. Worid cassava production of close to 120 million tons is 

Asia (361), and Africadi\idedlamong Latin America (261 ). 
o e).two-thirds of this production is consunled as human 

Iood. cither in fresh or in processed floi. 
I iitoalls cass;av has been produced by small farmers 

lner 	mininainput conditions. Yields have been low, with the 

an aVClage of around 9 t/ ha. For centuries,v, orhd Iresh [ot vield 
Itrimers hat\c selected cassava clones across a wide range of 

it rocliiatic conditions. As a consequence, most traditional 

cliC.s arc well adapted to the environmental conditions and biotic 
grown when traditionalprblciims il theLone in which they are 

mcIl nleil t practices are used; however, tile narrow germplasn 
respective production zones has restricted thebatse in the 

Few improved varieties havegeriripilasm-desclopitnent process. 
selectionreached farmers from the few existing breeding and 

60 tlha underfptograis lor cassava. Yet yields of more than 

experimnital conditions suggest tile high potential for raising 

Ii rim pirod it isitv tI rough tie Ifurt her development and increased 

(isc ofl higher yielding varieties that produce stable yields under 

stres conid Itiolls. 

The selectioni of Imnproved cassa va varieties follows a systematic procedure of parental selection, 
a numnber of generations. "Germiplasm flow" andhyhiridization. (111progeniy evaluation through 

imifdotmatloti flow" are inextricably linked in a two-way interchange between the national research 

2 8 progjrams CIA 1.OS 00 
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IIli1 0 lly of ahih lcrlshilhb cassa lmakes handling difficult after 
. I(LVe tl.. illcrelsed prodtction is lim ited bv the lack of 

Ic(llI/)h'./' k1r ilI 
 ' 01 pI occ.iiijpl I;IIIs tl;,lI t ,n 1112l l IssiI. i II i t 

lolre Stbic prOdLCt. ldrillers alc tfteni rellctalnt to ilicrase 
[prodtllion bc'aiUSe Of tlicerta titlllets. ;allde trepretitlrs ire 
hlo
lot \milliiii2 to Imlxestini processin,L,plaints because of uncertain 
Sllpplics. I l1us. to Increase cassaux a production. piotlu'tionl anduitilu/itituim [u]iut be ricu.!r~ited and ellcti\e uarketinlg systems 
stlablished. 

I le ( ';ssaua lPt ogrtam seeks to sat1sl\ the need for ftoOd ;lld teed
cilholubtdraitcS b\ cvrtlin cassava from a traditional rural 
sl;iplc to a 11a)(1r. iulti-use arbollvdrale sourceI inaddition. tle
I terl;liu 1el,iuS dc%,,luliu rlilillm and IMnagemllnt, S.smlIlls to 

Ocl k' Ill/,1nil11 %L ith 0 l Of cIssava fr iirec't hllulllanutSlllllilionll.co' 


SUMMARY OF 
ACHIEVEMENTS 

Analyses of long-terin data obtained inlarm-level trials confirmned 
that the iunprocd, low-input mianagein.ent practices developed bythe ('assava lProgrami can double traditional yields of 10 tons of 
fresh rootslia. I. in addition, new selections or hvbrids are used,
table yields ol 30 ha can be obtained. 

Research ftactors that may lcand to the further improvement of 
management practices continued to be assigned high priority in 
the Program. A long-term fertility trial has confirmed the

importance of potassiumII i applica tiol with consecutive plantings

of cassava. Also. tile importance ofa mycorrlizal association for

noilalill grotlhIof cassaa in soils with low phosphorus availability
 
was established. Studies of this association point to the Iikelihood
 
that inoculation with highly efficient niycorrhi/al strains will have

sigifitic:int elects Ol yield inIcrCises and will enable cheap, low
gildt: SOLurcS of phosphoris to be tused effectively. [he search for
 
IImipr 
 Cd metihoLds of culitural control of cassava insect pests was

further boosted by the identification of a series of potentially

useful I.miural clnemnies of ecololicallyi'lliportant cassava pests.


lrogiess in tlie long-term cassava-iinprovelent efforts is 
c+idenccd b. t lieLct that yields of local cultivars in the variotis 
testing sites slayed constant. whereas av'erage yields of the CIAF
genttIlcs ha xc increased progiessively and significa ntlv. Superior
('IA I gcuotypes are available for t maIjority of the x'arious 
cdapho-clinmatic ecosvstes inwhich the Irograin works. Ihese 
genot.e\l)s ;Irc alicad, in the hands of collaborating national
institulitios where they are Used for further testing for ex'entual 
release, or are included in national hYbridi/ation programs.
IlOdax'. I PIrogr;ill is well oilits wav to protiducing gen~ltYpes with 
high yield poteLitiil. bighI'0oo (1rv-in1itter content, and good eating
qluilit1\. Ie \cry short shelf life of cassava remains tproblem for
the Ircsh imarlket. 29 



Table 1 Edapho-climatic zones for cassava production and their main characteristics. 

Edapho-climatic 
zone (ECZ) 

no. General description 

Mean 
temperature

(oC) 

Dry season 
duration 

(mo.) 
Ankal rainfall 

(mm) 

I Lowland tropics with long dry Above 25 3-5 700-2000 

season, low to moderate rain- lunimodal 

fall. high year round ten- distribution) 
ptratulre 

2 Lowland tropics with moderate Above 25 3-6 2000 

;o high rainfall. savanna (unimodal 

vegetation on infertile, acid distribution) 
soils, moderate to long dry season; 
season. low relative humidity during 
dry season. 

3 Lowland tropics with no pronounced Above 25 Absent or 2500 
dry seasons, high rainfall, con- very short (unimodal 

stant high relative humidity. distribution) 

4 Medium-altitude tropics; moder- 21-24 3-4 1000-2000 

ate dry season and tempera- (bimodal 
ture distribution) 

5 Cool higtiland areas, moderate to 17-20 Variable 2000 
high rainfall 

6 Sub-tropical areas, cool winters; Min. 0 Variable Variable 
fluctuating day lengths (unimodal 

distribution) 

Representative areas 

N. coast of Colombia, N Venezu-lda 
N.E. Brazil. S India. Thailand 

Llanos of Colombia and Venezuela. 
Cerrarios of Brazil 

Amazon basins of Brazil. Colomb:a. 
Ecuador. Peru. rainforests of Africa 

and Asia 

Medium altitud(o 18300 1500 m) 
areas of Andes, parts of Pnulippines, 
Ivdia, lndonrsia. V,:tnarn. Africa 

Andear rei;on (1600 2200 m 

N MW:icu, Cuba. S Florida, 

S Brazil. Paraguay. N Argentina.
 
T-. wan, S China
 

Sites in Colombia
 
for germplasm
 
evaluation and
 

technology testing
 

Cartb.a, Media Luna, 
Fonseca Natairna. 

Rionegro 

Carlmagua 

Florencia 

Caicedonia, CIAT-
Paimira, CIAT-Quilichao 

Popayan 

Nune 



EVALUATION WITHIN EACH ECZ 
Oi',.WiviIIIn anid yieoldIi ills 

CONSF1RVAlION 
In Vitro ctdIturlv,; 
 .
 
Iin viell iispnmt 

PARENTAL
 

Collction o (ii rrnhl; r SELECTION 

Ilie(.is,,\a Prorlm realizes that. at least in the Latin
 
\ntcricaln cnleltc\t. cassava processing is 
 the key to relie'ing HYBRIDIZATION F1 EVALUATION
 

clIrl'.rlit IllitlakLiiil constraints of cassava 
and to entering markets
 
\i it sutbstiintiial growth potential. A signilicant part ol'the work of
 
the (e ssal\sa lrogriu Is 
 already devoted to developing EVAI IJATION ACROSS ECZs
 
techlioll 'le, to allow tbr cassava's exploitation of' such growth Observation and yield ltials
 
Intldustrics as the anitnal Iced and the Cotmposite lour markets.
 

SEED MULTIPLICATION 

Germplasm Development 
REGIONAL AND FARM-LEVEL 

TRIALS,l ',\,I \. i lliI'd JTt L ;It (CIA I consders tilhediversity of At rpri,,,ett;ative, sitesCd,ljIl,)-k 1llilItl ciditi.t lli, inder \which cassava can he grown I I ,cich EC/ 
,11 IMi \%hll ,ahitI,Id hiae o itnpro\cd gertaplastn is required. In 
N,,\,i[ W1,1 ,e\ciplHCIt eltOrts. the Program seeks to exploit the 

cassii\a plant's gencral adaptation to marginal conditions of INTFRNATIONAL DISTRIBUTION
 
illAl,11 and Sol fertility. [ his concern 
has resulted in a minimal- OF GFRMPLASM 
input approach, wherchy etn phasis is given to the plant's inherent BR researich institites 
,thrihl\ in .il or tiolerate stress factors rather than to tnodifv the 1rd IMrto intdtlstry in
 
Cl\ Ilrim111cil to t
rellioe s resses. Varietal development thts clissnv;-ttrowi~t Cotries 
Icqlt IcS ,d prclc taihloin of gentotypes to differences in the 
Cli\ IItI)III'I.
 

ftc leCl\;I-eL ,I0MLr, haveeeions heel tentatively classified 
liti Il\ edaphto-,.litnatic iones [I), each characteri/ed by soil 

*tild chtillic ciiiilons. wkhich. to a large degree. also detertmine 
lreCt illid
dIseas comiplees potntiallv imiportant as production 
Liiiitrunt,,. (Colil bia the host co ut[ntrv of CIA I provides
IC'tili,\ Ithcharacteristics of livc of lthe six /ones excluding Figurepla m 1. The cassava germ
if', LllL lor\ilrletal i.,lItS " research, which highly" deceh- plsmt/tii/es flowwith beginsthe nationaland con
lall/cd t) take account of tile neccssitv for ecosystem -specific proqrams. A/I germplasm i's 
'cli I lte \ edIpho-cli natic11pla si. '.' lassvlI /ones w%,here mlost evahateled within andacross the 
Ca.'ss;a\il and the representativ'e ('oloinhian rescarch hve edaphuch/-iatic zones 

i,pio d I'ced 
site, tein I ahle I "\Ilover\icw of tile gerllplasill developmcnt repes'ntd at various C/AT
[i iiecLss Is pIec',tlt.d Inl I' tl'tireI. 
 Slte'S /11Co /on/hi 31 



Germplasm 	Collection 

Ihc ('I\I ce ss~II a e\iLcrI i hank now contains more than 2600 

Iccc,slk>, collecteLI 1r0 13 Latin American and two Asian 
Since 1')9). in order to minini/e the risk ol introducingcotntvlc. 

,.e,.acs id pests. all new additiols It tile cassava germphsm 
heen ii the lor ol mit .sten tip cultures or true seeds.ha\k ca\,u 


//I r ,citlt'irc teclitolo gi s. prtiallv de\eloped b (IA I for 

caisI\;a. 111\C perIiiitted large-Sc'ahle introductions ol vegetative 

mlatellral holl codltires:,, lli \\itch Ipottationl previously was 

irthihited. most ntahls BraimI. 

Wild species of cassava (Aliaihot) have been introduced, but 

maintenance and reproduction have been difficult. Nevertheless, 

Al. gliaeo'ii, Al. ticholoma, and Al. caeruhscetls,antong other 

\ ild species, have been maintained by the Program for several 
Maiht/ species are difficult to years. Because most wild 

germinate from true seed, embryo-culture techniques, which have 
arc now being testedproven successful for Al. e.scuehmna seed. on 

wild species. Highest priority inany collection of wild species that 

might res lit. as well a for cultivated species, would be assigned to 

those areas of genetic diversity with no systematic collection as 

yet- i.e., Brazil, Paraguiay, and areas of Mexico and Central 

America. 

Germplasm 	 Conservation 

I )ic to high de1ree oLhete ro/ygosity. cassava clones must be 

egctati\ cly it their peculiar gene combinations are to
ptll epitecd 

\t this contintoushe iatitaitted. 	 .. present. requires field 

col ccitlls \6ithI periodic reriewal h' vegetative propagation. 

.\11iual ieplanting ol the etntite germiplasin hank is required, witl 

all Aicc'v', '0\\ in twMo diflerent fields on the CIA l-Palmiraat 

;ire maintained: 	 this isstltloil. "i\ tt tellplants per accession 

ldctllmte tll hoth securetnaiintenance and provision of small 

nlit iilit, Of plaitiig timaterials lo.re\halatioll. 
l-ollhm\\ing rescarch in the tissue-culture lahoratorv at CIA I. 

the !ormof plantlets in vitro
c-is,'r, atOI Of \egetativc material ill 


iat,
hccoinc lctsihe. I cchliiques lor log-term in vitro conserva

ten lr towMwell dcclopcd. Ihese techniqtes require that 

pla itlcts arc transterred tol a liew ineditilin approximately once 

cCt.\2 \cars. I lie entire gertiplhsin collection is gradually being 
t e'\ed to U, it'ro storceIag, tel. ever. until long-term in litri ) 

ictIlids ar shel,	ti to be completely reliable. or until aduplicate 
hiolter field maintenance will beCollectiOn in a center is created. 


coltitiUctl .
 

.inc all t.a,a 	 clones are hcteret/ygous, sexual seed cannot 
pe of tile paretlt clone. Nevertheless. seeds cantillplicatc t1ec gelttyp 

sct\c iasa Uenc pool that is representative of tile parent clones. 

scds ItIllt open pollination of gerniplasll accessions are 

iaiitaincd ill cold stttItic as itgenetic reserve that could be called 

tipml ilithe c\etit ofl unloreseen hisses in the vegetatively 
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mintalined collection. Seed is also a convenient means ofdistributing a wide range of genetic variability to other research e'assava i¢'rnlprograill s. 1)/asm /latikt OW cot
ains nore titan 2600Germplasm Bank Evaluation aCCessions collected 

f'om /3 Latinltiar on oflgerniplasni accessions for adaptation, resistance to Anicicaand triodiseases aniid insects. yield, and root quality is in progress in ,sian, coliit,'s.

distinct sites in 'olonihia that have physical characteristics and
 
pjwst complexes of live of the lajor edapho-climatic zones in whichcassa.a is grown. Except for the ClA -Palmira station, the sites

aic Moderate- to high-stres., 
areas where a broad range of
;i;i ptiatitou. resistance, and yield factors can be measured. In all
sites. vXalliatioll begins with a single row per accession, which iscOMnpIMrCd with check varieties interspersed throughout the trial.
I )uring the growing season, data are taken on disease and insect
atiacks. general vigor, branching habit, and other morphological
traits.At hlarvest, root yield and root quality traits are considered.
IPromising accc:.Aons are passed to a preliminary trial with
cOut mercia l plant spacing, small plots, and no replication.
Selected lines then pass to a replicated yield trial with plots olf25 to
3(0 plaits and two to three replications; yield trials are repeated
owcr several years to assess temporal stability. Those accessions
sliowing most promise continue through additional evaluation 
stagCs to identify the best adapted and most stable genotypes.
Evaluatilon of the germplasm bank has been nearly completed in 
two high-priority testing sites. i.e., CIAT-Palhnira and Carimagua. 

.1 I " ";''". .. 
..... ,~~~- - .. .'.< . 

I- 41
4 l " 

41 

3, i'1 

Nearly alaccessiootns if) CIA T s cassatvagern plasn,bank are,or have been,c ultivatedvarieties.Although yields art? normally stable, they are low and can be increasedthrough genetic improve -
ment and improved culturalpractices. 
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Table 2. 	 Combination of characters required for cassava
 
germplasm by edapho-climatic zone in Coltmbia.
 

Target Principal breeding objectives Level of Accessions
 
expressions (no.)
area for each area 

North Coast Rout yield plInt (kg pIlat) 	 >3,5 1007
 
?"0.5 432
(ECZ 1) 4 -;irvost indox 
--35 3134 Root dly mr tter ("o) 


4 Molmliyrhl/os nllt (diuaetle . 2 57
 
e b 	 2 42*t Tiis damal 

< 3 55
Ca rntaqua BaIcteriosis (diminge 


SL I(or(oIOnIiodailodi]ro
(ECZ 2) 21
 

4 AloiotiychieloUs 1 o dalll Jge -- 3 6
 
3 4* Vatiga do[nlage(jiib< 

< 2 17dalr;e'Popayan P/lmo i(l 
< 2 10(ECZ 5) * Ollujrychus daniage 

inSect ratings. 
a. 	 Dari ktilll Iiiiifii notn wIl(, htiiivoit Ildie, ro)w try )ialtetr, f111te and1(1 

-- very lowdainage; 5=
b. 	 Disease. ite, and insect ratings, on a 1 to 5 scale, where, 1 


very high damage.
 

indicate that many germplasn accessions-Results to date 
nearly all of which are cultivated varieties -are adapted to the 

where they evolved, in general, however, yield potential ofareas 
existing accessions islow. Also, the frequency of accessions having 

high resistance to any given disease or insect pest is generally low, 

and those having combined high resistance to all disease and insect 
very low. Table 2 gives examples ofproblems of a region are 

frelucicies of accessions with combinations of traits required for 

three different areas. Another general observation is that although 
over a wide range ofcassava as a species is well adapted 

any given 	germplasm accessionconditions, the adaptation of 
seems to be limited. A final genetalization that can be made, based 

on data presently available, is that there are many germplasm 
accessions with desirable characteristics that have not previously 
been used in the breeding programs; there is still much variability 

the Cassava Program'sto be exploited in breeding. Hence, 

emphasis is on creating new, improved genotypes through
 
hybridization and selection.
 

Development of Elite Lines 

Gernplastn evaluation serves as a means of parental selection. In 
overall performance tn ageneral, parents are selected based on 

given edapho-climatic zone, with the intent of pyramiding genes 

for high levels of resistance to diseases and insects, drought 
34 



tolerance, and 'oot quality. While, originna ly'. the germplasm hank
v,as tile sole source of all pareltal material, hbrid lines are 
 }'i'd. /' I/d/ 60increasingly hcillg incorporated into [lie hybridialtion process. ,h Iil/ /it,,Wr iha,,Iills. the parental hase is coitirinmll\v inproved. 35W di '-naull'r(,oil-I lie stalis ol varietail improvement as engaged in by the Cassava tenitac' nlo'fiequll/ll'IProgram is assessed in terms o vi eld potential, yield stabilly,anti o/)tii'li £,.\Twriiw
ot Ltldaliy il the lol lov iing sections. 
 f p/u/s. 

Yield potential. ]in a high-yielding environment withi medium
to lilgi-crltilitv 
 soils in the iedium-altitude tropics (as

represnl.d bv 'IA l-lt alinira). a steady upward trend 
 in yields
has Ieen registered from 1973 through 19I (Figure 2). lFOr all
cultnies in replicated yield Inils. the average vied has reached

appriimmicly 4(0t ha year., which is some (0P 
 a hove the average
yield ol insclcctcd germplasii accessions in the 1973-74 trials.
Yields o more than 00 1, ha with higher than 35% dry-niatter
 
content arc now frequently ohtained.
 

It the ho lowland tropics with a pronounced dry season (as
represent.d 	 hy lhe north coast of (olonbia), a similar trend is
tcciring: today, tle 
 average yield -of selected F I lines is
signilicanlly higher tlaii that of local cultivars. Yields o 'fmore

than 401 ha yarwithi dry-matter contents ofmore than 30(.,j are
 
readily t, tainetd.
 

I iide.r dilfictilt einvironiienls, the extremelv low-lertilitv soils in
 
rtopical sa \aninas. as represented by cilditions at the ('arinagua


iesearclh site. \icld potential is also 
on the upward trend. After
iliteisise select on over the years for resistance to cassava bacterial

blight (("Iflt ald general en\'ironmental adaptation. the yield level
 

Yield (I ha year) 

80-

Maximum A 
yield
 

obtained 
 A /
60-
 *0--"-'b6	 " 

40 Average of new 
varieties 

20 Average -	 /of controls 
Figure 2. An upward treId in 
yield poei in 11selected 
cassava aCCosf'Ssiolis Was Llent/

0 I I I I in replicato' trials Ii a ligh1973 7,4 1974 75 1975 76 1976 77 1977 197878 79 1979 80 1980 81 	 y/iii?!1 L('V/1.lLve'ft 
(reprsentd hy Palmira) fromYear 1973 to 1981 35 



oi l' lines has reached ain average of 18 to 20 t/ha/year. The long
is clearly evident when tileterm improvelent at Carinmagta 

amerage yields ol i lines is expressed as a percentage of local 
cult ivars (I-igure 3). 

Yield stability. Much emphasis is often placed on yield 

potential. (enerally. the more intense tile management of an 

agricultural system. the less variable are the growth conditions so 

that yields tend to he more stable an1d closer to their potential. For 

exaniple. high stable yields can be expected when variations in 

availability of water, fertility, and disease and pest incidence are 

mini mi,ed hy irrigation, fertili/ers, and pesticides; however, 

cassav,'a is no'rmallv grown under low-level management and is 

sublect to the uncertainty of natural rainfall patterns, variation in 

soil fertility, and attack by diseases and pests throughout its long 

growth cycle. I he fa iiner is interested in obtaining stability over 

tir e (temporal stability); he is not generally concerned about 

stability of yield across regions (spatial stability), although he may 

be interested in stability across different production systems 

(svstem stability). An institute such as CIA I, however, is 

in'terested in spatial stability as the technology developed must be 

applicable over large areas if a reasonable return on investment in 

research is to be obtained. 

Yield of nUw materials 
expressed as % of yietd 

of Itcal clivars 

.,A.T'lmporal stahilit i'. )ata obtained froin regional trials show 

a high correlation between yield of the same genotypes across 

years in diflerent sites, suggesting that the same genotypes that are 

superior in one year will maintain that advalntage over tine, even 

though absolute yield levels may fluctuate from year to year. 

A major ca tise of temporal instability is tile slow build-tip of 

disease and pest pressures, which can directly decrease yields and 
also quality of planting material with time; available data in 

cassava suggest that the best planting stakes come from locally 

grown genotypes which are well-adapted to prevailing en
vironmental conditions and with good resistance to diseases and 

200 

150-

Average of new 
cultivars 
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I 
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Figure 3. Long-term improve
in)yield potential in 

selected cass iva accessiols 

was Pvirlent el/en in aniextremely difficult. low-fe'rtility LqlirZoli

t (/ydiffsiu td byor.itei 

Carurmqua) fron 1973 to 1981. 



liii'irJests l tlt' iOCl Lvir~imi, it. /[ tajiose of temporallsiahhiv is tile (eJt.encl'Onl Of Plltllill_ material caused hy ahild-tip Of \ irsorOFitls-likC itslgl+. Mnd this iS hCing intelstly

im s lstii. tCl ii )C 'iu.I eiiIipOr.il instah
a It ility is also caused hv the
 
C' d \ii of iiceiitIL .
 disease resistance.hil 

I he major defense
ilicc;inlin 01 c';isi i\a otr(AMB and Stipeiionatloiill disea ise

Ih. di() t'itL1C j iC whic'h
e',C III is inhC'ritcd Lilliintilati\'eI
•\Aitiiei this iniecitl ni Llc' rot lliccssiilv imiii lt it[lie

ICSISthIC'C \\,ill
Ht C\'nlei 
 tlc lopilitlv hrCak dOwn. SuC11 'i lnt is
liuiikC, . IhCuL MrC reLiuuil tuo bCliCvC that i1 is pwSibl, to finl
s:i11,ii1;11 IL'IiiiilIliIi t (SIS 10 itIle lIlpliMrn t ta l eCs, and 
iiiS5L-Lt5.
IdC 1IL thil ii O 1Onlt ll. 0I~ ge]l' resis.tnc its ati;lailt that \' illredliCe Stihhiiv is IlotliketIv to constitule, iiiapor

plobicli ill Cissa' i.
 

iupail Nitbal.B .. I lire is ollhvioisiy a tremendous g'ill.vpe
h.\-Lui ,iriuiiilC'nl Iitclictiiin. and it cannotl e'expected that tile
 
"' utJI:, 
 i C Ill rfriormt . well illall ecological regions.:\s ;iiIhlC" i;uLti cl,;irnvC 
 sYiio' that different i.'illotVl pc IrC required
IfM Ceultie i ii '.v tu, tLL!1uiitil. ' iS indicalte, that hro:i(
ail t;Ibiit\ illSi\
C\isl iltile\\ariiiir
. hw~er-atiludc i c ils
sliiii lii 
 tih0u
)LI chlnes do well in sc\cual rewois. 

as a 
Ihis view Is
suppirtcd ho the sta hlt vields of \1 Col 168 4. N11Col 146, andNI Ncix 5.)O)os clera IVe\ idc Iinlge otIcdapho clina ie,tncIes nId tIe


iciirI r;ils tl; ic i oi (l 1 517-37 :isl 1tah1e
s trch cuoent c iol('AI 
5 I-i the listCe.lC Regionalthile I rials. While itistrule

thll Som hilloilv ladapted elones e.\ist. Ill lones do lot possess

ll his
i'ad a(LiplahIlit and tip to now, none ha\e perlorincd well
 

in 'iiI\ c(iil il -cliialtic /oines.
 
ilt iihithCi Cmnposition
itSa .ud f tilfdislseaand insect coiiplex


;iL i,i'llti ith C'eisI\l, is 
 C le Lnl l tillf theM ciinati aid solil
C'eiiidil
i (l an arca wi Ih rather Specilic Comiipl'xes Ifo eaeh **l
cdai ho-c'hiin11lc" /(iclne
I ahlc 3). II ow \rwitlin the bro(ad fTemporal stablity inthe/lgl-Ii i ii'l;iCill1 Ieach oft litese /lies. Ilie eoilplex.s tend to he ,tress Carilmagtua nvrlownentliluiiiii.
I 11isill
he (1 \ I prograii tilcobeeti\c. is not to hreed llr depenr/s u/)fi /u/ug/ and stableIi ii;i ilIstabilit\ 
 that if.Spatial slailil *vcrossdilferent resistace to CBB.anlthiramc'liI-Lhhiiinalc e,
/(Il' hill ratlic'r to hreed for mierospall awl s'upo[r1+'/iitigaloi (seases.s'ihihii\ Ihai is. spatial stahilitY witihin each edaplho-cliinatic Evilur-al, over severalseasons/11ic1.
\C\ 'LiCi,"e. when iiiacrs)t;iti;I Stilhilitv is encoiiuntered it wtlu't artifical 1)051 or dsease 

USi, I lill 4).
Is oh m Us'eul controt is an effectlve tiieaiS Of\liti palial sta hllitY 
 that is\icld stabiliv within a major ildetntyif yStallle; lines.
cdapuo-ciiumiti /le 
 ioetris essential to thle siieess of 

dill, linl
cimic in dlflfeelt sites within ('/ I suggest that 
Ill
it' i i thi ihi\Call rtad lv be ohta incd.
 

',iq 'm \t1u1, \1,il o actors IilS
1i1 IAC hi lita
lvare frility
 

('.15 l aIlll -- unlicillpractices. W hile felility levels Cali
 
iClls h. 1iuiuiilie' 


' 

h\ hiC us'e iif ClCiuc;il fertili/CrS, suliC

fc'riilitU inl'he C'\pCuii\C'aiid viill nlprlblah ot be used to tle 
c\tcli tuintill il ICreuic'TS ill fertilit\ cffCCts Onuvitdi and utality areCliiinaltd. I clic
.itisdesliablt t i have,genilvpt, ridiat it ani
t iu'dIII,h] thai it rC'lativcly stahl' over different fertility lec ls. 37 
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Negative biotic factors affecting cassava production identified and evaluated in five dif -
Tahbl 3 

foront odapho-climatic zones in Colombia, during 1981 (third cycle). 

Rating, in: 

Caribia Media Luna CarimaguaBiotic 
(ECZ 1) (ECZ 2)factor 	 (ECZ 1) 

Diseases
 
2
2 1 


Silpet Ooh(Jat loll)(lsIase 0 1 3

Bl(:ttirm;l hhlbqI 

0 0r ;t I af Spot 0 

AnthI; nInlisi 3 1 3

(;o)1c: intlic 

2
!;pot 3 	 2 

1 1


Btrown h!;Ii 
[1hlhl It s)ot 2 

Wlnlt leaf spout 3 2 1 


3i.c ,t'll iitIll lot 1 
 1 1 

1 0
(Cv: nl ash 1 


Mo;iIn:, 2 3 0 


onq ski dlnli's 3 0 0 


Hoouut lIldllpox 2 1 0 


fBoot lot!; 
 2 1 1 


Ch/o)m.,Ph 3 2 3
/i/WI 

Insects
 
C;Issilva nnr nwurn 1 1 1 

WVlnttfli s 1 2 1 

Thips 
 1 1 1 

[I;c,. hni , 1 1 2 


S i,")t flits 2 0 1 


Fr-lt ftlle 1 0 1 

Cir y,,olinihl5 0 0 0 


Gall nid es 1 1 2 

1
ionltes 0 1 


Itiliiintl .ws 0 
 0 2 


L,-af Co it ants 1 1 2 

Scalh,; 0 0 1 


Mites
 
Molmyr./llu.iis 1 1 1 


f,,.,,mychlus 0 0 0 


Ol,,ymYchlis 2 2 1 


nt dUtiln this cycle, 1 3 slight to higlh damage
.I Rating ; 0 n()l Iin wi 

,nne 71m) JILc',IIt I rO Il In. geimplasin hank wereevalnated 

l01 ICiCtlilI tin Io% phlui lohrts in (iIA -(tiilichao: 250 oflthese 

,fn,.' .l'eee IonSW. ,.lCheel It tIhelir h1igh level, of1re ,istance to 

lh;ielen ,I . ,tfInhracoui c.ard shrelonga tion.C,'0,',;.I l hl'hl I ( 'lh il p 
\\.Ii2 lli ,,lmittl in ( ';II. II La 'I iait low plh sphiollis atlldtot acid.I-

\ tInt,' ,,elnupat lsont the. pinos-photrus,onIilen annie( ce htlsee.rnl 

I i ll1(
;iI~npitin ~e i e I1 ( 'IarISllainlii; iI hw~L.lorl- 1-ineSa
11 ', IIhl,llll(.kt].-cnt t t Ca,,,I Iiilw 11l] tiloe lint t1111;,dap;iI;oIl ,.,0 i l 

n ,hlvid ,f,eak L, ,'lit ion, indicaing, thatcii)i i, (i)nnlchan, c a 
the ( VostIeltIotishilcir;l e o C1llnhint.' miii h tiic tactor" in 

lnoi nelantoleallce, to low soil phnisphnlnniS. I his, itgeiICi 1n1 i t 
ilnlV h lil. inppolpatt tin speak ot "hadaptation" (rather than 

38 *'il.an, t,))li',, ol pl"n) as tctlllosphollris. this im1ore aptly 

Palmira 
(ECZ 4) 

0 
0 

0 

1 

2 

2 

0 

1 

2 

3 

3 

2 

1 

0 


1 

1 

3 

1 

1 

1 

2 

0 
0 
0 
0 
0 

2 

1 
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Popayan 
(ECZ 5) 

0 
0
 
2
 
2
 
2
 
0
 
1
 
0
 
2
 
2
 
0
 
0 
0 
0 

1
 
1
 
1
 
0 
0 
0 
0 
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0
 
0
 
0
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1
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Colombian Best local 

national variety withaverage improved 
". technolo gjy 

Location -. cnlg 
I L

Media Luna 

UNRio Negro : r"reflects 
Ro ~ 

Cl- 6 

Ch g,, ,
0 

Col 
164 

c', Forncia 
U 

SanMartn .,..mMartin cN O7 3 

. Caririagiia CM 
523-7 

0 5 10 15 
Dry root yiel It ld) 

Figure 4. Average yields of dry 
cassava clones over a widIe 
range of growing codit ons 
illustrate their inacrospatial
stability across three different
edapho-clntatic zones, 

Table 4. Root yield of traditional cultivars and selected Flines, with and without fertilizer application, inCarimagua; planted October 1980. 

Fresh root yield (kg/ha) 

Genotype Without fertilizer With fertilizerapplicationa applicationb 

Traditional cultivars
Llanera 3.5 5.6M Col 638 4.5 15.3M Col 1684 3.1 6.9 

Average 3.7 9.3 
Newer selectionsCM 430-37 10.8 26.4CM 523-7 12.5 19.4CM 723-3 8.7 21.2CM- 946-2 9.7 22.9CM 996.6 6.9 27.4 

Average 9.7 23.4 

a. 500 kg/ha of dolomitic lime was applied. 
b. The same

respectivelyas
in %2.above, plus 750 kg/ha of 10-20-20 (N, P205, K2 0, 

the fact that tolerance to low soil phosphorus implies a 
high degree of adaptability to the ecosystem. The Carimagua 

results also showed that the adaptation scores for high acidity weregenerally higher than those for low soil phosphorus, suggestingth at lack of phosphorus is a greater limiting factor than lack oflittl. However, those varieties with good adaptation to low soilphosphorus generally wereduc to also adapted to high acidity. This isthe fact that high levels of aluminum partially block the
 
uptake of phosphorus, hence, those varieties with 
 greatest
efliciency in phosphorus uptake are also most tolerant to acidsoils. 

the average these lines had
le 60 hybrid lines were also included in the evaluations, Onm uch higher adaptation scores thanthe germplastn accessions. The highest scores for both adaptation 

to low phosphorus and high acidity were obtained with CM 523-7,
a line which was also among the highest yielders in the Regional

Trial and Preliminary Yield Trial in Carimagua.
In (iarimagua, without fertilizer oupplication, the yields of both
hybrid and traditional cultivars were much lower than in fertilized 
plots (Table 4). However, the superiority of selected hybrids overtraditional cultivars was maintained even at low fertility, 
suggesting that yield superiority of carefully selectedgenotypes can cassavabe maintained over a wide range of fertility levels.401'C of the world's cassavaSome is grown in intercroppingsystems. Cassava genotypes that yield well when intercroppedwith short-season grain legumes also yield well in monoculture, 39 



tile starch content of the intercropped cassava is
CCel though 

ionoi crop.l.le'. thalln thllt of tile 

)II CltCeccs il \weed cointrol can callse important diflerences in 

less \'ieOro Us ciSsai\,i varieties, which tend to 
\M,. pal ticuill l'ill 

Ihus. in,attrial conducted in the north 
C higher vield potcntial.iili\ 


c( otlof 'olhulibi. the variety M Mex 59 showed stable bnt low 

6,.Idoi ci I wide rilge ool weed-control management techniqces. 

22 only yielded well with good weed 
,,hciai tile ,aity ",M(l 

respect toIn ih lactors
1 IS it iltlollalso holds trine with1CoOW 101. :ases, 

ias diIsec aniid pest resistance and suggests that, in some 

caln only be obtained as attrade-oil with yield potential.
stabili\ snggestresults from tech nology-valida tion trials
Neveritheless. 

over a range of different
stable yields can be obtained1that 

n"ana.I l I Sv'StciiS (Iigw:e 5).Mt lel 


Eating quality is at subjective matter;
Root quality. 

nil' rtheless, good cating quality is loosely related to a high starch 

Inl recent years, increased importance has 
oi diy-matter content. 

been assigned to the selection for higher root dry-matter content. 
high fresh yield with high dry-

Man.'' new selections combine 
t.Iable 5 shows results of so me of the best selections

I atter con 
(north coast of ('olombia), ('arimagua. and 

available in (aribia
(U1,,AI -Pa 11 *ia. 

()ie of the mat or problems of cassava is its extre mnely short sielt 

,,\s reported in earlier years, two phases of root deterioration 
ies life.
l aproglrao r.,eks tilo 

have been identified. P~hysiologica 
l deterioration 

srs o alter harvesttpptofasavar n-ltlole, 
harvest, and microbial deterioration 

u I to 6 days aftermcts. par- occttrstlt ,fors;,va rushIodi
follows aftervarddtld and process,tumpton,or 

fnlmfal
 
lohmly
0(d for either human or 

vi ldttechrip q*rmiii rnof w tIlnb u tlltyii tiuiin Id l l~~t S ,
dletsi 

i lifiI HI(Hii 


. ,
..
;2 ." 'a4v@ ir,--i. .i . -

Cwodller 

1
 

I I i p I j A>...  . *:.I:
.
- .' I 


5 15 25i 0 )25 15 

rnd w.(110 I I 

Fignre 5. A comlparisonof regiofil trials awdoti-farmvalidation trials 

illustrates the similarity of respollso that can be obtainedfrom 

when mnlimally ,m11poved technology (stake selection.
(assaV 
stake treatment, la1 preparatiOn, andweed control) is used (Media 

Luna,May 1981). 
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Ivyshohogical deterioration is positively correlated with root 
dry-matter content. [hus, prescntly available information sug
gests that a combination (it high root dry-natter content with low 
root0 perishahil ity is difficult (it not impossible) to achieve through 
hr'cding. 

I olal I I'N content in the roots is negatively correlated with 
root dry-matler contcnt, physiological deterioration, and 
microbhial roo)t deterratioi. I hus, the higherthe II('N content ol 
roolts. the lowr the root dry-matter content and root perishability. 
Ihi,, correlation has been observed through various sets of 

gcnvoty'pes and ptlanting years. IHowever, individual cases of low 
ccrielatio ns have been observed, thus making it possible to select 
geiot PCS that deviate froin the general correlation. Thiis 
intorniation allows tie Program to visualize genotypes with high 
root itr matter content, low IICN. good eating quality, but short 
shell lilC as a typical cassava type for the fresh market. 

Table 5. 	 Most promising cassava hybrids combining high
yiels with good eating quality, by edapho-climatic 
zone, 1981. 

Date of Fresh root Root dry-matter 
cross yield content

Genotype (year) (t/ha) (%) 

Caribia (ECZ 1) 

N.west selectiolis 
CM 586 1 1975 45 36
 
CM 652-10 1976 40 33
 
CM 922-2 1977 42 35
 
CM 976-15 1977 52 33
 

Local cultivars 
Manteca 	 17 32 
Vene lana 	 13 36 

Carimagon (ECZ 2) 
Newest seloctioiis 
CM 621 214 1975 26 32
 
CM 840.31 1976 19 33
 
CM 946-2 1977 28 31
 
CM 13335 4 1977 27 38
 

Local cultivars 
I laner 	 11 31 
M Cul 638 	 14 29 

Palmira (ECZ 4) 

Npwt:or selectiotis 
CM 883 1 1977 65 37
 
CM 981-8 1977 54 42
 
CM 1006 5 1977 64 34
 
CM 1016 31 1977 59 39
 

Local cultivars 
Llanera 28 32
 
M Col 22 36 38
 41 



Integration of Production and Market Development
 
for Cassava in Latin America
 

III IMTI '\[TiIC]iicl. %\hIIlic S'li',;l CalilyciV admin istiation is handled iecli o t.g ai' being pIitIIIled. 

hlts it!'1illitL'l lilt: 1uOcC V th.il i theiiiis N l l tiislili!.liitioilil ilgiillli/;I- iand bsiil1icaits litiiteg iliaig 
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Development of
 
Management Practices
 

The development of new varieties with improved characteristics 
will not resolve all the problems associated with increasing
productivity. It is necessary to develop management practices
appropriate for the new germplasm. These fall in the following
basic categories. 

Soil and Plant Nutrition 
An important objective of the Cassava Program is to identify
inexpensive sources of nutrients and to develop efficient ways to 
apply I'ert ilizers to the improved germplasrn specifically selected to 
perl orm well at low fertility levels. 

Long-term fertility trial. A long-tern fertility trial established 
in CIAl-Quilichao in 1977 completed its third consecutive
planting of cassava in 198 I. While during the first planting the 

cassava crop responded mainly to the application of phosphorus,
during the two subsequent plantings there was a much greater
response to the annual application of potassium, due to the
relatively large removal of potassium in each cassava root harvest,
this element becomes more limiting with time. As shown in Figure
6, with consecutive plantings of cassava, fertilizer application is 
required to obtain good yields. 

Mycorrhizal association. In the recent past, it has been amply
demonstrated thad a mycorrhiizal association is essential for
io rulal growth of cassava in soils with low phosphorus 

a ,ilahilitv. In198 I,this association was studied in more detail to 
detlermInc the lactors influencing mycorrhizal infection, to
idcntilv inexpensive and effective methods and sources for 
ioCiil; it,ion. and to examine the effect of mycorrhiza tinder field 
cc'Old it ions. 

Irils conducted in 198 1showed that plants inoculated with
IMcr11hi/a ahsorhed phosphorus more effectively than did
lni uc ctnlted plants. Ilhe low level of observed host specificity
aidr the Ia't iha t hot lit lie soil an( tie roots of rnycorrh izal plants
can1rhc used as inoculurl indicate that the choice olan appropriate 
son nce o1 inontIlialIurn depends mainly on convenience. Also, it was
found that regardless o1 length of inoculum storage (i.e., up to 3 

WilC ale 1 i Ictlaticresponse in nonsterilizecd soils tinder field 

weeks) and 
inoculation 

quantity of 
wcre elfecti 

inoculum used, 
e in increasing 

all methods of' 
production and 

phlspholurt1 ahscrptiol. 

conditions ids not yet been demonstrated, it is expected that in
soils witi lhw or inelficient native populations of mycorrhiza,
iclciIatiion withI highly efficient mycorrhizal strains will have a 
signilicant effect on yield increases and will enable cheap, low-
grade suirces of phosphorus to be used effectively. Even if 
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Figure 6. The residual effect of 
various levels of fertilizer 
applicatloni shows, for all 
treatmnts it) Ouihchao, a 
decrease ifi yield /in the second 
atid third years, pointing to the 
ieed for fertilizer application 
with each consecutiveplanting 
of cassava. 43 



inoculation under field conditions should prove to he ineffective 
oI iIpractical. the inere Iinding that mvcorrhiza play a crucial role 

il pIosphorus absorption in low phosphorus soils is likely to lead 

to tLe development of management practices that maximize the.., 

hentcticial ellcct oftthe native niycorrhizal population. 

Plant Protection 

Control otldiseascs and pests can be obtained not only by use of* 
host plant resistance but also by management practices. Frog skin 

from region to region by use ofdisease, lor example. is spread 
itfected cuttings. It was found that clean cuttings can he obtained 

b therllonher- jy of infected plants from which clean meristems 

ca inbc obtaincd. Ihese can later be multiplied for distribution to 

fliters. 
I*or intcrnational gerniplasin exchange, sexual seeds are 

extenisiely tUsed and are a relatively sale form of moving 

germplasm. IHowever. cassava bacterial blight (CBB)can be 

seeds. l)ry heating of infected seedsdlissCtni imted via in feet ed 
(1 C lot 14 days) not only tends to break dormancy but also 

cucsherre tii)causes severe dam age and 
I C inal IlVug (I' ih'naco 

ield loses in paris ot latin Aierica. At present, levels of varietal 

rcsislatn'e a le not sufticient to adequately contaili a severe 

ottbreak ot the pest: however, a number of potentially usefll 

natiiral enemies were identified and will now he evaluated to see if 

they can be cllectively used for control. 

Technology Testing 

lesting nli\ cassava technology is I continuous process that 

includes both ( I ) regional trials in selected sites representing each 

ot the eda pho-climatic /ones and (2) on-farm evaluations to 

obserx e crop perlormance ilnthe context of realistic resource and 

markcing constral its on the production level. The results of 

techiology e,,aluation arc continuously fed back into the 

technology design process. 

Regional Trials 
I he seventh testing cycle for promising CIAT selections under 

improx ed. low-input technology was completed in 1981. Included 

in his cycle xerc nine trial sites in Colombia. The average dry-root 

yield of the new materials was 8.6 t/ha per year -which is nearly 

thicc timnes lie national average olsome 3 t/ha per year (Table 6). 

The average yield of the best local cultivars was 6.5 t/ha per year. 

These data reconfirm earlier obtained information that by 

adopting sin.ple, improved cultural practices a doubling of yields 

44 vitlh existing cultivars is possible. 
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.: The mealybug species Phenacoccus herreni is causing severe 
S-' damage (right) to cassava in the Americas. Numnerous natural 

enemies have been identified and are being investigated for their 
effectiveness in controlling mealybug populations. Ocyptamus 
stenogaster (top. far left) and Chrysopa sp. (bottom, far left) are 
successfulpredators of eggs and larvae; Kalodiplosis coccidarurn 
(left) is an efficient predator of the eggs. 

Table 6 Yield of promising ICA-CIAT cassava varieties and hybrids at nine edapho-afimatic locationsin Colombia during 1980-1981 regional trials. 

Dry-root yield (t/ha)
Media Rio- San Average 

Categorya 
Luna negro Nataima Carimagua Martin ChigorodoFlorencla Palmira Caicedona yieldb(ECZ 1)(ECZ 1) (ECZ 1) (ECZ 2) (ECZ 2) (ECZ 3) (ECZ 3) (ECZ 4) (ECZ 4) (t/ha) 

Highest 
yielding 
hybrid or 
variety ineach sitec 12.3 13.8 13.2 9.0 9.6 12.9 9.8 14.6 21.3 12.9 

Average of 
hybrids or 
varieties 
tested at
each site 7.6 8.8 9.7 6.0 6.3 8.0 6.8 10.3 15.4 8.6 

Best local 
variety 
in eac~hsite,' 5.6 6.3 9.4 2.1 4.6 6.0 6.4 5.2 13.4 6.5 

a Number of varieti s tested at each site ranged from 13 to 23. One local variety was tested at each site.1,Colom ian national ai.a(je dry-root yield is approxirmately 3 t/ha with traditional technology (equivalent to
apiproxirnr tely 11 IIIi-Iluesi ywIhims hi fresh root yierd)for Mila Luna. M Col 1684, for Rionegro, CM 507 37; for Natana, CM 507 37, for Carimagua. CM 523 7,for San Martin, M Mox 59, fur Ciligorodo, CMC 40(M Col 1468) 5for Florencia, CM 07 37; for Palrrira, CM 489 1;
for Clecviinni, ICA HMC Id. tReustloi;,f vwirlities fo M hirr Laia. hciirrltdlia, for iorlegro, Venezolana, for Nataina, Venezolana; lor Carimagua,for S;in IMirt i. teroiairer, for Chiriqrodo, Patepaba, for Florencia, Caquetea; for 

Llanera,U 
Pahrra, M Goi 113, for Caicr;donir,

Chluiro a Gaiiirll ifrM 4 5 
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The average y'ieid of selected lines evaluated in all sites wIs 

9.3 t ha per yeil r This find ing suggests that yield impravelent of 

imorc 	 tilan 201) may be expected bY adopting improved 
an improved CIA I selectiot.nIagemlet practices and 

A , is shown in Iable 0, the average yield of CIA I selections was 

higher tihan the \'ield o the respective best local cultivars in all trial 

sites. Since tihese trial sites represent eda po-clitima tic /ones 
(Media I n;a. Rmonegro. Natainia). 2 (ICarimagua). 3 (I.Iorencia). 

and 4 ((IlT.' ,!almira. (aicedonia). it is clear that current ('IA I 

techntology wih L, incldes selected hybrid lines and proven 
older selections co''rs a very wide range of geographic areas at 

altitudes up to 1300 inasl. (Presently availahle ('IA I-bred 

geiotypes arc not as useul in the highland tropics and the rain 
tlorest areas, el lorts are underway to devehip improved 

matlrnials It theiti.). 
[lie a.eriage yield ol the best-performing CIA I selection in each 

location is 12.) t ha per year, this is approximately t'our times tile 
by further selecting ationgnational average and suggests that 

CIA I lines in each location, up to 40(1 ufnational average yields 

can be obtained ill a broad range of environmental conditions 

irrigation. heavy fertilizer applic;,tion. andwithout the use ot 
and insect pestsdependence oi chemicl 	 control of diseases 

(1-igore 7). 
I)uring the 7 years of regional trials in sites below 1300 masl, the 

average yield of local cultivars in all locations stayed about 

coistant while the average yield of' all CIA I genotypes increased 

slightly but steadily. anitd the best CIA I genotvpe (i.e.. average ot 

the best-performing CIA Fgenotypes in each location) increased 

Dry root yil (t(Ir yha I) 

15
129 

EiBe..i -ilc tltd CIAT 
jqimlotY)e Willi Jow-11lptlt, 

3o 	 93 IicteICUs 
AvoHiageI CIAI gtJ lyputs 

ill~l
17-111 I- II 

E~xistIing locajl cull[lv , |Plaicll;s' 

Willi low Inpult[,
5 

ilolprlovi.!(JII'1111,1 

3 2 	 lC1; l'S 

Nathioal lver iilJi 
yiuld 

Figure 7 Stwis o t from traditionalvarieties to theIflruvmetnf 
best -adaptetdCIA 1 geobtlype; )tov(les up to a 400%/o increase in 

ton t!lloha' trIals 1980/81, in ninecassava yield (Calculated 
locations, see Table 6.). 46 



Dry root yildI (ti hi yar 1? 9 

C0 . Avragir of bust10 
CIAT getlilypes 

" 9.3 
Average of ill 

~65 CIAT genotypes 

Average of local 
cultivars 

0 I I I I I I I 
197,1 75 1975 76 1976 77 1977 78 1978/79 1979 80 1980 81 

Year 

significaiitlY (Figure 8). 'this reflects the cumulative advances Figure 8 n 7 years of regionalachieved by the overall selection strategy of the Cassava Program.The gernplasrn accessions and hybrid 
ti/als at lnie evpfrmuienl

lines that have been locatims in Colombuiidentil'ied as (see Taiblepromising in the various evaluation sites are being 6). tie avelige yields of the bestsent to interested national prograilis in the form ol'tissue culture. CIA 7fleflotype increasedsteii-Also. these genotypes are frequently used in the hvhridization /Y W/ile(the i aVulge of localprogialils, hot h at CIAl and elsewh'ere. ctl/tivrs remained constanit.Ierhaps the tlo sticcesslul way of obtaining clones for each
particular region 
 is -ornational programs to select their ownhybrids. I his process is hn progress in several c-.,untries. In.Ihailand hvhrid seeds from crosses made at C'IAT by Thailand
scientists in cooperation with tile CIAl program have given
excellent results when selected under Thailand conditions.
Rc gion:d trials in Irhailand, for instance, show tile superiority of'
II lay I'ong 5.a Cl Alhybrid (C'M 305-13!F), selcted at the Huay
lPong experimlent station. 
 Ill,: control line Rayong I is grown on
 
more than I million ha (lFigure 9).
 

Fresh root yieldil ha) 

7 Rayong I 

3- Huay Pang 5 

20
 

Figure 9. A hybr/ CIA Tcussava 
ine, Huay Pon[q 5, developed in 
ThaIland, outyielded the best 0
local cultivaft all sites. (Solllcu. Khon Klami Ran Mar Hijay PangC Tir:porn). Average

Site 
 47 
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" 	 l)evelopment of dual-purpose varieties with the requisite
quality characteristics when produced tinder marginal 
conditions,

* 	 Improved technology for local varieties produced under 
marginal conditions, and concentrafion of breeding
efforts on higher yields for the industrial market;

* 	 Specialization of production for the, fresh market in 
prime-land areas and forthe industrial market in marginal 
areas. 

The strategy sc.ected will depend on conditions in particular
countries: but the still-preliminary results from the farm-level 
trials conducted in 1981 suggest that strategy (2)or(3) will be most
logical in the short run. It is important to note that selection for
industrial markets and for the fresh or processed food markets are 
not mutually exclusive. The quality restrictions for food are more
rigorous than those for industry, and, hence, lines from the same 
breeding program may be selected for industrial use but rejected 
f0r food use. 

An Epilogue 

While cassava's high carbohydrate production potential per unit
of land or labor, and its adaptation to more marginal agriviltural
conditions make the crop a basic rural staple, the high
perishability after harvest and its high bulk-to-value ratio reduce cassava advantages over grains with their relatively low marketing 
costs. Ihus. in L.atin American economies, where the rate of 
urbanization is very high, the future demand for fresh cassava is
Uncertain. Processing will be the key to relieving the marketing
constraints and to entering markets with a substantial growth
potentit:1 Ilowever. for cassava to become competitive in the 
princil-., growth markets -especially the animal-feed market andthe composite-flour market -will require substantially lower 
farm-level prices. Given the generally low yields in lttin America,
improved production technologies will be necessary to reduce 
costs suliciently to profitably supply these markets. Cassava's 
exploitation of these new markets will allow tropical Litin
American count ries to reduce the very large imports of feedgrains
(and possibly \wheat) at minimal cost to the economy in that 
cassava expansion will utilize unexploited land and absorb part of
the pool of unemployed laborers. However, any possible
expansion of the ca:ssava area and increase in productivity for 
industrial purposes (mainly animal feed) will not he feasible if(I) 
new. improved technology does not reach the farmer level and if
(2)(Irving, processing, utilization, and commercialization does not 
rcceive increased attention all over the cassava world, particularly
in I.atin America. 

New t'c/uologt' must 
reaWh t/'farmer level, 
anld inor atcntilin 
11tt1v he paid to imn
prove l)trlic'uhir 

l /io'l practices. 
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TjIE CIAT Rice Program physically the smallest of the four 
commodity research efforts assumes regional responsibility for 
the Western I lemisphere. [he Program collaborates closely with 
tile global rice research elort of the International Rice Research 
Institute (IR RI), headq uartered in the IPhilippines. From the very 
beginning ol CIA I, excellent collaboration between the CIAT 
Rice Program aMid the (olrbitni Institute of1 Agriculture (ICA) 
has enabled rapid progress in adapting the new high-yielding rice 
varieties to the agronomic and consumer preference conditions in 
Latin America. 'lIhese cooperative efforts have resulted in some 35 
dwarf varieties released by national programs in the region. The 
improved new varieties are now annually grown on about 1.5 
million ha in both irrigated and highly and moderately favored 
upland systerrrs. In cont inCtipn with improved cultural practices, 
use oftile new varieties has made it possible to obtain an average of 
I to 2 tons more rice per ha and has provided the means for nearly 
all Iatin American countries to reach self-sufficiency in rice 
supply. 

Ono objective of the Rice Program is to develop germplasm-
U.' U/e' lew rict based technology designed to overccime tile principal constraints 
vriclict'. fti irriqltcl to increased production of irrigated rice. Recently, another 
"'01niliol I wt/ic was added: the development of new germplasm-based/1(1.v component 

ill till (tlt''tUl, of / o , technology lor tile region's more favored upland rice ecosystems. 

, lol mo re c' . (,i . /Ilc e pIincrpal Ic'auch stiatcg. to rlch this ohJo-:tivc is varietal 
improvement to produce rice lines with higher yield potential, 

(itit/ iI(I,\ /)tIl' i/tv /'t/it better tolerance to adverse environmental factors, and improved 
tIlt'ais /m' /Ialtt'atI[ a// resistance to diseases. Great importance isgiven to strengthening 
Ittlint .:bltrican cttll- of natio nal rice research programs through training, consultative 
(rl'j It, It'at't . visits, and support within the active rice network, which has been 

in the last 15 years.'it // iC I I t'l(Vgrowing 
Improved rice lines are passed to collaborating national 

• itfP/ /T" prograis through international nurseries of promising materials. 
Countries evaluate and select from these nurseries tile most 
promising materials for direct seed multiplication and distribution 
to rice producers or for use as parental materials in their own 
national breeding programs (lIc I ). 

SUMMARY OF 
ACHIEVEMENTS 

The CIAT Rice Program continued to support the efforts of 
national rice progr: is by making available to them a multitude of 
promising genetic materials, which meet the particular agronomic 
needs and consumer prelcrenccs of the countries involved. These 
materials are pre-selected by CIAT from throughout the rice
growing world as well as fron the CIAT rice-improvement 
program. In consultation with CIA'i's collaborators at the 
national level, the nursery system by which national programs 
receive new materials was further streamlined to assure that new 52 



promising materials are tailormade to the needs of given countries. 
Much of the rice-inproement woik continued to be directed at

finding niore durable resistance to rice blast disease, the major
rice-production problem throughout the region. Initially, the Rice

Program set its attention on one particularly promising

highly tolerant line: 5738. This line has a 

new,
 
rcady been launched as a 

new variety by sev'ral collaborating countries. 
The year 1981 saw tie initiation of a modest rice-improvement

effort in support of upland culture. Given that close to half the rice
produced in Latin America is grown under upland conditions and
yields in this sector have remained stagnant, even modest advances 
are likely to have an important impact on the rice-production 
scee, in 	Latin America. At this time, the biological constraints to
uplmnd rice production have been charted, the research priorities
have been set, and promising parental materials have been 
identified. 

International Nurseries 
for Latin Arnerica:a 

Parental materials 	 VIRAL-T VIOSALVIOAL VITALfrom IRRI and national VIOALSNF VIRAL-F 
programs throughout 

Latin America. 

1.5. mnillion ha 
cullivaied
 
willh new,
 

improved rice
varieties frorn CIAT. ' 

Figure 1. CIA T's Rice Program receives germplasm from Latin American countries and from Asiancountries (the latter through IRRI)and evaluates and breeds materials for use in the Latin Americaninternational nurseries. Countries select seed from these nurseries, multiply, breed, anddistribute within their own boundaries. Today, 1.5 million ha of land are cultivated with new,
improved varieties from CIA T 
a. 	 VIRAL-T Medimi-duration varieties 

VIOAL: Early, i(iumin, and late-maturity varieties (irrigated or favored upland) 
VIOAL-SNF Unfavored uplan( varieties
 
VIOSAL 
 Adapted to salinity and alkalinity
 
VITBAL Adapted to low temperatures gerinplasin from IRRI

VIRAL-F: Adapted to semi-deep water 
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Rice Improvement 

n
Irrigated 	Rice 

In 198I, breeding efforts for irrigated rice continued to center on 

achiev ing yeld nd ploduction stability through the development 

of ifflpro ed varieties that combine 	good grain quality and 
conrcsistancc or tolerance to tle major common biological 


lie rice blast disease caused by Pyricularia(orvzae, the
straints. 
"hoija hlanca" virus disease, and the planthopper Sogatodes
 

or.vzicohi are the principal problems in Latin American countries.
 
leaf scald caused by Rhnclho-Other damiaginIg diseases are 

ianetephorus
.Npritm or'zai and sheath blight caused by 

Ftollowing is a status report on rice-improvement projects in
 

progress. Aspects related to breeding for disease resistance re2ect
 

the interdisciplinary work of the Program's efforts in breeding and
 
.vij

plilt lii dogy.

Rice blast, I)urable resistance to rice blast disease has
 

Diverse genetic strategies such as The Rice Program is developing
contittued 	 to be elusive. 
pyramiding 	 of major genes. concentration of slow-blasting germplasm-based technology 

and combination of vertical genes with slow-blasting designed to overcome the 
complloncnts. principal constraints to increased 
characters arc used to exploit the possibilities of obtaining durable 

production 	of irrigated rice. 
resistance. 

Table 1. 	 Promising sources of rice blast resistance entered
 
from various countries into the CIAT germplasm bank
 
in 1981 for further testing.
 

Affected by 

Leaf blast 
(%)a Panicle blast bCultivar Country of origin 

Ram Tulasi India 	 0 0
 
2 0
W.R.C. No. 4 


Sornavari India 0.4 0
 
NP-97 India 1.6 0.3
 
El Golper U.S.A. 0 0.1
 

0.2Huan-Sen-Goo China 0 

DL 12 Bangladesh 0 0.3
 
Thava Lakkanan India 
 0 8.2 
Ram Tulasi (Sel) India 0 9.5
 
intan Indonesia 0.1 15.4
 

a Laf area aff( cted evaluated 60 days after planting. 

54 1) Panice hlast severity. 0 no disease; 100 = maximum disease, 



lo broadCn a1d di'vCrsil sources of resistance to rice blast
disase, tlre Rice Ilog:-iati continually searches for new potential. doto is of blast reNistance. In1981. the materials listed in [able I 

lent dv, idcrci a.sproirtisi ng sources pending further tests tocorliliilc their rlesistanice. 
.-
I.Pt ,rairg / major ge'nres. As highlighted in earlier reports, 

i i uc tcsting of proiising pyamnided lines, four ofextn.,,,c 12 
thCe line, (S738,. 568 .570J9. and 5715) were selected for further 
c',.ialator. 	 By the end of 1981, various countries including 
(' loibria s,crc rccon tend i rig release of one of these lines,
5738,. tsa ncss va ricty. I his particular line has markedly better 
rsis aince to blast, better grain quality, and earlier maturity than 
ClC. s the latter i nost successful commercial standard 
relcased in 1978 hy the CIA!I, ICA collaborative iice research 

i.\additiliral 16 new, ad anced pvrainided lines were evaluated 
T I: I. II iircplicated yield trials at two different sites at CIAl-Fahnira and 

-it tlre ICA l.a 1.ibcrtad station in Meta (('oloinbia) where 
,I:i ,uri rontmental conditions favor screening against the rice blast . , tldiseasc. Se en of these new lines yielded equally well as CICA 8.L a"'' 	 I h1ec scs.en advanced lines are now being purified for further 

testing in regional trials. 
Snomc 73 advanced breeding lines resulted from a breeding

projcot [hat soughtt o corn bine two Sources with resistance to blast 
(i.e., I ine 4440 and CI CA 7)and were evaluated in 1981 in yield
trial, at ('IAI -Pallrira. Based on yield potential, grain type and 

Table 2. 	 Yield and grain quality performances of eight advanced rice breeding lines selected for 
regional trials in Colombia and IRTP network trials in Latin America. All the lines 
are resistant to lodging, rice blast, and Sogatodes. 

Grain quality 

Yield White belly Milling performance I%)
Line no. Parentsa 	 (t/ha) occurrence b Whole grain Total 
11:3/ .1,.,10 13,190 2 CICA 7 85 02 60 
 67 
11313 	 44,10 Bt(90 2 CICA 7 84 04 55 64
11.92 	 ,'1440 13 90 2 CICA 7 8 3 0 8 54 70
11589 
 ,14.10 [Cj 90 2 11!rlep 8 2 06 54 65129!1 44,40 13, 90 2 CIC; / 8 0 0 8 59 69
1101 / 	 1410 B(t90 2 ltir.p 80 10 54 67
11219 	 CI'A Bo 90 2 lhrp 8 0 0 8 54 707677 1,1.10 tBi 90 2 CIr0A 1 9 1.2 60 70
 

CICA 8 Contr~tl) 
 8 2 	 1.0 53 64IvIia 1 (ClltroI) 10 0 8 
 56 64
 

i T+,,.,,p[, I ,' -l , ,1 ]I)T.t I bt+H~+I I T +II* t II TT I .lH 'T~ .'.lt+l,.T TITI , I,lb ([I.IJTTI"T ,] I ,I k~llT~lI,,l,.Ii Ii,, T5 5 
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quality, and resistance to lodging, blast, and the Sogatodes plant 

hopper, 20 lines were selected to be issued for regional trials as well 

as in the network of the International Rice Testing Program 
(I RIT) for Latin America. The seven top yielders of these 20 lines 

all surpassed 8 t, ha at CIAF (I able 2). 
. Comlbination of slow-blasting characters. Slow-blasting 

characters include such attributes as relatively long latent periods 

from incuhLatiol to inlection and from infection to sporu lation, 

fewer and snmaller lesions, and reduced sporulation --all of which 

are considered to constitute rate-reducing, or horizontal, 
an onresistance to rice blast disease. Progenies resulting from 

going breeding project in which slow-blasting components are 

transferred to adapted, susceptible varieties now have reached the 

F; and F:- gCnCratiolls; the evalation continues. 

('. ( onibinatioti o'majorgenes with slow-blasting conlponents. 
major genes) withThe combination of vertical resistance (i.e., 

slow-blasting components (i.e., minor genes) isbelieved to provide 

increascd stability of the resistance mechanism to blast. A 
as abreeding project that uses the Surinam variety Camponi 

source for slow-blasting characteristics and a natural mutant of 

line K8 from Sri Lanka as a source of vertical resistance is now in 
than 900 selections werethe F generation. Most of the more 


characterized by good plant type, long grain, and stiff straw.
 

2166.f 

One of the breeding strategies in the fight against rice blast disease (inset, left) is the pyramiding 

of major genes to include disease resistance. One of these lines, CIA T5738, has already been 

released as a new variety in various countries. 56 



1). Bac rt,' bgJr co('eniration of .shlw-b/hstin,'1MIo)oi't.s. Breakdowns of varietal resistance to rice blast disease 
oltei ha bccnI]attributed to the failure of varietics to capt re theth

entire CorillI)IclIICnt of genetic lctlors for resistance from their 
rcspccti, e parental sources. ,Manyof the sources for slow-hlasring
characters arc frin ta , upland types. \Vhile backcrossilg to talldorois is ;in ;adequlatc slfegutard against genetic dilution. ; runs 
the risk of lcadinig to an unprodLctivc plant type. Lflorts to 
tralIrslcI an adequatc load of the genetic complemenl of tile tall 
dtonor sourceS thlrolgh Single backcrosses are Underway. A project
thatl iriolSs tour donor VatiCtics as rcCurrent patrents was
c)tlplemlcimed bY another that involves two dilere;r resistance 
sotrccs (i.e.. single crosses between a dwarf land a tall donor top
crossed to a SctmdI, different donor). It 1981, 24 backcrosses 
iuohing thrice S"urinam varieties and one llrailian variety asrcCnrrcnt piarents ,erc planted and harvested to be advanced to 
the I13Fi gcneratioim. Amd 1 populations from 21 crosses top
closscd to tsecond parental source were planted and harvested to 
be damiccd to the I ,generation. 

Earliness. Several inportalt rice-producitrg /ones in Brazil,
('oloimbia. l'aimirm. and Veneittela need early-niaturing rice 
\;rictics (1015-115 days) to redne irrigation costs, fatcilitiate
mnultiple cropping, and evade the negative effects of spells of cold
\keattic. I loiit totil of some 60 advanced breeding lines derived 
lorlu tbreeding pitject fOr eairliness, over 20 lines were selected in
I98,I to be advnced to regional trials. lhe selected lines are
chatra;ctci/cd by excellent grain quality and plant type and by
rcsistanIIcC to blast. "'hojahlaticl," lnd Sogatodt's. Fturthcr testing
of these lines sholld idCntifV substitutes for IR 22, although it 
rcrn;iins popttlar becausc it hit,,excellent grain quality, is
susceptible tolji blaciclr" virus, is moderately susceptible to the 
.,,U,'t/tt' .. pllnthoppcr, aitd lacks early vigor, a trait *sential for
 
corilpct itioi against weeds.
 

Mutation breeding. M(ost of the donor parents of broad
spectlrum (i.e.. loriotal) resistance to rice blast disease are of atall. itirdcsi rable plant type with poor straw strength, thus
reInderi rig them tsuiita bleir as recttrrent parenis for backcrossing.
l)\warfing such tall doiiors through irradiation should eliminate 
their limitations as recturrent parents. irough a collaborative
 
miutatiotn breeding project with the Internatinal Atomic Energy

(ommission iii Vienna, 83 dwarls were selected from the lines

I etep. Iadtkati Nioroberckan, S-6, IAC-25. 
 and lapuripa.
I heir stturc \ilries frol typical dwilf to intermediate type. ihe
selected d\w;trl, together with their parents, are undergoing
cval;ijon for blast resistance. l)tring 1981, an additional 112
d\arf iuitants from NII-48. Colombia I,PI-184675, Carreon,
]alagia. and t dcep-water rice variety, were selected and 
evaluated. 

U/rc''lit l../if r lUl'
111Urjil .i/'t' 'f'.st.lt'd 

ill2, /llc'. (Ad\'lflt'('/ to 
rc'toffi/ 
C' 
'/,'i' l'uuanw, 

til/ I t'/t'ZTt'l. 
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Upland R:e 

More than 70(%'of the total land area devoted to rice production in 

Latin America is sown to upland rice. While some four-lifths of 

the total ulpland area in ILatin America is in Brazil, important 

upland rice-growing areas also occur in Mexico, Central America, 

Bolivia, Colonbia, Ecuador, and Venezuela. Average yields of 

upland rice, at 1.4 t ha. are very low. 
Rccogni/ing the importance of upland rice in the region and the 

potential contribitioll of concerted research on upland rice 

culture, C!AI expanded its rice-improvement program to include 

this sector. .Anupland rice breeder was added to the Rice Program 

in early 198i, -ind other disciplines will be added itsfinancing 

permits. 

Upland rice-production systems. Upland rice in Latin 

America represents a broad continuum of ecosystems, ranging 
'4 , ,- w to moderately high levels ofproductivity. Although 

t vA ,these 	 eco'systenis are difficult to separate, CIAT has decided to use 

4,'tIl lollowing working definitions ol'upland production systems to 

,ii ] Ai~ Kl ' delineate different yield constraints, potential productivity, 

S . ,-! ;.,breeding objectives, priorities and economic profitability: 

e subsistence;
 

0 moderately to highly favored, mechanized; and
 
e Lntavored, mechanized.
 

A1.Sthsisut'ICe uplandrice. This production system is located in 

remote areas and at the agricultural frontier. No mechanization 

and no purchased inputs are utilized. Major constraints are total 

dependence on family labor which limits farm size, necessitates 
demands the use of native varieties, andwide plant spacing, 

prohibits use of purchased inputs. CIAT does not stress research 
estimated thatfor this production system at this time because it i". 

research oln this system could only result in a minor contribution 

. Iloderatel' to lifhlt y favored upland rice. Highly favored 
upland rice is confined to relatively flat areas with good rainfall 
distribution of over 20)0 mm during a 6- to 8-month period. Soils 

are normldly alluvial, slightly to moderately acid, and well 
drained. Major yield constraints are grassy weeds, blast, leaf scald, 
and lodging for some varieties. Modern dwarf varieties are doing 
well in this prod uction system. 

Moderately favored upland rice 	 is found in Central America 
and large areas in sub-Amnazonia Brazil; it has a shorter wet 

Favored upland rice is grown ofl season, less rainfall, and short dry period during the rainy season. 

fertile, alluvial, anddeep soils iti In some areas, soils are somewhat less fertile than in highly favored 

CentralAmetic a. Rice varieties upland rice areas. i)warf varieties are suitable for the areas in 
with toots that ca penetrilte to
lower soil detts art? desired (entral America; in Irail 	where drought stress and mineral 

the use of tall varieties is predomi
becauise? they take advantage of 	 deiciencies are nore severe, 


nant. 
Blast, leaf scald, mineral deficiencies, and grassy weeds
available soil moisture and are 

58 readily withstanddry spells. major constraints to rice production in this production system. 



I, V 

Increased production in the small-farmer sector in upland rice will provide a large increase in 
total rice production in Latin America. 

Recognizing the iii-
portalice of)uland rice 
iiLati ,,hi)irica atd
litIotenial coittiil-

piohlticl 
lion /(I'Oii'rtt(/ 
re.arh, C/AI 7'e'-
)andlc'd its rice-
it)lroventit 1)irgraini 
to inllu/te th/ tl)lld 
riceand 


The CIAT breeding objectives for highly taivored upland 

condit ons 
are somewhat similar to those for irrigated conditions, 
viz.: to obtain high yield potential in plants with intermediate 
plant height, ;ood early vigor, and intermediate tillering ability, 
tolcrance to major insect pests and diseases, long and heavy grains, 
intermediate amylose content, good eating and milling quality,
and 115- to 125-day maturity. 

A moderatel, flavored upland rice-production system that is of
immediate interest to CIAT is the one found in the high-rainfall, 
acid savannas of Colombia and Venezuela. The primary breeding 
objectives for this system are to achieve a moderate yield potentialof 2 to 3 t; ha; stable yields (with particular attention to toleranceto blast, aluminum toxicity, phosphorus deficiency, leaf scald, and 
,Sogatotdes);intermediate plant height, tillering ability, and deep 
root systems; and good eating and milling quality. 

C. Utifiioredmechanized upland rice. This production system, 
which is found in the Cerrados (central Brazil), is characterized by
infertile soils, irregular and low rainfall, low planting densities, 

w average yields (aboutdisease are aggravated I t/ha). Drought stress and blastby problems associated with highly acid 
soils characterized by aluminum toxicity and/or phosphorus and 
zinc deficiencies. CIAT has no immediate plans engage into 
research on this production system. 
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Rice is it St~ple~Food lollghIOu1t 

I Ainerica a~nd the Cari. 
In the 1979-80 gi owing saon the 

aita produc1d ilric 15 ilon tons 

. n iht pproximate-.: 
lI30i ofpolished rice per capitai 

Net regionAi inipo; ts rmail in-


*significant,
Irh gi'intl of the lgion's rice-

pod cngcounl i i iii .. 

tfor 57% of totl produe-
ionl Iour corfii e of the An dean 

-Cohiibia dregioneE ~iiddorePer 

\'enclueli - contribuL 22% to 

the tolal regional production. 'I10 

these lie oiutries account for 

foiir-fifts of thre total regional rice 

Ill ouctio. 
The aica planted to rice covers 

7,6 mnillion liai,. wit h 5.5 aol hion 
dew ied to up~la lndricec iid .2.1I 

iiiillion glowl tinder irrigated con-
ditions. Ilo~kevcr,.siice theaveragL'. 
prodOct iNity of upland rice does not 
L:ei.d I.4 t ha, tliv contribtition of 
the upland rice sector to total rice 
piodliction is only 52%',.YieldN in 
the irr-igated sector 	 vary, front 2.1 

- and t 

Latin American
 
Rice Production
 

ifIrito 5.4 t/hia, withian average or 

3. 11 ha >.I 
iIIprovd1 IiyieldiI gviIieIies 

are grown onappfdxititel) 80%of 

the irritted rice laind area and 
% vi lmn, e ipdl f if "-

raising the pioductivity of tile 
irrigated rice sectlor in the region,) 
The tipland Ice st~or__wh~ere1iC' 

.. high-yielding iri s re bhut 

iiarginally stit;ble- isstill lr: lyb 

clt ited wit h trditinal vat iee 

ii oi tle egi i aitswhole, per 

piia siiicolisuiiiiir been 

relati\ ely table )\ er the hist I5 
ears, athegh increases were 

registered in I " theiiia Colombi 

Ionilin Republic, Gtetnali, 
Ilaid, lParaguyaid Uruguay, In 
recent yews, population and in-
conic growthI in thL ma hais 

generated an increase of 3.5% for 
rice demnand Lichyea. '10 keep 

produtction growth 	 rate of 3,33% 

I I Ii iiteipe c contibti os 
1toincieaed rice poductionFroI 

increases both in. landrea Zd 

plictiitl) v eeni -highly 
driahle id country-speifiev;-

U..ing eoflei ~dtive paraietLrs it, 
is estin itcd that by tir year 2000 
thre demnand for rice in tire region 

wil reich 30 inilion ton pr y r. 

aeWd on i:i intlysis of current 

prodit ion trends and their im

plic tiois o tile future, iasN ll ais 

in assessinent of th 	 conti ibution of 

Further technological development 

dctri thre rnod 	 r of this cen

iiry. and assiiming that new 

production technologyand govern
inet policiesin support of fvored
uipla nd rice will bring about aI 
sign ificant slift in thre relative 

importince of this type of upland 
rice, thle CIATr Rice, Progrm lias 

pace withI deiaiid, thi area phi tedCLIfnluded thait the region cii ii silly 

to rice has been increasing at the relitively self-sufficient . In ricL 

of appi oxiitely 24% production thr ughgtit thl :rate:)Lriod 

with iicrL ised productivi- under cons ,eration (sev table). 

ty, this* has assuired ao ainnual
'together 

Current (1979-80) and projected (year 2000) indicators of rice production in
 

Latin America and the Caribbean. /,
 

Production System 

irrigated 
Rainfed 
Upland 

Favored 
Unfavored 

Total 

Aroa 	 Yields Production 
(t/ha) (miltion ton)(milllkn ha) 

2UO01980 2000 	 1980 2000 1980 

7.3 11.52.1 2,3 	 3.5 5.0 
1.80.6 0,6 	 2,6 3.0 1.6 

7.81 3 2.6 	 2.1 3.0 2,7 
3.6 5,83,6 5.8 	 1.0 1.0 

2.1 15.2 	 26.97.6 10.0 	 2.0 
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IPrc/i,,iurr i/-
(/halioll.N are that 

.w"r,'l/ill// . ' a/i-. E 

coall('d ill-a /hall other 
/w*)l. oi llitn)'fl /I,,'-

iito ri.0'1'/ 
/I/Ic the's.ai'Ir 'i/d,. 

Evaluation of segregating materials. Over lastthe few 
years, the I(C/\i('IAT cooperativc rice-breeding program has 
ImIldC ;Iai;Iti'
uIrih.' 1 Of C.' Wc"1Il\t3l\rlllg Uphirid %;i foreleles
the developnuent of miaterials that will be suited to upland and
irrigated cultures. Soeic of the upland varieties used were IRAI 8,IRA' 13, Line 63-83, Mlorobereka n, 0;-6, Azucena, IAC 23, andIAC 25. Progenies ol these crosses were e\aluated in Meta tinder
tipland conditions and high disease pressure (i.e., neck blast, leaf
scald, and lle'hninth/iSporimi). In 1981 , 42 I" populations were
evaluated, and over 700 single plant selections were made from 27of these populations. These plant selections are to be plinted in
1982 in three-row plots ;ind evaluated for grain Iquality, resistance
to Sogaitodes aid blast, and plant characters. In addition, a large
nuriber of early-generation poptilations were planted and mass
selected for advanceement to higher generations.

At the same time, sorie 150 advanced breeding lines from thebreeding project for irrigated rice were evaluated in replicated
trials under favored upland conditions. Based on disease
incidence, grain quality, plant type, and vigor, 32 lines were 
identified as being promising. 

Development of Improved
 
Management Practices
 

Sources of nitrogen and forms of application. In most soils

used for rice production in Latin America, there is a marked
 
response in rice yields to the application of nitrogen fertilizers. But
 
tihe high cost o1 such fertilizers calIs for identification of more
 
elficient sonirCCs and application riethods. Results from 
 ex
pcrincnts condcted in 1981 with differet forms of urea (i.e.,prilled, forestry grade, supergranular, s-llur-coated) and amnmnitrm sullate show distinct advantages of the stilfur-coated
 
forn of tirea in irrigated rice-production systems when the
 
cornplete dosage of nitrogen is applied at 
planting. When one
third of tile nitrogen fertilization was applied at plantingand two
thirds when paricle growth was initiated, all sources of nitrogen

proved equally effective. 
 IHowever, there are prcliniinary in
dications that with this application riethod, significantly less ureaof the stilftir-coated type is needed to achieve tie same yields aswith other foris of nitrogen fertilizers. 

Nutritional requirements and response to nitrogen
application. A series of experiments was condticled to establishnutritional reqiirenients and response to nitrogen application of 
four varieties (CICA 4, CICA 8, Metica I,and Metica 2) and of
four promising lines (5738, 5685, 5715, and 5709). ih order ofreqtirement for the miJor and iiiini,,
elements of the materials 
tested was silicon, nitrogen, potassinin, calcium, phosphorus,
niagicsinlru and stillir, iron, nanganese, zinc, boron, and copper. 61 
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Figure 2. Several CIA T rice I/ils showed relatively high yields 
without nitrogen fertilizer, ,thers showed variable response rates to 

aploplied nitrogen. The Rice Proriln is searching for varieties to 

combine high yields without N applications and acceptable response 

to applied N. 

A comparison olI yields with and without the application of 200
 
kg/ha of nitrogen (ligure 2)showed relatively high yields without
 
any apllication ol nitrogen fertilizers. Variable response rates for
 
each additional kg j ha of nitrogen applied ranged from 2.13 kg of
 
rice (L.ine 5709) to X.44 (CICA 4).
 

Upland rico in soils with high levels of aluminum. Two 
traditional varieties ada pted to upland acid soils (Monolaya, a tall
 
('olonibian variety, ald IAC 25, a tall Brazilian variety) were
 
compared with two modern rice varieties adapted to irrigated acid
 
soils (CIC'A 8and Metica I). Monolaya and IAC 25 were shown to
 
he Vastly supcrior in terms of root development and drought
 
tolerance when grown under acid-soil upland conditions (Figure
 
3); thus, they were identified as promising candidates for a
 
crossing program directed toward a production system in acid
 
soils with high levels of aluminum, low levels of phosphorus and
 

62 calciumn, and minimtII m-tillage management conditions. 



Varieties and planting methods in saline soils. Certain soils 
in rice-growing areas have high contents of sodiji and calcium 
salts, naking then inadequate for agricultural use. With rice, 
however, crops llay be ccononically prod :ed when these salts 
are being lcached. An experiment was conducted with the objetive 
of conilparing yields of six rice varieties wlen grown in sodium
saline soils. Iiaddition, we considered the best planting method, 
coipa red direct plating witlh pregermiinated seed, and deter
mined thrce ages for transplanting. The date for transplanting was 
chosen to avoid Iigh saline content in the soils during tile plant's 
first stages of development, when it is most susceptible. Before 
transplanting, the plantlets were kept in a nornal soil seed bed. 

It was determined that transplanting rice in its later
development growth stage is an adequnate method for using saline 
soils for rice production Mhile tliese soils are being desalinated. It 
was also found that sonic varieties are more tolerant to salinity 
than others. All varieties tested (except Pokkali) yielded best when 
transplanted at 45 days (Figure 4). 

Figure 3. Varietios adapted to 
acid, uplard rice? soils (Motnolaya 
and IAC 25) were spiwlot to 
varieties a.ipelod to irri/gatd 
soils (CICA 8 awd Mttca 1) in 
termils of root development. 
Tlhose varieties were 
roct ,, melded for crosshrodln 
for ,,so itupland soils. 

Yield~ (I j);I(idy rice~ ha) 
10 Trimslanted al45 days 

Tra;p;][h11-d ;1[ 15 dayI~s 

8 

6 

4 

Figure 4. Trmsplantain rice at 2 
45 days of ago gave higher 
yields on sahlt? soils Mhai 0 
Othvt tmiatsplhntnll/g or direct ('(:A 4 ICA II 22 IiR2153 26 
seeding. Variety 3 !,2 63 



International Rice-Testing
 
Program for Latin America
 

This program forms part of the worldwide International Rice 
lestling Prograin (I ,'1'1) coordinated by IRRI. In 1980, CIAT 
received a total ot some 1600 entries from IRRI for evaluation, 
selection, and distribution. These nurseries were rated at CIAT-
Palmira in early 1981 Ior S)ogatoc's resistance, grain quality, plant 
type, and lodging. A total of 358 promising entries were selected 
for inclusionin thc 1981 I IRIl nurseries for Latin America. Added 
to these selections were 264 promising lines from previously 
dist ribited nurseries and 67 entries from the CIAT/ ICA breeding 
ploglaI ill.Ih.',ese promising materials were assembled in 14 nurseries (8 

yield nurseries and 6 observational nurseries), and 297 sets ol' the.;e 
nurscrics were distributed to cooperators in 24 countries in Latin 
Amcrica and the Caribbean. 

Collaborators at the national level value the IRII nurseries as a 
micus to obtain ne~v, promising lines that have been pre-screened 
and assenbled in packages to meet the particular needs of given 
rice-production environments. As shown in 'able 3, a total of 19 

count lrics have selected i relatively large number of lines from the 

198(0 lItI nurseries for Latin Anerica for further yield trials or 
or t use in their hybridi/ation programins. 

I )urilg .in I RI P workshop held at CIA in August 198 1, a total 
ol 39 delegates fron 18 collaborating countries analyzed the 
progress of I It] P)activities in the region during tile last 5 years. 
Co1nclusions rcachcd includcd: 

" 	 While materials from Asia have good genetic variability 
and high yield potential, their use in Latin America is 
restricted to limited ecological areas, thus necessitating 
stricter criteria for the selection of potentially useful 
miaterials foi- the region. 

* 	 The CIA'I Rice 'rogram already has available many 
advanL:cd materials to meet most of the needs of national 
prograins in the region. 

" 	 Many national programs have progressed to the point 
where they have available materials that can be shared 
with other national prograins via tile IRTIP network. 

It was agreed that starting in 1982, the I WIT for Latin America 
should be composed of tile lollowing nurseries. 

" 	 Itternational Rice Yiehl Nurserr with imedium-duration 
varieties (VI RA I.-T) to be planted under both irrigated 
and favored upland conditions. 

* 	 Internatiol Observational Nurser"r (VIOAI) -- to in
clude promising entries of early, medium, and late 

b4 nlaturity; resistance to principal diseases of the region; and 



Thble 3. Number of rice lines selected from the 1980 IRTP 
nurseries for Latin America for in-country yield trials 
or hybridization programs. 

Entries (no.) selected for: 
Country Yield trials Hybridization 
Argentina 2 0 
Bolivia 3 0 
Brazil 7 24 
Chile 0 5 
Colombia 
Costa Rica 
Dominican Republic 

0 
44 
13 

38 
0 
0 

Ecuador 19 0 
El Salvador 4 0 
Guatemala 
Haiti 

9 
10 

0 
0 

Honduras 50 0 
Jamaica 24 0 
Mexico 5 4 
Nicaragua 2 0 
Panama 6 6 
Peru 7 2 
Uruguay 0 8 
Venezuela 46 12 

Total 251 109 

tolerance to acid soils. The nursery can be planted on 
irrigated land or under favored upland conditions. 
International Observational Nurser v for unfavored 
upland ecosyvstems (VIOAL-SNF)-to include materials 
from Asia, Africa, Brazil, and other regions, as well as 
some CIAT materials. 

" 	 Specific Nurseries-to include nurseries for low
temperature (VITBAL), salinity/ alkalinity (VIOSAL), 
and semi-deep water (VIRAL-F) conditions. 

65 
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SOMI" 850 million hectares, or 42%, of the land area in the 
tropical Americas, are acid, infertile soils (Oxisols and Ultisols) 
nearly one-third of which iscomprised of savai nas. It is for these 
large and as-yet-underutiliied land resources that the CIAT 
Tropical Pastures Program is developing pasture-production 
teclitilog\.I lie goal is incrcased cattle production, with the 

furthcr Cxpectctlioll thalt the Cslltillg iifrastructural development 
will pros idC (ie bais hr opl~iig these land reSOtlrces to 
agriculture in general. At the same time, this increased production 
isexpected to contribute itthe availability of proteins in the diets 
of peouple in tropical American countries where both high- and 
lo%%- atmics spend a large and signilicant portion of theirinctmac 
I'od budget oit beef and milk prOtIcts. 

S."tocking rates and animal productiv ity, in the acid, infertile soil 
regiocns of the trcupical Americas have traditionally been low. The 
current aeCrage stocking rate in the saillnas is 0.12 aninmals ha; 
and animal productiyiv. even on the best-managed native 
savanna, is onlN about 95 kg of liveweight gain animal, year. The 
constraint to increaised production is tile lack of high-yielding 
pastures that arc adapted tc the harsh soil, climliiclc.and biotic 
cuditions and Miich can provide animals with a year-round 
balanced diet ct cncrgN and protein. 

le aim i.s lo deveolu lou'- Recogni,'ing that nutrition is the key to improved beef 

cost. low-inqml pastttr,' prodtnction in the sa\annas, tile 'ropica I Pastures Program 

le'cholog.|"adill'd to colcentlates its eflforts ccn the dc\copment ofllow-cost, IOw- input 

pasttre tecinclcgv adapted to ecological conditions and coinpati
e0o/ogica/ onditions am/ 


le I%ith pialent artming operat ions in the different regions. The 
in L'ariMt. r/UiiOn. ~Programi ptlsues this ohb.ict iM by: 

* 	 selecting pasture gCrml)Iasiit adapted to the soil and 
emxironmental constraints and tolerant to prevailing pests 
and diseascs: 

* 	 assembling the gerniplasit materials into persistent and 
produnctivc leguonc-based pastures; 

" 	 integrating inprcc\ed pasture technology into biologically 
and econotmically et licient animal-production systems. 

lropical Pastures Program, 
using such parirameters as climate, land slope, and soils, has 
classiftied the acid, inicrtile soil regions of tropical America into 
five distinct ecosystems: 

" well-drained. isuchypertherm ic savannas, as represented by 
the - .lancs" 

" xell-drained. isoithermic savannas, as represented by the 
"Cerrado)ts" 

As described in earlier reports. tile 

* 	 pooIrly drained savanas; 
* senli-evergrecn seasonal l'orests; 
" tropical ra intoiests. 

'[his classification system serves as the basis for the research design 
to improc production technologies. Because of the marked 
interactions betwcen pasture, gerip!asin and ecosystem, tropical 

is being generated considering thepasture dceclnpmcrit 68 



characteristics ol eUch cosvsteni. Io date, the Prograinl has
focused priiauil. on the well-drained saannas and naintains 
resea'llrClteams cild Of th\c Io ccosysteIs representing the
saxarinias: in tihe "lanos'" 'ecosstenl, at the (ariiaigtia lResearch 
('enter a station Jointly ilianagcd y ('I.\ Iand ICA: and in the 
"('elados" ec:.os\stcm, at the Agricultlural Research Center or tile
Cerradtos (CPA( ) a recarch station of the lra,,ilian Institute 
hir AgriciUhural lResC.;ch (lM RAlA,\+ near Biasilia. In the

remaining three ccosvstenis. and within the International Iropical

Pasture L\altation Nct\,oi k. national programs and the CIAT

Tropical Pastures Prograin iaintaill illextensive system of
 
regional trials fouthe evailattio of pasture gerniplasin.

In accordance \%,1th the three secquential sets ofactivities through
which the Program pursnes its objective, the lropical Pastures

tProgramn 
 is Crgani/cl into three iterdisciplinary research units: 

* gCrmlplasnil \llantiol:
 
" pasItIre-mna1gme'Ilt alVt6itil:
 
* pasttire cxaluatiott l ain sy\stcms. 
The gernplas,,m unit iocuses onits attention the selection,

charactcriiation, and dc ehopmenit of legumes and grasses
adapted to the cnx ironmentital and prevalent pest conditions. The
pasttrc-evalttation unit assembles various Collbillltions 01
legutires in(grasses al( tests them under alternative ma nagenient 

Tropical pasture research emphasizes improved pasture technologies for five distinct 
ecosystems,which constitute the largest agriculturalfrontier in TropicalAmerica. This is a viewof a type of Llanos, called "Serrania." 69 



Category 
IDENTIFICATION OF GERMPLASM WITH POTENTIAL 

- Testing contiOn. " the adaptaton to climate and soil 

and Ise and insect Stresses. Germplasm 
• 7 Collection and Exchange 

AGRONOMIC SMALL PLOT EVALUATIONS 
Testing ormuctucl and seasonal dUstrnbuuton of yields / 

AGRONOMIC PASTURE EVALUATIONS 
III Testing for compabdht innmixtures tolerance to / / 

grazing m-neral requ rer'r,f s and nuitriive value PRTO AM 
-- .. ." / CIAT PROGRAMS 

PASTURE EVALUATION AND MANAGEMENT i 

IV 
Testng for optmum estabhnsrnent and grazing
rmethods fert,hIzer requrements and / 

/ ,,-' 

Rhzobiurn efficiency and animal production , / 

and pasturt resinstance 

ON-FARM VALIDATION OF PASTURES IN 
V ANIMAL PRODUCTION SYSTEMS , ., " 

Development of pasture utilization and / .7 *, -

animal management strategies economic 

______________ 
. evaluation 

Sy.stemrs 
of improved tec 

______,__, 
nolog in farm - - : : F 

DISTRIBUTION OF CULTIVARS 
AND PROMOTION OF IMPROVED TECHNOLOGIES . 

BY NATIONAL PROGRAMS 

Figure 1. Phases of selection, evaluation, development, and distribution of tropical pasture germplasm at CIA T and in the national 
programs. The number of germplasm accessions passing the multitude of tests is progressively reduced. 



41 acc'..%sioa pa...'c/ 
V110 t.St(A in 198/I eUl 
1'en'.Ai'lll 0/1fiw'itlttl-

lio / der .I'rai, 

pIIact i.cs. I hle1I IIi-s\stells u11it jII;Nl\,/Cs prcvalilIig cattle
pIod II I SlIltlIS ai ) es Ihei i iiOIS.% li hnpro ClI pa;+IS[tll'u COlll)tle[) S
lile(l 1t lCI"ILI 't L'iti +il r td ti t .iOlloilsiIIts iII a given[I lil 
s sti.': it sh, e ,liiats the e.\pected impact of alternative 
teehuOlOc i.S oil the pIOdtluiti\ itl the system. Such inforiatiOll
is coltintitall\ bhcig a;s iithe forulsd bisis all technology
(Icelopmeii acti\ itis of the l'iogliii.

,\ltc gcliplmpsin has bcen collected anod tiidergone initial
t\miliatitill aiid iniihtip niseed itioll, iimaterials aire sent to each
eCos\ stei) Im) sci ceiling fo Climate aind soil adapt.ioll, is well asfol ItsS oil disease and pest toleranice. lromnising accessions arethen selected for pasture cestablishmcnt ailld pasturc-iiaiageiment
trills and I C\llutiOlet iII giaing trials. Ilic most promising
pastlics thieni enter e aluatioiis ill actual prodLction systems.

In its hitrarch\ of geriplasi e\aluationl l lphases (Figure I). the 
IPloglilli Iccogiii/cs liv Caitegories: 

I Identilhcallton of grniplasm with potential 
II Agronomic CS:lltiitioni Oil siMall plots


III AgOIimIOic pIstuLre aIlition
 
IV PistturleCxilulltion and management

V Iisture e;luat ion ini productionl systems 

The numiiher of' grniplsisn accessions passing the multitude of*tests in tlie sequcitial na;Ihaintion phases is progressively reduced 
f'rom1 ahotll 1000 in (iategory I to 5 ill Category V. 

SUMMARY
 
OF ACHIEVEMENTS
 

The intensitc gcrmplasn-evaIttion work carried out by the

Tropical Pasttres Plogral l in 1981 has 
allowed for continued
adSaileCenlt of a relatis\cl\ large nuimbletr of iaccessions to higher
categories. 1In198 In io Iewer thaiin 41 accessions (i.e.. 24 accessions
 
in Cirillgiia and 21 accessions Ill lirasilia) passed the very strict
tests to he plonlcited to a Category iii\olvilg evaIlltioii under

glaing (i.e.. (UategoiiCs 11. IV. id V). [bile I presents a statusreport of t lie gerrliplsiinl accessions currently in categories I11,Miand V. Io" both the IV.isolperthernliic ind the isothermic, well
dramd Sa\ainllias.

Ill tile iS thberllni, wCI-dliniiied saainiias {('errados). 1981 was
the lilst 11,11ie tha t all l.glillics reached ('Categorv IV status (i.e.,
evaluation of lnilaagenncilt alternasl es in Ilirge grai/ing trials). [he
i hi pert hiernii. well-drained sa'llllas (I.lialos) have several'grassand IegilinI accessiOiis ill Categories IV and V. 

After tie natilll rcsearch institutions iii Colombia and Brazilreleased tile gri;ss Alnrpoi,on iai.vant. (AA,1 621 in their
respctise coulntries. ION,,\lAI. the National Agricultural
ResCa.-ch Institultion it) \'ent lhu beCgiln the )roces! ol'releasing
this aLcession for the Venleuelan I.1hlos. By the end of 1981, 71 



undergoing 	advanced evaluation for the well-drained savanna ecosystems,
Table 1. 	 Promising pasture germplasm 

as of December 1981. 

Isothermic, well-drained savannas (Cerrados)
Isohyperthermic, well-drained savannas (Llanos) 

Entries (no.)Entries (no.) Category SpeciesCategory Species 

LegumesLegumes 
V 	 Non,,


V 	 Desmodlum ova/folium 1 


Puerarla phaseoloides 1
 
6 IV Stylosatnthes capltata 	 2

Stylosa.'thes cap/tata 
S macrocephala 	 1
 

S. gulanensIs "tardio" 	 1

IV 	 Centroserna brasilianurn 1 

C. macrocarpum 	 1
 
12 	 II Centroserna spStylosanthes capitata 

1 C brasi/,ensts 	 1
S. macrocephala 

C macrocarpurn 5
 

1 Stylosanthes capitata 2

III 	 Centrosema sp 

1 	 S. macrocephala 5C. arenarlum 
1 	 S. gulanensis tardio" 7

C macrocarpum 
11 	 Zornia spCodarlocalyx gyroides 
1Z. brasiliensisDesmodium canum 	 1 


D. ova/hfolum 	 2
 
2 GrassesStylosanthes capitata 
4 	 V NoneS. guianensls "tardio" 
1S. leiocarpa 
1 	 IV NoneS. macrocephala 

Zornla sp. 1 
22 	 111 Bracharia brizanthaZ braslhensis 31 	 Panicum maximumZ. latifoha 

Grasses
 
V Brachiarla humidicola 
 1 

IV 	 Bracharia dlctyoneura 1
 

4III 	 Andropogon gayanus 
3Brachiaria brizantha 



I III the [)iICC o I 00( iio 1haSI( Seed of -I.OLT I)Il ,II1ll 
1U1IWII hi (tou lippol I \1Ni [II N 1InsLItd~tC AeS'bynomqne, spp. .455
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Galactia spp. 302 

Germ lasEvluaionMacroptilium andGe mlsmE aua inVigna Spp. 546 

Germplasm Collection 
\1II" (1f theL 2CiI lIi)LfuinI illilCHiN sIII ('I'\ I'S tIof)icjf I)jIStlltes
 

tIL 5J
1)LA" M IlLlikl(\ Iii( i It ill ilgtloinlilli: puuiijt of \l%%Sm)ilt Stylosanthes spp. 2130
 

(if 1 S ll) Id Lss11iils M 191S 1. thle giiiiiji~SIuI C0ofClcitin fits iticleased
 
tfi~III O1 e l~l I I1.1iot 21. \s InI)IC oi l' luls\~ fi )l 110 ity ofs majo 


tlie fiit\, flaIlci I'Ik (a lttu ill I 1-5ILcccssiontl III)19 I ) is til~ltied
 

hl i
cI Iultx Io kihIII1 IlIL LIILICk oL \ti ILl ft llIsses. thc ri'logia Zornia spp. 745 
ti ih;IIl Illijutil til t LulfLtluiii iif "()ilie 100I aiLLL55IOI15 Oft
 

iIIM ii ';ul jul JWIC1i l 11 All 
 I i i U/it uI i,'l i/lu: l o~ the (0111-lo
 

I(SHI ) i \islllll III life 
 alIta of lgumlies it \afllihle
 
LLl~III \iitl ILLLICdi ioiiti theL 
 11t i/Ilkill Nitj1iit1A C12111110 lii r'iscelaneus

'LIRlk.l I~5IIL( I N Mil(,\ I \iflM .\P \). lod *idi.suiliC legumes 1586100hlLL551i1WS 1111 thel(I (I \ I CL hiirillik biOliilg it) -kev
 
pcL lc I i: spI)LAiL"ut \Il111
M ilit lefl\ pliiniisig lines 1(11tite 

A ist, ,isfI s i L.-ihsiL:u pihiillilfg is s"lloit il I ,i~fL' 2. W\ith
 
t.IfCCfI~ III) huII"l Li ,ILIliIs
itt iMeLi. iii iL Stiff IIttdCIrtii\ i 0 83 

note Iflt liltiuitjI'I- file I li(lipI 1'INitIiCS Ptitgtailt IS [lot
 

uI!~IiSirtetsH soiitii SifCCS

t 

th selfistedi IItI labfe 2, [)ittf TOTALf) 8 635b
 
1 1"Iiavwt 
 U. ilt'u lU/wi/ti. Cclit/ iuilJI( 'IIaIrT(illr/)III anid
 

it I h'ti:,i'u 1 l/iitt *tki Idiii. fio it ICIliI kjI hfI 
 ide~jtIjIuge Fi~piwi 2. Total col/itetolof 
iif iifiplahiiitt . ;I fac(t Il eI 

LiiI\atif itatekmit igltts gittpfisit ectiottv. s/o~cws. as of A/ivoibi., 1981 

ctoiuld pissIbhi, Col itulte t.it Ia t cIti //1qluhst7I of If 0//lal p"Is/mol 
tioi~ ii 

x(irl~ 1111,981 

73 



Sdl)tle 2 	 Key species of pastures identified for the well-drained
 
savanna and tropical forest ecosystems, as of
 
December 1981.
 

Promising for: 

Well-drained savannas Tropical 

Species Isohyperthermic a Isothermict) forestsc 

Amolmo/lo/t gayairos yes yes (yes) 

Bl -i:hlal,adcuilblit!s yes yes (yes)
 
R dlutyooil,'i yes ? ?
 

R IIjI7h11 ,co/ yes no (yes)
 

ye:s (nio)
 
C :1,1.-icocall)III/m yes yes (yes)
 
('outoso)r, hi, h,//l(rutll yes 

,,lt)llt/uJ yes 


I),. l:;t no (yes)
 
D ."mdmlr ov 	 no (yes) 

I)w ' i/ ;1s /dis yes 

'tiio 	 yes yes (yes)
 
yes yes (no)
S. capitata 

S. macrocephala yes yes ? 

S. guianensis (common) no no (yes) 

Zorr a hraslhensls yes yes ? 

ist by the Llanios 

1i fRi i m ltif iy the Corrijodos 
C lICLJd(!S )ithlitropi:il si ini - wrIr;eil seasonal forest and tropical 

F1 w stl flt( 

Irl(iii:ati! stiliatl is fromt original trials and only a
 

)rehlinhirir as.ssini nt of promise, il(lestion mark indicates there is no
 

information yoI ;s to porlormnaince in this ecosystem.
 

Pa i hosei;f;'. 

Evaluation of Germplasm 
in Ecosytems 

I)uring 1981. almost 20() 	 ne\ accessions ol forage germplIasii 
\were tirder o scrlatio itt (IA,,-Quilichat for plant description, 
initi;l seed increase. atid prclimitrary evaluation with regard to 
adaptation and producti\it\ o n the very acid and infertile 
Quilichalo-l'Itisol. as NCll as lotf rcsistancc to pests and diseases. 
As a testilt. seccral Iui drcd access ions witi outstanding 

perfolrmancc. especial\ mterial ol kc species, were given 
prioit., to enter the gcrriplastin l11m\to the principal testing sites. 
where0crluttiN0titit of both grassCs aId legulrICs is ecosvstem-based. 

lhese cos 	sCrM-baCsd tria l,arC colldtcted at two major sites 
(Catirntagua loithe I.;inris arld Btrasilia lor the Cerrados. [-Urther 

tests arc made in) t o t\ lies of Regional I rials. A and IL through 
the International I topical Pasture Evaltatiorn Network and in 
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Well-drained, isohyperthermic savannas. li e irMcIpal
r'sCarch silt reprtesctrnrlg tire ctostleti of tie %%ell-drained.
 
iso l prCti rrrric sI',irrrrs (i.la s)iN (arrilragna. in the castern

piaints of (olonbia I rc 
 orik at this research station is SUppo'ted

h\ an addional setiesil 
 rcgior ml trils spread tirOtiginiiut the

cos\ strnI. I liee \%ere 7) a.ccsionls ol the 'rrls iteiil ol gras

g-fIIlpl;LStII am]ri I 0')t) ol h+'gmicgre rrplrsr ttdCgoing t\ alntlioti
 
in ('atcorie u I 1.ll nd !;I id. lig )81.

I. 1;'hIIo/111II N/ the ofli,,ri.1 ,,A Al ter release ,l/Iropg'on01
.'ariUt (IA I 621 11 It() h\ I8 .\;s cultisar (iarinllagua I. the

nearch Ii additiolal. \\CelI-adptcd. aid highly i..oductike grasses

ha oIn 
 .ga'iatttt.C(tirCd uinrrabllCd .1. cotitilitics to he of high
incraest: the sCirch lt rlitecrritl that is.,,Uierior to tie 'IA 621

;r..SSi0l1 coritilitcs h\ 
 lealls of I tlotigh C\ltlurmitioll ol the

etire1... ,ai inui's coIllcctiol.m as \%ell its
b\ attempts to genetically
irmpro e the (I Al (121 populatiomo of this cross-polinating 

\nAothit guinus il '.'trnsider; ble iIpotanIrtre to tie Prograirr is
Bralh,,ia. primnmiruI.
bcciuse a icludc.,aggressive. Iat-bonilg 4spce.CS MihiCh CrMIlie eo1nSdr11 :(Ideal euCrrpiMInMiol grasses lot- thehighl\ piolirsnig legulic !),.wi1junti1 oVal'i/jlu, \ hicll is also O
;Iggi-,eSI\ . llid Illat-lorttlilig. 1r I9 ,I the Species B. d l' ont'lura
%Is atldcd Ito the Iehograsll', list o! kC\ spcI.Cs lor the well-dried.

isoh\ ptlie Iic St InIas. \lIIphIoiogieailh. it i vcry similar to
 
B.1 11!111lk~ l ich Ias iliemirl\ reaeiedI Category V, tire higihest
cmito ro\ o I tlie IPigarn', cliatii scieniC), it is
bllut
chala cter/ed h\ a IhIigh Ni-dIlOdiCtioll potcntial. conmpared to
the Ito potential ii 1U.]mumu/udt.da. which limits the \kidcr use of

ie lllte in)tie I lar u e'o'S terNC.All additional advaltalge (f


(//(t (ciu'la m (.1 /11o (i/Blr/lhl 
B. 

Bl. ol iS its less-plostratc grov th habit
 
dlirinn tire etabliiiert phnasc. \sich 
Is endlcivc t ttile better

ctabI sillircrit of ateoiiparior leguire. AS \\ith B. hw1nid' Ii

(/I( 1tnoiI//l sas ibsr\ ed with 

.to erllbillc \keil I). ova/Il()a
U(ttll IS tot B. d h'Al ./a, \s 

i... 
ichi tl ss the ecos\Stclls is \'rvslieptihlC to tile ,pitt lehug. itre nlirajr pest of grasses ill the The grass/legume associationt[opics. B. 1lilidl ol/a atid BI.(h/l/llrtl alre spitttbg-ih)lermi n t. with the aggressivespecies
Ihern uhogh the hittert s\o grassc can hcutret: scesrel\ 
 inrfested Brachiaria humidicola anid\ith thie pest. tie\ IuL tie c,apCiet\ to Itecocsr. possibl'y because Desrnodiurn ovalifoliumof their IIrliliates aid allullt of Shiotwl grinh. \rlrolg othtr representsa highly compatibleBiel( hiaria spe)c~ies. B.1/ri:amUh IA I064 isaisosirowi:rgprorrilaid mix and holds great promise forh rloiN in II. ]al.i ulll Ill htIn uies %ll 0hovi1t5lpolniCe'" iiiitin . inicreasedanimalproduction itc., witir I). l)lU//Ohfl, the Llanos ecosystem andB. Livahle, / iu'itit '.. ( itood drought resistauce amid high possibly the humid tropics.Ilt!itIti \;alhies ihsr\ Cold cill SeC\ l (( 'IIlrtL\IfIIaspecies mimake the

geri s-. x'Cirici\ \;ilniamic ill t[is eeisystecrr. Il most species.

roe\\cxcl. srISccpribi,.\ ti lfoliag'C discascs secmls 
to he the rlrainlirnitirL lfactol. ooitilir omt tie rrccessiltv lor exarmininrgmui~lt ral ,uce'ssnoirs Ii disca,se IsCtatre[ .: ciesel parlictililr
\,tle Il tins Irespect is (. mucroal'lu/ilp, ol winch accession ('IA1
5062 is beirg used as a parenutal line in a prluiirg hybridilatii;n 
prograri s iti (. / d .l/',sc'l.s. 
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Ih'sniot/iui oiul/ilmn lhas already been defined as a key 
,pecies fol tile Nell-d rained. isohypertliernic savannas. Due to its 
relativel% long period of vegetative grmth and its high water 

a key species for therequirlenls. it has not bcen classified as 
('errados ecosysten. Accession CI AI 3501has a.heady ad va nced to 

Category V status; it; is I nearly idcal conpanion lfor the mat

fo rm ing Brachiariagiasses. In 1981, a1numnber of early Ilowering 

accessions with high sCCd-production )otential were identified. As 

Table 3 shows. these ievw materials not only produce good dry

matter yields in comparison x\ith the late-flowering control CIA I 

350. hut also sho\v %cry good regeneration from seeds and produce 
considerahle seed y'ields. 

The main limiting factor of the .S'vlos.vaths genus is its 
susCeptibilitV to a11th racr, Figure 3shows the superiority of S.,Ise. 
C('J)iltl,'! it'1i. "MIaidd", aMrid .S. niacrJce('halaover the 

COmm111on t\ pes of V got'u. li'.\is in telhis ol'antirailnose resistance, 

not only at ('.rInagua hut also at Iiasilia. Ihese data also point to 

markd hlcation-h\-specics interaction, suggesting the impor
tance of conducting mtiltilocatioial screening experiments with 
.SI .lalithW.sand the need to identilv ma terials with broad 
adaptalbilitv. 

Of tnie than 40 accessions of S. guiane'nsis "tardio" evaluated 
highin ('aritnagua. five showed good dry-matter yields and 

disease tolerance. IIowever, none of these accessions produced 

sufficient seed for self-regcneration. Iti ant attempt to combine the 

anthracnosc resistance of tile -tardio" types with a series of 

positive agronomic attributes (mcliuo.ng high seed-production 
potential) of the conmmion types of S. ,uia:iensis, crosses between 

these two types were made and are under evaluation. 
Routine evaluatio is of new germplasin of S. capitata continues. 

Also continuing is the selection process \vuhin S. capitatahybrid 

populations produced in 1978. S. inacro,,phalacontinues to show 
good promise. prituarily because of its rusticity, which includes 

Table 3. 	 Performance of accessions of Desrnodium ovalifolium 
(grown in association with Brachiaria humidicola at 
Carimagua), under grazing, 1981. 

Regeneration Amount of 
CIAT -Seed (no. of Dry-matter legume 

accession yield seedlings yield in mixture 
no.a (kg/ha) /m 2) (t/ha) (%) 

3666 109.1 9.8 9.0 65 
3780 15.2 18.5 7.2 59 
3784 152.6 53.3 7.8 59 
3793 48.9 40.1 8.2 62 

Control t) 
350 0.8 2.9 10.6 71 

a. All lines ire early tlowering. 

late flowering.76 1) Cor;rol line is 
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____ ___ ____ ___ ____ ___ 

Brachiaria dict yoneCau 
ha.s tij ,,h .fc/-
f//Cfi l ffl'l/IiU/ 
and1(1a /eA-/fH'tI'atc 

gr'oll-'/ hadii, it i.% t/IA 
toh'wrail t .%.itlth'leI. 

fl Hi ifly and modf raItely resistint 

IN Hi qhly and niodratuiy suic(pt I 

RFating scale (0-2) (2.1-5) 
S. gim-1/IolsIs 

(com m on10types) 

S glnensis Llanos
 
"ardio"
 

S. capliata 

S. tnacroLepli. a . 

0 20 40 60 80 100 

Rating (% of total accessions) 

Figure 3. CIA T-improved species of Stylosanthes are rated more 
resistant to anthracnose in the two savannaecosystems,
represented by Carimagua (Llanos)and CPA C/Brasilia (Cerrados). 
S. macrocephala is highly resistant across both environr,,nts. 

antlhracnose resistance. Considerahle variability in vigor and 
flowering time has been observed. The search for and iden
tification of more vigorous, late-floweing ecotypes continues. 

Most of (he accessions of S. capitata and S. Inacrocelphala and 
many of the S. guianensis "tardio" materials show a high degree of 
resistance to the major Stylosanthespest, the stemborer Caloptiliasp.The two-leaflet species of the Zorniagenus, such as Z. iati/blia, 
gave disappointing results because of serious disease problems. A
highlight in 198 1 was the observation thiat the four-leallet species, 
e.g., Z. hra.ilwn.i.s and Z. nimyria ehn, possess a high degree of 
disease resistance. Su,:h resistance lppears to be inherent in the
four-lcaflet Zurnia spc,'ics. Nutrient contents of both species are 
exceptionally high. 

Well-drained, isothermic savannas. The principal research 
site for the well-drained isothwrmic savannas (Cerrados) 
ecosystem is at CPAC in Brasilia, Brazil. As in the case of the 
ecosystem represented by the Colombian Llanos, the work 
performed in Brasilia is supported by a regional-trial network in
the Ccrrado-typc environimnt, which adds the dimension of 
evaluations across different sites in the same ecosystem. In these 
regional trials, germplasm productivity is measured during tile 
perioid of minimum and maximum precipitation. 
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The strategic use of legumes, such as Pueraria phaseuloides (Kudzu), in the form of legume 

banks in native savanna or pastureswith improved grasses,is proving to be a sound and 

eronomically most attractive managementpractice. 

In 198 1, a totalI of' 123 accessions of' five grass genera and 345 

of' two legumne genera were under preliminaryaccessions 

evaluation in Brasilia.
 

A. 	I.valtuaiot olfgrasses. The potential of' Panicumn naximunm 

with dark-red latosols was confirmned; threefior Cerrado areas 
CIAT1611Wand CIAIT6124) yielded mnoreaicces,.,iols (CiAT-6141, 

than 7000 kgiha of' dry miatter in their second year of' 
kg/hia of the control.establishmient, versus less than 3000 

Regarding other grass species, Brachiariahrizantha CIAT 6016 

and CIAT 6021, as well as Brachiariasp. CIAT"6058, produced 

nmarkedhy miore dry matter than tile commnercial control cultivar. 

None of'the tested accessions ofl'AtdrolmogOt gayaituswas found 

to be superior to the control cultiwar, CIAT 621, which wits 

released under tile nanie "lPlanaltina" in Brazil in October 1980. 

B. Evaluation of 'gunes.|Five accessions of Centrosemawere 

f'or advanced testing: C. macrocarpuin CIATselected in 1981 
C. hrasilianumCIAT 5234; and Centroseniasp.CIAT5274, 5276 

5118. Tlhus f'ar, no pest or disease problemns have been noted. 
indicate that f'or the CerradlosFour years of' observations 

ecosysteri, tile key species of' Sty iosanthes are S. capitata, S. 

guianensis"tardio", and S. nmacrocephala. Frorn plantings in the 

last 3 years, three accessions of' S. capitata,eight of'S. guinensis 

"tardio¢, and five of' S. int'r,,tqh~ha were selected for advanced 
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germlIa.il is (I-
comlp/Shed within ti 
exl.\ sive .ivem of 
rcioa] trials. 

c allualor uiricr gra/ing I(.atcgory Ill). AII are eharacteriied by 
high lcsisanlc to alhllaciose. 

i\C lCcLL ,ttfll {1 /of lli. picdoillilmiiIi /. bra.silit'e.is, 
srgnil c.,atl, ati/iudiaCI. I 728 and wereout\ icled the control /. 
selCcted loi c\,rluatiol IIi ('ategory Ill. I hcse accCssiOs Were 
fontrld to belic ol S%1pltoills ot tile insect-\ irIS-fLIIgUS comlplepX 
and .,/pha c/,mm scab. %,richattac. jcrrIplasiri ol two-leallet 

Regional trials. I hirough "'Regiolial I rials A." it relativel' 
large ntumirbcr ( 100tt 120) ol germplasn accessitirs undergo 
.....aluatio r adaptation an1d shir' al. Il 1981. Regional Irials A 
s:crc conducted at 13 sites represent lg each ecosystem Ii\ sites 
in Bla/il. three ill Ulhollobil tore illNicaragna. one illIeru. and 
t\t il\cice/la. Rsnlts of tileregitmal trials iii the well-drained 
sas anrIS llgei. cofrToIbtOated tile results obtined at the 
rcspccthSc principal research sites. 

A large number of potentially prtrrnisirig leguImes were also 
identified for the tropical forest ecosystems (i.e., seni-ev'ergreen 
seasonal forest and tropical rainforest). Particularly remarkable 
''crc tie nrtldicti\ it\ arid arrliracrios re..istaMnce Ofl t, ol the 
common types of S. guianen.sis (CIA 1 136 and 184), as well as of 
some "tardio" types of this species. Also, /). ovali(blium 350 
showed Scry good perlormatee. Amorg tile grasses. .A. ga'vanus 
('IAl 621 sas outic lded only by two accessions ol the saile 
species. namch\ CIAI 6053 a d 6054. .\ t lie sa tle time.accessions 
of the geri us BIhc'hiariapertlt)ried exceed iingly well. particua rly B. 
hu1Piuui olh:. grass is spreading rapidly ill the humid tropics. 
especiall. in Bta/il v,hCe it is known as "Quieuio da .\r'oria," a 
term used to co:nupare it \%ith the temperate Kiku\'u grass, 
I'll'ii 'l lIIam,( ,.t 't'jfllI. 

It, ' he riext "'.,pc of regitoal trials. -Rlgioria I IaIs B." the 
Nctwork esahIa.tes seasoral productit. if pronising materials 
eiierginrig frturii tire rmajor screeuing sites at Carinmagua and
Brasilia. as vCll as from Regional 1 rials -A.In 1981. 36 Regional
+TrialsBIhad been established iii tour ectosystems ii 14 countries. 

Results from Imtor Regital I rials B iii tire well-drained. 
isohypcrtherric sas\1rira ecotsysterll (tire Colombian L.lanos) 
confirri that S. ctapitIt and 1). o l/illium, i.as well as 1.ga*r'antis 
and B. dectmteuns, are the riost prtomising legurile and grass
species, respectively. Results fromir I I RegioraI Trials 13iinthe 

"forest ecorsystenis indicate that t hese saiie [\%o grasses, .,I.garanu. 
and B.decuith.e's, arc tile rirost productise. Arorig leguiies, 1). 
ovalfoliwr emerged as a r'lost prumising species also I'r the forest 
ecosvstcmns; ftrl herriitire. two ctirmmntii fforms of S. gluetisi.v 
(CIAT 136 and 184) were allrorg tle three best legunes identified. 
These same two materials did not survive in the savanna 
conditions due to the prevailing anthracriose pressure. 
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Effect of Fertilization
 
on Tropical Pastures and Animal Nutrition
 

One of Ihe nost promising legulies level ill the plant, consumption of high producli ily, qualily, and 
in OIAT's tropical Pastures ger- this species by animals, and soil a t iia I ace pta 1 cc of I). 
ittplasm collection is l)i'.iodio fertility. Results obtained from n alifidii. 
ova/Ad/tinm. It iswelladapted tothe subsequent fertiliation ex- Thus. )ievnodtun ovalifidino 
acid, infertile soils of almost all peri ments in Carimagua clearly remains one ol the most promising 
ecosy'stelmis in tropical South de nonstated that smallarmounts of leguies in the ranks oltheTropical 
America, has no major insect and rmagnesiltum and sulft r added to the Pasliures Program. And the LiSLof 
disease probletms.. produces con- fertilizer mixture of phosphorus, fertilitt ion as an interesting tool to 
siderable amounts of biomass. atnd calcium, and polassium significant- improve legune consumption ti 

combines well with grasses, even 1v increased forage production, gra/inganimals has been identified. 
with the most aggressive ones. It forage quality, and atinial accep
was found. however, that this tanoe of 1). ovallidooo. [here were 
legume was w:"1being accepted by increased protein. sulfur, and 
grazing cat'le. CIAT researchers phosphorus. ald reduced tan nin Percent 
determined that this lack of contents in the legume fertilized 
palatahility most probably was with the more complete fertili/er 80 Grazing (%of total lime 
associated with the high contents of mixture. in toatnlint) 
iannins in 1). ovall/liton Follow-up research revceled that 70 

Dilferences in acceptability these increases could be attributed 
between gra/cd 1). ovali/oliutn to one key element: sulfur. It was 
pastures in Ca rilInagua and established that maintenance Ier- 60 
Quilichao suggested that there tili.,ation of120 to 30 kglia ol'sulfur 
ight he a relation bct\cen tannin is sufficient to assure cottinued 

50 

40 

Effect of fertilizer treatment on quality of D. ova/foliumt 350 T4 
under grazing (Carimagua). 

30 T3 

Fertilizer treatment a 
20 T

T4 20-
.,ment measured T1 T2 T3 T1 

on leaf tissue I%) (control) (hP+Ca) (+P+Ca+K) (+P CaKMg+S) T2 
to-


Calechfin e(livlirts 
37 0 t' 

(Vanillin, HCI) 31 5 34 1 28.7 
Nitrioie I99t, 2 01 2 09t 2 59 1 
Nitrogen siltith, 39 5 t, 39 B1 43 4 494 i1 AJm ) Milt 

popsin (48 hr) 

S w",1i 1021, 121, 1451' 
P 118' 133' 130,' 140'71,. aflld5 spwtt guuig, D. 

ovaliloUi 350 widler various 

__I1MYVI10_ I_ , t- -. i., P 2,kI 2kK IIttilizer twallletts, (see /oot-
O ' 1 k ' 

| /I ' " !P i(i"52kgK., Mg doll a.itable). Iti yuat Mi, l')/illh () '2i) ? t Caruhi 

ind 22 ,!s 1 , I;' T3 1.1 frhi, ,pph-1 A,,qI,t I it(iU.F O, II I C 4kt.|kt K 0 222 

k,1 lv i i , ihril.riv ,,, . , I ,i .r. vith sgrifiil.ykg a M .lfint-til i4tII,,rli ; ,,,vv 
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Pasture-Management
 
Evaluation
 

Response of inoculation by

potsdisturbedsoil) was lower 
than in cylinders (undisturbed
soil). The latter treatment IS 
suggested for selection of 
strains. 

The pasture-management evaluation activity theof TropicalPastures Program serves as a bridge from the germplasm
evaluation unit to the activities devoted to pasture evaluation inproduction systems. It receives promising accessions from thegermplasm evaluation unit and assembles them in alternative
grass/legume combinations; at samethe time, it develops
associated pasture-establishment and management practices.Pasture technology is developed within the agroeconomic
guidelines established by the pasture-evaluation in farm systemsunit and is designed to achieve superior and stable pasture
productivity in terms of animal liveweight gains. In 1981,management technology evaluation focused on the following

practices.
 

Soil/Plant Intert-Aions 
Evaluation of Rhizobium.One of th.• principal advantages of
legume-based pastures is their relative self-sufficiency in nitrogen,


which is fixed from the atmosphere and made available 
to thepasture system by the legume/Rhlizobium symbiosis. To enhance

this nitrogen-fixing ability, the Program seeks to identify

Rhizobiun strains that form the best possible symbiosis with the
legumes and to develop effective, low-cost inoculation techniques.


In the past, while inoculation with selected Rhizohium strains
was shown to be effective during the establishment stage, only

modest long-term effects could be observed. Research carried out
in 1981 indicates that an important factor in the selection process
of Rhizohium strains is whether screening is done in disturbed or
in undisturbed soils. It was found 
 that in disturbed soil (i.e.,growing of inoculated legumes in organic ispots), matter 
mineralized more repidly than in undisturbed soil (i.e., growing of
inoculated legumes in undisturbed cores extracted 
 from theground). Hence, ifscreening is done in pots with the soil disturbed 
and with an attendant release of considerable amounts ofmineralized organic matter, the effect of inoculation isdiminished,which, in turn, diminishes the effectiveness of the screening 
process. It is hoped that with the initiation of large-scale screening
 
for effective 
 R/izohium strains in cores of undisturbed soil, trulysuperior strains can be identified, which, when inoculated in therespective legumes, wvill have an important long-term effect in 
terms of nitrogen made available to the pasture system.In 1981, key legume species were inoculated with a range ofRhizohioni strains in cores of undisturbed Carinmvgua soil in orderto identify the most effective strains for further evaluation. Strainswith superior nitrogen fixation an(d tolerance to low pll and highaluminum s:turation are being selected for further testing. 
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Nutrient requirements. lhe Progran's elorts to develop 

that rCquires minimumI fertilizer input
pasture technololg, 

emlphasizcs identifying pasturetranslates into a stratcgy that 
species and ecotypes toleIant to the najor soil constrailts 

(altimintli and malingellese toxicities) and low native soil Fertility 

milacro-. secondariy, and ilicron utrient deficiencies, except 

nitrogen). 
lhe laigc arliation in the reaction ol different species and 

ecotvpes to ad\Clse soil coiditions is illustrated in table 4. 
frot an experiinent testing theSelected results are 	 shown 

of se eral materials to high levels of soilditlerential tolcrance 

imaulga lese. Among grasses. diflerential tolerance 
 was nore 

dcnt at the spccies IlC ci. Particularly noteworthy is the fact that 

Most tolcrant accesSion., had a higher dry-matter production rate 

at high than at low manlganese stress, thus pointing to the 

in tolerant species. 

es 

henelicial elect of nanganese 
of los,-input technology for managing lowtlic dcsCloi ent 

Iertility centers around increasing fertilizationnatis e "oil 
efliucic.",. I lie Stlategy includes both (I ) identifying and 

rct)cting soll-nutrient deficiencies and (2) growing pasture 

spciCs and ccotlipes that ;ire elficient users of fertilizer inputs. 
e;11iot to deterImine the external nutrient requirements fora11n 

arious tropical pasture grasses and legunes in 
estahlishlinctit of 

a series of fieldsavannas,seil-drained 
Requirements for both 

the is h,\pcrthcrnic 
expeniiiitts V\as carried Out in 1981. 

mtacro)- aiid iicrontMrients were studied. Table 5 presents the 

externial rCqiiireinicits ol phosphorus, potassium, calcium, and 

inagnesi i Ior selectled prolmising grasses a.)ndlegumes. The low 

les cls ol thesc elenents required for establishment are a reflection 

ol thec outstandiig cdaphic adaptation of'most of the gernplasn 

s,ithhishich the I'rtogla is working.
Ihc llectS of 1)lertilia/,tion and lime applications were studied 

on pasture cstablishment in the Ira/ilian Cerrados using the two 

rcpi escntal iscsolls ot the rcgioin. I.ime application (i ton/ha) was 

found to be bcnel cial iii both a red-ye llos Latosotland a dark-red 

1atosol at l)s lc\els ol 1) lertilization (26 kg P/ ha) when using 

triple ltIupehosphindYoorin thirmophosphate rock. These 
can be enhanced byresults sugcst that P lertili/er elficiency 

appl\ing I ton lime ha .lien losv P lertilizer levels are used but not 

\\lin i igh ) Icvels alc cilployed. Tie relative costs of lime and 

determine the practical fertilizerph,)sphor s sources \will 

tCC0 icldnl at i~lls.
 

Nutrient recycling in pastures. A sampling in a Kudzu 
(I'ocrar1a pIha.,i mdes .,11/dropg)on'gaianus pasture in the 

dry season showed an(olomi hian I;lnos a 	the end of the 1981 
of oscr 4 tons ha of 	 lel litter (dry-wcight basis)acctuinilat ion 

s itlh a tlitrocell c0mccnitratioin (if over 214, the equivalent of0 kg 

oh niti ocen hia is it p)ssihlc that a ai)sture producingaround. tHto 
4110) kg ol his \Ceight gait, per Near ha naturally maintains such 

kc\ nutLrent? I.ong-term observations by thehigh cle, ol a 

t'/ell-managc'd
 
grass,' /c'.gilt 
associalions. have 
vt'i,)r ttro .rt lems 

am/ are hhlv (c.c'ent 
at ((Jm)IiItis,el ring soil 

IU I . 

82 



Thl 4. Dry-matter production and differential tolerance of several tropical forage species
to manganese. 

Dry-matter yield (t/ha) 
CIAT Low soil Mn High soil Mn Relative indexSpecies accession no. (10 ppm)a (86 ppm) (high Mn/low Mn)b 

Grasses
 
q4ywlIof/,m 6054 3.40
.yaus 4.06 1.19 

6200 6.07 4.39 0.72Bi , i i.ittj Yn)i'thIe hip,; 606 5.52 6.69 1.21 
6132 3.14 1.28 0.4013, huidnhcu/I 675 2.66 2.63 0.98 
679 5.73 2.78 0.48 

Legumes 
A',/,;)u/7IHIj) iPtJ))thfldtl 7367( S 2.27 2.41 1.06 

9161 2.79 1.68 0.60 
C5t. t.',t sp b118 1.26 1.95 1.54

Common 2.47 1.89 0.76"! /Ii.',,)t/ .., i, it,-at 1,405 1.93 2.59 1.34 
1097 323 3.32 1.02 . / l.iimi.'i~l5 136 4.82 6.21 1.29 
1b4 5.39 5.80 1.07 

"m il 0-20 p l hvi,'wkihiuv,b( p) mi)dini:fl s.dwmlj to)XiC foio iropica:lPilastores

1b ,A, rIiml~fl ,. Iiiljl fI.. , , Illorl ( ) 111ll1hi l h. ! 1I ; Ih I i t ll. IS s[j Icfl. lllhl,tioM i t(xic(ity 

T,hi 5 Nutrient requirements for the establishment of various tropical pasture grasses and 

legumes in Carimagua, representing the isohyperthermic, well-drained savannas. 

CIAT External requirements (kg/ha)a

Species accession
 

no. 
 P K Ca Mg 
Grasses 
'i1Kl)/pI/U/Il .(/JY'/dItjS 621 20 20 100 12flic/,nl,, /;mjmunl~co/ac 679 10 
 10 50 
 6I? , t 606 20 
 20 100 12h' hi,.', mI/i 665 20 
 20 100 12P.Iim , 1ilimmimm 604 
 40 25 250 15
 

Legumes 
Ce'lt, ilhi I.lm0'ihl.M/m 5065 11 10 100 12 

5063 
 20 20 400 12i/v, ,'yiiuur.. 3001 
 35 
 30 100Of ". I m/ill; 1 ,11/l/lilt) 350 20 
20 

20 100 12it ,iii.' p/, .. si/,i .,:; 9900 20 20 100
,t' .i, I)t/ . 1-.,ylot,, 

20 
1315 20 20 50 12
 

u.,,tl
i ic:I J Ir irirt-in, it th soil tISuicIdt#!d with 80"( of maxm ian ywmds obtained an8 wuekr 83i,()f phll qrov~~h 
83 



Prograin point to a very eflective recycling mechanism that is 
operational under conditions of well-managed pasture

production systeis. 
Most of the pasture contains carbon, hydrogen, oxygen, and 

nitrogen. The carbon, hydrogen, and oxygen conie from the air 

and water, the nitrogen is provided by the ]ld1izohiwn bacteria via 

the leguiies. The export I inineral nutrients from the pasture is 

very low. For exam1ple, 400 kg of livcweight production per 

year ha N ill ituo, e unly 3 kg oflphotsphorus. 0.8 kg of potassium. 
and 5.2 kg of calciuni from the pasture. I here is v'ery little leaching 

loss of nutrients in spite of tile porous nature of the soil and tile 

"Thw .'/ nn' of tinlejWral 

heavy rainlall that chiaracterizes tile savannas; this is due to the 

Nigorols root systens o1 giasses and legu rues in well-managed 
associations, wvhich allow lor a complete exploitation of tile soil 
voltnmC to a consider a ble depth. fhius, as long as tile pasture is 

,nttricn/.s.fi'ot the 
pa.Stilre i.s vet'l low. 

well-managed and growing vigorously. it is highly efficient at 

capturing the nutrients that ret urn to the soil and at recycling them 

for the forage-piodtction system. 

Savanna replacement. [he year 1981 was the second year ofa 

large-scale series of experinttis in Carimagua assessing the 

feasibility of replacing native savanna with introduced species 

throtgh strip seeding. This experiient draws on establish ruent 

and maintenance cncepts derived from reseairch in spatial 

(list ribut ion, Iow-dCnsity seeding, tillage methods, and fertilita

tion practices. After successful establishient of tile initial strips, 

which co\ er 2)(Y' Of tile total arca, tile pastures were gra/ed lightly 

during the dry season and fully stocked at the onset of tile rainy 

season. 1lie stocking rate was one atinial ha of total area, or five 

animals ha of seeded area. Ihe strategy in this experiment is to let 

the aggressive leguties I ,.sptoliuwn ovali/bium and KudZui 

(Ptraria/Iha.sohi(he.) invade the savaniia areas betmeen tile 

planted strips, and to increase the fertilized area adjaceat to the 

planted strips b\ 20(' per year so that at tie end of 4 years the 

entire arca will be l rtilited and colonied by the planted species. 

-en under graing, both 0. ovali(diun and Kud/u have spreau 

rapidly into the native sa,,anna (Figur u4). I)uc to the presence ol 

tile legume in the diet. ie Crisuiptiut of native grass species was 

obsered to be greatly increased, with aniials even aggressively 

constinning sa anna, that had not been burned for !8 months. 

Animal performance varied with the association: gains during the 

5-month obser",atioral period ranged from 200 gl animal/day (A. 

gaianuu1s in association witli 0. ovali Iion) to 400 gj animal/ day 

(B. hunidic'la in association with P. pha1Solo Wes). 

An analy'sis of thu elitefc. of strip width showed that narrow 

strips o, A0cm with 2 meters of native savaina b tween the planted 

strips is tile best aiternati\c for quick sanna replacernent. Both 

P. ovalihdiunu arid Kud/tU had completely covered the entire area 

in 18 mlonths when planted in this marntier. 

lhe possibility of matngiig riti c savanra with grazing rather 

than \ith fire has imlportant iiplications for potential productivi

84 
ty of 
after 

savannas. Il'escritly, tie sav'aninia is grazed for 3 to 4 months 

burning and then is left ftr tie next 12 to 15 inonths to 



accuniuhtite fuel to assure good burn. lence. the effective stocking
rate on native savanna is three to fou r times higher than the
 
apparent stocking rate since any' particular area is unnsed for 75 to

80oi olthe time. Ihe Tropical IPasttires Programn now looks at the

strip-seeding experiment with a view to other alternatives, such as

planting 10 to 20"1 of' the area with introdtnced species, not as the

initial phase for replacement of all the savanna 
boti strictly as a
 
stipplement to it.
 

Seedling vigor in Stylosanthes capitata. The lack of

persistance of S. capitata in association with A.garanus isa major

limitation for that species. Studies conducted in 198 1indicate that
 
one of the principal causes for 
 this lack of persistance
competition by the grass for nu trients, lea'ing the 

is 
new legume

seedling inadeqtiately supplied for normal development. Work
carried on t by ICA scientists at Cariniagna points to the possibility

that S. capitata may 
be compatible with Ale/inis 'ninutiflora, a 
grass that is much less aggressive and competitive than A. ga~qanus
and, therefore, should impose less stress on the S. capitata

seedlings.
 

Plante,- Average advance from original strip (i) 
strip Association of 
width Brachiaria humidcola x Aturopogon gayanus x 
(m) 
 Desrnodumn ovalitolitn Pueraria phaseoloides 
5 1.7 2.9 
2.5 2.8 2.8 
0.5 1.0 2.0 

Figure 4. Effect of assoriated species and strip width on the invasionof native savanna by twolegumes in a savanna jeplacement trial. (Planted May 1980; grazing initiated April 1981;measurements taken November 1981.) 
85 



During the year, large volumes 
of seed were multiplied to 
provide a critical supply for 
germplasm and pasture evalua
tion. Basic seed is required to 
initiate commercial seed 
production. In addition, seed 
availability is a major determi
nant of farmers' access to and 
use of new pastures and their 
potential. 

Pasture Quality 
In 98!, a new section was added to the Tropical Pastures 
Program to Focus on identification and characteriiation of 
germplasm quality factors and to relate them to nutrition of the 
grazing aninmal. Accessions have been undergoing such evaluation 
for the past sev'eral years, but the new section contributes to an 
increased emphasis on quality factors in pastures. 

Results in 1981 showed that, in grasses, there is no difference in 
digestibility and intake between B. humidicola and dic. 
Itunura. In legumes, lornia sp. were found to have very high 

nutritive values, so that, provided they are palatable enough, they 
could be recommended as a forage in early weaning programs. 

A study of selective gra/ing on A. g'ramnusi S.capitata and A. 
ga.'anus/I'twruria IhUlaseoloid's inixtures was conpleted in 
Carinlagua after t\\o dry seasons and one rainy season. It was 

shown that tie proportion of S. 'apitat, in the forage declined 
considerably with time as a consequence of mother plants dying 
and seedlings lacking \igor; in contrast. I'. lhaseohlides remained 
relatively stable (;ver tinie in the association. In tile dry season, 
legume selection ,as iiigher than in the rainy seaso n,a nd animal 
prcferinccs were for S. ca/pitata inllorcscences and P.phaseoloides 
leaves. ihe presence off a legume in the sward contributed to an 
increase in protein in tile leaves of .fI.ga.ranu. and to an adequate 
protein level in the diet during tIe 'Iry season. Ihus, in the dry 
season. animals gained VCight when graZing on grass/ legume 
mixtures, whereas animals lost weight when grazing only straight 
grass. 86 
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Pasture Utilization 
lhc I'ogr'tm'. Ilctj% ities ill rIodLICtiVityV nIIldIasttiIc mnllalgelent
are designed it dcterminc animal-prodLctivity potential of 
protlisin2 getniplasin in grazing tria s and to identif\y nan age-
La,nt pra'ctices to assurc pe)lsistcinc and stability oI pasture 
CoIl pIIelts. 

Pure-stand grass pastures. Alm concluding the evaluation 
andin pnrc stands of B1.deuu cwn.s I. gavaints. in 198I ouly the

c\alnation of . Inidiuola in pure stands continucd. UnderCariniagta conditions, thel productis it' of' B.hinidicuola is lower1thanthat of the Other t%o. I )uring tilewet scason and with a
 
stocking rate of 3.4 
 ainls ha, weight gitins reached 215 
g animal day. I)iring the second part of the rainy season, a
 
significanl inlip o\ceent 
of animal perforniance was achieved

after a ilaintenaincc lertilitation of 22. II. and 22 kg ha of
 
Ipotassinm. mnagnusiUtll. and still to. rcspccti\ ely. which reslted ingr-'-atcr leaf growth at all stocking rates, hot the effect was not 
sAficicnt !osustain animal productivity over tile whole season. 

-egume protein bank. 1o providC high- a lity forage during

the dr\ season or during critical animal growth stages. it might be
 
ad\intagcotis to establish legtumes 
 partictLarly those that1 are

aggressi\c and tolerant to hca\,, scasotall grizing in strips 
orblocks w\ithin glass padd ocks. I Iis protein-bank concept is being

c\ altiatcd in ; lon-tcr ii .xpcrini-llt with I'. phasooids. la hlc 6
 
shw(\\rS tilercsults of t_ one plinte d lastLc in the third year of
 
this cxpCinm it inl Mich tile lcgulc is established in specific

blocks \ thin ssaainia surrotiidings. ItI 19X I,ainimal producti\ity
 
itthe lo\ stocking late reached 122 kg li\eweight gain per animial
 
for the entire \car. \\,lich coll)ir s lat orablv with norloally

obscr\cd gains inllanias oi 'ell-niaraged iative silvannas. At
 
the high stocking rate. it \%as necessary to restrict access to tile
 
legume bank to allo\ the ICgLIlIIe to recover after heavy grizing

ditring the drs Season and for rcocrv id erlllinl1tenalicc 
_ertili/ation. thus caulsing ai ililporlilt drop in productivity

(tring the \\Ct sCason 
 'Ind luS in total aniinal liveweight gain.

In a parallel cxperimne:nt, the protein bank was estalblished in
 
stripis and 
hlocks %\ithin arCas pltinted to II. de'mnhens. After 3 
y'cars of obscr\ation. animal perfornialice in the protein-bank 
treatments platted in strips was better than in the grass-alone 
treatmcnt. pilting t the good quality of Bi. ,ecumhens,
espccia!l1 in the rain%\ scIsoII. 

Grass/legume associations. IF\altiltiol of the association
of ,. "anz \ itIi 1'. pha.whloidv.,S. cupitaa, and /. /(hilo/ia 
was csotintiecd it Its thiid veat. In I9SI ,aninil perlortniance was 
similar to or better than that il Year 2. both with respect to dry
tnd clwet-sewlsn rcsullts (I able 7). despite the fact that both 

ahsoltilc yield and rclati\c pimortitoi of the legumes ill the 
association diminished significanthl. Restilts iidicate that grizing
animals arc able to ohtait legttnucs lt their diet even at very low 
Ie\cls of axailabifit\ douring the dry season. 87 
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Table 6 Seasonal liveweight gain of steers grazing savanna supplemented with Pueraria phaseololdes in blocks (0.2 ha/animal) 

in Carimagua during the third year of the experiment (1981). 

Liveweight gain (kg) 

Total (366 days)season (255 days)a
Stocking Dry season (111 days) Wet 

Per animal Per animal Per ha 
rate Per animal Per animal Per animal 

(animal/ha) /day /season /day /season /year /year 

0.25 .117 14 .423 108 122 31 
55 65 32

0.50 .096 10 .215 


Access to the bank was restricted for 186 days in the rainy season to allow recovery of the legume after maintenance fertilization
 a 

Table 7. Seasonal liveweight gains of steers grazing Andropogon gayanus/legume associations in Carimagua, 1981 and 

1980 (years 3 and 2 of experiment). 

Liveweight gain (kg) 

Dry season Wet season TotalStocking Dysao 

Associated ratea Per animal Per animal Per animal Per animal Per animal Per ha 
/yea;legume (animal/ha) /day /season /day /season /year 

1981 (dry season = 96 days; wet season = 269 days; total = 365 days) 
Stylosanthes capitata 1.0/1.8 .166 16 .684 184 200 349 

(1919 - 1315) 
.420 113 126 126Zornia latifoha 1.01,1.0 .135 13 

Pueraria phaseololdesb 1.0 1.8 .531 51 .520 140 191 310 

1980 (dry season = 118 days; wet season = 248 days; total 366 days) 
170 238Stylosanthes capitata 1.0/ 1.8 .167 20 .609 150 


(1919- 1315)
 
184 223Zornia latifoha 1.0/1.4 .021 2 .744 185 

25 .667 165 190 322Pueraria phaseololdes 1.0,,1 .b .208 

a. Dry wet season. respoctively. 
b. Rested for 71 days in 1980 



After various years of contin
uous evaluation, the grass 
legume association 
Andropogon gayanus 
Stylosanthes capitata cont/nues 
to be exceedingly promising. 
Annual liveweight gains of 
cattle grazing this association 
in the Colombian Llanos 
is around 200 kg/aninal. 

Faltation ol a highly promising association, . hwnlidicola 
with 1). ovalf/idi,mi established in 1980 started in 1981.
 
Pre\ ionls experiment.,s with 1). ovali/olium in (arinagua indicated
the need for a very aggressive -onipanion grass for this legume
and for managerlert practices that would encourage legume
constin p(ion to maintain a proper balance between the pasture 
components for better aninal perlorniance. Prelimi:- -ry animal
performance data livewcight gains averaging more than 500 
g animal da are most encouraging. 

A sunmiarv look at the last 10 years of evaluation work on
animal li\cweight gains that can be obtained in the savannas uader 
various pastnrc systens re\ cals the data presented in Figure 5. In 
essence, these data confirin the IPrograim's lundariental precept
that iiiipro'\( pat LIrc 'cClh nohlogy holds the key to substantial 
increaiscs in animal performance in the acid, inf'ertile soil areas of 
Latin America. 

400 	 j Liviwuright g in
 

ED.... (kg ha yti r)
 
L30wight 'lain
 

300 - ,,i(k rm lzyutar)
 

200

100

Best-imanilged Savanna Grass Giass ogume
riliVet Savanna IIgUime bank p;ISltrs IssocIations 

Figure 5. Summary of 10 years of data on animalperformnance using
various pasture systems, in Carirnagua 1971-1981. 89 



Pasture Evaluation 
in Farm Systems 

aI-ti\ itiCs included in the tllIrd stage, pasture 
evaluation In f:rm111lS\ stells. is assigned ithreefold purpose within 
tihe I ropical Pastills Pr l!lai. first, the objective is to survey 
and diagnosC t-g svstcnvI'; ani identify 

[he set of i.sCI I hCI 

pie,ilin ealtCl-prouti'iion 

clitical biological c cliliiliits tolefficient alilliland u'Olluiliic 

ploductioll second, ito iltegtate improved plastilles, aiiintal 

Ianag.e' c s: rattgics. and hcalth scheles into relevant 
production s\sICtils; and third, to evaluiate the potential ilpact of 
adopt10) o tCclilog\x oil beef anid milk prodtictiol alnd otl 
hene- its to be accirued b\ ConSulters id prodticers. 

Monitoring Prevailing
 
Farm Systems
 

A lairge-scale project known as tileEconomic and Technical 
Studies of 5' stens (1I FES). initiated in 1977, is designed to 

idCnt if and describe existing cattle-production systems in the 
sa annla areas of tropical America. Ihis project is carried out inl 

ith the Institute fotr Aninal Production, Universicollahoration %, 
ty of Berlin, West (lertllallV: the ( erilan Agency for lechnical 
Cooperation ((I Z) the Agiicultural Research Center for tile 
(errados (_'I'A( I IIRlAP.\) inI llanaltintia, Bratil; and the 

Center of tie North Eastern PlainsAgricultuiIll Rcsearch 
f('IARN() IONAl.\IP) in Naturin, \.eezuelia. 
Ilh I E S Pioject inI Colombia was completed in 1980, and a 

finai report is being prepared. 1he Collection of technical and 
economiciino inition for the El 1 Project in Brazil has been 

final analyses. Iheconcluded: these daia are lo\ undergoing 
Bra/il project conllcen tratecd oilsesell Iasills in tileState of (oias 

atnd Iic flllll in Mato (ilrowso. .\s erage weaning rates (i.e.. itore 

than 1(1 ) inIBla/il \\Crc suibstantially higher than those observed 

in the easIc'rn plains of Colombia. These superior rates are 

attributcd to the asa,.ilibilit. of better lorage resources, better 
imanam entili. sl iillr farill si/c all of which probably alsoan1d 

account flotr highcr a.im:1lial
slieltil\ \\eight gains oi beelgrazing in 

the liA/iliai sCttii. Ilniddition. l.r I\lo\lands ad a longer dry 

seasoi in the llia/lian (eriados tman illthe Colombian llanos 
partill acCitiiicd lfor tile llofIreItI. clV high LdopItiO introduced 
pastircs an1d cT lp~itation ,c'hellies by farlllS. 

Collectin of lil d;ia run 13 farslis IltileF, IES Project in 

\cuc/ici ailc to an end in late 19,f. In contrast to the findings 

in (ftdonibia. it v is Obsci\'d that cxtensi\s- dairy ranching is 

i plains of Veu, iel.a: sonme one-third of allpliacticed in the caslti 
Co(M,si \Se\ d in I981 \\t.,icbeing ilked. 

A scc0nd phase Of tile I1: ISIoject is desigtn'id to assess tile 

effect of intrIOducing a technology package based on improved, 

90 



.~V. 

Through the international pasture evaluation network, national programs are testing promising
pasture grasses and legumes for adaptation to specific agroecological conditions. Here, an aspect 
of a regional trial in Porto Velho (Amazonia), Brazil. 

legume-based pasture, mineral supplementation, restricted 
mating, and systematic weaning. In Colombia, such a follow-up
study is heir gcarried out on seven farms, which also were included 
in Phase I of the FTITS Project. Sown pastures are mostly 
associations of IB.(/ecumt(ens with 1). owulifblium and A. gavanus
with S. capiata. Mih:., pastures were established in 1980-81. The 
study entails the taking of complete records of pasture utilization 
and animal perlormance. Collectioi of data will begin in 1982. 

Integrating Cattle-Production 
Strategies 

A long-tern experiment at the Cerrado Center is underway to 
study the effect of the strategic use of improved pastures and of 
early wcaning and dilferen, mating seasons on cow fertility. An
interatdon bt\%con the use of improved pastures and weaning age
has clcarl\ been sho\\n; early weaning leads to a 25% higher
calv ing rate \%hen associated with the use of improved pastures 
during the restricted mating season. 

Weight pcrloirnrance of calves born in this experirient was 
recorded foirn birth oimard. A,\t I year of age, calves wearied at 3
inoliths of agc \\crc considerably lighter than those weaned at 5 91 



nlon!ih Ne'\ thels'sS. tic l IcICItens hcainc negligihlc at ages 

hb\olld IS Illithlils. I liseI cStIllts C1l1tlll'l the c\t.tislicC of marked 

e(iinlpCll,,;fl . ci n\\ thtil Inn \iiiiswith acces to Illlwrtlcd -pical 
1;I5,51t'S 

.Stlw..-tti' 1.W 0/ * ll/1lMjlil 

(ll'ttit % w(I jO1l / IUAI 'F'.\ 

i. a\\ '%. t.\(/ / M', 
.lll[,l.l/'t,?tt.. 

'1IlV tl_-/'t1.\ Il..t,+ 

.\ IillictselI e"lichIIl Istlt 
' c C\ tation III hItill svslels 

eIfleiS ill ,itsCsitltL 5 1 IMiIt. t .lticgiC USC si5lll ll'areasl t s5o\\l 

pa llst.." It the supllcllcilttl ltIl I s t\ llit-b IStd bre dtilli 

hcitid,.In the ittcnt Il;ts. tills ICsCitich C\I\i liL!tuCt d itt the 

('Ztl+tllen. t Statio n til e l!m o t b~tc dllg-tIi d-sntCills 

ni,,l~tlhtIn1 c1t 11lilin., hchlit ,is Initiated in 1977 and 

teI'll)t1..l td in Ite , I.SO\\lII p'asttITS \ C L tistI. based on B. 

-/C'(111i/,'On . R Itilts SItugge t tltut. in, ritlS 1 weight 01 \\Ctilted 

clhcs CL,. \(Ct hiillSt pCIIr+illaIICC IS iCIeved w\'hen Coll
titltih at 11,I1U is tlse.+']lie.dta~l shii\. that tihed ilnctne.es between 

Ire t lits",aie Inllill\ lit to I, rtid ttl\C I)CtItilllt-eC Mitd tlltClh 

lessto IUlliplt\c \\Ciiht g2 ,tIl (t th C~il\C, (tiut r wcll-nlanagcd 

nat1 ,t'Csa\,l eiilit' ollilstwl. sometl 251 i l tatttig c ws were 

bser\ etLIto) I e-' il'ei\ e. I I\C . e\ c ,\\iul lgtllls were presetlt, tile 

pcIClCeil;12,U I lIti ttli' :1'\.c s tIha;t ,\Crc 'C-CtlttCei\ jug rose Lilpto 

04 I,.h ll iinii '.htui"ttitCitil alila ,c\sol these Cxpelilllelts 

hlt\C lol \t ICthe COICh-Ltd. it can be cotncluded that the 

tl\;iluIbilit\ oI l)IIuuncs pI v, aitiitijt role iln ilnpro\ed clk ing 

1r1tes. 
Clinital plhi itt /+Ittin is Itsvndrouiic ircquuetly obser'ed 

ill\ ctttle tlr.t/ic t /ranhrii/ria dcctim/tn.N. Research has 

led to tluCdCe\ ch1plCutI 0i; tCChiiLuc thilt llCiItiltCS the level toi 

spccii 1CIhcIleltw /\c1s to glintise subclilical cases. ,sing this 

tc'hllitltc. it elose ass(l Citltitl %%as sih o\.Ii to exist betwveen 

tllttt.elt\ lti t \.t1.i1ht- ;tltl tI I tl tl;HttLCC 0i ittitills and the 
I) IL'Ct'll'. 0I Intl+.'IIlI.;IIpl(d )SCdll

s t i / a t i on 
l I 

lhts, tile eColtlt+)nic 

itipol tanill.Cc tf11lls S\' ldl 
J
O
ill 

I1,t1\ ic litrtt ur thall 1r tc\iously 

c\pvctcol. (Ont tile ItllCr iild. therC IN sllilc Cidetice that 

p1ltosvilIti/ittluilt Illa\ Ats1tibc I'clatCd to SCl\ Is, levels ofl lile in 
c./umb/t'lo a leI hsIsi\ poticsis i,prccltik being tested. 

Economic Implicatiotis of 
the Use of Improved Pastures 
As the Prt titm'stiil tceffort!g.-s lopient eliot : result in 

incrcasitL nititlibcls (tl ge lpltstlln ttlterials its cantdidates for 

C\ lttlil relet.s h.,b\ iltli)llill Ist iltlltuinS. there is it Coltetltrent 

incretC i the eeCdto 0 tid ilt(,[rlLtt loll to piitetntial adopters 

oi tile nlit, itnld dll\\ I;MCk'Sot tue dit ere tCCitthuihigiCS. It this 

end. tile h0liliits L111l2, 'Cd ill Mll ee0ls, cOllipI.re broad 

groups td ili't \uSd putul tICCiiiuuigis, incildtitg thtcrIlatiVe 
U~se, oilIOM I!C'.,11RI IIItI C OHLu'cIM IN ' ()I ltt:Co'dtllin.ianI;Inos. 

92 

USing i lpil ic;til\i lt[I iCI\! tlue, in su h il iirtltcrs it' pasture

esttblhlItllUCIlt 1. sts Ill tlik l ills estllllitSIlt-Ce Str. fotr altet

nti\e thce-tpi telt ll s,\steulis. tpr-lilillll anttlal ysis based oil a 

linc;r-pl ogtuttluill ig llll ilillettiltc (itIthat tie rclati\c 

Id\ttllt.ge n i tiltciilt I\C hccl-li odtdtilcinll technologies ill tile 

s:i\.rtls1 is highl,\ iplltlCtlt otilthe tclittl rprice of gilaing land 



per antimial unit: (h) that ill. estllClit, per a',ir'lilllitirc rClathllelv 
st;ihlc eross ll p:asti c-pt ,,lictLi, tcnlloloe a'ml\/cd: (c)
thait, , ci prstlt p ic' I tItur. pldllu'thilc alterl,,t es based o n th ce s\, l.hsis ii+ I.,l i + ed pVsnwttre s. p ttoit iis(ISqi tr ly a r cl alti,,clv 

It; pitolitai\ti\ b ittthat tI, stratiugc usc o itipros cd pastures to 
LittlI, p. du..tiomi buttLnccks ,. i/.. ,ca itg of cakecs or 

t , ( c'llL.'t ) 1). (, ., a lol st iitiI .tI\C ' altlI',lii 
L'L tH II I H ', +I i; ' ll d ( d. ) It lh i d th l l- I l O t S.( I, £+.li~il Mlll N C+, S V+" 'll e .. 

;t1ilk s l)I,,cd 
[il \LSIC Mlll ;:'A, t1011A lii l ll1g CCOItIII he pirfl' )OSitioll, l)a 
dicnlarll !o simtaller laiis. 

lllttsttitikc ofl tltc CiIoomiC adsaritages of iick pastulre
teclinolll .\ is t aLtll\.ss if lattcrlitg s..stcls Oil itn proved 
pastilles Il1 thie (olotbian Il.thls. Ill this CXCrC.is, 

be and ;kdt ui al ooil milp~Lcd pastutti" tcchlnology 

\l1h \\.S 
buit ()it thc a\,iilabilit\ ol the reults of g.'a/ing :,ills conducted 
o\cr a prild of 3 ' CIIs th_ ithtct ll rat,, of retUrll Weretprdictcd trot ' a~nd 12 .stan',sit 01lltlt pricc, (or i 30-ha model 

fIrl. TIC \altil of the laud \ IIltt IlClUdd. islMsu illg (fit
prodtuer to be the o\, ncr of tle la+ud aind \\ishling to identity til 
hcst pastur,. alteri.atis ctol lilttcliIng pIrp]ses iOr this aial,,'Sis. h 
\us als() asstmed that the t;ittci'nlg F rOC,s is iliitiacd in tilc dry 
s.i ll \\itli 1(m5 st)kli hate.,, but that tile stocking rate is 
incittastd in tle \\ct sesot b\ adding steers of 250-kg initial 
li\ cemIght .\A stc,.crs 55cr,,.c asutied toi bc etnt to markct at the end 
ot the tiat, scasont. Ill the CSliutitm Ofl dillcrtit technology 
altcrtiati\ cs. Icitilt/attio rcilnts is rh\coitutended (A' I wsere 
inllc led. Ilie pcrlormai ol /i ,',ium/bc,.s (i.e., grass ahot) was 
u,.ed a t baisis (t the coniparliSt Onllng ltcrtiatkcvs (pure IS. 

1'Mtnii/h'I is aiIIC;Id\ ill ICiltis l\ \kidsp)cld Usc).
A" shl'i. I l'itturC 6. asso I I. gt,,uu, with S.the ,Sciltionl 

cu'plalwl and (12) Bi. d/,u' bi1 \\iih strips of '. phu.lobide.%and 
the use of (.) lntie\ sai\ana \\ ith strips of i. /)]taA(Olijdt'.s all 
pCsCnt intCrtlill rates of r'tirni that ate sthbstlltially superior to 
that ofiB. h-cuaN/', alone'. 

Int nal ralte of retun ( ) 
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Seed
 
Unit
 

HIE,SIEI) Unit was established in early 1979. initially as a 5-
A ear project with financial support from the Swiss I)eveloprnent 

Cooperation. Its primary purposes are to provide seed-technology 
- input to tile commodity programs of the ('enter through advising,iiIL assisting in the production of basic seed and to plaa catalytic 

role in getting seed of promising varieties and hybrids into the 
hands of agencies at the national level for multiplication. Since 
most o1 the Countries inLatin America have recently stepped-up
efforts to develop seed programs and have expressed a desire to 
receive more tlechnical assistance from the international level, tile 
Seed Unit places heavy emphasis on the provision of technical 
collaboration and seed-technology training as incans to help
strengthen seed activities at the national level. As the latter task 
requnires the Seed Init to provide technical assistance within a 
Wide range of seed-related concerns. the UInit, by necessity, must 
tackle issues that go beyond the strictly coinmrodity-based 
approach of the rest of C1, I. 

Seed Production and Supply 
Seed production at CIAI is carried out by the Station Operations
Unit and by tile Seed Init. While the former assures a major
responsibil it v for growing the seed crop. the Seed Unit is incharge
of quality control, drying, corditioning, storing, and dispatching 
the seed. All reqeLsss for seed are reviewed with the individpal
commodity progralris (oolicerr'ed. 

In 19X I,seeds of promising materials of beans, rice, and tropical 
pastures were multiplied and distributed. In addition, inbred lines
of publicly available maie materials were maintained and were 
.supplied upon request. Promising sorghuri lines for use in 
sorghum hybrid developient and multiplication programs were 
reccied from ICR IS,I and a few countries and are being
maintained for further distribution on request. Iwo St*vVOSaminh's 
lines v\crc ruti plied at the request of Peru. figure I summarizes 
the types arid qi,.ntiics of seed produced and delivered by the 
Seed Urrit in 19X1. 

95 



Rice (3 varieties or lines) 	 Figure 1./n1981, thV Sued
 
Uriii .;!'sr/tud seed to various
 
countrIes throughout the
 
V ostrn Httmfsplite for it

coun try ku!,p/ct.iito anrd 

c'o,,,r,iptodUcttio,. The 
,qou .;/iows t,, total iumber 

* 	 "l/Ih of S of V,irwto's of cac'l 
s,,ue/t[aid the total quantitys 

to: 17300 	 of s5(t/d supphedto: 	 ,\g 
Colombia 

BeanE (9 varieties or lines) 	 Training and Workshops 

~I l I 	 nit otflered 198 1:a basic. ,-week course on;he two courses in 
seed pridtotiou aid technology for 3) participa nts from t4 

count ics i tihe I atin American region: and an advanced course in 

-,Cd-Iual ity ;ISlU iL CCaItd control offered to 31 participants from 

I3 1 ill A\il'iillC oIntrics. Assistanice to in-cothtlry cotrses and 
kg t i ining aili\itics at (IA I (or the hean and rice programs were 

alIso pros idd. 
to: , total ol 42 leaders of national seed programs and a tew 

Arg,.mtina, Cuba, Ecuador, Guartmala. icpILseltat ives trom see(l associations and seed enterprises 
Honduras, Nicaragua, Peru 	 pai tcipa ted illthe 'Seed I liit-sponsored workshop on "Prog-'am 

StIatecIs. Plans aid Implementation" held at CIAF in January 
198 I. And 82 participants. primarily from seed enterprises and 

Tropical Pastures (1 species) 	 seed associations, took part in a related workshop on "Seed 

Iutrprise Nianagcenent and Marketing" held at CIAl in May 
19 I. Both workshops were designed to develop guidelines on seed 

I :: *"' lrograni indtistry development. 

Technicai Collaboration 
'" 	 6020 kg.
 

'- P'lilt."1119i I I, tile Seed Unit completed a review of the status of national 
to: seed progra ins in I.atin %;,,crica to determine its future dii L t ion 
Bolivi.tOr~izil.Colomba, Paru 	 in sced support. Only one country was found to have a highly 

satislactorv developmei, ,_I its program; five other countries were 
considered to he satislactorily developing effective seed programs; 

Maize (30 lines) 15 countries have programs that are less advanced and need 

coiisiderablc further attention and development: one of the 22 
count ries surveyed scarcely has an operational seed program. 
\s,,,islalce to each country will he provided inaccordance with the 

*..'"Seed I.iaison Committee" 	 was formed with representati,'
nonenralAmerica. CIMIMY F,ICRISAlF. ('11). the tUni',cisity

"amnples\ oin(en
S 1= Costa 	 University to help achieveoipCes Rica, and Mississippi State 

to: closer cooperation in sced-program development in Latin 
ArgnmBiaa. uFA .'iiarici. 
Dominican RUAIbIc, Ecuador, 

Ihe Seed 	 Jnit also provided leadership to the Central American
Guitemaila, Nicarac,ija, Paraguay, 

96 t,'rii. USA, Venuueli lechiical st hcoin I it tees on beans, rice, sorghum, and maize. 



Va ietalldescriptiLois and .uidelines for production of the.se crops
W,,lLr Conple)htCd durIng the 1981 Meeting of tile Central American 
Coopra ivc )L'rgI:II for the Improvemnent of lood ( 'rops held in 
the I)onlmiicai Repuhlic. and i special seed group was established 
to (1-,l wvith research papers and seed-related matters.I stimlateC further Ifevelopient of seed p0rogralms on the 
national CV l.lamd to provide techMi'l alsslSt;1lce_. the small staff 
of the .S ed h it comititiied ill 91 it981ilt, .is, Nh .dul, of vistt to 
seCd activities throughout the region. I hese Itravels \\ hich 
included 13 countries in I981 provide follow-up oi former 
training participints. contribute tileto development of seed
prog ram t cgCS. itd help il soling production and quality 
problenin. 

Network Development 
After onlx 3 years of' operation, the Ol'A I Seed U nit has
 
demonistrated 
 that its endeavors in support of' seed-program
 
developments in ILatin America are 
 filling an important vacutium in
 
tIh:lissenintiti 
 an useeld(iiposed agricultural technology. Its 
ver, actise presence has mutch contributed to drawinlga tenltion to 
the il ortance of improving national seed prograni,, and its 
extelisic tr;ining efforts are contrihiiting to the stead.i develop-
Inlnt of i pisonicl base in seed-productiln technology on the 
naltionl leel..\1 i0C >leStt., "SCnMillas alrtra.\itrica L ltina .was 
startcd ill I9M aiid i publihed Lfuartcrl\to a1,Sit in network 
-ol)tip ltiM. \ Most iiipoltai t 17mc'lit plilll cl on is the 
'mgcel-C. Of a ritional nlxtsork of seed professionals. nany of 
sholln aile ielpimme in Seed Init activities. It is expected that this 

nct \%ork Msuich is ii tlmeic d and itirtured hy the lAIJ- Seed Unit 
to tile, c\teit possible \\ill iiltili,it'ls be able to create a 
iiIlncliiitn in a olr of regouMid, seed cooperation and
 
imchani,,nis fot the ho!iiolital 
 interchinge of improved seed 
,otick
 

-
*.VP+..... 

Dtlnii 1981, cotstiuc.dt/mil of ti Sed UIt/fac ities at C/A T 
were ompf,/lted(r igj ht ) aid the/ .nt basic s.ud was bagjed for 
dsftrhiltlol (Ih41) 97 
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Scientific
 
Training
 

CIAT is a center for both research and training. The training

component is considered the foundation for the further develop
mrient of technology transfer channels among the national and
 
international levels. At the same time, training is the principal
 
mea s b\ which CIA I collaborates with national piograms in
 
tuilding up in-country capabilities for cooperative and indepen
dent agricuhural research. Beyond that, CIA I is keenly aware that
 
the international commoditv research networks in the Latin
 
American region. which have seen created to support CIAT
mandated commodities. are in no small measure the direct result
 
of the (Clter's extensive and persistant training efforts.


Iraining is offered by CIA I on a postgraduate Fasis in the
 
followiig forms:
 

Intensive courses on research for production related to CIAT 
CO' 111 iodties:

0 Individualized internships that allow the training participantto speciali/e in a given aspect in any of the four CIAT 

COMnOd Itics;
 

e Thesis internships for M.S. and Ph.D. studenits.
 

In 1981. a total of 229 prolessionals received training at CIAT 
(Table I ). The length of internships ranged from I to 12 months, 
with an average of close to 4 months. 

A total of 69 of the training participants in 1981 were financed 
by CIAl. [he remainder except for three participants paying
 
thei, own way \kere financially supported by their employing
 
institutions or by third-party institutions.
 

In 1981. as a reflection of CIA'Fs primary concern for close 
working relationships with collaborating institutions in Latin 
America and the Caribbean, as well as for reasons of sheer 
proximity. fully 92'1 of all training participants came from this 
region. [ he numher of representatives from each country was as 
shox,,n in Figure I. 

Some threc-lotirths of the training participants in 1981 received 
coinll0d ity-based. nondegree-related training. Most of these 
individuals participated in oteofthe seven intensive short-courses 
(of 4- to 12-wool: duration) offered by CIAl in the year. As has 
become common practice in the last few years. about one-third of 
the course participants entered individuali/ed internships for 3 to 
4 months upon completing short-course participation. 99 



Table 1. 	Professionals train d at CIAT in 1981, by training category in each commodity and 
support unit. 

Trainees (no.) 

Visiting Postgraduate Short 
research Research research Special course Program 

Program or unit associates scholars Interns trainees participants subtotals 

Commodity programs 
Beans 8 11 24 9 52 
Cassava 6 3 13 14 10 46 
Rice 2 17 1 6 26 
Tropical pastures 7 7 22 3 5 44 

[ tillUI0ir1iO(lity 
lroirims 21 23 76 18 30 168
 

Support units and others 

A diotrutor ials 2 1 3 
Seud oruductiuri-
ani technology 1 3 52 56 

StinO operation 
111laloie	riltw 1 1 

[ol.hI l',ijn ll llots 

andsi ithrf, 1 1 6 1 52 61 

Total 1981 22 24 82 19 82 229 

Tahe 2 Sponsored and cosponsored conference events held 

at CIAT during 1981. 

Title 	 Participants (no.) 

Seiniar on Research Strategties ard Agricultural Policies
 
CIAT 'CIMMYT.' Kettering), 14-16 January 39
 

Workshop on S.ed Stra togy PlaInning and Management,
 
19,23 January 39
 

8th Meeting of the Latir Arneicarn Society for Plant
 
Physiology and XIII Metirg of the Colombian Society
 
for Weedri Control and Plant Physilogy (COMALFI),
 
28-30 Jarrary 160
 

Workshop ( n Biological Nitiojn Fixation Tec'iology
 
(CIAT NffTAL"ICRISAT), 9 13 March 155
 

Workshop on Nitrogen Cyclint (SCOPE< UNDFI,
 
16-21 March 55
 

Consultation Seminar on Research and Train ng Strategies
 
at CIAT, 7-9 April 30
 

3rd Worksiholp on nirnamrioal I Bean Yields Adaptation
 
Nurseries, 22-24 April 58
 

Workshop on Seed Enterprise Management and Marketing,
 
18,22 May 97
 

4 tihCon fe;rmce of Irnternational Rice Testing Program for
 
I,lm America, 10-13 Atugust 49
 

5th Internatiernal Conference of Piat Bactermorogisis, 17-21
 
A-,giSt 110
 

Workshop for U.S.A.Bean Breeders, 23-26 Novurbrhr 17
 

Total
100 	 809 
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I he total numb,elof prolessionals having received training at
(I \ I since the 1970sI Io ha ssurpassed 2000 Naturallv, there has 
beeln some attirtion ol ('l.\I -tlained professionals in collahora
tink! natioiAl institutions. Nescertheless. it is felt that it critical mass 
ol traillcd scientists is ail, tlible al that. ia the future, increasing
eolhasb, L.anl ne placed on relatrvei, long-terin, especially degree
elated. ('I \ I traininv to assist naional institutions in their
lls, to Iirther upgradv the scientific leve' of their personnel. It is 

in th, conte\t that ('I\ I provided thesis-research opportunities 
to "3 sttldents ,)rkilng t "owildtheir master's degrees in 1981. In 
addittiou. 15 t51dUnts conducted Ph..)thesis research at CIAT: 
II,)St ot the Ill. ) stndents. however, cane lron developed
CU IIInt,, \ehere the,, pursue their academic studies with 
collahotar in o iversi ties. 

A,ssistancC to in-country training courses again increased in 
1981 as part of ClA'l's efforts to help national research 
d(choplncnt institutiotns tra;,1 extension leaders in the use of new

itrie-ties, :tnd cultural practices. CIAT professionals help national 
nstitutions and condLtct the courses and also provide relevant 

traingi materials for the courses. CIAl assistance to in-country 
CmIrscs i",designed to be cattlI'tic in nature in that direct assistanceis only prox idtd until the rCspCctis e national institutions are in a 
po itiim to continue the course serie.; onl their own. In 1981, in-
cotnnt r beanii coUseS were assisted in Colon bia, Chile, Cuba,
Guatcuamali. Nicariagna. and PCru; ric--produtction courses were 
suppotrtd iii I tordtr ls and Panamna, and a cassava-production
CotrsC . is assitCd In ('olomltbia. 

lies eii ciIces includirig workshops, senintars, and 
IiiL'tuile. LIe held oI C Osi) oSo1 g e i,v CIA I in 1981 (liblc 2)to
help in the L.scha IILe Of k to\%ledge tnd agreeient of strategies in ,('I I cornt dit', -,escatclh networks. Other noncominodit'-
spc it ic c'titcret' cs rcx c. cd the state of the art in spccif-ic

ha Ici r' c l ici s 

Brazil 
Colombia 
Cuba 

Mexico 
Peru 

Panema 
Bolivia 
Ecuador 
Dominican
Republic 

HondurasNi,c" , 
Nicaagua.:. 
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Financial 
Statements 

_ ____ CEN BOLrice __ _____ EROSEGUROS VAR 

n___________________ CARAEFIA 4No. 12-4 
APARTADOAEREO t80-x c TIELEFONO:701-46 

March 8, 1982
 

REPORT OF INDEPENDENT ACCOUNTANTS 

To the Board of Trustees of
 

,:entro Internacional de Agricultura
 
Tropi._al (CIAT)
 

In our opinion, the accompanying balance sheets and the related
 
statements of revenue and expenditures and unexpended funds present

fairly the financial position of Centro Internacional de Agricultura

Tropical (CIAT) at December 31, 1981 
and 1980 and the results of its

operations for the years then ended, in conformity with generally

accepted accounting principles consistently applied. Our examina
tions of these statements were made in accordance with generally ac
cepted auditing standards and accordingly included such tests of the
accounting records and such other auditing procedures as we con
sidered necessary in the circumstances.
 

Our examination for the year ended December 31, 
1981 also encom
passed the schedule of comparison of approved budget and actual

expenditures which is presented as supplementary information, and,

in our opinion, this schedule presents fairly the information shown
 
therein.
 

PREVIOUS PAGE BLAMK
 



Notes to Financial Statements 

NOTE I-ACCOUNTING POLICIES 
1le following significant accounting policies and practices of CiAT are 
set forth to facilitate the understanding of data presented in the financial 
StatemIents, 

Inventories 
Inventoi les are stated at the lower of cost or market value, cost being 
determiied on in average basis. 

Fixed assets
 
Fixed assets are r,:cordcd at cost.
 

Depreciation
 
In coinormity wit I generallh accepted accounting principles applica ble to
 
nonprofit organi/ations. CIA I does not record depreciation of' its
 

property and equipment
 

NOTE 2--FOREIGN EXCHANGE 7"
 

All foreign exch;nge ,actions are controlled by the Colombian
 
government and. accoru11ilY, all foreign exchange received in Colombia
 
must be sold through official channels. The following exchange rates were
 
used to translate Colombian pesos t('! to U.S. ,ollars (S):
 

P/SI
Iles- balances included in current Year-end exchange 

a.... and current liabilities 59.07 rate 

Peso income and peso disburse- Aver'ge nontlly rate
 

ments for-fixed assets and cx- of exchange applica
penses 5J,49 cable to sales of
 

dollars 

NOTE 3-OPERATIONS 
The land on which CIAl carries out its operations was ceded to CIAT 
under an agreement with the Colombian gomernment which expires on 
July 15. 20"'0. The agreement may be extended !hereafter by mutual 

consc il, if it is not. then CIAr will be obligated', to relinquish its 
ummovable assets on the land to the government. 

104 



BALANC<. SHEET 
(Ixprt-ssed in thousands off U.S. dollars) 

)ecember 31 December 31 

ASSETS 1981 1980 LIABILITIES 1981 1980 
AND FUND BALANCES 

(.'IRRLNI ASSEI--S 
Cash 
Acconit,, rcceivabl 
1)ojlolls 
lniployces 
O)thers 

1,484 

273 
275 

1,268 
1.816 

1,471 

201 
172 

I,372 
1,745 

(URRE NT L+IAI LITIES 
Bank overdrafts 
Accounts payable 

Total cUrrent liabilities 

44 
2,371 

2,415 

73 
2,601 

2,674 

In\'entorics !.335 1,290* 

'reraid expenses 69 5 
GRANIS RIECI 1VEIJ 
IN ADVANCE 407 305 

lot;l culrlil assets 4,704 4,511 FUND BALANCES 

IIN lI)ASSI'S 
hqpiiplient 
Acronlane 
Vehicles 
\! hicles (replacements) 

3.682 
676 

1,993 

3,357 
676 

1,441 * 

Invested in fixed assets 
Unexpcnded funds (deficit) 
Core 

Unrestricted ( 
Workir , lund 
Capital grants 

15,290 

100) 
603 
265 

14,194" 

860 
198* 

in trianril 
IFurnishings and 
ollice equipmnent 

Bluildings 
Other 

523 

1,286 
6,929 
201 

8410 

1,247 
6,4 15 

218 

Special projects 
Donors 
Other ( 

1,217 
103) 

1,982 
( 

641 
167) 

1,532 

otal I fixed assets 15.290 14,194 
Total fund balance,. 17,172 15,726 

Total asseis 19.994 18.705 
lotal 
fund 

liabilities and 
balances 19,994 18,705 

•Peclass/ifd.or comparative purposes.
 
7he tlotc on page 104. are af integral part of tit".financialstatements.
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STATEMENT OF REVENUE AND 
EXPENDITURES AND UNEXPENDED FUNDS 
(Expressed in thousands of U.S. dollars) 

December 31 

1981 1980
 

Revenue 
Core 
Operating grants 

Unrestricted 9,283 14,122 
Restricted 6,358 

Working fund grant 96 
Capital grants 678 551 

Total Core 16,319 14,769 
Special projects 2,732 1,977 
liarned income 540 582 

Total revenue 19,591 17,328 

Expenditures 
core progr .11 

Crop research 5,554 4,950 
Land resources research 3,949 3,563 
International cooperation 2,165 2,317 
Administration expenses 1,343 1,181 
General operating costs 3,200 2,350 

Total Core programs 16,211 14,361 
Special projects 1,934 1,773 
Fixed assets 1,096 1,763" 

Total expenditures 19,241 17,897 

Excess of revenue over expenditures 
Operating grants ( 100) ( 7) 
Working Ilund 70 446 
Capital grants ( 418) ( 1,212)* 
Special projects 798 204* 

350 ( 569) 

'Iraislers between funds 
From working fund ( .27) ( 560) 
From special projects ( 158) 
Io capital grants 485 560 

350 ( 569)
 

I 'nexpended funds at beginning of year 1,532 2.101* 

inexpended funds at end o1' year (see 
balance sheet) 1,882 1,532 

*Recht.sif r t'olparltive ,urpost.v. 

106 The notr on )age104 are at, itegral part o/i/iefinacialStatenW nts. 



SUPPLEMENTARY INFORMATION: 
COMPARISON OF APPROVED BUDGET 
AND' ACTUAL EXPENDITURES 

Ixpressed in thousands of U.S. dollars) 

Core unrestricted 

Approved 
budget Actual 

Crops rescarch 
Office Of the 
Director 83 59 

ilcans 1,226 1,117 
Cassava 1,089 1,022 
Rice 330 330 
Genetic resources 50 50 
Research-services 148 - 129 
Station operations 301)I 298 

3,227 3.005 

Land resources research 
Office of the Director 71 54 
Tropical pastures 990 990 
Carimagua 250 239 
Data services 228 232 

1,539 1,515 

International cooperation
Office of the Director 
'lTraining and conlerences 544 544 
Conmmunication support 330 330 
Documentation service., 220 220 

1.094 1,094 

Administration 
Board of Irustees 9 10 
(.)ficc o1 fihe 

Director General 416 31 
Controller 80 71)
['.xclutivc ollicer 116 II0 

251 221 

Restricted 

Approved 
budget 

241 

619 

602 

294 

276 

214 

436 


2,682 


200 
1,875 

281 
254 

2,610 

183 
354 
624 
307 

1,468 

43 

217 
374 

546 


1,180 


core capital 

Actual Budget Actual 

190 
505 
691 
270 
245 

-177. 
472 

2,550 

171 
1,692 

280 
293 

2,436 

135 
240 
484 
212 

1.071 

48 

159 
358 
556 

1,121 

--(flllflllli'j0 
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Supplementary Information- cotiue.I 

General operating expenses 
Physical plant 
Motor pool 
(jciral expenses 

199 
148 
162 
509 

179 
165 
179 
523 

927 
694 
762 

2,383 

912 
849 
914 

2,675 

Other C(otingency 
1otal Core 

30 
6,650 6,358 

138 
10,461 9,853 

Capital 
Fixed assets 976 1,096 

Analysis of variances 
I iUderiunding 
l)eficit cartied 
frward 

lransicrred from 
spccial pr )jectsfunds 

292 708 

( 100) 

(158) 

Translerred from 
working Imd 

Sui plus transfeired 
to unexpelided funds 

(327) 

365 

292 608 (120) 
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TIE CONSUI[AAIVE Group for International Agricultural 
Research (CGIAR)was forned in1971 to provide a mechanism 
for mobilizing broadbased financial support for the global system 
of 13 internatioral agricultural research centers and organ
izations. The creation of CGIAR indicated the desire of donor 
agencies to provide long-term support for agricultural develop
ment in the developing world. In addition, in consultation with the 
Technical Advisors Committee -a panel of top-level scientists 
who oversee the research programs of the centers - CGIAR is 
able to assure financial donors that their resources are being used 
to achieve maximum benefits. 

The soundness of this system is evidenced by the fact that donor 
membership in CGIAR has grown from 15 in 1972, who 
contributed about US$20 million, to 35 in 1981, with a total 
contribution of about USS150 million. 

Each center (of which CIAT is one, see front endpaper) or 
organization in the C(i!AR system is autonomous, with its own 
Board of Trust, .: other governing body. Each develops its ownt.o-

budget for luioi:s provided by CGIAR, consistent with the total 
moncy pledged to be available for the coming year and the center's 
program in relation to the goals of the system. Each center budget 
is submitted annually during the center's review week, when a 
short overview ol its programs and accomplishments is presented 
belore the body of CGIAR donors and other representatives. 

C(GIAR operates informally and ny consensus and provides an 
outstanding example of effective, flexible, and successful 
cooperation between the industrialized and developing werlds. 
lcadquarter officcs are furnished by the World Bank in 
Washington, I).C. The Bank also provides the serVices of a 
Chairman and an Executive Secretariat. The Secretariat of the 
lechnical Advisory Committee is provided by the Food and 
Agriculture Organization of the United Nations in Rome. 
The nine internationa lagricuItural research centers and four 

associated organizations have the following headquarters and 
research rcsponsibilities: 

" 	Centro Internacional de Agricultura Tropical (CIAT), Cali, 
Colombiai: cassava, field beans, rice, and tropical pastures. 

" Centro Internacional de Mejoramiento de Maiz y Trigo 
(WINIMY1 ), EI Bat~in, Mexico: maize and wheat. 

" Centro Internacional de ]a Papa (CIP), Lima, Peru: 
potatoes. 

" International Center for Agricultural Resparch in the Dry 
Areas (IC. RI)A). Aleppo, Syria: farming systems, 
cereals, food legumes (broad bean, lentil, chickpea), and 
lorage crops 

" International Crops Research Institute for the Semi-Arid 
Tropics (ICR ISA), Ilyderabad, India: chickpea, 
pigeonpea, pearl millet, sorghum, grourdnut, and farming 
svstells. 



CGIAR 
Consultative Group for International Agricultural Research 

" 	 International Institute of Tropical Agriculture (IITA),
ibadan, Nigeria: farming systems, maize, rice, roots and 
tubers (sweet potatoes, cassava, yams), and food legumes
(cowpea, lima bean, soybean).

" International Laboratory for Research on Animal Diseases 
(II.RAI)), Nairobi, Kenya: trypanosomiasis and theileriosis 
of cattle. 

" International Livestock Center for Africa (ILCA), Addis 
Ababa, Ethiopia: livestock production systems.

" International Rice Research Institute (IR RI), Los Baflos, the 
Philippines: rice. 

" International Board for Plant Genetic Resources (I BPGR),
Roie, Italy.

" International Food Policy Research Institute (IFPRI),
Washington, 1). C., USA: analysis of world food problems.

" International Service for National Agricultural Research
 
(ISNAR), The lague, the Netherlands.
 

• 	 West Africa Rice Development Association (WARDA),
Monrovia, Liberia: rice. 
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