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Foreword

CIAT's principal achicvements in agricultural technology
development and transfer for the year 1981 are highlighted
in this CEAT Report. Progress attainea is related within the
larger context of the mission of CIAT and the general
strategies pursucd 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 most
advanced stage: horizontal transfer of new bean technology
developed by one country, as has been done by Guatemala
and Honduras, to other Central American countries, The
first stage resulted in a build-up of the world germplasm
collection in various bean-production regions through the
international bean nirseries. Today, these materials are
grown on more than 40,000 ha in 15 countries. In the second
stage. improved CIAT-developed  lines were named,
multiplied. and relcased by several collaborating countries:
four countries have already named new varieties from these
lines and six more arc 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 basic
bean grain types produced in the tropics. In addition,
sources of resistance to most bean discases and insect pests
have been identified and are being incorporated into
commercially acceptable varieties.

Earlier. our Cassava Program showed that improved,
low-input cultural practices can double traditional yiclds of
10¢0 11 t/ha. Recent data suggest that traditional yields can



be tripled it these agronomic practices are coupled with
newly developed hybrids. On a larger scale, these early
expectaticns have been applied commercially and have
demonstrated that CIA T technology vorks. Today, much
ol our attention is focused on alternative uses for cassava in

processed forme due to the hgh perishability of fresh |

cassinva and himited potential for expansion of the fresh

market. A pilot project conducted in northern Colombia, in

which the CEAT Cassiva Program participates,  has

Hlustrated that, it a steady supply of cassava is assured (in §

this case @ larmers” cooperative producing dried cassava
chips tor animal feed). the marketing of even large cassava
supplies at good prices is possible. We have great hopes that,
with our new production technology and with new cassava
markets. mamy a tropical country will find compelling

cconomic reisons to greathy expand cassava production,

thereby reducing costly imports ol food and feed and
increasing small-farmer income.

Our Rice Program has continued i its remarkable ability
to provide a diverse set of promising rice lines to national
programs for naming das new varicties or {or use in national
breeding programs. Today. some 80 pereent ol all planted

irrigated rice in Latin America are high-vielding varieties &
that originated from CEAT'S rice-improvement effort- —-a 2
strictly regional endeavor for the Western Hemisphere =

working in close collaboration with IRRL Ttis largely due to e

these new varieties that Latin American and Caribbean rice =

production has been able to keep up with, the continually

increasing demand. Today, most encouraging results are

heing achicved by our rice team in their searchto find better
and more stahle resistance to rice blast disease, the most

serious rice-production problem in Latin America. The year g

981 was also the first vear ol our relatively modest breeding

eftort for support of upland rice culture. The constraints to bl

increased production for the various types of upland-
production systems have already been qualitatively defined,
and promising parental materials have been identified.

The hold strategy ol our Tropical Pastures Program -
developing productive and cconomically viable low-input
pasture technology for the acid, infertile soils of the Latin
America tropies — is now heing confirmed. This technology
will he the kev component for the ccologically sound
productivity ol one of the last rematning great agricultural
frontiers of the world. After 4 years of continuous
evaluation. the most advanced grass: legume associations
continue  to ook exceedingly  promising, from  both
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agronomic and ccononue viewpoints, In addition. in-
creastng numbers ol other promising legume and grass
accessions are being identificd and put through the rigorous
evaluation sequence. Weare confident that the new pasture-
production technology resulting trom our collaborative
cltorts with national programs wil! combine with the
extraordmary ability and  willingness of the livestock-
production sector to aceept improved technology, leading to
a powertul momentum for increased sources of beel and
milk. both of which are staple foods for low-income
consumers in the region,

The colliboration we receive from our partners on the
national level continues to Le the most outstanding feature
of our work. Through the years, the national programs and
CIAT have continually explored ways and means for more
effective and efficient cooperation. which has led to a clear
definition of responsibilities Tor both the international and
the national levels, thus assuring a high degree of
complementarity. It is most gratifying to receive solid and
decisive aid from our collaborators in national programs at
every critical stage of our work., which assures total
continuity between the efforts of both partices.

May Ttake this opportunity to express our sincere thanks
for the financial and technical assistance we receive from the
donor community and {rom collaborating rescarch and
development institwtions. With their continued strong
support. we can look into the future with great confidence
thiat we can continue (o carry out our essential role within
the larger context of the overall effort to inerease production

in the tropics.

John 1 Nickel
Dirccror General
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-rH E OBJECTIVE of the CIAT Bean Program is to develop
production technologies  hat permit increased yields and
improved vield stability over time. Retflecting CIA 1S concern for
resottice-clficient production technology and the intensification
of the small-farm sector, the Bean Program emphasizes
technologies based on ingroved germplasm that combine:

o resistance or tolerance to the principal diseases, pests, and
soil and climatic constraints:
eificiency in the use of applied inputs:

e iinproved plant architecture and yield potential.

As part ol its germplasm development work, the Bean Program
collaborates closely with national bean programs in the develop-
ment of viable bean-production technologies that meet regional or
national requirements in terms of the farmers’ cropping systems,
the predominant agronomic production constraints, and con-
sumer requirements. [raining is the principal means by which the
Bean Program provides assistance to the efforts of national bean
programs to develop further and. ultimately, to become self-
sufficient in bean rescarch and development work at the national
level.

Formed in 1973 with six senior scientists. by 1981 the Bean
Progran consisted of 15 scientists at the senior staff level. In 1981
the Program continued to make important advances in both
technology development and international collaboration.

SUMMARY
OF ACHIEVEMENTS

An integrated germplasm development and evaluation scheme has
passed its formative years and has become fully operational. In
breeding. notable progress was achicved in 1981 in the develop-
mert of improved characters. A nong diseases, this includes
improved resistance tolerance to bean common mosaic virus
(BOMV), bean golden mosaie vires (BGMV), rust, anthracnose,
angular leal spot. and common tacterial blight (CBB). Among
insect pests. impostant advances were made in breeding bean lines
resistant Lo leathoppers and the Apion pod weewil, For the first
time. in 1981 promising sources of resistance to the most damaging
and  therctore  cconomically important storage insects —the
Zabrotes  were identified. Breeding suceesses also extended to
improved nitrogen-tixation technology for beans: through the
recombination of promising donor materials. markedly higher
levels of atmosphenie nitrogen fixation were achieved. In the area
ot breeding for improved architecture, several new plant types
were developed and are now in preliminary testing schemes to
determine their usetulness in improving vield, yield stability, and
mechanisms for disease and insect pest avoidance. Beyond
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Inoculation for screening of bean varieties against resistance to various diseases, in this case
BCMV (left), enables developnient of improved bean broduction technology. Thus, even this
small bean producer in Latin America (right} will profit.

Improved bean
lines are now
available for many
different production
regions.

improvement work for single traits, further advances were made in
conferring desired combinations of improved characters onto the
multitude of different 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
virus—the most widespread and serious seed-transmitted disease
problem affecting current bean production in Latin America—
into all materials leaving CIAT for further testing, and the
availability of improved materials representative of a wide range
of required seed types, the process of selecting from advanced
breeding lines is being decentralized to collaborating national
bean programs. In 1981, national programs in Latin America
sclected 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 is jointly underway. 3



Thus. the initial impact on bean production, which CIAT has
achieved through the wide Cissemination of available, non-CIAT
improved commercial cultivius, can be expected to be redoubled
in the near future through 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. Through donations from collaborating
institutions, and through collection expeditions to Braziland Peru
(in collaboration with and funded by the International Board for
Plant Genetic Resources, [BPGR. with headquarters in Rome,
ltaly). the CIAT collection increased in 1981 by some 2000 new
accessions, reachinga 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. vulgaris 28,117 332
P. lunatus 2,221 62
P. coccineus subsp. coccineus 707
P. coccineus subsp. polyanthus 317
P coccineus 58
P. acutifolius 89 59
Noncultivated (wild) species
P. amsotrichus 25
P. metcalfer 1
P. ritensis 8
P. liliformus 10
P. wrightii 4
P. mucrocarpus 9
P. pedicellatus 6
P. polystachyus 8
P. yalactoides 1
P. parvulus 1

Total

H

31,451 59




Germplasm Screenng

With the evaluation of an additional 4000 accessions of £, vulearis
in 1981, the total number of accessions that has undergone 15,000 P. vulgaris
morphoagrononnie evaluation now stands around 15.000. All data accessions— half the
about the introduction, maintenance. evaluation, and distribution
tor cach of the four cultivated species are organired in computer
files and are nadeavailable to all researeners on the national level. .
In addition to the basic evaluation and documentation work marphoagrononiic
pertormed on all entries of the germplasm bank. the various bean- evaluations.
breeding projects svstematically sereen the aceessions for parental
sourees ol specific characters or for commercial grain types.

germplasm bank
have undergone

Bush beans. Some 5000 newlv released accessions from the
germpasm bank were evaluated in hill plots at Papaven and
Obonuco. Inaddition. selections from S000 accessions previously
evaluated in hill plots underwent further evaluations in 1981 in
single-row plots at Palmira, Popayan. La Selva. and Obonuco,
Table 2 lists the specific characters for which the bush bean
germplasm s evaluaied. and the number of lines now available as
parents for crosses in the breeding program.

Table 2. Number of bush bean unes available at CIAT with
resistance or tolerance to various characters for use
as potential parents in CIAT’s improvement program,
through December 1987,

lines
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 bhght 30
Insects
Leafhopper (Empoasca) 64
Bean pod weevil (Apion) 29
Storage insects (Zabrotes) 5
Edaphic stress
Nitrogen fixation 12
Soil phosphorus 16
Climatic stress
Temperature 10
Drought 17
Architecture and vyield 15
Early maturity _6

Total 587




Collaborative Research

CIAT depends on o number of
research agencies and universities
arotnd the globe tor resoutees o
highhy applied
aenculiutal tescarch problems, Foi

tesolve specitic
example. the Bean Program seehs
the spectalized knowledpe, shilhs,
and equipment from sevenl pro-
Jects tot aessitance nets seireh tor
tesistance to the most mportant
hean diseanes and tor achiectural
vatiability

One need s 1o incorporate
vencetic resetanee to BOMNA (bean
virus)e o
widespread aphud-
transitted discase. Normally, the

common  mosaic

seed-and

Bean Proviam relies on oo single,
dommant gene (T for resistanee.,
White this wotkhas proved maost
stecesstul stnns of the virus exst,
which, under speaitic envivonmen-
tal condittons, break this resistanee.
Such st occur an amportant
hean-producing cotntries such s
Burundi Clale. and Rwanda. The

lostitute tor Horticultural Plant

Riceding (1V 1 n Wageningen, the
Netherlinds.
tempenite bean hnes tesistint to all

his developed (wo

in Bean Genetics

races of  BOMVL Ths
conttolled h} the
presenice of several recessive penes,
I'he current IV CENE jomt ven-
ture s to introduce these recessive
penes into tropealiy adapted and
commercially  aceeptable perm-

existing
resistamnes s

plism. IV assumes tesponsibili-
v tor the extensive and highly
program in

which the presence or absence ol

spectilized  testing
such recessive genes s detected in
lines provided by CENT. Already.
the resistance encounteied in these
1V fines of the smiil, white-ser ded
type. his been successtully incor-
porated into tropically adipted
lines ol various seed 1ypes at CIA T,
including  some  commercidly
acceptable i Brazil and Chile,
Another need is to provide
interspecific  hybridization  tor
CIAL bean lines by translerring
sotrees ob genetic resistanee and
architectural traits (rom rehied
Phaseolus speeies to Poovadgaris.
Crosses hetween Plhaseolus species
preseat unigue problems in tertih-
v restoration that reguire unique

skitls. Setentists at the Huiversity of
Gemblous . Belgium, speciahze i
tivonony of the Phaseolus genus.
heir joint task with CIAT is to
identify the desirable crosses, per-
torm  the actual  crossing, and
restore fertility in the resulung
hvhrids. Work is cartied outat both
CEAL
Gemblous.

headquanters and ot
Once ety s
restored.  the  selection among
progenies s then continued by
CLAT and national programs under
tropical conditions. At this time,

tolerance to such bean diseises as
anthracnose,  ascochyvti lealspot,
hacterial blight, and bean golden
mosaic virus, us well as incorpora-
tion of viarious flowering character.

istics, are in the delicate and time-

consuming  process ol being
genetically  transtersed  into the
common bean.

Such intensive,  Jong-term,

coitwhorative  rescarch etforts
hetween CIAT and national and
internationalagencies help the Bean
Program exceute its responsibility
in genetic improvenient.




Climbing beans. All climbing bean materials are evaluated
and sclected for intercropping with maize. In addition to
resistance and tolerance to priority diseases (such as Ascochwa,
powdery mildew. anthracnose, and angular leaf spot), evaluation
criteria include the competitiveness of the climbers relative to the
maize and their ability to produce well at densities lower than
those used for bush beans in monoculture. In 1981, some 800
accessions of climbing beans were evaluated in Palmira, 500 in La
Selva, and 300 in Obonuco. In each site, the most promising
materials were sclected for further testing and for use as parents in
the hybridization program. ‘

In 1981, one of the objectives in germplasm evaluation was to
identify materials that could overcome the narrow adaptation to
temperature observed with earlier evaluated materials, particular-
ly between the testing locations at La Selva and Obonuco (mean
temperatures of 17 and 13°C, respectively). To date, two
outstanding varieties Luve been identified for wide temperature
adaptation. These are E 1034 and E 1056, both from the
Ecuadorian collection in CIATs germplasm bank.

Germplasm Improvement

Different bean-growing regions produce beans with a great

Specific characters of variation in such factors as growth habit and the color, size, and
germplasm are im- shape of the seed. This variation reflects both producer and
proved and recom- consumer preferences as well as differences in agroclimatic

conditions and cropping systems. In addition, while most disease
and pest problems are common across many production regions,
) i great variation is found in their relative order of economic
producing regions. importance. Screening and evaluation of s:rmplasm for each of

hined according 1o the
needs of spe rific bean-

these factors generally require specific methodologies and climatic
conditions that are often incompatible with other artificially
created epiphytotic conditions. This is one important cir-
cumstance 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 germplasm-
improvement program follows a two-part strategy consisting of
(1) specific character improvement and (2) recombination of
desirable characters according to production regions and
preferred grain types.

Specific Character Improvement

The character-improvement process is a continuous search for
better sources of a desirable trait across all growth habits and grain
types. Each of some 20 agronomic characters playing an
important role in solving major production problems is handled in
4 separate breeding project. Emphasis is on maximizing the 7
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Unider field conditions, bean
vartetes hove hoth small {top)
and farge (bhottom) rust pustisle
types unden natural, moculated,
and protoected condit ons Yield
dilterences hetwee chenneally
protected and rust inoculated
plots ranged from 7 to 777 and
from O to 25° for varenes of the
Largger pustule and smi'l Jastude
types. respectively Sl ly,
vreld differences hetween
chemically protected and
natural plots (not mocalated
with rustiranged from 43 to 747,
for varieties with large pustules
and from O to 19° for those with
sredll.

expression ol the character. the character’s stability, and ity
adaptive range. In addition to their use in CIA T breeding projects,
all sotrees of destrable traits are made available tointerested bean
researchers, either through nternational nurserics or upon indi-
vidual request. Followingis asumimary of progressichieved in ihe
most important breeding projects tor character improvement,

Bean common mosaic virus (BCMV). As reported before,
the Program has made ita policy that all fines leaving CIA T and
Al Tines enterimg the Bean Feam Nursery (see tigure 7 for
delinition). must be resistant to BOMY (bean common mosiic
vitus), Normadly, progeny ot b selections are inoculiated with a
mix of difterent sarains ot the virus to deteet and eliminate
susceptible materiads. During the year. some 5500 individual bush
bean lines and some 2200 climbing hewn hines weie inoculated with
4 mixture of the Flondivand the New York 15 BUMV strains and
evaluatzd tor resistance.

In the past. it has been obeerved that selected materials, such as
the larpe- and medium-sized. vellow- and red-mottied bean
types  which are ol considerable importance in the Andean
region  escitped BUMV detection. as they remiuned without
swmptoms. even when inlected. after inoculation with mosaic-
inducing BOMY strains. As @ countermeasure. a method was
developed whereby these materials are inoculated with a necrosis-
inducing strain (BOMV NL3) of the virus. which makes it possible
to cheek tor the presence or absence of the dominant neerosis H
gene that confers resistance to svstemic mosaic. Asaresult for the
[irst time. the Program has identitied mediam- and large-sized,
red-mottled bean lines with confirmed BCMYV resistance. This
leaves tie large, vellow Canario grain type as the only one that 18
still Tacking BOMY resistance.

In collaboration with the Institute tor Horticultural Pliant
Breeding (INT) in Wagemngen, the Netherlunds, a breeding
project is underway for the incorporation of recessive genes for
resistianee to necrosis-inducing strains of BCMV into commercial
bean types that already have dominant resistance to mosaic-
mducing striins of the virus. The first group of backerosses made
in 1950 meorporated the recessive genes into bean lines adapted to
the tropies. In 1981, backerosses were pertormed toimprove these
fines tor priin types and adaptation. Matertals with recessive genes
are needed Tor countries such as Chileand Burundi where necrotic
BOMN strains are widespread,

Bean golden mosaic virus (BGMV). Black grain types
continued to show higher levels of resistance to BGMYV (bean
polden mosiie virus) than other cotor types. For the black types,
the progrim emphasizes multiple-tactor breeding. with special
attention given to combined resistance to BGMV . the Empoasca
leathopper. and common hacternl blight. Ettorts refated to non-
hlack types are tocused on inereased levels of BGMV resistance
within each color group: advances in 1981 were espectally evident
i smalt Pompadour and smalls red-gram types.

Among the 191 materials tested. the TYX1 regional BGMV
nursery plinted in Central America identitied two CIAT breeding
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linesc A 170 and A 174, as showing good intermediate levels of

resistance under high discase pressure. Neither of the (wo
unrelated hnes has parentage with known BGMV resistance. This
findimg indicates that withun tropically adapted P vudgaris, there
dre probably stll more as-vet-unidentitied sources of resistance to
the pathogen. Tn the regional BGMY nursery referred to above,
and invanouns breedimg nurseries. a distinet location-by-variety
meerection tor BGMY wiy suspected. pointing to a possible
pathogeme variation n the virus.,

In the search tor new resistance sources. 144 lines of wild forms
ob Povudgarss were sereened. Siv ol these aceessions showed high
levels of tolerance and are now being erossed to locally adapted
materals. Alsoo several selections from interspecific crosses
between resistant aceessions of P, cocemeus and  Poovyleariy
dppear to hive high devels of resistance but need further
evaluation,

Rust. Bean rust. caused by Uromyees phaseoli, is a major bean
discise problem throughout Latin Americ: and other bean-
growing regions of the world. Due to the marked pathogenice
vartion. lew cultivars are resistant over a wide range ot locitions
or over long periods of time. The bean germplasm improvement-
program sceks to adentity mechanisms of rust resistance that are
stable inspace and ume Results obtained from the 1979-80
International Bean Rust Nursery (IBRN). conducted in 22 sites in
O countries. show that several CIA 1 bean lines are available that
are cither resistant or show an intermediate reaction to the
difterent rust populations existing in Latin America and other
bean-growing arcis of the world {Figure 1). These materials are
undergoing further testing, and selected ones are used as sources
tor rust resistance. In the meantime., crosses made from up to four
rstresistant parents are undergoing evaluadon in Palmira under
gh devels of rust moculation,

Anthracnose. in the period 1978-X1, more than 13.000 bean
germplasme bank aceessions were evaluated for their resistance to
antheacnose. caused by Collerotrichum lindemuthianum. In the
F950-51 period. progenies of the most promising selections were
planted and inocutated in Popayan. Resistant aceessions were also

evitluated - the preenhouse for resistance to < wide range of

ditterent races and isolates of the anthracnose fungus, Twenty-
oAt aceessions were ddentified as oresistant or showing an
mtermediate reaction to all known races from Europe, and w
other viralent sokates from Colombia and other parts of Latin
America. Among these are the following five CIA I bean lines:
BAT L BAT SN 7917V 7918, and V 7920. T'his group of 27
deeessions s representative ol a wide range of grain sizes and grain
calorsincluding black.,

Ina contimunng eltort to combine as many sources of resistance
to anthracnose as possible, 15 experimental hnes involving six
ditterent sources have heen dey cloped from crosses made in 197,

Alsor 3 additional  crosses among 35 parental sources of

resistance were made. Aninternational bean anthracnose nursery

Susceptible

Resistant

Figure 1. The 1979-80 inter-
national Boan Rust Nursery
was evaluated in 1981 in 22
sites in 10 countries. The 10
best CIAT lines were immune
o1 resistant to rust in 69% of
the testing sites, compared to
only 9% of the check.

In 1978-81, over 13,000
bean accessions were
evaluated for resistance
ro anthracnose.
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For the first time,
sources of resistance 1o
Zabrotes and Acanthos-
celides have been
identified in wild

Jorms.

Screenhouse evaluation for

L -uchid oviposition resistance.
tach sleeve contains a bean pod
and a pair of adult insects.

is being organized to be distributed in 1982 in the major bean-
growing arcas of the world.

Angular leaf spot. Although not as advanced as the
improvement project for anthracnose, the angular leaf spot
projeet -after field and greenhouse evaluations with Popayan
isolates of the pathogen, Isariopsis griseola, plus glasshouse
evaluations for anthracnose resistance —now has available some
I5 accessions classified as “resistant™ or “intermediate™ to the
Popayan isolates. and with good resistance or tolerance to various
isolates of the anthracnose pathogen. The usefulness of these
sources of angular leaf spot resistance cannot be determined until
additional evaluation data is available from other locations and
with additional isolates from other bean-growing areas of the
world.

‘The segregating populations of crosses made in 1979 and 1980
to combine sources of resistance to angular leaf spot, halo blight,
and powdery mildew are being evaluated in Popayan and
Obonuco.

Common bacterial blight (CBB). The Program continues its
efforts to develop CBB-resistant (common bacterial blight)
materials in bean types and grain colors with comraercial
acceptance in regions where this pathogen is an important
production constraint. The very promising sources of resistance
identificd in 1980 have now entered the crossing program;
progress achieved with progenies of these sources will be reported
next year. In 1981, some 100 early generation and advanced
brecding lines, previously rated as resistant to the CBB pathogen,
Nanthomonas phaseoli, were evaluated for foliar resistance.
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 scarch for higher levels of CBB resistance, 19 F»
populations from interspecific crosses between P. vulgaris- and
Yanthomonas-resistant accessions of P. coccineus were evaluated.
Several highly resistant selections were identified or confirmed.

Leafhopper. As reported in prior years, the achievement of
increased levels of resistance to the leafhopper (Empoasca
kraemeri) has proved to be a difficult process. In 1981, more than
5300 materials from various nurseries were evaluated, but less
than | percent of these were rated as resistant. The best accessions
were utilized as parents in the recurrent selection program. With
the compietion of the fourth cycle of intermating in this breeding
program, progress observed in carlier cycles of recurrent selection
to increase levels of resistance was reconfirmed. Promising
selections are representative of a good range of seed colors. A
special effort has now been initiated to select for large-seeded
types. which have proved to be especially difficult to improve for
Empoasca resistance.

Pod weevil. Damage from the pod weevil, Apion godmani, is
of considerable cconomic importance in bean-production areas of



Central America. In 1981, the Apion breeding project registered
sigaificant progress in that a series of highly resistant breeding
lines were identitied (Figure 2). These lines were identified through
an international Apion nursery. with distribution to k| Salvador,
Guatemala. Honduras, Mexico. and Nicaragua. In this nursery of
40 entries, a total of 2% lines were classified as resistant. One of
these lines. APN 65, was released in Honduras as g new variety
under the name Copan.

Storage ingects. Alter evalue dng more than 6000 germplasm
bank acecessions for resistance to the Mexican bean weevil
(Zabrotes subtaciarus). and more than 1000 accessions to the
common bean weevil (Acanthoscelides obtectus), in the period
1975 to 1981, the conclusion was reached that resistance levels in
cultivated materials are too low to be of economic relevance. In
1981, however, evaluations of 206 semi-cuttivated hean accessions
collected carlier in Mexico showed some of these lines to be highly
resistant to both the Mexican and the common bean weevil. This
resistance was found to be expressed in gesatly reduced numbers
of progenies of the weevils combined with retarded development

and redueed progeny dry weight (Table 3). The most promising of

the resistant lines have been entered into the crossing program in
an attempt o transter the resistant genes into commercial
materials. Should this prove successtul, an important advance in
the fight against storage insects —-a primary cause for the widely
observed collapse of the price of beans immediately after
harvesting -will be registered.

Table 3. Resistance of the best-performing cultivated bear
accessions, of 206 collected in Mexico, 1981, and a
susceptible check to the Mexican bean waevil
{Zabrotes subfaciatus).

Average

length of Average

Average development adult dry

adults emerged cycle waeight
Accessgion (no.)a (days) (mg)
G10019 7 38 8
G12952 9 67 7
G12880 39 33 10
Diacol Calima 306 31 16

_ (susceptible check)

a. Average of adults in five rephcations of 50 sesds each.

Percentage

80
Damaged r—
pods

70 Damaged
seeds

GO}

50 F

40

30 ¢

20

10}

Susceptible
check

Aver-ge of six
new breeding lines

Figure 2. Several bean lines
have been identified for
resistance to the pod weevi/
through the international
Apion nursery. The percern-
tages of damaged seeds and
pods from the weevil were
reduced by 72 and 42%,
respectively, in the new
breeding lines now avaslable
through collaboration with
national programes.
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Nitrogen fixation. Results after three cycles of intermating
and selecting for enhanced Na fixation in bush bean cultivars are
most encouraging. The 14 lines of the third cycle of glasshouse
selection and ficld evaluation fixed an average of 50 percent more
N, than their original progenitors, which were seiected for their
high fixing ability. The best five of these lines fixed fully 100
percent more than the original parents (Figure 3). As these highly
promising materials do not fulfill all agronomic requirements,
further crosses are made to introduce this variability from other
improvement projects into this recurrent selection scheme for
enhanced No fixation.

Plant architecture. In the scarch for improved yields, yield
stability, and mechanisms for disease avoidance, a number of new
plant-architecture traits have been developed for further testing.
One particularly promising characteristic is a plant with short-
spaced but numerous internodes that promises to improve yicld
potential especially of determinate bean types (Figure 4). Also of
much promise is a bean type with a strong stem and upright
branching. but with a high number of pods (Figure 5). Such
erectness prevents the pods from soil contact, thus increasing seed
quality and decreasing disease incidence. Characteristics such as
short internodes and suppressed branching are being combined
with other architectural traits such as small pods, stiff stems, small
foliage. lanceolate leal. and others to study their effect on yield
potential. As most of these architectural traits are available only
for small-sceded lines adapted to warmer climates, increasing
attention is given to transferring these traits into medium- and
large-seeded  varieties and into varicties adapted to cooler
production environments in the tropics.

Rate of N2 fixation,
measured by CoH,4 produced
{pmol~ plant/ hour)

54r

39+

Orniginal parents 114 hines bred Top 5 lines brod
(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 No—~fixation increases of up to 100% in progenie.
over the original parents.
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Figure 4. As part of its efforts to
improve the architecture of bean
plants, CIAT has developed this
plant type, Line A 132, with
short-spaced and numerous
internodes, which is expected to
improve yield notential in bush
beans.

.

Figure 5. Another CIAT bean
type,Line A 57, was developed
with a strong stem, upright
branching, and a high number of
pods, which are expected to
improve seed quality and reduce
disease incidence.

Combination of
Desired Characteristics

The most promising sources of resistance and desired agronomic
characters are sclectively and cumulatively transferred into
agronomically suitable materials with commercial bean types. In
this 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, sced size, and grain coat color, the Bean
Program has grouped the major commercial bean types into 16
basic bean groups (Figure 6). All of these groups are included in
the improvement activities of the CIAT Bean Program,

In 1981, the bush-breeding projects made some 1250 crosses for
the recombination of multiple characters and produced a total of
681 new experimental lines for the various production regions in
Latin America and the Caribbean. Ali of these lines are now

13
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Figure 6. There are 16 basic commercial bean groups includedin
are developed and evaluated for adaptation to tropical and temperate ¢

Includes solid, mottied. striped, or speckled types.

consumer preference in the various production regions.

+he CIAT breeding-improvement activities. Bush and climbing beans
limates and for seed size and grain coat color, as required for



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

Grain
Basic characteristic Production region Lines
bean group Color?3 Size for consumption {(no.)
Bush heans
1 Black Small Mexico, Brazil 160
2 Red Small Central America 190
2 Red Medium Caribbean 71
4 Red Large Andean Zone 46
5 White Small Peru, Ecuador 51
6 Cream Small Brazil 206
7 White Medium Peru, Chile 12
8 Pink Medium Mexico 70
9 White Large Argentina 10
10 Yellow Large Chile, Ecuador, Peru 59
Climbing beans
1 Black Small Guatemala (highlands) 21
12 Red Small Central America 69
13 Red Large Andean Sierra 79
14 Cream Large Andean Sierra 25
15 Black Small Central America 18
16 White Small Peru, Ecuador 23
Total 430

a.Includes sohd, mottled, striped, or speckled types.

undergoing further evaluations. In the climbing bean project,
some 270 cresses were made to transfer desirable characters into
the various commercial grain types. Progeny of these crosses were
planted and svaluated with maize under high BCMV and
anthracnose prassure. A total of some 1400 progenies were
evaluated in CIAT-Palmira, 2000 in Popayan, 1000 in La Selva,
and 300 in Obonuco. Some 430 of the most promising selections
were advanced to the first stage of nursery trials, the VEF, for
testing for discase resistance.

In summary, 1981saw the development of promising line . inall
16 basic bean groups (Table 4). All of these lines are BCMV
resistant, and most have inioroved 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).

15



Parental evaluation, hybridization
and selaction at CIAT

@) Advanced breading lines from
CIAT and national programs

) Germplasm bank matenals

Progeny Evaluation

The Bean Program uses a three-stage progeny evaluation program
(Figure 7). The first stage, the Bean Team Nursery (VEF), is a
uniform. multidisciplinary evaluation for adaptation and priority
disease and insect resistance. Some 1000 lines are entered into this
nursery each year. Seleeted materials (about 300 lines per year) are
advanced to the second evaluation stage, the Preliminary Yield
Trials (EP). In the EP, lines undergo a nearly complete evaluation
including resistance to minor discases and pests, quality factors,
and N> fixation. The best materials selected from the EP trials
(about 100 lines per year) are included in the International Bean
Yicld and Adaptation Nursery (IBYAN).

Bean Team Nursery (VEF)

The 1981 Bean Team Nursery (VEF) contained 1110 entries, of
which 661 were improved bush beans and 235 were improved
climbers: the remaining 194 either were germplasm bank
accessions or came from national programs. Materials from all 16
basic bean groups were represented. The group with the smallest
number of entrics (i.c.. large wkite bush beans for Argentina)
contained 10 lines, while the group with the largest number of
entries (i.c.. small cream and brown grains for Brazil) registered
205 lines. All materials entering the VEI 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
of anthracnose resistance in the 1981 VEF has greatly increased

(3 Advanced breeding lines
(0 - from national programs

STAGE 1
Bean Team Nursery

Disease and pest resistance

300 entries/year max.

100 entries/year max,

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

and Adaptation Nursery

Uniform tria!s for disease Multilocation adaptation
and pest resistance, and distribution
quality, and N> fixation

Figure 7. As reported previously, the CIAT Bean Program uses a three-phase nursery and testing
program for the development and distribution of improved bean materials. Original entries
16  jnto this evaluation scheme are from both CIAT and national programs.



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

Preliminary Yield Trials (EP)

The Preliminary Yield Trials (EP) scheme is the first evaluation
for vielding ability of newly improved lines. These trials are
conducted both at CIAT-Palmira and CIAT-Popayan, under
high-and low-input conditions at ecach location. In 1981, seven sets
ol the EP were also planted in locations outside Colombia.

The 1981 Preliminary Yield Trials consisted of 191 lines,
selected from over 500 entries evaluated in the 1980 VEE. Bush
beans were represented by 135 lines and climbers by 56 lines,
Exceptfor the large-and medium-sized white grains, all basic bean
tvpes were represented. the steady progress in the long-term
CIAT improvement effort 1s evidenced by the fact that, in the large
majority ol basic bean groups tested, selected breeding lines
managed to outyield 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
were identified in cach of the eight basic bean groups for wkich
advanced breeding lines wereavailable. Figure 9 shows that, in the
case of the CIAT-Palmira testing site. the average of the most
promising new materials in each of the basic bean groups tested is
nearly always higher than the average of the check varieties, both
under protected and unprotected conditions.

Due to the refatively late start-up of CIAT improvement efforts
in climbing beans, the CIA T Lreeding lines for basic bean groups
tor climbers are not as advanced as those for bush beans.
Nevertheless, outstanding lines in each of the six basic bean groups
for climbers are present in the 1981 EP. In five of the six climber
groups. the top vielder was an improved line.

A high percentage of the Preliminary Yield Trial entries showed
resistant or intermediate reactions 1o one or a combination of the
tollowing dise ses: common bacterial blight, rust, anthracnose,
Ascochvia, angular leal spot, root rot complex. and web blight
(Figure 107 Anintermediate reaction to Empoasca kraemeri was
abservea in 11 (607) of the entrics,

Percentage

60 r [__ Resistant D
SuscephbleD
50 |
40 [
30 ..
—
20F
10+
0
1979 1980 1981

Figure 8. Resistance to anthrac-
nose in the VEF nursery trials
has more than tripled in the lest
3 years. In the 1981 nursery,
over 53% of the new lines were
classified resistant. All lines
entered into the VEF are already
BCMV resistant. (Intermediate
reactions are excluded in this
graph.)
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Figure 9. Continued progress in developing improved bean materials in all basic bean groups is
evidenced by the reczults of the 1981 Preliminary Trials at CIAT-Palmira. In seven groups {of a total of
eight groups tested). the average of the 10 best new CIAT breeding lines was well beyond the
average of the best-available standard control varieties, under both chemically protected and

unprotected conditions.

Disease 2.1-30 3.1-50
Anthracnose Intermediate l Susceptible
Angutar leaf spot l
Rust
Common bacterial blight e I ]
Fusarium sola 8 S ] = J
Web blightt : l l
Rhizoctorma® l I
Ascochyta —l

" L L 4 )] 1 1 1 1
0 20 40 60 80 100

Rating {% of total no. of entries)

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).

a. Results of experimert conducted under greenhouse conditions.
b Evaluated in two sites in Costa Rica.



All sources of desirable
raits are made
availuble to interested
bean researchers, either
through international
nurseries or upon in-
dividual request.

International Bean Yield
and Adaptation Nursery (IBYAN)

The International Bean Yield and Adaptation Nursery (IBYAN)
was started in 1976 as a bush bean trial in which. ail seed colors
were evaluated in one nursery. Since 1377, bilack 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 IBYAN was increased to seven different nurseries by dividing
bush bean trials into four groups —black, red, white, and cream
colored-- allowing cach 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 IBY AN trials containzd a total
of 46 bush bean and 30 climbing bean lines. All entries were
selected from the 1980 Preliminary Yield Trials. The iesults of
each year’s IBY AN 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
{irst semester of 1981,

Bean seed for shipment in international nurseries is multiplied in an arid valley near Ca/{, Co/ombia, an.
area free of bean production and bean diseases. Quarantine officers from the Co{omb/an {qst/tute_
for Agriculture periodically inspect the plots as a requisite for issuing phytosanitary certificates.
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Table 5. Distribution of IBYAN trials by geographic zones.

1976 1977 1978 1979 1980 1981

Region Bush Bush Bush Climbing Bush Climbing Bush Climbing Bush 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
Sintético for blacks; Diacol Calima for reds; Ex-Rico for whites;
and Carioca for cream-sceded materials. In addition, the best-
available local varieties were used as local checks. In all cases, the
international and local checks were outyiclded by selected new
breeding lines and by clite checks (elite cha~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.. CIAT-Palmira and CIAT-Popayan) proved to be poor
performers at the other testing site, indicating a specific
environmenta! adaptation of the materials. In the trials with red-
sceded materials, the genotype-by-location interaction was less
prono meed. Again, the highest yielders proved to be new
breeding 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 CIAT, and vice versa. 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 80 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 of the new
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 some countries, CIAT provides breeding
lines that can be used immediately as varieties. For others. carly
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.

Climbing beans are
evaluated and selected
Jor intercropping with
maize,
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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 germplasm: (1) varieties and
germplasm bank entries obtained from national programs; (2)
advanced breeding lines resulting from the improvement cfforts of
the Bean Program; and (3) advanced lines developed by national
programs often developed from carly-generation breeding lines
from CIATT.

CIAT disseminated materials already existing in national
programs, Of the roughly 400 entries included in the IBYAN trials
from their inception in 1976 to 1981, 151 were variei:~s and
germplasm aceessions obtained from national programs. As
shown in Table 6, by 1981 some 15 countries in Latin America had
released bean varieties selected from such entries. It is estimated
that these varicties are now planted on some 40,000 hectares
outside their country of origin. This same dissemination process is
also starting to become evident in castern Africa; for example,
Burundi has sclected the variety Diacol-Calima from a nursery
assembled by CIAT 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,

Variety Source Adopted by?
Brasil 2 Brazil Ecuador (INJAP—Bayito)
Pirata 2 Brazil Peru

Diacol Calima Colombia Burundi, Gabon

ICA Palmar Colombia Peru

ICA Pijao Colombia Bolivia, Costa Rica, Cuba,

Honduras, Guatemala
(Suchitan), Nicaragua

ICA Tui Colombia Costa Rica

ICA-10103 Colombia Costa Rica (Talamanca)
G 1753 Costa Rica Argentina

E 1056 Ecuador Colombia, Ecuador
Porrillo Sintético El Salvador Cuba, Peru, Costa Rica
Apetito Mexico Peru

G 2333 Mexico Peru

Puebla 444 Mexico Peru

Linea 78-0327 United States Peru

Redkloud United States Chite, Peru, Belize
Ex-Rico 23 (unknown) Canada

a Names in parentheses are varicly names adopted by that country.

Bv 1981, more than S80CH of
the bush bean entries in the
TBYAN trials were im-
proved lines from the Bean
Program.




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 CIAT lines (such as E 1056 are multiplied
for in-country advanced testing and frequently given variety names
{such as ICA-Llanogrande) (inset).

In addition, dissemination of CIAT 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 sclections
from such breeding lines. Figure 11 provides a summary of the
CIAT breeding lines that are now undergoing seed multiplication
in various Latin American countrics.

Varicties 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 varicties based on early-generation lines from
CIAT crosses. The varieties developed by Guatemala are ICTA
Quetzal. 1CTA Jutiapan. and ICTA Tamazulapa; varictics
developed in Honduras 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; ICTA Jutiapan has been adopted in Nicaragua;
and Acacia has been introduced into Costa Rica.
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CUBA

BAT 76
DOR 60
MEXICO ~ %
DOR 60 [P
DOMINICAN REPUBLIC
1 BAT 271
EL SALVADOR
BAT 58 (Tazumal) /
COSTA RICA
NICARAGUA BAT 304 (Brunca)
BAT 1155
BAT 41 (Rev. 79)
BAT 202
BAT 896
A 40 (Rev. 81)
PERU
BAT 83
BAT 271
BAT 304
BAT 339
BAT 1057
BAT 1061

BOLIVIA
BAT 76 (Cafiote)
BAT 912

BAT 1057
BAT 1061

ARGENTINA

BAT 58

BAT 76

BAT 261
BAT 271
BAT 304
BAT 448
BAT 518

Figure 11. CIAT bean lines, including named varieties, being multiplied for commercial use in
24 yarious Latin American countries, as of December 1981.



National programs in
Latin AAmerica are in-
creasing their
capacities 1o in-
dependently and
collahoratively engage
in hean-devetopmen
work.

Growing Momentum of the
International Bean Network

Through the training of more than 500 bean workers. the
organization of peniodic workshops. and the development of the
collaborative. mternational bean development and evaluation
scheme. the Bean Program has been able to set in motion a
thoroughly fnternational bean research and development effort,
Fhroughout Latin America. national programs are steadily
progressing toward increased levels of capacities to independently
and collaboratively engage in bean development work. The
interactive technology-development process between the national
and international levels has now attained the point where new,
improved materials are undergoing seed multiplication and are
beginning to reach the multitude of bean tarmers in many Latin
American countries. Against this backdrop. the Bean Program
increasingly fooks toward major bean-production areas outside
the Western Hemisphere. Preliminary work along this new
lrontier tor the Bean Program indicates that the technology base
established for the Latin American context is likely to provide a
strong starting point for  bean-development work in such
important bean-production regions as eastern and central Alfrica
and the Middle East.

Multiplication of ceriified seed of variety Revolucion 81 (CIAT Line A 40/ in Nicaragua. This line
meets the consumer preferences in the area, is high yielding, has wide adaptation, and is resistant
to both bean common mosaic virus and rust.
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C/\SS:\VA IS the principal root crop and a major calorie
staple in the rural lowland tropics. The plant’s high carbohydrate
production potential perunit ol land or faborand its adaptationto
more marginal agricultural conditions combine with an excep-
tional versatility for alternative markets: cassava can be eatenasa
fresh vegetable: it can be processed into a variety of forms for
human consumption: it can be used as an amimal teed or in the
manulacture of leed concentrates; it can serve for the production
ol alcohol & a tuel substitute for gasoline; and. in the form of
starch. it has numerous industrial uses.

Loday. world cassava production of close to 120 million tons is
divided among Latun America (2607). Asia (36¢7), and Africa
(38'7). Some two-thirds of this production is consumed as human
tood. cither in tresh or m proeessed form.

[raditionally. cassava has been produced by small farmers
under minimal-input conditions. Yields have been low, with the
world fresh root vield anaverage of around 9 t/ha. For centuries,
larmers have selected cassava clones across a wide range of
agroclimatic conditions. As a consequence, most traditional
clones are well adapted to the environmental conditions and biotic
problems in the zone in which they are grown when traditional
management practices are used; however, the narrow germplasm
base in the respective production zones has restricted the
germplasm-development process, Few improved varicties have
reached farmers from the few existing breeding and selection
programs for cassava. Yet yields of more than 60 t/ha under
experimental conditions suggest the high potential for raising
tarm productivity through the further development and increased
use of higher yielding varieties that produce stable yields under
stress condinons,

The selection of improved cassava varieties follows a systematic procedure of parental selection,
hybridization, and progeny evaluation through a number of generations. “'Germplasm flow” and
“information How"" are inextricably linked in a two-way interchange between the national research
programs and CIAT.



Superior genorvpes are
availahle for a majoriy
of the various edapho-
climatic ccosvstems in
which the Program
works.

Ihe hugh penshability of cassava makes handling difficult atter
harvest. Frequently. inereased production is limited by the lack ol
nearhy markets ol processing plants transtorning cissava into a
more stable product. Farmers are often reluctant to inereise
production beciuse of uncertain outlets. and entreprencurs are
not willing to mvest m processing plants because of uncertain
supplies. Thus, to merease cassava production. production and
atilization must be integrated and ettective marketing svstens
establishied.

Ihe Cassava Program seeks to satisty the need tor tood and teed
carbohvdrates by converting cassava from a traditional rural
staple o a major. multi-use carbohydrate source. In addition. the
Program s developing germplasm and management svstems to
tiprove the utihizanon ot cassava for direct human consumption.

SUMMARY OF
ACHIEVEMENTS

Analyses of long-term data obtained in farm-level trials confirmed
that the improved. low-input management practices developed by
the Cassava Program can double traditional vields of 10 tons of
fresh roots ha. 1L inaddition. new selections or hybrids are used,
stable yvields of 30 ha can be obtained.

Research factors that may leand 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 potassium application with consecutive plantings
of cassava. Also. the importance of a mycorrhizal association for
normal growth ot cassava in soils with low phosphorusavailability
wits established. Studies of this association point to the likelihood
that inoculation with highly etficient mycorrhizal strains will have
signiticant etteets on vield increases and will enable cheap, low-
griade sources of phosphorus to be used eftectively. The search for
impro-ed methods of cultural control of cassava insect pusts was
further boosted by the identification of a series ol potentially
usctul nataral enemies of ceonomically important cassava pests.

Progiess in the long-term cassava-improvement efforts is
evidenced by the fact that vields of local cultivars in the various
testing sites staved constant. whereas average vields of the CIAT
genotypes have mcreased progressively and sigmificantly. Superior
CIAT genotypes are available tor a majority of the various
cdapho-climatic ccosvstems in which the Program works. These
genotvpes are already in the hands of collaborating national
institutions where they are used for further testing for eventual
release. or are included in national hvbridization programs.
Foday. the Programis well onits way to producing genotypes with
high vield potential. high root dryv-matter content. and good cating
quality . The very short shelf life of cassava remains a problem for
the fresh niarket,
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Table 1. Edapho-climatic zones for cassava production and their main characteristics.
. . Sites in Colombia
Edapho-climatic Mean Dry season for germplasm
zone (ECZ) temperature duration  Ankal rainfall evaluation and
no. General description (°C) {mo.} (mm) Representative areas technology testing
1 Lowland tropics with long dry Above 25 3-5 700-2000 N. coast of Culombtira, N Venezuela, Canb.a, Media Luna,
season, fow to moderate rain- {unimodal N.E. Braal. S India, Thuland Fonseca. Nataima.
fall, high year-round tem- distribution} Rionegro

paerature

2 Lowland tropcs with moderate Above 25 3-6 2000 Llanos of Colombia and Venezuela, Carimagua
0 high ranfall, savanna {unimodal Cerrados of Brasil
vegetation on snfertile, acid distribution}

sotls, moderate to long dry season;
season, low relative humidity durning
dry season.

3 Lowland tropics with no pronounced Above 25 Absent or 2500 Amarzon basins of Brazil. Colombra, Florencia
dry seasons, high rainfall, con- very short  (unimodal Ecuador. Peru, rainforests of Africa
stant high relative humudity. distribution) and Asia
4 Medium-altitude tropics: moder- 21-24 3.4 1000-2000 Medium-altinude {800-1500 m) Caicedonia, CIAT-
ate dry season and tempera- {brmodal areas of Andes. parts of Prulippines,  Paimira, CIAT-Quilichao
ture distribution} India, Indonesia, Victnam, Africa
5 Cool highland areas, moderate to 17-20 Variable 2000 Andean region (1600 2200 my Popayan
high rainfall
6 Sub-tropical areas, cool winters; Min. O Variable Varnable N Mewico, Cuba. S Flonda, None
fluctuating day lengths {unimodal S. Brazil, Paraguay. N Argentina,

distribution) T-awan, S China




EVALUATION WITHIN EACH ECZ
Observation and yield taals

CONSFRVATION
In vitto cultues
and freld mamtenance

PARENTAL

INTRODUCTION SELECTION

Collection of germplasm
N CAssavi-growing countnes

Phe Cassiva Program realizes that, at least in the Latin
Americin context. cassava processing is the key to relieving
current markcimg constraints of cassava and to entering markets

with substantial growth potential. A significant part of the work of

the  Cassiva Program s already  devoted  to developing
technologies 1o allow for cassava's exploitation of such growth
industries as the animal feed and the composite flour markets.

Germplasm Development

Cassavacvaretadb improvement at CLA L considers the diversity ol
cdapho-climatic conditions under which cassava can be grown
and torwhich i broad base of improved germplasm is required. In
s vanctab development ettorts, the Program seeks to exploit the
cassava plants general adaptation to marginal conditions of
nntalland soil fertility. This concern has resulted in a minimal-
mput approach, whereby emphasis is given to the plant’s inherent
abthiy to resist or tolerate stress factors rather than to modity the
chivitonment tooremove stresses. Varietal development  thus
tequires e precise tailoring of genotypes to differences in the
environment,

Phe cassava-growing regions have been tentatively classified
mto sy edapho-climitic zones (ECZ). each characterized by so1l
and climatic conditions. which. to a large degree. also determine
mseet and disease complexes potentially important as production
constrints. Colombii the host country of CIAT provides
rexrons with characteristics of five of the six zones excluding ECZ
O) s testing sites tor varietal research. which is highly decen-
tradized to take account of the necessity for ccosystem-specific
rermplasm. The sixcassava edapho-climatic zones where most
cassava s produced and the representative Colombian research
sitesare s lable T An overview of the germplasm development
process s presented i Figure 1.

HYBRIDIZATION “F { EVALUATION

EVALUATION ACROSS ECZs
Observation and yield tnials

SEED MULTIPLICATION

REGIONAL AND FARM-LEVEL
TRIALS

At representative sites

n pach ECZ

INTFRNATIONAL DISTRIBUTION
OF GFRMPLASM

By research institutes

and private mndustry in
CASSIVA-growing countries

Figure 1. The cassava germ-
plasm flow begins and con-
tinues with the national
programs. All germplasm is
evaluated within and across the
live edapho-climatic zones
represented at various CIAT
sates i Colombia,
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Germplasm Collection

Phe CLA T cassaya germplasm bank now contains more than 2600
qecesstons collected trom 13 Latin American and two Asian
countries. Since 1980, in order to minimize the risk of introducing,
discases and pests. all new additions to the cassava germplasm
hank haye been m the torm ol menstem tp cultures or true seeds.
I viro cultire technologres, partially developed by CLA I' tor
cissanvi, have permitted Large-scale introdductions ol vegetative
materal from countries from which importation previously was
profubited. most notably Brazil,

Wild species. of cassava (Manilior) have been introduced, but
maintenance and reproduction have been difficult. Nevertheless,
M. glaziovii, M. dichotoma, and M. caerulescens, among other
wild species, have been maintained by the Program for several
years. Because most wild Manihot species are difficult to
germinate from true seed, embryo-culture techinigues, which have
proven suceessful for M. esculenta seed, are now being tested on
wild species. Highest priority in any collection of wild species that
might res 1t, as well as for cultivated species, would be assigned to
those arcas of genetic diversity with no systematic collection as
yet- -i.c., Brazil, Paraguay, and areas of Mexico and Central
America.

Germplasm Conservation

Due to @ high degree of heterozvgosity. cassava clones must be
propagated vegetatively it their peculiar gene combinations are to
he maintained. AU present. this requires continuous field
collections with periodic renewal by vegetative propagation.
Annual replanting of the entire germplasm hank is required, with
all accesstons grown in two ditterent ticlds on the CIA T-Palmira
salion. SIv Lo ten plants per aceession are maintained: this is
adequate lor both seeure maintenance and provision of small
amounts of planting materials tor evaluation.

Following rescarch in the tissue-culture laboratory at CIATL,
conservation of vegetative material in the form of plantlets invitro
his become teastble. Fechnigues for long-term in vitro conservi-
ton  re now well developed. These techniques require that
plantlets are transterred toa new medium approximately once
every 2 vears. The entire germplasm collection is gradually being
moved to in vitro storage. However, until long-term in vitro
methods are shown to be completely reliable. or untila duplicate
collection in another center is created. tield maintenance will be
continued.

Sinee all cassava clones are hetereozvgous, sexual seed cannot
duplicate the genotype ol the parent clone. Nevertheless. seeds can
werve ds i gene pool that s representative of the parent clones.
Seeds 1rom open pollination of - germplasm accessions  are
maintaned 0 cold storage as a genetic reserve that could be cilled
upon - the event ol unforeseen losses in the vegetatively




maintained collection. Seed is also a convenient means of

distributing a wide range of genetic variability to other research
programs,

Germplasm Bank Evaluation

Evaluation of germplasm accessions for adaptation, resistance to
discases and inseets. yield. and root quality is in progress in
distinet sites in Colombia that have physical characteristics and
pestcomplexes ol five of the major edapho-climatic zones in which
cassava is grown. Except for the CIAT-Palmira station, the sites

are maoderate- (o high-stres, areas where a broad range of

adaptation. resistance. and yield factors can be measured. In all
sttes. evaluation begins with a single row per accession, which is
compared with cheek varieties interspersed throughout the trial,
During the growing season. data are taken on disease and insect
attiacks. general vigor, branching habit, and other morphological
traits. At harvest, root yield and root quality traits are considered.
Promising accecaons are passed to a preliminary trial with
commercial plant spacing, small plots, and no replication,
Selected lines then pass to a replicated yield trial with plotsof25to
30 plants and two to three replications; yield trials are repeated
over several years to assess temporal stability. Those accessions
showing most promise continue through additional evaluation
stages to identify the best adapted and most stable genotypes.
Evaluation of the germplasm bank has been nearly completed in
two high-priority testing sites. i.c.. CFAT-Palmira and Carimagua.

The cassava germ-
plasm bank now con-
tains more than 2600
aceesstons collected

Jrom 13 Latin

American and two
Axian countries.

Nearly all accessions in CIAT s cassava germplasn. bank are, or have been, cultivated varieties.
Although yields are normally stable, they are low and can be increased through genetic improve -
ment and improved cultural practices.
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Table 2. Combination of characters required for cassava
germplasm by edapho-climatic zone in Colombia.

Target Principal breeding objectives Level of  Accessions
area for each area expression® {no.)
North Coast  Root yield plant (kg plant) 235 1007
(ECZ 1) ¢ Harvest index 205 432
+ Root diy matter (%) 235 313
v Mononyehellus mite damage? S 2 57
+ Thops damageb <2 42
Canmagua  Bacteriosis damage < 3 55
(ECZ 2) v Superelongation damage? 21
v Mononychellus onte damageb < 3 6
v Vauga damaged < 3 4
Popayan Phoma damageb <2 17
(ECZ H) + Ohgonychus domage < 2 10

Data from Palimica rootyield, harve

sUindex, root dry matter, imite and insect ratings.

Data from Canmaqua bactenoss and superelongation ratings. Data from Popayan:

Phoma tatings

vary high damage.

Disease, mite, and insect ratingsona 1105 scale, where, 1 = very low damago; 5=

Results to date indicate that many germplasm accessions—
nearly all of which are cultivated varicties —are adapted to the
areas where they evolved: in general, however, yield potential of
existing accessions is low. Also, the frequency of accessions having
high resistance to any given discase or insect pest is generally low,
and those having combined high resistance to all disease and insect
problems of a region are very low. Table 2 gives examples of
frequencies of accessions with combinations of traits required for
three dilferent arcas. Another general observationis thatalthough
cassava as a species is well adapted over a wide range of
conditions, the adaptation of any given germplasm accession
seems to be limited. A final generalization that can be made, based
on data presently available, is that there are many germplasm
aceessions with desirable characteristics that have not previously
been used in the breeding programs; there is still much variability
to be exploited in breeding. Hence, the Cassava Program’s
emphasis is on creating new, improved genotypes through
hybridization and selection.

Development of Elite Lines

Germplasm evaluation serves as a means of parental selection. In
general, parents are selected based on overall performance in a
given edapho-climatic zone, with the intent of pyramiding genes
for high levels of resistance to discases and insects, drought



tolerance. and root quality. While, originally. the germplasm bank
was the sole source of all parental material, hybrid lines are
increasingly: being incorporated into the hybridization process.
Fhus. the parental base is continually improved.

Fhe status of varietal improvement as engaged in by the Cassava
Progranis assessed in terms of vield potential. vield stability, and
root quality in the following sections.

Yield potential. In a high-viclding environment with medium-
to high-fertility soils in the  medium-altitude tropics  (as
represented by CIAT-Palmira). a steady upward trend in vields
has been registered from 1973 through 1981 (Figure 2). For all
enties i replicated vield trials. the average vield has reached
approxumately 40t ha vear, which is some 600 above the average
yield ot unselected germplasm aceessions in the 1973-74 trials.
Yields of more than 60 t, ha with higher than 356, dry-matter
content are now trequently obtained,

In the hot lowland tropics with a pronounced dry season (as
represented by the north coast of Colombia). a similar trend is
occwrring: today. the average vield ot selected Fi lines s
signilicantly higher than that of local cultivars. Yields of more
than 401 ha vear with dry-matter contents of more than 30¢¢ are
readily obtained.

Under ditficult environments. the extremely low-fertility soils in
tropical savannas. as represented by conditions at the Carimagua
research site, vield potential is also on the upward trend. After
mtensive selection over the vears for resistance to cassava bacterial
blight (CBB) and general environmental adaptation, the vield level

Yield {(t-ha year)

80}
2
Maximum /\‘ Q
yield /4 (5 VAN
obtained ' SN
[\ [o J A
60} a_ A b/p\ o \
\\ ’/ bd b’ o}
O f
40F Average of new
variehigs
y A
S = e /\
~ g A A \
20F Average ‘t\ /_( b‘-&n\ Y4 \A
of controls o ~tf
Ol 1 t 1 1 1 1 1
1973 74 1974 75 1975 76 1976 77 1977 78 1378 79 1979 80 1980 81

Year

Yields of more than 60
1/ ha with higher than
35C drv-matier con-
tent are now frequently
obtained in experinien-
tal plots.

Figure 2. An upward trend in
yield potential in selected
CasSSava accessions was evident
m replicated trials in a high-
yielding environment
(represented by Palmira) from
1973 to 1981
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Yield of new materials
expressed as % of yield
of local cultivars

200

100

-

ol I lines has reached an average of 1810 20t/ ha/year. The long-
term improvement at Carimagua s clearly evident when the
average vields of F lines is expressed as a percentage of local
cultivars (kFigure 3).

Yield stability. Much emphasis is often placed on yield
potential. Generally, the more intense the management of an
agricultural system, the less variable are the growth conditions so
that yields tend to be more stable and closer to their potential. For
example. high stable yields can be expected when variations in
availability of water, tertility. and discase and pest incidence are
minimized by irrigation, fertilizers, and pesticides; however,
cassava is normally grown under low-level management and is
subject to the uncertainty of natural rainfall patterns, variation in
soil fertility. and attack by discases and pests throughout its long
growth eycle. The farmer is interested in obtaining stability over
tirie (temporal stability); he is not generally coneerned about
stability of yield across regions (spatial stability), although he may
be interested in siability across different production systems
(svstem stability). An institute such as CIAT, however, is
interested in spatial stability as the technology developed must be
applicable over large arcas it a reasonable return on investmentin
rescarch is to be obtained.

A, Temporat stabifity. Data obtained from regional trials show
a high correlation between yield of the same genotypes across
years in different sites, suggesting that the same genotypes thatare
superior in one year will maintain thatadvantage over time, even
though absolute yield levels may fluctuate from year to year.

A major cause of temporal instability is the slow build-up of
discase 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 discases and

Average of new
cultivars

Average of 2 local

cultivars
Figure 3. Long-term improve-
ment in yield potential in
selected cassava accessions
was evident even in anextreme-

1974 76 19765 76 1976 77 1977

Yoar

1 1 1 1 flic ” .
C w-lertility envi -

S8 1978 79 1979 80 1980 81 ly diffic u/l,. low-lertility environ
ment (represented by
Cartimagua) from 1973 10 1981,



pests i the local environment, A major cause of temporil
mstability s the degeneration of planting material caused bv i
butld-up ot virus or virus-like agents. and this is being intensely
investigated at present, Femporal instability is also caused by the
breakdown of genctic disease resistance.  he mijor defense
mechanism of cassava for CBR and superelongation disease is
sow disease development. which is inherited quantitatively.
Although this mechanmsm does not necessarily unply that the
resistunce will not eventuatly break down. such o development is
unlikely. There are reasons to believe that it is possible 1o find
stk resistianee mechanisins 1o other important diseases and
imsects. andicating that a breakdown of genetic resistance as
factor that will reduce stabihity is not likelv to constitute a major
problem in cassava,

B Spanial stabilite, 1here is obviously a tremendous genotype-
by-cnvironment interaction. and it cannot be expected that the
same penotvpe will pertorm well in all ceological regions,
Avalable data clearly show that different genotypes are required
tor colder regions: however, they also indicate that broad
adaptabiliy. may exist in the warmer, lower-altitude wreas as a
sl number of clones do well 1n several regions, This view is
supported by the stable vields of M Col 1684, M Col 1468, and
M Mex SS9 overavery wide range ot edapho-climatic zones and the
remarkably stable vield of CM 507-37 and stable starch content ol
CNS23-7 1 the fast evele ol the Regional Trials, While it is true
that some broadly adapted clones exist. most clones do not possess
this broad adaprability and. up to now. none have performed well
el sivedapho-climatic zones.

Fhe intensity and composition of the disease and insectcomplex
assocrated with cassavais dependent on the climatic and soil
conditions of wn area with rather specilic complexes tor cach
cdapho-climane zone (Table 3). However. within the broad
classiicietion ot cach of these zones. the complexes tend to he
sttiibar. Thusan the CEA T program the objective is not to breed for
nrcrospattal stability - that s, spatial stabiluy across ditferent
cdapho-climatic 7ones  but rather to breed for microspatial
stbihiy that as. spatial stability within cach edapho-climatic
zane. Nevertheless, when macrospatial stabiity is encountered. it
s abvioushy usetul (Figure 4.

Microspatial stability  that s viehd stability within a major
cdapho-climatic zone however, is essential to the sucess of
breedmg etlorts, The generally high correlations between vields of
dilterent clones in- difterent sites within FCZ | stuggest that
mictospatial stabihty can readily be ohtained.

CoSostent stabiduy \I.unrtncmrsmxy.ﬂcmslnhilit_\/ arc fertlity
levels and fanm-management practices. While fertlity levels can
readiv be maditicd by the use ol chemicnl fertilizers, such
fertihzers may be expensive and will prebably not be used to the
extent thatabl ditterences o terulity effects on vield and quality are
chminated. Henee. ttis desirable to have genotvpes and attendant
technology that ave relatively stable over ditferent fertility levels.

Temporal stability in the high-
stress Carmmagua environment
depends upon high and stable
resistance to CB8, anthracnose,
and superelongation diseases,
Evaluation over several seasons
without artificial pest or disease
control is an effective means of
ientifying stable lines.
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Table 3. Negative biotic factors affocting cassava production identified and avaluated in five dif -
forant edapho-climatic zones in Colombia, during 1981 (third cycle).

Rating® in:

Biotic Caribia Media Luna Carimagua Palmira Popayan
factor (ECZ 1) (ECZ 1) (ECZ 2) (ECZ 4) (ECZ 5)
Discasos

Boctenal bligin 2 1 2 0 0
Superelongation disease 9] 1 3 0 0
Concentnic ring leaf spot 0 0 0 0 2
Anthracnose 3 1 3 1 2
Brown leat spot 3 2 2 2 2
Bhght leaf spot 2 1 1 2 0
White leaf spot 3 2 1 0 1
Bacteral stem 1ot 1 1 1 1 0
Cassiava ash 1 1 0 2 2
Maosaics 2 3 0 3 2
Frog skn disease 3 0 0 3 0
Root simallpox 2 1 0 2 0
Root rots 2 1 1 1 0
Choanepliora 3 2 3 0 0
Insects

Cassava hornworm 1 1 1 1 1
Whitefhies 1 2 1 1 1
Thiips 1 1 1 3 1
Lace bugs 1 1 2 1 0
Sheoat thes 2 0 1 1 0
Froat fhies 1 0 ] 1 0
Chrysomehds 0 0 0 2 0
Gall midges 1 1 2 0 0
Tormites 0 1 1 0 0
Stemborers 0 0 2 0 0
Leaf cutting ants 1 1 2 0 0
Seales 0 0 1 0 2
Mitos

Mononychellus 1 1 1 1
Tetranychus 0 0 0 1 0
Oleqonychus 2 1 3

4 Ratngs O not present durmg this cycle, 1.3 = shght to high damage

Some 700 aceessions front the germplasm bank were evaluated
lot reaction to low phosphorus m CEA T-Quilichao: 250 of these
wime aecessions. seleeted tor their gh levels of resistance to
cassitva baeternl biirht (CBB) anthracnose.and superelongation,
were o evaluated m Carmmagoa tor low phosphorus and toracid
wil tolerance A ducet comparison between the phosphorus-
adaptation scores obtamed in Carimagaa with those lor the same
cultivaes i Quilichiao showed @ weak correlations indicating that
tolerance to chimane and hiotie tactors in the ccosvstem s of
preater impottanee thin toleranee to low soil phosphorus. Thus, it
may he mote appropriate to speith ot “adaptation™ (rather than

38  “tolerance™) to low soil phosphorus. as this term more aptly
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Table 4. Root yield of traditional cultivars and selacted F
lines, with and without tertilizer application, in
Carimagua; planted October 1980.

Fresh root vyield {kg/ha)

Without fertilizer With fertilizer
Genotype application? applicationb

Traditional cultivars
Llanera

M Col 638

M Col 1684

W o waw
Sow;
-

N
© ouwm
w vwon

Average

Newer selaections
CM 430-37
CM 523-7
CM 723-3
CM 946-2
CM 996.6

26.4
19.4
21.2
22.9
27.4

RN
© cowonO
ONVYOLD

~

Colombian Best local
national variety with
average tmproved
\ technology

Average 234

a. 500 kg/ha of dolomitic lime was applied.
b. The same as above, plus 750 kg/ha of 10-20-20 (N, P,0,, K,0,
respectively in %).

Location

Media Luna [ ]

reflects the fact that tolerance to low soil phosphorus implies a
high degree of adaptability to the ccosystem. The Carimagua
—— results also showed that the adaptation scores for high acidity were
Natama [k generally higher than those for low soil phosphorus, suggesting
BRI Emans that lack of phosphorus is a greater limiting factor than lack of

AT lime. However, those varieties with good adaptation to low soil
Chugorods [ 71— phosphorus generally were also adapted to high acidity. This is
- Mol due to the fact that high levels of aluminum partially block the
Florencry | — uptake of phosphorus: hence. those varieties with greatest
PR triee o efficieney in phosphorus uptake are also most tolerant to acid
soils.

Some 60 hybrid lines were also included in the evaluations. On
the average. these lines had much higher adaptation scores than
— the germplasm aceessions. The highest scores for both adaptation
Canimagua o< | .M tolow phosphorus and high acidity were obtained with CM 523-7,

g 5237 a line which was also among the highest yielders in the Regional
Trial and Preliminary Yield ‘Trial in Carimagua.
O 6 10 15 In Carimagua, without fertilizer application, the yields of both
Dry 100t yield ¢t “ha hybrid and traditional cultivars were much lower than in fertilized
_ , plots (Table 4). However, the superiority of selected hybrids over
Figure 4. Average yields of dry traditional  cultivars was maintained even at low fertility,
ggzg% if{;%"s’/olcgir:v:ﬁ/e suggesting that yiclq superiority of carefully selcctgq cassava
range of growing conditions genotypes can bg mzuntumcg over a w1'de range Qf fernhty levc_:ls.
illustrate their macrospatial Some 40 of the world's cassava 1s grown in intercropping
stability across three different systems. Cassava genotypes that yield well when intercropped
edapho-chimatic zones. with short-scason grain legumes also yield well in monoculture, 39

Rio Negro

ECZ1 ———

San Martin

14 [ —

—ECZ 2--- -
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The program seeks tachnologies
appropriate 101 multinle uses of
the cassava end-products, par-
ticufarly tor fresh human con-
sumption, or dried and process-
od tor either human or animal

diets.

even though the starch content of the intercropped cassavi is
penerally fess than that ol the monocrop.

Iifferences in weed control can cause important differences in
vield. particulin by mless VIZOTOUS Cissava varicties, which tend to
have hipher vield potential. Thus. in a trial conducted inthe north
coast ol Colombia, the variety M Mex 59 showed stable but low
vields over a wide range ol weed-control management techniques,
whereirs the variety M Col 22 only vielded well with good weed
control. This sitaation also holds true with respeet to such factors
as discise and pest resistance and supgests that, in some Jases,
stahility can only be obtained as a trade-ofl with vield potential.
Nevertheless, results from technology-validation trials suggest
that stable vields can be obtained over a range of different
PEHEEZCIMICHL SYSems (Figure 5).

Root quality. Eating quality is @ subjective  matter;
nevertheless, good cating quality is loosely related to a high starch
or dry-matter content. In recent years, increased importance has
been assigned to the selection for higher root dry-matter content.
Many new selections combine high fresh yield with high dry-
matter content. Table 3 shows results of some of the best sclections
available in Caribia (north coast of Colombia), Carimagua, and
CIAT-Palnuri.

One of the major problems of cassava is its extremely short shelf
lite. As reported in carlier years, two phases of root deterioration
harvest have been identified. Physiological deterioration
after harvest, and microbial deterioration

alter
oceurs 1 to 6 days
follows afterward.

hnproved technoloyy
but no terhihizer

Tradihondl
technology

e e S pcundini

Poor farmer

HIilth_]Q'HH!lll

] M 342170

Hegronal
traly

25 19 H [§] 0 b it

Frosh tont werght [t had

VN e oral trolbs e B e tenhihonal bechinology

Figure 5. A comparison of regional trials and on-farm validation triafs
iMustrates the similarity of response that can be obtained from
cassava when minimally unproved technology (stake selection,
stake treatment, land preparation, and weed control) is used (Media
Luna, May 1981).



Physiological deterioration is positively correlated with root
dry-matter content. Thus, presently available information sug-
gests that a combination of high root dry-matter content with low
root perishability is difficult if notimpossible) to achieve through
hreeding,

Fotal HON content in the roots is negatively correlated with
root dryv-matter  content,  physiological  deterioration,  and

microbial root deterioration. Thus, the higher the HCN content ot

roots, the lower the rootdry-matter content and root perishability.

Phis correlution has been observed through various sets of

genotypes and planting vears. However, individual cases of low
correlations have been observed. thus making it possible to select
genotvpes  that deviate from the general correlation. This
information atlows the Program to visualize genotypes with high
root dry matier content, low HCN. good eating quality, hut short
shell life as a typical cassava type for the fresh market.

Table 5. Most promising cassava hybrids combining high
yvielt's 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)
Newest selections
CM 586-1 1975 45 36
CM 65210 1976 40 33
CM 922.2 1977 42 35
CM 976156 1977 52 33
Local cultivars
Manteca 17 32
Venesolana 13 36
Carimag.a (ECZ 2)
Newest selections
CM 621214 1975 26 32
CM 840-31 1976 19 33
CM 946.-2 1977 28 31
CM 133354 1877 27 38
Local cultivars
Llanera 11 31
M Col 638 14 29
Palmira (ECZ 4)
Newe:ct selections
CM 8831 1977 65 37
CM 981.8 1977 54 42
CM 1006-5 1977 64 34
CM 1016 31 1977 59 39
Local cultivars
Lianera 28 32
M Col 22 36 38
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Integration of Production and Market Development
for Cassava in Latin America

In Latin America, where cassavi
has remained outside the process ot
technelogy deselopment that has
occurred in most other food crops,
pathicelaly the cereal ginins,
peculin virele et
Farmers  will not adopt new
technology lor the crop without
iceess to more stithle mathets, and
indostey will not mvest in cassing
processing without the guarantee ol
lower L poces and a steady crop
supply. Fhis siation s rellected in
the  oparationsl  hypothesis ol
CIATS Program:  that
cissava production s hinnted as
muoch by nuarheting constraimts and
restracted denind as by constraints
on productivity and  larmer
probtaibinn . Foodeal with this
stiation and  to help national
argamizittions break this evele, the
Cissina Program s developing
integrated  cissana projects that
wotrk simultancously on imercasimg
production, imvesting in processing
capacitn,and  developing new
inarket channels

Such nlegration s oan urgent
need osever! aasava-praducing
arcas. such as the north coast ot
Colombia. where the traditional
cassdavi nrarhets are as fresh lood
and for indistiad stiech Duning
the Tast few vears. all attempts to
obtam any substantial increise m
casstvi production for the region
has Jed 1o a market sitnration and
disastioushy low prices tor meis,
One ol the many alternabive tses ol
cassanit s s antual leed. however,
and  CENT s helping the smali
Lumer enter the rapadly er panding
anmimal-feed matket

In 1980, a collaborative venture
hetween CEA T and the Colombian
Integrated  Rural - Development
Propram (DRD was aimtiated as
the  tirst pilot project to
simntanconsdy introduce improved
production and  new processing
technolopy to small-seale farmers.
Ihe tocus s to develop the market
tor doed cassava ddups in the
poultrs and  swine ammid-teed
industry in Colombia, CIAT seien-
tists work onlv omoan advisony

vicious

i

capacity; administrition is handled
by the existing, national organiza-
tion, DRI with  tunding from
CIDA. the Canadian International
Deselopment Ageney.

Preimimany  results to date
suggest that, with current prices ton
cassanae at the farmgate and for
teedgrains at the mill, the invest-
ment  in processing plants s
cconomically feasible, This access
to the animal feed market will
allow spall farmers to increise their
incomes  with the adoption ol
improved production technology.
Once the expansion of the cassava
chip market reaches @ sulficient
momentum, more  cconomy-wide
benefits, including reduced  tood
prices. an improved balance of
paviments, and increased employ-
ment opportunities, are expeceted.

In s fiest 2 vears, the project
completed the experimental and
demonstration phase. A single
chupping and  drying plant was
established by i 20-member cissava
larmer assocition. An operationil
scheme tor the plant was deseloped,
hased on local conditions, and the.
prehmmary cconomie feasibility of
the plant was evaltated. The project
v carrentiy moving into o eplica-
ton and antegration phase. One-
triads of new  production

Larm

technology e being planned,
and the best means tor integrating
the production system with the
processing system are being analy /-
ed. Additional plants are now being
estitblished  with other Larmer
associations, both in the same 7one
and in neighboring departments.
A the same time. an overall
ceonomic sursey of cassava produg-
tion and markets in the Colombian
north coast is heing conducted to
plan the bae s for further expansion
and replicasion of the plants and
production technodogy throughout
the region. A primary gain within
the project hias been the organiza-
tion of such technaology to integrate
the many  small  producers  of
cassivainto an  agroindustrial
operation, The experience gained
also suggests that it might be
possible to undertahe similar pro-

jeets inother Latin Ameriean coun-

tries.

Such  regionally-based.  in-
tegrated projects are considered by
CIAT to be the prime means of
technology reaching the farn Jevel.
These projects will continue in the
next several years and are centritl to
overcoming  the  principat con-
strints  to expanding  cassava
production in Tatin America.

LS F AR RN
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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 categorices.

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 fertilizersto the improved germplasm specifically selected to
perlorm well at low fertility levels.

Long-term fertility trial. A long-term fertility trial established
in CIAT-Quilichao in 1977 completed its third consecutive
planting of cassavi in 1981, 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 yiclds.

Mycorrhizal association. In the recent past, it has been amply
demonstrated thad a mycorrhizal association is essential for
normal growth of cassava in soils with low phosphorus
avatlability. In 1981, this association was studied in more detail to
determie the factors influencing  mycorrhizal infection, to
identify inexpensive and  effective methods and sources for
moculation, and to examine the effect of mycorrhiza under field
conditions,

[rials conducted in 1981 showed that plants inoculated with
mycorrhiza absorbed phosphorus more eflectively than did
nommocualated plants. The low level of observed host specificity
and the fact that both the soil and the roots of mycorrhizal plants
can be used as inoculum indicate that the choice of an appropriate
source ol inoculalum depends mainly on convenience. Also., it was
found that regardless of length of inoculum storage (i.e.,upto 3
weeks) and  quantity of inoculum  used. all methods of
inoculation were  effective in increasing  production and
phosphorus abhsorption.

While an inoculation response in nonsterilized soils under field
conditions has not yet been demonstrated, it is expected that in
soily with low or inefficient native populations of mycorrhiza,
moculation with highly efficient mycorrhizal strains will have a
significant etfeet on yield increases and will enable cheap, low-

grade sources of phosphorus to be used elfectively. Even if

Relative yield (%)

1GOF 1st year
140
120
3rd year
100
()] 1 ! I

006 100.87-125 200-175.240
N P K application (kg ha)

Figure 6. The residual effect of
various levels of fertilizer
application shows, for all
treatments in Quilichao, a
decrease in yield in the second
and third years, pointing to the
need for fertilizer application
with each consecutive planting
of cassava.
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inoculation under tield conditions should prove to be ineffective
or impractical. the mere tinding that mycorrhiza play a crucial role
in phosphorus absorption in low phosphorus soils is likely to lead
to the development of management practices that maximize the
heneticial effect of the native mycorrhizal population,

Plant Protection

Control of discases and pests can be obtained not only by use of
host plant resistance but also by management practices. Frogskin
disease, tor example. is spread from region to vegion by use of
infected cuttings. 1t was found that clean cuttings can be obtained
by thermotherapy of infected plants from which clean meristems
can be obtained. These can later be multiplied for distribution to
tarmers.

For international germplasm exchange. sexual seeds are
extensively used and are a relatively safe form of moving
germplasm.  However, cassava bacterial blight (CBB) can be
disseminated via infected seeds. Dry heating of infected sceds
(60 C tor 14 days) not only tends to break dormancy but also
chminates CBB.

I he mealy bug ( Phenacoceus herreni) causes severe damage and
vield losses in parts of Latin America. At present, levels of varicetal
resistance are not sutlicient to adequately contain a severe
outhreak of the pest: however. a number of potentially useful
natural enemies were identified and will now be evaluated to seeif
they can be effectively used for control.

Technology Testing

Testing new cassava technology is a continuous process that
includes both (1) regional trials in selected sites representing cach
ol the edapho-climatic zones and (2) on-farm evaluations to
observe crop performance in the context of realistic resource and
marketing constraints on the production level. The results of
technology evatuation are continuously fed back into the
technology design process.

Regional Trials

The seventh testing cvele for promising CIAT selections under
improved. low-input technology was completed in 1981, Included
in this cvele were nine trial sites in Colombia. The average dry-root
yield of the new materials was 8.6 t/ha per year--which is nearly
three times the national average of some 3 t/ ha per year (Table 6).
The average vield of the best local cultivars was 6.5 t/ ha per year.
These data reconfirm carlier obtained information that by
adopting sin_ple, improved cultural practices a doubling of yields
with existing cultivars is possible,




The mealybug species Phenacoccus herrenj /s causing severe
damage (right) to cassava in the Americas. Numerous natural
enemies have been identified and are being investigated for their
elfectiveness in controlling mealybug populations. Ocyptamus
stenogaster {top. far left) and Chrysopa sp. (bottom, far left) are
successful predators of eggs and larvae; Kalodiplosis coccidarum
(left) is an eflicient predator of the eggs.

Table 6. Yield of promising ICA-CIAT cassava varieties and hybrids at nine edapho-efimatic locations

in Colombia during 1980-1981 regional trials.

Dry-root yield (t/ha)

Media Rio- San Average

Luna negro Nataima Carimagua Mertin ChigorodoFlorencia Palmira Caicedona yieldb
Categorya (ECZ 1)(ECZ 1) (ECZ 1) (ECZ2) (ECZ2) (ECZ3) (ECZ 3) (ECZ4) (ECZ4) (t/ha)

Highest

yieiding

hybrid or

viriety in

each sitec 123 138 13.2 9.0 9.6 129 9.8 14,6 21.3 129

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 16.4 8.6

Best local

variety

In each

sited 5.6 6.3 94 2.1 4.6 6.0 6.4 5.2 13.4 6.5

a.Number of vanetes tested at each sie ranged from 13 to 23. One local vanety was tested at each site.

b.Colombnan national average dry-root yield s approximately 3 t/ha with traditional technology (equivalent to
approximately 11 1 ha fresh root yield)

o Highest yielders for Media Luna, M Col 1684, for Rionegro, CM 507 37, for Natawna, CM 507 37; for Carimagua, CM 523 7,
for San Martin, M Mex 59, for Chugorode, CMC 40(M Col 1468); for Florencia, CM 507 37: for Paltmira, CM 489 1;
for Concedoma, 1ICA HMG 1

d.Best local varieties  for Media Luna, Secunding, for Rionegro, Venesolana; for Nataima, Venezolana; for Carimagua, Llanera;
for San Marun. Tempranera, for Chigorodo, Patepaba; for Florencia, Caquetena; for Palmira, M Col 113; for Caicedonia,
Chitoea Galhinaza
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The average  vield of selected lines evaluated in all sites was
9.3 t/ha per vear. This finding suggests that yield improvement of
more than 2000 may be expected by adopting improved
management practices and an improved CIA | selection.

As s shown in Lable 6. the average vield of CIA | selections was
higher than the vield of the respective best local cultivars inall trial
sites. Since these trial sites represent edapho-climatic zones |
(Media Luna. Rionegro, Nataima), 2 (Carimagua). 3 (Florencia),
and 4 (CTA Y Palmira. Caicedonia). it is clear that current CIA I
technology  which includes selected hybrid lines and proven
older selections — covers a very wide range of geographic areis at
altitudes up to 1300 mask (Presently available CIAT-bred
genotypes are not as usetul in the highland tropics and the rain
Forest arcas: however. efforts are underway to develop improved
materials tor theme).

The average vield of the best-performing CIA selectionineach
location is 12,9t ha per vears this is approximately four times the
national average and suggests that by further seiccting among
CIA T lines in cach location, up to 4007 ¢ of nationalaverage vields
can be obtained in a broad range of environmental conditions
without the use of irrigation, heavy fertilizer application. and
dependence on chemical control of discases and insect pests
(Figure 7).

During the 7 years of regional trials in sites below 1300 masl, the
average vield of local cultivars in all locations stayed about
constant while the average vield of all CIAT genotypes increased
slightly but steadily. and the best CIA T genotype (i.c.. average of
the best-performing CIAT genotypes in cach location) increased

Dry root yueld (U ha year)
15

129

Best-adapted CIAT
genotype with low-input,

improved cultural
10 93 practices
Average CIAT genolypes

with low-imput,

65 ) improved cultutal
'Exlslmg local culuvars  pracuces
sl with low-input,
improved cultural
372 practices
National average
yield
oL

Figure 7 Stepwise unprovement from traditional varieties to the
best-adapted CIAT genotype provides up to @ 400% increase in
cassava yield (Calculated trom regrona’ trials 1980781, in nine
locations, see Table 6.).
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signilicantly (Figure 8). This reflects the cumulative advances Figure 8 In 7 years of regional
achieved by the overall selection strategy of the Cassava Program.  trrals at nine experimental
The germplasm accessions and hybrid lines that have been locations in Colombia (see Table
identified as promising in the various evaluation sites are being 6/ the average yields of the best
sent to interested national programs in the form of tissue culture, CIAT genotype increased steadi-
Also. these genotypes are frequently used in the hybridization ¥ wihile: the average of local
o . . AR, cultiviars remained constant.
programs. both at CIAT and elsewhere.
Perhaps the most suecesstul way of obtaining clones for each
particular region is for national programs to sclect their own
hybrids. This process is in progress in several countries. In
Thaland hybrid seeds from crosses made at CIAT by Thailand
seientists in cooperation” with the CIAT program have given
excellent results when selected under  Thailand conditions.
Regional trials in Thailand. for instance. show the superiority of
Huay Pong S.a CIAT hybrid (CM 305-13T). sel~cted at the Huay
Pong experiment station. Th: control line Rayong | is grown on
more than 1 million ha (Figure 9).

Fresh root yield (1 ha)

Rayong 1
. Huay Pong 5
30 J
20
10p=
Figure 9. A hiybrid CIAT cassava
line, Huay Pong 8, developed in
Thalland, outyielded the hest 0 5 . L
local cultivar at all sites. (Source: Khon Khaen Ban Ma Huay Pong Average

C Tiraporn). Site
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Reseiteh results are normally very dafterent from those thatcan
he obtaned by simalt tarmers. A companson between the regiona!
(rials and on-Lrm evalwation toals shows that i cassavit, with the
simple technoloey that has been developed. there need not be an
miportant pap between serentist-maminred  regronal trials and
Comer-manaeed plots, even when the farmer s considered to use
rather poor manapenment practiees, Lhe high fresh weight vields
obtained by Lrrmiers m thisextremely poor seiband very dry area
cleanly demonstrate cissina’s potential role as o basic calorie
source from marginal agricultural dreas.

On-Farm Evaluation

A principal objective of the Progran’s tarm-ievel trials is to
anderstand the determinants of the productivity of traditional
cassiva cropping svstems. A dominant hypothesisis that yields do
not vary on the basis of dittering levels of mputs, but. rather, on
the basis ol varots managenent factors (such as soil fertility
manapement,  crosion  control stake  management. tme  of
hatvest). most of which do not require purchased inputs but are
mfluenced by such farmimgesystem factors as labor and land
constiamnts and such market-svstem tactors as seasonal output
prices, aceess to matkets, and previlent wage rates,

o 1981, the tarm-evet toals conducted in the north coast of

Colombra and 1n Mondomo (i region some 80 kilometers south of
Calty tocused on the mteraction between productivity and
plantimg harvesting time, Results showed that cassava vields vary
markediy with tme ol planting and particularly with time of
fivesting. I general, cassavi wis observed to be harvested
carhier than what mav be considered optimum due to prevident
Girnntng- and marketng-system constriaings. To the extent that
alternatne  markets  and  smallscale  processing units are
developed  there will be scope tot substantial efticieney gains
throueh better himKages between cassava production and process-
1 SVStetis.

e farm-level trials were also suceesstul in shedding light on
the 1sstte of market sepregation through varieties with ditterential
vield and quality charactensties. In peneral. varicties suitable tor
the Tresh nueket should have a dry-matter content of at least KR
and therr evanide content should be less than 200 ppm. I'he on-
frm trals clearly demonstrated that soil ferulity is a most critical
determinant of cissavir quahty. These and similar findings provide
an explanation why hirh-quahtyv cassava production 1s often
concentrated in o high-productivity zones. Thus, i cassava
production tor the tresh market is to he maintained while
capanding output for ndustrial production, three alternative
strategies suggest themselves:

The farm-level trials seek (o
understand the determinants of
productivity of traditional
cassava cropping systems. The
end strategy méay well be
specialieed production for the
lreshmarket inprime land areas
and for the mdustrial market in
marginadl areas.



* Development of dual-purpose varieties with the requisite
quality characteristics when produced under marginal
conditions;

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

® Specialization of production for the. fresh market in
prime-land arcas and for the industrial market in marginal
areas.

The strategy sclected 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. Itis important to note that selection for
industrial markets and for the fresh or processed food marketsare
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
for food use.

An Epilogue

While cassava’s high carbohydrate production potential per unit
of land or labor. and its adaptation to more marginal agricultural
conditions make the crop a basic rural staple, the high
perishability after harvest and its high bulk-to-value ratio reduce
cassiva advantages over grains with their relatively low marketing
costs. Thus, in Latin 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
potentinl  However, for cassava to become competitive in the
princif... growth markets -especially the animal-feed market and
the composite-flour market ~will require substantially lower
tarm-level prices. Given the generally low yields in Latin America,
improved production technologies will be necessary to reduce
costs sufficiently to profitably supply these markets. Cassava's
exploitation of these new markets will allow tropical Latin
American countries to reduce the very large imports of feedgrains
(and possibly wheat) at minimal cost to the cconomy in that
cassava expansion will utilize unexploited land and absorb part of
the pool ol unemployed laborers. However, any possible
expansion ol the cassava area and increase in productivity for
industrial purposes (mainly animal feed) will not be feasible if (1)
new. improved technology does not reach the farmer level and if
(2)drying, processing. utilization, and commercialization does not
receive increased attention all over the cassava world, particularly
in Latin America.

New technology must
reach the farmer level,
and more anention
must he paid 1o im-
prove particular
production practices.
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Use of the new rice
varicties for irrigated
conditions has resulied
inan average of o2
tons more rice per ha
and has provided the
means for nearly all
Latin American conn-
tries to reach self-
sufficiency in rice
supplv.

'ﬁnz CIAT Rice Program —physically the smallest of the four
commodity research efforts -assumes regional responsibility for
the Western Hemisphere. The Program collaborates closely with
the global rice research effort of the International Rice Research
Institute (IRR1), headquartered in the Philippines. From the very
beginning of CIAT, excellent collaboration between the CIAT
Rice Program and the Colombian Institute of Agriculture (1CA)
has enabled rapid progress in adapting the new high-yicelding rice
varieties to the agronomic and consumer preference conditions in
Latin America. These cooperative efforts have resulted insome 35
dwarl 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 systems. In conjunction with improved cultural practices,
use of the new varieties has made it possible to obtain an average of
1 to 2 tons more rice per ha and has provided the means for nearly
all Latin American countries to reach self-sufficiency in rice
supply.

Onc objective of the Rice Program is to develop germplasm-
based technology designed to overceme the principal constraints
to increased production of irrigated rice. Recently, another
component was added: the development of new germplasm-based
technology for the region’s more favored upland rice ecosystems.
e prmcerpal research strategy to reach this objective is varietal
improvement to produce rice hines with higher yield potential,
better tolerance to adverse environmental factors, and improved
resistance to diseases. Great importance is given to strengthening
of national rice research programs through training, consultative
visits, and support within the active rice network, which has been
growing in the last 15 years.

Improved rice lines are passed to collaborating national
programs through international nurseries of promising materials.
Countries evaluate and seleet from these nurseries the most
promising materials for direct seed multiplication and distribution
to rice producers or for use as parental materials in their own
national breeding programs (Figure 1),

SUMMARY OF
ACHIEVEMENTS

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



promising materials are tailormade to the needs of given countries,

Much of the rice-improvement work continued to be directed at
finding more 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 new,
highly tolerant line: 5738. This line has alrcady been launched as a
new variety by several collaborating countries.

The year 1981 saw the initiation of a modest rice-improvement
effortin support of upland cultire. 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
scene in Latin America. At this time, the biological constraints to
upliand rice production have been charted, the research priorities
have been set, and promising parental materials have been
identified.

N

International Nurseries
— for Latin America: @
VIRAL-T VIOSAL

VIOAL VITBAL
_ VIOAL-SNF VIRAL-F

Parental matenals
from IRRI and national
programs  throughout

Latin America.

1.5, million ha
cultivated J
with new,

improved rice

varieties from CIAT.

[
\ T
Figure 1. CIAT's Rice Program receives germplasm from Latin American countries and from Asian
countries (the latter through IRRI) and evaluates and breeds materials for use in the Latin American
international nurseries. Countries select seed from these nurseries, multiply, breed, and

distribute within their own boundaries. Today, 1.5 million ha of land are cultivated with new,
Improved varieties from CIAT

a. VIRAL-T Medium-duration varieties
VIOAL: Early, medium, and late-maturity varieties (irrigated or favored upland)
VIOAL-SNF  Unfavored upland varieties
VIOSAL. Adapted to sahimity and alkalinity
VITBAL Adapted to low temperatures germplasm from IRRI

VIRAL-F: Adapted to semi-deep water 53



Rice Improvement

Irrigated Rice

In 1981, breeding etforts for irrigated rice continued to center on
achieving vield and production stability through the development
of improved varieties that combine good grain quality and
resistiance or toleranee to the major common biological con-
traints. The rice blast discase caused by Pyricularia oryzae, the
“hoja blanca™ virus discase, and the planthopper Sogatodes
orvzicola are the principal problems in Latin American countries,
Other damaging discases are leal scald caused by Rhyncho-
sporium orvzae and sheath blight caused by Thanetephorus
CUCHINETLS,

Following is a status report on rice-improvement projects in
progress. Aspects related to breeding for disease resistance reflect
the interdisciplinary work of the Program’s efforts in breeding and
pathology.

Rice blast. Durable resistance to rice blast discase has
continued to be clusive. Diverse  genetic strategies such as The Rice Program is developing
pyramiding ol major genes, concentration of slow-blasting germplasm-based technology
components, and combination of vertical genes with slow-blasting designed to overcome the

characters are used to exploit the possibilities of obtaining durable principal constraints to increased
production of irrigated rice.

resistancee.

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

Cultivar Country of origin (%)a Panicle blastb
Ram Tulasi india 0 0
W.R.C. No. 4 2 0
Sornavari India 0.4 0
NP-97 India 1.6 0.3
El Golper US.A. 0 01
Huan-Sen-Goo China 0 0.2
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. Leaf area affected evaluated 60 days after planting.
54 b Pancle blast seventy: 0= no disease; 100 = maximum disease.



To broaden and diversily sources of resistance to rice blast
discase, the Rice Program continually searches for new potential
donors of blast resistance. In 1981, the materials listed in Table |
were wdentitied as promising sources pending further tests to
contirm their resistancee.

A Pyramiding of mujor genes. As highlighted in ecarlier reports,
alter extensive testing of 12 promising pviamided lines. four of
these lines (5738, 5685, 5709, and 5715) were selected for further
cvaluation. By the end of 1981, various countries including
Colombia  were recommending release of one of these lines,
STIS.as a new variety, This particular line has markedly better
resistince to blast, better grain quality, and carlier maturity than
CICA S8 the latter a most successtul commercial standard
released in 1978 by the CIAT, ICA collaborative rice rescarch
ctiort.

Anadditionad 16 new, advanced pvramided lines were evaluated
mrephicated vield trials at two ditferent sites at CIA T-Palmira and
at the 1CA La libertad station in Meta (Colombia) where
cmvironmental conditions favor sereening against the rice blast
discase. Seven of these new lines vielded equally well as CICA 8.
These seven advanced lines are now being purified for further
testing in regional trials.

Some 73 advanced breeding lines resulted from a breeding
project that sought to combine two sources with resistance to blast
(i.e.. Line 3440 and CICA 7) and were evaluated in 1981 in yield
trials at CIAT-Palmira. Based on yield potential, grain type and

Table 2. Yield and grain quality performances of eight advanced rice breeding lines selacted 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 (%)

Line no. Parontsd {t/ha) occurrence D whole grain Total

11377 4440 By 902  CICA 7 85 02 60 67

11373 4440 By 902  CICA 7 84 04 55 64

11292 4440 By 902  CICA 7 83 08 54 70

116589 d440 Bg 902 Tetep 82 06 54 65

11295 4340 By 902 Clca 7 80 08 59 69

11458/ 4440 Bg 902 Tetep 8.0 1.0 54 67

11219 CICA 4 By 802  Tetep 8.0 08 54 70

1677 4440 By 902 CICA 7 /9 1.2 60 70

CICA 8 (Control 82 1.0 53 64

Metica 1 (Contral) 70 08 66 64
O B S Wt s i patent then by \)pTV\~-r(|(||'|\ cromsed ""”," vath dddn or (1I0n 4

LA messure don a scate ot Q- Gramsvithout chialiky kerneih o b s Aram vatiseenercompietely chalkylevisiuated atUCA-Liy Libertad Meta. Coloming,

swhere chenatic coniitions favor Winte Betly incidence
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quality, and resistance to lodging. blast, and the Sogatodes plant
hopper, 20 lines were seeeted to be issued for regional trials as well
as in the network ol the International Rice Testing Program
(IR1P) for Latin America. The seven top yielders of these 20 lines
all surpassed 8t ha at CIAT (lable 2).

B. Combination of slow-blasting characters. Slow-blasting
characters include such attributes as relatively long latent periods
from inoculation to infection and from infection to sporulation,
fewer and smaller lesions, and reduced sporulation --all of which
are considered to constitute rate-reducing, or horizontal,
resistance to rice blast disease. Progenies resulting from an on-
going breeding project in which slow-blasting components are
transferred to adapted, susceptible varicties now have reached the
IF4 and 15 generations; the evaluation continues.

C. Combination of major genes with slow-blasting components.
The combination of vertical resistance (i.c., major genes) with
slow-blasting components (i.c., minor genes) is believed to provide
increased stability of the resistance mechanism to blast. A
breeding project that uses the Surinam variety Camponi as a
source for slow-blasting characteristics and a natural mutant of
line K8 from Sri Lank: as a source of vertical resistance is now in
the I°s generation. Most of the more than 900 selections were
characterized by good plant type, long grain, and stiff straw.

One o( the breed/lfg strategies in the fight against rice blast disease (inset, left) /s the pyramiding
of major genes to include disease resistance. One of these lines, CIAT 5738, has already been
released as a new variety in various countries.



D. Backcrossing for conceniration of slow-blasting  com-
poners. Breakdowns of varietal resistance 1o rice blast discise
often have been attributed to the failure of varieties to capture the
entire: complement ol genetic factors for resistance from their
respective parental sources. Many of the sources forslow-blasting
characters are from tall, upland types. While backcrossing (o tall
donors s an adequate saleguard against genetic dilution. J* runs
the rish ot leading to an unproductive plant type. Efforts to
transter an adequate load of the genetic conmiplement of the tall
donor sourcees through single backcerosses are underway. A project
that involves tour donor varieties as recurrent parents was
complemented by another that involves two different resistance
sourees (e, single crosses between a dwarf and a tall donor top-
crossed toa second. different donor). In 1981, 24 backcrosses
mvolving three Surinam varieties and one Brazilian variety as
recurrenl parents were plinted and harvested to be advanced to
the B: I generation. And Fy populations from 21 crosses top-
crossed toa second parental source were planted and harvested to
be advanced to the I+ generation,

Earliness. Scveral important rice-producing zones in Brazil,
Colombia, Panama, and Venezuela need carly-maturing rice
varicties (105-115 days) to redice irrigation costs. facilitate
multiple cropping, and evade the negative effects of spells of cold
weather. Froma total of some 60 advanced breeding lines derived
from a breeding project for carliness, over 20 lines were selected in
98T to be advanced to regional trials. The selected lines are
chiaracterized by excellent grain quality and plant type and by
resistance to blast, “hoja blanca.™ and Sogatodes. Further testing
of these lines should identity substitutes for IR 22, although it
remiins . popular because 1t has excellent grain quality, is
susceptible to “hoja blanca™ virus, is moderately susceptible to the
Sogatodes planthopper, and lacks carly vigor, a trait essential for
competition against weeds.

Mutation breeding. Most of the donor parents of broad-
spectrum (1., horizontal) resistance to rice blast discase are of a
tall. undesirable plant tvpe with poor straw strength, thus
rendering them unsuitable as recurrent parenis for backcrossing.
Dwarling such tall donors through irradiation should eliminate
their limitations as recurrent parents. ‘Through a collaborative
mutition breeding project with the lnternational Atomic Energy
Commission in Vienna, 83 dwarfs were selected from the lines
Tetep. Tadukan, Moroberekan, OS-6, TAC-25. and Tapuripa.
Therr stature varies from typical dwarf to intermediate type. The
selected  dwarls, together with their parents, are undergoing
eviduation tor blast resistance. During 1981, an additiona) 112
dwart mutants from MI-48. Colombia 1. PI-184675. Carreon,
Bahagia, and a deep-water rice variety, were sclected and
evilited.

Breeding for early-
maturing rice resulied
in 20 hnes advanced 1o
recronal trials in Brazil,
Colombia, Panama,
and Venezuela.
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Favored upland rice is grown on
fertile, alluvial, and deep soils in
Central America. Rice varieties
with roots that can penetrate to
lower soil depths are desired
because they take advamtage of
available soil moisture and
readily withstand dry spells.

Upland Rice

More than 700 of the total land area devoted to rice production in
Latin America is sown to upland rice. While some four-fifths of
the total upland area in Latin America is in Brazil, important
upland rice-growing areas also oceur in Mexico, Central America,
Bolivia. Colombia, Ecuador, and Venezuela. Average yiclds of
upland rice, at L4t ha, are very low.

Recognizing the importance of upland ricein the regionand the
potential contribution of concerted research on upland rice
culture, C'AT expanded its rice-improvement program to include
this sector. An upland rice breeder was added to the Rice Program
in carly 198i, and other disciplines will be added as financing
permits.

Upland rice-production systems. Upland rice in Latin
America represents a broad continuum of ecosystems, ranging
from very low to moderately high levels of productivity. Although
these ccosystems are difficult to separate, CIAT has decided to use
the lollowing working definitions of upland production systems to
delincate  different yield constraints, potential productivity,
breeding objectives, priorities and economic profitability:

e subsistence;
e moderately to highly favored, mechanized; and
e untavored, mechanized.

. Subsistence upland rice. This production system is located in
remote arcas 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
wide plant spacing, demands the use of native varieties, and
prohibits use of purchased inputs. CIAT does not stress research
for this production system at this time because it i estimated that
rescarch on this system could only result in a minor contribution
to rice production.

B. Moderately to highly favored upland rice. Highly favored
upland rice is confined to relatively flat arcas with good rainfall
distribution of over 2000 mm during a 6- to 8-month period. Soils
are normally alluvial, slightly to moderately acid, and well
drained. Major yield constraints are grassy weeds, blast, leaf scald,
and lodging for some varictics. Modern dwarf varicties are doing
well in this production system.

Moderately favored upland rice is found in Central America
and large arcas in sub-Amazonia Brazil; it has a shorter wet
season, less raintall, and short dry period during the rainy season.
In some areas. soils are somewhat less fertile than in highly favored
upland rice arcas. Dwarl varicties are suitable for the arcas in
Central America; in Brazil where drought stress and mineral
deficiencies are more severe, the use of tall varieties is predomi-
nant. Blast, leaf scald, mineral deficiencies, and grassy weeds are
major constraints to rice production in this production system.



Recognizing the im-
portance of upland rice
in Latin America and
the potential contribu-
tion of concerted
rescarch, CIAT ex-
panded its rice-
improvement program
1o include the upland
rice sector.
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Increased production in the small-farmer sector in upland rice will provide
total rice production in Latin America.
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The CIAT breeding objectives for highly favored upland
conditions are somewhat similar to those for irrigated conditions,
viz.: to obtain high yield potential in plants with intermediate
plant height, yood ecarly vigor, and intermediate tillering ability,
tolerance 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 moderately favored 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 potential
of 2to 3 t, ha; stable yields (with particular attention to tolerance
to blast, aluminum toxicity, phosphorus deficiency, leaf scald, and
Sogatodes); intermediate plant height, tillering ability, and deep
root systems; and good eating and milling quality.

C. Unfavored mechanized 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,
and low average yields (about | t/ha). Drought stress and blast
disease arc aggravated by problems associated with highly acid
soils characterized by aluminum toxicity and/ or phosphorus and
zinc deficiencies. CIAT has no immediate plans to engage in
research on this production system.
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Preliminary in-
dications are that
significantly less sulfir-
coated wurea than other
Sorms of nitrogen fer-
rilizers is necded 1o
achieve the saume vields.

Evaluation of segregating materials. Over the last few
years, the [CA; CIAT cooperative rice-breeding program has
made o lnge number ol crosses tivolving upland vinaeties lor
the development of materials that will be suited to upland and
irrigated cultures. Some of the upland varieties used were IRATS,
IRAT 13, Line 63-83, Moroberekan, 0S-6, Azucena, IAC 23, and
IAC 25. Progenies ol these crosses were evaluated in Meta under

upland conditions and high discase pressure (t.c., neck blast, leaf

scald, and Helminthosporium). In 1981, 42 ), populations were
evaluated, and over 700 single plant selections were made from 27
of these populations. These plant selections are to be planted in
1982 in three-row plots and evaluated for grain quality, resistance
to Sogatodes and blast, and plant characters. In addition, a large
number of carly-generation populations were planted and mass-
selected for advancement to higher generations,

At the same time, some 150 advanced breeding lines from the
breeding project for irrigated rice were evaluated in replicated
trials under favored upland conditions. Based on discase
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
the high cost of such fertilizers calls for identification of more
clficient sources and application methods. Results from ex-
periments conducted in 1981 with different forms of urea (i.e.,
prilled. forestry grade, supergranular, sulfur-coated) and am-
monium sulfate show distinet advantages of the sulfur-coated
form of urca in irrigated rice-production systems when the
complete dosage of nitrogen is applied at planting. When one-
third of the nitrogen fertilization was applied at planting and two-
thirds when panicle growth was initiated. all sources of nitrogen
proved cqually effective. However, there are preliminary in-
dications that with this application method., significantly less urea
of the sulfur-coated type is needed to achieve the same yields as
with other forms of nitrogen fertilizers.

Nutritional requirements and response to nitrogen
application. A scrics of experiments was conducted 1o establish
nutritional requirements and response to nitrogen application of
four varictics (CICA 4, CICA 8. Metica 1. and Metica 2) and of
four promising lines (5738, 5685, 5715, and 5709). The order of
requirement for the major and mine, elements of the materials
tested was silicon, nitrogen, potassium. calcium, phosphorus,
magnesium and sultur, iron, manganese, zine, boron. and capper.
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Figure 2. Several CIAT rice lines showed relatively high yields
without nitrogen fertilizer, vthers showed variable response rates to
applied nitrogen. The Rice Program is searching for varieties 10
combine high yields without N applications and acceptable response

to applied N.

A comparison ol yields with and without the application of 200
kg, ha of nitrogen (Iigure 2) showed relatively high yields without
any application ol nitrogen fertilizers. Variable response rates for
cach additional kg, ha of nitrogen applied ranged from 2.13 kg of
rice (Line 5709) to 8.44 (CICA 4).

Upland rice in soils with high levels of aluminum. Two
traditional varieties adapted to upland acid soils (Monolaya, a tall
Colombian varicty, and 1AC 25, a tall Brazilian varicety) were
compared with two modern rice varietiesadapted to irrigated acid
soils (CICA 8and Metica 1). Monolaya and IAC 25 were shown to
be vastly superior 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
calcium. and minimum-tillage management conditions.



Varieties and planting methods in saline soils. Certain soils
in rice-growing arcas have high contents of sodium and calcium
salts, making them inadequate for agricultural use. With rice,
however, crops may be ecconomically prod- :ed when these salts
are being leached. An experiment was conducted with the objetive
of compiring yields of six rice varieties when grown in sodium-
saline soils. Inaddition, we considered the best planting method,
compared direet planting with pregerminated seed. and deter-
mined three ages for transplanting, The date for transplanting was
chosen to avoid high soline content in the soils during the plant’s
first stages of development, when it is most susceptible. Before
transplanting. the plantlets were kept in a normal soil seed bed.

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

Fiqure 3. Varieties adapted to
acid, upland rice soils (Monotaya
and IAC 25) were superior to
varieties aaapted to frrigated
s01ls (CICA 8 and Metica 1) in
terms of roat development.
These virieties were
recoirmended for crosshreeding
for use i upland sorls.

Yield (t paddy rice  ha)
10

Figure 4. Transplanting rice at
45 days of age gave higher
yrelds on saline soils than
earlier tansplanting or direct
seeding.

Vanety

» D Transplanted at 15 days
8 r _ Direct seeded

R332

IR 2153-26
3-H-2
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International Rice-Testing
Program for Latin America

This program forms part of the worldwide International Rice
Testing Program (IRTP) coordinated by IRRL In 1980, CIAT
received a totil of some 1600 entries from IRRT for evaluation,
selection, and distribution. These nurseries were rated at CIAT-
Palmira in carly 1981 for Sogatodes resistance, grain quality, plant
type, and lodging. A total of 358 promising entries were selected
forinclusion in the 1981 IRTP nurseries tor Latin America. Added
to these selections were 264 promising lines from previously
distributed nurseries and 67 entries from the CIAT/ ICA breeding
progran.

These promising materials were assembled in 14 nurseries (8
yvicld nurseries and 6 observational nurseries), and 297 sets of these
nurseries were distributed to cooperators in 24 countries in Latin
America and the Caribbean.

Collaborators at the national level value the IR TP nurseries asa
means to obtain new, promising lines that have been pre-screened
and assembled in packages to meet the particular needs of given
rice-production environments. As shown in Table 3, a total of 19
countries have selected a relatively large number of lines from the
1980 1R TP nurseries tor Latin America for further yield trials or
for use in their hybridization programs,

During an IR TP workshop held at CIAT in August 1981, a total
ol 39 delegates from 18 collaborating countries analyzed the
progress of IRTP activities in the region during the last 5 years.
Conclusions reached indduded:

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

o The CIAT Rice Program already has available many
advanzed materials to meet most of the needs of national
programs in the region.

e Many national programs have progressed to the point
where they have available materials that can be shared
with other national programs via the IRTP network.

It was agreed that starting in 1982, the IRTP for Latin America
should be composed of the following nurseries.

o International Rice Yield Nursery with medium-duration
varieties (VIRAL=T) to be planted under both irrigated
and favored upland conditions.

o International Observational Nursery (VIOAL)-—to in-
clude promising entries of carly, medium, and late
maturity; resistance to principal diseases of the region; and



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

Entries (no.) selected for:

Country Yield trials Hybridization
Argentina 2 0]
Bolivia 3 0]
Braazil 7 24
Chile 0 5
Colombia 0 38
Costa Rica 44 0
Dominican Republic 13 0
Ecuador 19 0
El Salvador 4 0
Guatemala 9 0
Haiti 10 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.

¢ Imternational ~ Observational Nursery for unfavored
upland ecosysteims (VIOAL-SNF)—to include materials
from Asia, Aflrica, 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.
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The aint ix 1o develop low-
cost, low-input pasture
rechnology adapted 1o
ccological conditions and
prevalent furming systents
I various regions.
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S()Ml? 850 million hectares, or 4205, of the Jand area in the
tropical Americas, are acid, infertile soils (Oxisols and Ultisols) -
nearly one-third of which is comprised of savar nas. Itis for these
large and as-yet-underutilized land resources that the CIAT
Tropical Pastures Program is developing pasture-production
technology. The goal is increased cattle production, with the
further expectation that the resulting infrastructural development
will provide the basis for opening these land resources to
agriculture in general. At the same time, this increased production
is expected to contribute to the availability of proteins in the diets
of people in tropical American countries where both high- and
low- income families spend a large and significant portion of their
food budget on beet and milk products.

Stocking rates and animal productivity in the acid, infertile soil
regions of the tropical Americas have traditionally been low. The
current average stocking rate in the savannas is 0.12 animals. ha;
and animal productivity. even on the best-managed native
savanni, is only about Y5 kg of liveweight gain. animal. year, The
constraint to increased production is the lack of high-yielding
pastures that are adapted to the harsh soil, chimatic.and biotic
conditions and which can provide animals with a year-round
balanced diet of energy and protein.

Recognizing that nutrition is the key to improved beef
production in the savannas, the Tropical Pastures Program
concentrates its elforts on the development of low-cost, low- input
pasture technology adapted to ccological conditions and compati-
ble with prevalent farming operations in the different regions, The
Program pursuces this objective by:

o sclecting pasture germplasm adapted to the soil and
emvironmental constraints and tolerant to prevailing pests
and discases:

o assembling the germplasm materials into persistent and
productive legume-hased pastures;

o integrating improved pasture technology into biologically
and cconontically etficient animal-production systems.

As deseribed in carlier reports, the Tropical Pastures Program,
using such parameters as climate, land slope, and soils, has
classified the acid, infertile soil regions of tropical America into
five distinet ccosystems:

o well-drained. isohyperthermic savannas, as represented by

the “Llanos™;

o well-drained. isothermic savannas, as represented by the
“Cerrados™

e poorly drained savannas;

® semi-evergreen seasonitl forests;

o tropical rainforests.

This classification system serves as the basis for the research design
to improve production technologies. Because of the marked
interactions between pasture, germplasm and ecosystem, tropical
pasture  development is  being  generated  considering  the



characteristics of cach ccosystem. To date. the Program has
focused primarily on the well-drained savannas and maintains
research teams in cach of the (wo ceosystems representing the
sivannas: o the "Llanos™ ecosyvstem, at the Carimagua Research
Center a station jointly managed by CIAT and ICA: and in the
SCertados™ ceosystem, at the Agricultural Research Center for the
Cerrados (CPAC)  a research station of the Brazilian Institute
for Agricultural Research (EMBRAPA) near Brasilia. In the
remaining three ccosystems, and within the International I'ropical
Pasture Exvaluation Network., national programs and the CIAT
Tropical Pastures Program maintain an extensive system of
regional trials for the evaluation of pasture germplasm,

Inaccordance with the three sequential sets of activities through
which the Program pursues its objective, the Tropical Pastures
Program is erganized into three nterdisciplinary rescarch units:

® geermplasm evaluation;

® pasturc-management evaluation:

® pasture evaluation in farm systems.

The germplasm unit focuses its attention on the selection,
characterization, and development of legumes and  grasses
adapted to the environmental and prevalent pest conditions. The
pasture-evaluation unit assembles various  combinations of
legumes and grasses and tests them under alternative management

"'Qfg”, | XN :%;\; A e WA LRAN Y .,‘,v;,\. A
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Tropical pasture research emphasizes improved pasture technologies for five distinct
ecosystems, which constitute the largest agricultural frontier in Tropical America. This isaview

of a type of Llanos, called “Serrania.”
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Figure 1.

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



41 accessions passed
strict rests in 1981 and
were senton for evalua-
tion under grazing.

practices.  The farm-systems unit analyzes prevailing cattle-
production systems and defines the improved pilsture components
needed to cotreet eritical production constraints in a given farm
sssteme 1t also evaluates the expected impact of alternative
technologies on the productivity of the system, Such information
is continually  being used as the basis for all technology
development activities of the Program.

After germplasm has been collected and undergone initial
evaluation and sced multiplication, materials are sent to cach
ceosystem tor sereening for climate and soil adaptation, as well as
for tests on discase and pest tolerance, Promising accessions are
then selected for pasture establishment and pasture-management
triads and tor evaluation in grazing trials. The most promising
pastures then enter evaduations in actual production systems.

In its hicrarchy of germplasm evaluation phases (FFigure 1), the
Program recognizes five categories:

I Identification of germplasm with potential
I Agronomic evaluation on small plots
I Agtonomic pasture evaluation
IV Pasture evaluation and manigement
V' Pasture evaluation in production systems

The number of germplasm aceessions passing the multitude of

tests in the sequential evaluation phases is progressively reduced
from about 1000 in Category I to 5 in Category V.

SUMMARY
OF ACHIEVEMENTS

The intensive germplasm-evaluation work carried out by the
Tropical Pastures Program in 1981 has allowed for continued
advancement of a relatiy cly large number of accessions to higher
cittegories, In 1981, no fewer than 41 aceessions (i.e., 2d accessions
in Carimagua and 21 aceessions in Brasilia) passed the very strict
tests to be promoted to g category involving evaluation under
grazing (e, Categories HEL IV, and V). Table | presents a status
report of the permplasm aceessions currently in categories i, 1V,
and V. for both the isohvperthermic and the isothermic, well-
dratned savannas,

In the isothermie, well-deained savannas (Cerrados), 1981 was
the first time that any legumes reached Category 1V status (i.c.,
evaluation of management alternatives in lurge grazing trials). The
isohy perthermic, well-drained savannas (Llanos) have several
grass and legume aceessions in Categories 1V and V.

Alter the national research institutions in Colombia and Bravil
released the griss Andropogon gavanus CIAT 621 in their
respective countries, FONAIAP. the National  Agricultural
Resea-ch Institution in Venezuela, began the process of releasing
this aceession for the Venesuelan Llanos. By the end of 1981,
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Table 1.

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

as of December 1981.

Isohyperthermic, well-drained savannas (Llanos)

Isothermic. well-drained savannas (Cerrados)

Category Species Entries (no.) Category Species Entries (no.)
Legumes ' Legumes
vV Desmodium ovalifolium 1 | vV None
Pueraria phaseoloides 1 :
Stylosanthes capitata 6 \ v Stylosanthes capitata 2
i S. macrocephala 1
v Centroserna brasilianum 1 ; S. guranensis tardio” 1
C. macrocarpum 1 {
Stylosanthes capitala 2 i 1l Centrosermna sp 1
S. macrocephala 1 C brasiiensis 1
C. macrocarpun 5
m Centrosema sp 1 Stylosanthes caputata 2
C. arenarium 1 S. macrocephala 5
C. macrocarpum 1 S. guwanensis “tardio” 7
Codariocalyx gyroides 1 Zorria sp 1
Desmodiurm canum 1 i Z. brasihiensis 1
D. ovalifolium 2 ‘
Stylosanthes capitata 2 ; Grasses
S. guianensis "tardio” 4 | \ None
S. leiocarpa 1 j
S. macrocephala 1 i i\ None
Zorma sp. 1 ‘
Z brasthensis 2 ! l Brachiaria brizantha 2
Z. latifolia 1 Panicum maximum 3
Grasses
\Y% Brachiarta humidicola 1
v Bractuaria dictyoneura 1
I Andropogon gayanus 4
Brachiaria brizantha 3




CEA T wasan the process of producig 1500 Az ol basic seed of A,
gavanus to suppot FONATAP s endeayor

At the end ol TOST 1O the matonal Aencultural Rescarch
Institnte of Colombia, was considernmy adoption and promotion
o 1O CTA T =developed techinology involving the use ol Pueraria
phaseoloides s a companon legume tor L gavanns and
Brachiaria decumibens. Several other legunies are now i the final
eviahnation stage. and national programs are nterested in ther
commercial release. Such release ol legumes will constitute a
nujor step toward overconung the entical constrinint to torage
qualiny tor ammal production m the sivannas ol tropical Latin
Amernea.

Germplasm Evaluation

Germplasm Collection

Most o the germplasm materils m CIA [y tropical pastures
collection are accessions of wild, undomesticated species. Many of
the species are unhnown trom an dgronomic point ol view; some
arceven new tromea ixononeal pomt ot view, With the addition
ol SO0 accessions i 1981 the germplasim collection has inereased
ta SOS entuies (higme 210 As i previous vears i large majority of
the new materials Gutotal of T S accessions in 198 1) was obtaimed
duting collection tnps through areas that are representative ot, or
atdeast related too the ccosvstems m the Program’s interest. In ity
ctlorts to hroaden the genetic base of Alrcan grasses, the Program
chtimmed an important collection of some 100 accessions ol
Braciana sppoand ol Andropogon vavanus trom the Com-
monwealth Screntihe amd Tndustial Research Organization
(ONSIROY. 1m0 Austrahia Inothe area of legumes, o valuable
collection was recened lrom the Brazihan National Center for
Genetie Resourees (CEFN ARGEN AIBR AP A, l()d.’l}'. NOMe
LOO0 gecesstons Trom the CLA | germplase. bank belong to “key
species™ e sspecies within whieh highly pronusing hnes tor one
ormore coossstenis bave alreads been dentitied.
Abstotspecies considered pronnsing is shown in Table 2. With
tespect to torest ccosvstenis. observations are still underway, and
the classihcation must be considered tentatine, It is interesting to
note that although the Tropmical Pastures Program s not
necessinth seeh g species adapted across the ceosystems of the
Program’s interest, some ot the species hsted in Table 2. notably
Aowavaman, B decianbens, Cenirosenia macrocarpun and
Stvlesanthes grioncnsoy “tardio™. show 4 remarkably wide range
ol adaptabihny o fact that could possibly contrnibute toa relatively
carlvand mathed impact ol the Program’s germplasi technology .

Desmodium spp. 969

Galactia spp. 302

Macroptilium and
Vigna spp. 546

Stylosanthes spp. 2130

Zornia spp. 745
Miscellaneus

legumes 1686
Grasses 833

e e e
I TOTAL 8635

Fiqure 2. Total collection ol
germplasm of tropical pirstur e
specres, as of November 1981
About 1500 accessions were
adcoed i 1981
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Table 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? Isothermicbh forestsC
Andropogaon gayanus yes yes (yes)
Brachuania decumbens yes ves (yes)
8 dictyoneura yes ? ?
£ hiunnudicol yes no {yes)
Contraseniy brasihanum yus yes (no)
Cormacrocarpum yes yes yes)
De-smadrn ovaldolium yus no (yes)
Poraria phaseolordes yes no (yes)
Stylosanthes quianensis

“tindio” yes yes (yes)
S. capitata yes yes (no)
S. macrocephala yes yes ?
S. guianensis (common) no no (yes)
Zornia brasthensis yes yes ?

Represented by the Llanos
Reprosented by the Cerrados
D includes both tropical semi-evergreen seasonal forest and tropical

ronntorest

Parentheses indicate estimate s from onginal tnials and only a
prefiminary assessment of promise, a question mark indicates there 1s no
information yet as to performance in this ecosystem.

Evaluation of Germplasm
in Ecosytems

During 1981, almost 2000 new accessions ol forage germplasm
were under observation in CIAT-Quilichao for plant deseription,
initial seed increase. and preliminary evaluation with regard to
adaptation and productivity on the very acid and infertile
Quilichao-Ultisol.as well as lor resistance to pests and  discases.
As o result. severid hundred accessions with outstanding
performance. especially  material of key species. were given
priority to enter the germplasm How to the principal testing sites.
where evaluation of hoth grasses and legumes is ecosystem-based.
These ceosystem-hased trials are conducted at two major sites
Carimagua for the Llanos and Brasilia for the Cerrados. Further
tests are made in two types of Regional Trials. A and B, through
the International Tropical Pasture Evaluation Network and in
collaboration with national agencies.



Well-drained, isohyperthermic savannas. [l principal
research site: representing the ccoystem of the well-drained,
isohyperthermic sivannas (Llinos) i Cartmagua, in the castern
piains of Colombia Lhe work at this rescarch station 1s supported
by an additional sertes ol regional trials spread throughout the
ceosystent. Lhere were 70 accessions of the various genera of grass
germphism and 1109 of legume germplasm undergoing evaluation
in Categories 11 and durmg 1981,

A Evaluation of grusses. Alter the release ol Andropogon
gavanie CLAT 021 in 1980 by 1CA as cultivar Carimagua 1, the
search for additional well-adapted. and highly j.;oductive grasses
has continued unabated. . gavanuy continues to be of high
interest: the search tor material that is superior to the CIAT 621
accession continues by means of a thorough evaluation of the
entire . gavanus collection, as well as by attempts to genetically
improve the CIAT 621 population of this cross-pollinating
species.

Another genus of consider: bie inportance o the Program is
Brachiaria, primarihy because (oincludes aggressive, mat-lorming
speaies which can be consider »d el companion grasses lor the
highly promising legume Desmodiym avalifolium, which is also
aggressive and mat-torming, In 1981, the species B, dictvonenra
was added to the Progranislist ol key species tor the well-drinned.
isohyperthermic savinmnas, Morphologically. it is very similar to
B heemidicola (which has already reached Category V., the highest
category ol the: Program’s evaluation scheme). but it s
characterized by a high seed-production potential, compared to
the low potential in B humicdicola, which limits the wider use ol
the Tatter in the Llanos ccosystem. An additional advantage of 3.
dictvoncura over B lunudicola is its less-prostrate growth habit
during the establishment phase. which is conducive to the better
establishment of o companion legume. As with 2. hianidicola, B.
dictvoncura was observed to combine well with /7). ovalifolivm,
Contrary to B decumbens, which across the ceosystems is very
suseeptible to the spittlebug. the major pest of grasses in the
tropies. B8 humicdreola and B, dictvoneura are spittlebug-tolerant.
Fyen though the latter two grasses can become severely infested
with the pest. they have the capacity to recover, pessibly because
ol their high rates and amount of shoot growth. Among other
Brochiaria species. B brizantha CIA T 604 s also showing promise
and now is under evaluation in mixtures with . ovalifolium,

B Iyvaluation of legumes. Good drought resistance and high
nutritive values observed in several Centrosena species make the
genus extremely valuable in this ccosvstem, in most species,
however. susceptibiling 1o toliage discases seems to be the main
fimiting  factor, oomting out the necessity  for examining
additional accessions tor disease resistance, A species ol particular
vilue in this respect s € niacrocarpam, ol which aceession CIA |
S062 s being used as o parental line in g promising hybridizaticn
program with C. pubescens,

The grass/lequme association
with the aggressive species
Brachiaria humidicola and
Desmodium ovalifolium
represents a highly compatiblte
mix and holds great promise for
increased animal production in
the Llanos ecosystem and
possibly the humid tropics.

75


http:mumu/udt.da

76

Desmodium ovalifolion has already been defined as a key
species for the well-drained., isohypertherniic savannas, Duce to its
relatively long period ol vegetative growth and its high water
requirements. it has not been classitied as a key species for the
Cerrados ccosystem. Accession CIAT 350 has already advanced to
Category V status; it is a nearly ideal companion for the mat-
forming Brachiaria grasses. In 1981 a number of carly Nowering
accessions with high seed-production potential were identified. As
Table 3 shows. these new nuterials not only produce good dry-
matter vields in comparison with the Late-flowering control CIAT
350. but also show very good regeneration from seeds and produce
considerable seed vields.

The main limiting factor ol the Styrlosanthes genus s its
susceptibility to anthracnose. Figure 3shows the superiority of §.
capitata, S. guianensis “tardio”, and 8. macrocephala over the
common types ol S, guaanensis in terras of anthracnose resistance,
not only at Corimagua but alsoat Brasilia, These data also point to
marked location-hy -species interaction, suggesting the impor-
tance ol conducting multilocational sereening experiments with
Stvlosanthes and the need to identify materials with broad
adaptability.

Of more than 40 accessions of S, guianensis “ardio™ evaluated
in Carimagua, five showed good dry-matter yields and high
disease tolerance. However, none ol these accessions produced
qufficient seed for self-regeneration. In anattempt to combine the
anthracnose resistance ol the “tardio™ types with a scries of
positive agronomic attributes (inclugimg high seed-production
potential) of the common types ot S, wuianensis, crosses between
these two types were made and are under evaluation.

Routine evaluatioas of new germplasm of S, eapitata continues,
Also continuing is the selection process within S, capitata hybrid
populations produced in 1978..5. macrocephala continues to show
good promise. primarily because ol its rusticity, which includes

Table 3. Perfarmance of accessions of Desmodium ovalifclium
(grown in association with Brachiaria humidicola at
Carimagua), under grazing, 1981,

Regeneration Amount of
CIAT .Sped {no. of Dry-matter legume
accession Yyield seedlings yield in mixture
no2 (kg/ha) /m?) (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 9 401 8.2 62
Controlb

350 0.8 2.9 10.6 71

a. All lines are early flowering.
b Corirol ine is late flowering.
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Brachiaria dictyoncura
has high seed-
production poteniial
and a less-prosirate
growth habir; it is alvo
tolerant 1o spinlebug.

D Highly and moderately resistant

Highly and moderately susceptitiin:

Rating scale (0-2)  (2.1.5)

S. guwanensis
{common types) 2
=

S gwanensis Llanos l
“tardio”

S. capitata

st
)
S. macrocepl. Ja
L o
Eias i g‘;ﬁv' B
A A A 'l A A A A A
0 20 40 60 80 100

Rating {% of total accessions)

Figure 3. CIAT-improved species of Stylosanthes are rated more
resistant to anthracnose in the two savanna ecosystems,
represented by Carimagua (Llanos)and CPAC/Brasilia (Cerrados).

S. macrocephala is highly resistant across both environm ents.

anthracnose resistance, Considerable variability in vigor and
flowering time has been observed. The search for and iden-
tification of more vigorous, late-flowesing ecotypes continues,

Most of the accessions of S. capitataand S. macrocephala and
many of the S. guianensis “tardio™ materials show a high degree of
resistance to the major Stylosanthes pest, the stemborer Caloptilia
sp.

The two-leaflet species of the Zornia genus, such as Z. latifolia,
gave disappointing results because of serious disease problems. A
highlight in 1981 was the observation that the four-leaflet species,
¢.g.. Z. brasiliensis and Z. myriadene, possess a high degree of
discase resistance. Sush resistance dppears to be inherent in the
four-leaflet Zornia species. Nutrient contents of both species are
exceptionally high.

Well-drained, isothermic savannas. The principal research
site. for the well-drained  isothermic  savannas (Cerrados)
ccosystem is at CPAC in Brasilia, Brazil. As in the case of the
ccosystem represented by the Colombian Llanos, the work
performed in Brasilia is supported by a regional-trial network in
the Cerrado-type environment, which adds the dimension of
evaluations across different sites in the sume ecosystem, In these
regional trials, germplasm productivity is measured during tite
period 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 pastures with improved grasses, is proving to be a sound and
economically most attractive management practice.

In 1981, a total of 123 accessions of five grass genera and 345
accessions of two legume genera were under preliminary
evaluation in Brasilia.

A. Evaluation of grasses. The potential of Panicum maximum
for Cerrado arcas with dark-red latosols was confirmed; three
accessions (CIAT 6141, CIAT6116,and CIAT6124) yielded more
than 7000 kg/ha of dry matter in their second year of
establishment, versus Jess than 3000 kgrha of the control.
Regarding other grass species, Brachiaria brizantha CIAT 6016
and CIAT 6021, as well as Brachiaria sp. CIAT 6058, produced
markedlv more dry matter than the commercial control cultivar.
None of the tested aceessions of Andropogon gayanus was found
to he superior to the control cultivar, CIAT 621, which was
released under the name “Planaltina™ in Brazil in October 1980.

B. Evaluation of legumes.Five accessions of Centrosema were
selected in 1981 for advanced testing: C.macrocarpum CIAT
5274. 5276: C. brasilianum CIAT 5234;and Centrosemasp. CIAT
5118. Thus far, no pest or discase problems have been noted,

Four years of observations indicate that for the Cerrados
ccosystent, the key species of Styiosanthes are S. capitata, S.
guianensis “tardio”, and S. macrocephala. T'rom plantings in the
last 3 years, three accessions of S. capitata, eight of 8. guinensis
wardio™, and five of S.nmacrocephala were selected for advanced



Evaluation of pastre
germiplasm is ac-
complished within an
CeXIensive system of
regional trials.

evaluation under grazing (Category H. Albare characterized by
high resistance to anthracnose.

Five accessions o Zornia, predonumantly  Z. Drasiliensiy,
stpniticanthy outyielded the control Zofarifolia CEAT 728 and were
selected tor evaluation e Category 1L These aceessions were
found to be free of symptoms of the imsect-virus-fungus complex
and Sphaceloma scab. which attack germplasm of two-leaflet
Zornia species,

Regional trials. Ihrough “Regional Trials A" a relatively
large number (100 1o 120) of germplasm accessions undergo
evaluation for adaptation and survival. In 1981, Regional Trials A
were conducted at L3 sites representing cach ccosystem — five sites
in Bravzil. three in Colombia, one in Nicaragua, one in Peru, and
twoin Venezuela, Results of the regional trials in the well-drained
sinvannas  largely corroborated  the results obtained at the
respective principal rescarch sites.

A large number of potentially promising legumes were also
identified for the tropical forest ecosystems (i.e., semi-evergreen
seasonal forest and tropical rainforest). Particularly remarkable
were the productivity and anthriacnose resistance of two ol the

common types of S, guianensis (CIAT 136 and 184), as well as of

some “tardio™ types of this species. Also, 0. ovalifolium 350
showed very good performance. Among the grasses. A, gavanus
CIAT 621 was outyvielded only by two aceessions of the same
species. namely CIAT 6053 and 6054, At the sanie time, aceessions
of the genus Brachiariu pertormed exceedingly well, particuarly £,
humidicola; thi: grass is spreading rapidly in the humid tropics.
especially in Brazil where itis known as “Quicuio da Amazonia.™ a
term used to compare it with the temperate Kikuyu grass,
Penniserum clandestinum,

In the next 'spe ol regional trials, “Regional Trials B.” the
Network evaluates seasonal productivity of promising materials
emerging from the major screening sites at Carimagua and
Brasilia, as well as from Regional Trials A, In 1981, 36 Regional
Trials B had been established in four ecosystems in 14 countries.
Results from four Regional Trials B in the well-drained,
isohyperthermic savanna ccosystem (the Colombian Llanos)
confirm that S. capitara and D. ovalifoliun, as well as A. gayvanus
and B decumbens, are the most promising legume and grass
speeies, respectively, Results from T Regional Trials B in the
forest ecosystems indicate that these same two grasses. . gavanus
and B. decumbens, are the most productive. Among legumes, 1.
ovalifolium emerged as a most promising species also for the forest
ecosystems, furthermore, two common forms of S, guianensis
(CIAT 136 and 184) were among the three best legumes identified,
These same two materials did not survive in the savanna
conditions due to the prevaiiing anthracnose pressure.
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Effect of Fertilization

on Tropical Pastures and Animal Nutrition

One of the most promising legumes
in CIAT's Tropical Pastures ger-
mplasm collection is Desmodium
ovalifolium. 1t s welladapted o the
acid, infertile soils ol almost all
ccosystems  in tropical  South
America, has no major insect and
discase problems.. produces con-
siderable amounts of biomass, and
combines well with grasses, even
with the most aggressive ones, It
was  found, however, that this
legume wias net being aceepted by
grazing cattle. CIAT rescarchers

determined  that  this  lack  of

palatability most  probably was

associated with the high contents of

tannins in D, ovalifolium
Dilferences  in acceptability
between grazed D, ovalifolium
pastures in Carimagua  and
Quilichao  suggested  that  there
nught be i relation between tannin

level in the plant, consumption of
this species by animals, and soil
fertility.  Results  obtained  from
subsequent  fertilization  ex-
periments in Carimagua clearly
demonstated that small amounts of
magnesinm and sulfur added to the
fertilizer mixture of phosphorus,
calcium, and potassium signilicant-
Iy increased (orage production,
forage quality, and animal accep-
tance of D. ovalifolium. There were
increased  protein,  sulfur,  and
phosphorus, and reduced tannin
contents in the legume fertilized
with the more complete lertilizer
mixture.

Follow-up research reveled that
these increases could be attributed
to one key element: sulfur, 1t was
established that maintenancee fer-
tilization of 20 to 30 kg/ ha of sulfur
is sufficient to assure continued

high productivity, quality, and
animal  acceptance of D,
ovalifolium.

Thus. Desmoduan  ovalifolium
remains one of the most promising
legumes in the ranks ol the Tropical
Pastures Program. And the use of
fertilization as an interesting toolto
improve legume consumption by
grazing animals has been identified.

Percent

80 Grazing ("o of total time
in treatment)

70~

60

[$23
o]
T

a0
Effect of fertilizer treatment on quality of D. ovalifoliurm 350 T4
under grazing (Carimagua).
— 0F 13
Fertilizer treatment®
20k T
f.!..ment measured T1 T3 T4
on leaf tissue (%) {control) (+P+Ca) (+P+Ca+K) (+P+CatK+Mg+S) T2
10
Calechin equivalents
(Vanilin, HCI) 375 370" 341 b 28.7 " a—""
Nitrogen 1990 201 2.09b 259 1 L L
Mitrogen soluble 395b 398¢d 434¢ 4944 Jan Feb Mar
pepsin (48 hr)
1087
s 094 b 1020 121 1454
p gt e 190h 140" Time: animals spemt grazing, D.

ovalifohum 350 under various
fertilizer treatments, (see foot-
note a, table), in Carimagui

Vol erlizer appled at eatablabiment May 1978 0105 kg PO L 259 kg Ca, 52 kg K0, 11 kg Mg,
And 22 kg S bt 12 13 T ferndizer apphed August, 1980{b0 kg P O, 117k Ca A4 kg K0, 22
kg Mg aod 3 kg 5 ha Means anthe same tow with ditterent lettees are sigiiticantly difterent
P 0
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TEONTAQIING  WACROCARPIY  BoNY
Response of inoculation by
Centrosenia macrocarpum /n
potsldisturbed soil) was lower
than in cylinders {undisturbed
soil). The latter treatment i1s
suggested for selection of
strains.

Pasture-Management
Evaluation

The pasture-management evaluation activity of the Tropical
dastures  Program serves as a bridge from the germplasm
evaluation unit to the activities devoted to pasture evaluation in
production systems. It receives promising accessions from the
germplasm evaluation unit and assembles them in alternative
grass/legume combinations; at the same time, it develops
associated pasture-establishment and management practices,
Pasture technology s developed  within the agroeconomic
guidelines established by the pasture-cvaluation in farm systems
unit 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 Inters . tions

Evaluation of Rhizobium. Onc 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 the
pasture system by the legume/Rhizobium symbiosis. To enhance
this nitrogen-fixing ability, the Program seeks to identify
Rhizobium 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 Rhizobium 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 Rhizobitm strains is whether screening is done in disturbed or
in undisturbed soils. It was found that in disturbed soil (i.c.,
growing of inoculated legumes in pots), organic matter is
mineralized more repidly than in undisturbed soil (i.c., growing of
inoculated legumes in undisturbed cores extracted from the
ground). Hence, if sereening is done in pots with the soil disturbed
and with an attendant release of considerable amounts of
mineralized organic matter, the effect ofinoculation is diminished,
which, in wrn, diminishes the effectiveness of the screening
process. Itis hoped that with the initiation of large-scale screening
for effective Rhizobim strains in cores of undisturbed soil, truly
superior strains can be identified, which, when inoculated in the
respective legumes, will 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 of
Rhizobium strains in cores of undisturbed Carimagua soil in order
to identify the most effective strains for further evaluation, Strains
with superior nitrogen fixation and tolerance to low pH and high
aluminum saturation are being selected for further testing,
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Nutrient requirements. The Program’s clforts to develop
pasture technology  that requires minimum fertilizer input
transliates into @ strategy that emphasizes wdentifying pasture
species and ccotypes tolerant to the major soil constraints
Gahuminum and mangenese toxicities) and low native soil fertility
(macro-. secondary, and  micronutrient defliciencies,  exeept
nitrogen).

The large variation in the reaction of different species and
ccotypes to adverse soil conditions s illustrated in Table 4.
Selected results are shown from an experiment testing the
difterential tolerance of several materials to high levels of soil
manganese. Among grisses. differential tolerance was more
evident at the species level. Particularly noteworthy is the fact that
most tolerant accessions had @ higher dry-matter production rate
at high than at low manganese stress, thus pointing to the
henelicial effeet of manganese in tolerant species.

The development ol Tow-input technology for managing low
native soil fertility centers around  increasing fertilization
efficiency. The strategy includes both (1) identifying and
correcting soil-nutrient deficiencies and (2) growing pasture
species and ceotypes that are efficient users ol fertilizer inputs,

In an clfort to determine the external nutrient requirements for
establishment of various tropical pasture grasses and legumes in
the isohyperthermic  well-drained savannas, a series of field
experiments was carried out in 1981, Requirements for both
macro- and micronutrients were studied. Table 5 presents the
external requirements of phosphorus, potassium, calcium, and
magnesium for selected promising grasses and legumes. The low
levels of these elements required for establishmentare a reflection
ol the outstanding edaphic adaptation of most of the germplasm
with which the Progran is working.

The elfects of I tertilization and lime applications were studied
on pasture establishment in the Brasilian Cerrados using the two
representative soils of the region. Limeapplication (i ton/ha) was
found to be benelicial in both a red-yellow Latosoland a dark-red
I atosol at low levels of P fertilization (26 kg Py ha) when using
triple superphosphate and Yoorin thermophosphate rock. These
restifts suggest that P fertilizer ellicieney can be enhanced by
applving I tonfime ha when low P tertilizer levels are used butnot
when high P levels are emploved. The relative costs of lime and
phosphorus sources will determine  the practical fertilizer
recommendations.

Nutrient recycling in pastures. A sampling in a Kudzu
(Pucraria phascoloides) Andropogon gayanus pasture in the
Colombian Llnos at the end of the 1981 dry scason showed an
qecumulation of over 4 tons ha ol leal litter (dry-weight basis)
with a nitrogen concentriation of over 20, the equivilent ol 80 kg
of nitrogen ha. How is it possible thata pasture producing around
300 ke of liveweight gaiis per year, ha naturally maintains such
high levels of a key nuwrient? Long-term observations by the

Well-managed

grass, legume
associations have
Vigorous rool SysIeins
and are highly efficient
at capturing soil
nutricnts.




Table 4. Dry-matter production and differential tolerance of several tropical forage spacies
to manganese.
Dry-matter yield (t/ha)
CIAT Low soil Mn High soil Mn Relative index
Species accession no. (10 ppm)a (86 ppm}) {(high Mn/low Mn)b
Grasses
Andropogon gayanus 6054 3.40 4.06 1.19
6200 6.07 4.39 072
Brachnirng decumbens 606 552 6.69 1.21
6132 3.14 1.28 0.40
B hanudicola 675 2.66 2.63 0.98
679 5.73 2.78 0.48
Legumes
Codopaygoniunm mucunondes 7367 2.27 2.41 1.06
9161 2.79 1.68 0.60
Contrasemda sp 5118 1.26 195 1.54
Common 247 1.89 0.76
Stylosanthes capitata 1405 1.93 259 1.34
1097 3.23 3.32 1.02
S quianensis 136 482 6.21 1.29
164 5.80 1.07

Aoy sonl M 2020 ppam, levels
BoA relative midex of 1o, than O

Table 5

legumes in Carimagua,

5.39

dabove b0 ppmare considered toxic for tropical pastures
y unphies that the species s suscepbble to Mn toxicity

Nutrient requirements for the establishment of various
representing the isohyperthermic, well-drained savannas.

tropical pasture grasses and

C'AT External requirements (kg/ha)a
accession —

Species no. P K Ca Mg
Grasses
Andiopogon gayanus 621 20 20 100 12
Bractuaria hunudicol 679 10 10 50 6
B decurmbens 606 20 20 100 12
£ bricanthia 665 20 20 100 12
Poarvucun masimum 604 40 25 250 15
Legumes
Controsema mactocarpum 5065 11 10 100 12
C pubescons 5063 20 20 400 12
Coduriocaly s gyronles 3001 35 30 100 20
Desmodiam ovalitoliim 350 20 20 100 12
Praeraria plrasealondes 9900 20 20 100 20
Stylosanmthes capitata 20 20 50 12

a Crtcal leve s of nutrients i the
of plant grovseth

1315

ssoil solution, associated with 80% of maximum yields obtained at 8 weeks
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The export of mineral
nudrients from the
pasture is very low.

Program point to a very eflective recycling mechanism that is
operational  under  conditions ol well-managed  pasture-
production systems,

Most of the pasture contains carbon, hydrogen, oxygen, and
nitrogen. The carbon, hydrogen, and oxygen come from the air
and water; the nitrogen is provided by the Rhizobium bacteria via
the legumes. The export of mineral nutrients from the pasture s
very low. lor example, 400 kg of liveweight production per
year ha will reinove only 3 kg ol phosphorus, 0.8 kg of potassium,
and 5.2 kg ot calcium from the pasture, There is very little leaching
loss of nutrients in spite of the porous nature of the soil and the
heavy rainfall that characterizes the savannas; this is due to the
vigorous root systems of grasses and legumes in well-managed
associations. which allow for a complete exploitation of the soil
volume to a considerable depth, Thus, as long as the pasture is
well-managed and growing vigorously, it is highly cfficient at
capturing the nutrients that return to the soiland at recychng them
for the forage-production system.

Savanna replacement. The year 1981 was the second year ofa
large-scale series ol experiments in Carimagua assessing the
feasibility of replacing native savanna with introduced species
through strip sceding. This experiment draws on establishment
and maintenance coneepts derived from research in spatial
distribution, low-density sceding, tillage methods, and fertiliza-
tion practices. After successful establishment of the initial strips,
which cover 20¢ of the total arca, the pastures were grazed lightly
during the dry scason and fully stocked at the onscet ol the rainy
season. The stocking rate was one animal ha of totalarea, or five
animals ha of seeded arca. The strategy in thisexperimentis to let
the aggressive legumes  Desmodium ovalijolium and Kudsu
(Pucraria phaseoloides) invade the savanna arcas between the
planted strips, and to increase the fertilized arca adjacent to the
planted strips by 20€¢ per year so that at the end of 4 years the
entire area will be fertilized and colonized by the planted species.
Even under grazing. both 1. ovalifoliuntand Kudzu have spread
rapidly into the native savanna (Figure 4). Due to the presence of
the legume in the dicet, the consumption of niative grass species wis
ohserved to be greatly increased, with animals even aggressively
consuming savanna that had not been burned for 18 months.
Animal performance varied with the association: gains during the
S-month observational period ranged from 200 g, animal: day (A.
gavanuy in association with D, ovalijolium)to 400 g, animal; day
(1. humidicola in association with P, phascoloides).

An analysis of the effecas of strip width showed that narrow
strips 0. 50 cm with 2 meters of native savianna between the planted
strips is the best alternative for quick savanna replacement. Both
0. ovalifolium and Kudzu had completely covered the entire arca
in 18 months when planted in this manner.

The possibility of managing native savanna with grazing rather
than with fire has important implications for potential productivi-
ty of savannas. Presently, the savanna is grazed for 3 to 4 months
after burning and then is left for the next 12 to 15 months to



accumulate fuel to assure good burn, Hence, the effective stocking
riate on native savanna is three to four times higher than the
apparent stocking rate since any particular area is unused for 75 to
807 of the time. The Tropical Pastures Program now looks at the
strip-seeding experiment with a view to other alternatives, such as
planting 10 to 20¢¢ of the arca with introduced species, not as the
mitial phase for replacement of all the savanna but strictly as a
supplement to it.

Seedling vigor in Stylosanthes capitata.  The lack of
persistance of S, capitata in association with . gayanusisa major
limitation for that species. Studies conducted in 1981 indicate that
one of the principal causes for this lack of persistance s
competition by the grass for nutrients, leaving the new legume
seedling inadequately supplied for normal development. Work
carried out by ICA scientists at Carimagua points to the possibility
that S, capitata may be compatible with Melinis minutifiora, a
grass thatis much less aggressive and competitive than A. gayanus
and. therefore, should impose less stress on the S. capitata
seedlings.

Average advance from original strip (m)

3
Plsal:-t;“ Association of
width  Brachiaria humidicola x  Andropogon gayanus x
{m) Desmodium ovalifolium  Pueraria phaseoloides
5 1.7 29
25 2.8 28
05 10 20

e )
Figure 4. Effect of assoriated species and strip width on the invasion of native savanna b

y two
legumes in a savanna replacement trial, (Planted May 1980; grazing initiated April 1981,
measurements taken Nuvember 1961.)
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During the year, large valumes
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 1981 a new section was added to the Tropical Pastures
Program to focus on identification and characterization of
germplasm quality factors and to relate them to nutrition of the
grazing animal. Accessions have been undergoing such evaluation
for the past several 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 hwumidicola and B, dic-
rvoneura. In legumes, Zornia sp. were found to have very high
nutritive values, so that, provided they are palatable enough, they
could be recommended as a lorage in carly weaning progrims,

A study of sclective grazing on A. gavanus; S. capitata and A.
gavanus; Pueraria - phascoloides mixtures was  completed  in
Carimagua after two dry scasons and one rainy scason. It was
shown that the proportion of S, capitata in the forage declined
considerably with time as a consequence of mother plants dying
and scedlings lacking vigor: in contrast, P, phaseoloides remained
relatively stable cver time in the association, In the dry scason,
legume seleetion was higher than in the rainy season, and animal
preferénces were for 8. capirata inllorescences and P. phaseoloides
leaves. The presence of a legume in the sward contributed to an
increase in protein in the leaves ol L. gayanus and to an adequate
protein level in the diet during the dry season. Thus, in the dry
scason. animals gained weight when grazing on grass; legume
mixtures, whereas animals lost weight when grazing only straight
grass.



The legume progein-
hank concepi is being
evaluaied using
Pucraria phascoloides
i blochs swirlin grass
/’(l(/(/u('/\.\.

Pasture Utilization

The Program’s activitics in pasture productivity and management
are designed to determine animal-productivity  potential of
promising germplasm in grazing trials and to identify manage-
ent practices 1o assure persistence and stability of pasture
components.

Pure-stand grass pastures. Altcer concluding the evaluation
in pure stands of B decumbens and -, guavanus, in 1981 only the
evaluation of B humidicola in pure stands continued. Under
Cartmagua conditions, the productiy wy of B. humidicola is lower
than that of the other wo. During the wet season and with a
stocking rate ol 3.4 animals ha, weight gains reached 215
g oanimal day. During the second pirt of the rainy scason. a
significant improvement of animal performance was achieved

after a maintenance fertilization of 22, 11, and 22 kg ha of

potassivm, magnesiuin, and sultur, respectively, which resulted in
preater leal growth at all stocking rates, but the effeet was not
sulficient to sustain animal productivity over the whale season.

“egume protein bank. 1o provide high-guality torage during
the dry scason or during critical animal growth stages. it might he
advantageous to establish tegumes particularly those that are
aggressive and tolerant to heavy seasonal grazing in strips or
blocks within grass paddocks. This protein-bank concept is being
evaluated ina long-term experiment with /2, phaseoloides. Table 6
shows the results of th_  ame planted pasture in the third year of
this experiment in which the legume is established in specific
blocks within savanna surroundings. In 1981 anjmal productivity
atthe low stocking rate reached 122 kg liveweight gain peranimal
for the entire year. which compares favorably with normally
observed gains in annnals on wedl-managed native savannas. At
the high stocking rate. it was neeessiry to restrict aceess to the
legume bank to allow the legume to recover after heavy grazing
during the dry season and for recovery after maintenance
fertilization. thus causing an important drop in productivity
during the wet scason and tius in total annual liveweight gain,

In-a parallel experiment, the protein bank was established in
strips and blocks within arcas planted to B, decumbens. After 3
years ol observation. animal performance in the protein-bank
treatments planted in strips was better than in the grass-alone
treatment. pointing to the good quality of B decumbens,
especially in the rainy season.

Grass/legume associations. I'valuation of the association
of A, gavanus with . phaseoloides, S. capitata, and Z. latifulia
was continued inits third year. In 1981, animal performance was
similar to or better than that in Year 2. both with respect to dry-
and wetseasen results (Table 7). despite the fact that both
absolute yield and relative proportion of the legumes in the
association diminished significantly. Results indicate that grazing
animals are able to obtain legumes for their diet even at very low
levels of availability during the dry season,
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Table 6. Seasonal liveweight gain of steers grazing savanna supplemented with Pueraria phaseoloides in blocks (0.2 ha/animal)
in Carimagua during the third year of the experiment (1981}.
Liveweight gain (kg)
a
Stocking Dry season (111 days) V/et season (255 days) Total (366 days)
rate Per animal Per animal Per animal Per animal Per animal Per ha
(animal/ha) /day /season /day /season /vyear /year
0.25 117 14 423 108 122 31
0.50 .096 10 215 55 65 32

a Access to the bark was restricted for 186 days in the rainy season o allow recovery of the legume after maintenance fertulization

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)

Stocking Dry seasan Wet season Total
Associated ratead Per animai Per animal Per animal Per animal Per animal Per ha
legume (animal/ha) /day /season /day /season /year /yea;
1981 (dry season = 96 days; wet season = 269 days: total = 365 days)
Stylosanthes capitata 1.0/1.8 .166 16 .684 184 200 249
(1919 - 1315)
Zorria latifolia 1.0.1.0 135 13 420 113 126 126
Pueraria phaseoloidesb 1.0 1.8 531 51 .520 140 191 310
1980 (dry season = 118 days; wet season = 248 days; total = 366 days)
Stylosanthes capitata 1.0-1.8 167 20 .609 150 170 238
(1919 - 1315)
Zorria latifolia 1.0/14 021 2 744 185 184 223
Pueraria phaseoloides 1.0-1.6 .208 25 667 165 190 322

a. Dry wet season, respectively.
b. Rested for 71 days n 1980




After various years of contin-
uous evaluation, the grass.’
legume association
Andropogon gayanus
Stylosanthes capitata continues
to be exceedingly promising.
Annual liveweight gains of
cattle grazing this association
in the Colombian Llanos

is around 200 kg/animal,

Evaluation of a highly promising association, 8 humidicola
with Do ovalifoli.m  established in 1980 started in 1951,
Previous experiments with 7). ovalifolium in Carimagua indicated
the need for a very aggressive companion grass for this legume
and for management practices that would encourage legume
consumpltion to maintain a proper balance between the pasture
components for better animal perlformance. Prelimizary animal-
performance data  livewceight gains averaging more than 500
g'animal day  are most encouraging.

A suminary look at the last 10 years of evaluation work on
animal liveweight gains that can be obtained in the savannas uader
vitrious pasture systems reveals the data presented in Figure 5. In
essence, these data contirm the Program’s fundamental precepi
that improved pasture technology holds the key to substantial
increases in animal performance in the acid, infertile soil areas of
Latin America.

4001 7 Livewerght gam
- (kg ha year)
Liveweight qinn
300 tkg. ammel year)
200
100
A
0 i
Best-managed Savanna ¢ Grass Grass legume
native savanna legume bank pastures assocIntions

Figure 5. Summary of 10 years of data on animalperformance using
various pasture systems, in Carimagua 1971-1981.
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Pasture Evaluation
in Farm Systems

The set of research activities included in the third stage, pasture
evaluation in farm systems, is assigned a theeefold purpose within
the Tropical Pastures Programe. First, the objective is to survey
and diagnose prevailing cattle-production systems ana identily
eritical biological and ccononuie constrants toretticient animal
production; second. to integrate improved  pastures, auimal
management  sirategies, and  health schemes into relevant
production systerns: and third, to evaluate the potential impact of
adoption ol technology on beef and milk production and on
benelits to he acerued by consumers and producers.

Monitoring Frevailing
Farm Systems

A largesscale project known as the Economic and Technical
Studies of Systems (ETES). initiated in 1977, is designed to
identity and describe existing cattle-production systems in the
savanna arcas ol tropical America. This project is carried out in
collaboration with the Institute for Animal Production, Universi-
tv of Berlin, West Germany: the German Agencey for Technical
Cooperation (GTZ); the Agricultural Research Center for the
Cerrados (CPAC EMBRAPA)Y in Planaltina, Brazil; and the
Agricultural Rescarch Center ol the North Eastern Plains
(CIARNO FONATAP) in Maturin, Venezucela,

The ETES Project in Colombia was completed in 1980, and a
finai report is being prepared. The collection of technical and
ceonomic information tor the ETES Project in Brazil has been
concluded: these data are now undergoing final analyses. The
Brazil project concentrated on seven farms in the stiate ol Goias
and tive foms in Mato Grosso. Average weaning rates (i.c.. more
thin 60C; ) in Brazil were substantially higher than those observed
in the castern plains of Colombia. These superior rates are
attributed to the availability of better forage resources, better
management. and smaller i size all of which probably also
account tor shightly higher animal weight gains of heel grazing in
the Brazilian setting, In addition, fewer towlands and a longerdry
season in the Brazthian Cerrados wan in the Colombian Llanos
partially accounted tor the relatively high adoption of introduced
pastures and crop-rotation schemes by farmers,

Collection of ficld data trom 13 tarms in the ETES Project in
Venesuehs came to an end in kite 1981, In contrast to the findings
in Colombin. it was observed that extensive dairy ranching is
practiced in the castera plains of Venesuclas some one-third of all
cows stirveved in F9ST were being milked.

A second phise of the ETES Project is designed to assess the
etfect of introducing a technology package based on improved,
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Through the international pasture evaluation network, national programs are testing promising
pasture grasses and legqumes 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 beir g carried out on seven farms, which also were included
in Phase 1 of the ETES Project. Sown pastures are mostly
associations ol B. decumbens with b, ovalifolium and A. gavanus
with S, capitata. Meat pastures were established in 1980-81. The
study entails the taking of complete records of pasture utilization
and animal performance. Collection of data will begin in 1982,

Integrating Cattle-Production
Strategies

A long-term experiment at the Cerrado Center is underway to
study the effect of the strategic use of improved pastures and of
carly weaning and different mating seasons on cow fertility. An
interacdon between the use of improved pastures and weaning age
has clearly been shown: carly weaning leads to a 256 higher
calving rate when associated with the use of improved pastures
during the restricted mating scason.,

Weight performance of calves born in this experiment was
recorded from birth onward. At I year of age. calves weaned at 3
months of age were considerably lighter than those weaned at 5 91
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Straregic use of small
areds of SOWH pastires
Iy assessed for
suppicnienting
savanna-hased
hreeding herds.

months. Nevertheless, these ditterences became negligable atages
bevand 18 months, These results conhirm the existence of marhked
compensiatony growth inammals withaccess to ymproved opical
HENSES.

A mijor hime of rescarch i pasture evaluition i farm systems
centers on assessing seisonal strategic use of smallareas ol sown
pastires for the supplementation ol savanna-hased breeding
herds, In the teeent past. this rescarch was conducted at the
Carrmagua Station an the form ol a brecding-herd-systems
management expeniment. which was imtited e 1977 and
rerminated in Late 1951 Sown pastures were mostly based on B.
decuntbens, Results supgest that, in terms b weight of weined
calves cow vear. highest pertormance is dachieved when con-
tintous mating is used. The data show thit the differences between
treatments are maindy due to reproductuve perfornine and much
less to mproved weight gams of the calyes Under well-managed
native sivanna conditions, some 250 of lactating cows were
obsersed to re-coneeive. However, when legumes were present, the
petcentage ol lictatimy cows that were re-Cconeeiving rose up to
640, Fyen inough the statistical analyses ot these experiments
have not vet been completed, it can be concluded that the
availabiliny of legumes plays a major role in improved calving
rates.

Clinicad photosensitization is a syndrome frequendy observed
in voung cattle prazing on Brachwria decumbens, Rescarch has
led to the development ol a techiiaue that measures the level of
specitic hepatic enzyvimes to diagnose subclinical cases. Using this
technigue, @ close association was shown to exist between
anderiverage weeht-gain performance of animals and the
presence of subchnical photosensitization. Thus, the econamic
impottance of this syndrome tiay he larger than previously
expected. On the other hand. there iy some evidenee that
photosensitization mas also be relited to very low levels of zinein
B. decumbens torage. This hypothesis is presently being tested.

Economic Implications of
the Use of Improved Pastures

As the Progiam’s technology-development eftorts result in
increasing numbers ot genplism materials as candidates for
eventual releise by national mstitutions, there Is & concurrent
increase in the need to provide mtormation to potential adopters
ol the merits and drawbicks ot the ditterent technologies. To this
end. the Progrim has cngaged imoan exercise fo compare broad
graups ol improved pastaie technologies. including alternative
uses of forage. under the conditions ol the Colombian Flanos.
Using empirically derved vidues tog such parimeters as pasture-
establishment costs and other investments necessary for alter-
native beel-production systetis, i prelinisary analysis based ona
lincar-programimimg  model ndicated G that the relative
advantage of aliernatine heet-production technologies in the
savinmas is highly dependent on the relatve price of grazing land



Internal rate of return (%)

30
{— 6 years of age

i
e

12 years of age

peranimal umt: (b) that i estments per animal unitare relatively
stable ceross all pastwe-production technologies analyzed: (¢)
thitt, given present price structures. producaon alternatives based
on the exclusive use o improved pasiures protse only arelatively
tow profitability - but thut the strategic use of unproved pastures to
solve soecitic produection bottlenechs vz, caning ol calves or
Futeninge of cull-cows ) provides @ mostattiactive option from an
ceonomic point ol view: and () that duil-purpose svstems (1.e..
beeland milk voducthion) based on miproved pasture technology
provide an acditionad promismg cconomie preposition, par-
acularly tor smaller farms.

Mustrative o the cconomic advantages of new nasture
technology is s analysis o fattening systems on improved
pastures in the Colombian Llanos. In this exercise  which was
built on the availability of the results of srazing Cals conducted
over a period ol 3 years  the internal rates of return were
predicted tor o and 12 years at constant prices for a 300-ha model
farm. The value of the lind was not included. assuming the
producer to be the owner of the land and wishing to identily the
bust pasture alternative tor tattening purposes. For this analysis, it
was alvo assumed that the fattening process is initiated in the dry
season with low stoching rates, but that the stocking rate is
increased in the wet season by adding steers of 250-kg initial
liveweight. Albsteers were assumed to be sent o market at the end
ol the taimy season. In the evaluation ol ditferent technology
alternatives, fertilization regimes as recommended by CLAT were
mferred. The performance ot B decumbens (i grass alone) was
used as e basis for the comparison among alternatives (pure b.
decimbens is alicady in relatively widespread use).

Asshovwnin Figare 60 the associations (1) -, gavanas with 8.
capitata and (2) B decumbens with sanps of 2. phascoloides and
the use of (3) native savanna with strips of 7, phaseoloides all
present internal rates ol return that are substantially superior to
that of B. decumbens wlone.

Brow huaria decimbens, aone

Native savianig - 8 decumbens st Andropogon gy anus ¢
Buvraria pihaseolodes ot P ophasealodes Stylos inthes ¢ spitata

Figure 6 Estimated profitabiity of fatieri 1g operations with various improved pasture-production
technologies under experimental conds. ons.nthe Llanos of Colombra, as represented by Carimagua.


http:CXCrC.is
http:aLtll\.ss

o P

L L T
.Y WO SRt

B I N
Sy B g Bobeiogr b

e

e KX g



Seed
Unit

-rHE SEED Unit was established in early 1979, initially asa 5-
vear project with financial support from the Swiss Development
Cooperation. Its primury purposes are to provide seed-technology
thput to the commodity programs of the Center through advising
and assisting in the production of basic seed and to play a catalytic
role in getting seed of promising varieties and hvbrids into the
hands of agencies at the national level for multiplication. Since
most of the countries in Latin America have recently stepped-up
etforts to develop seed programs and have expressed a desire to
receive more technical assistance from the international level. the
Sced Unit places heavy emphasis on the provision of technical
collaboration and seed-technology training as mcans to help
strengthen seed activities at the national level. As the latter task
requires the Seed Unit to provide technical assistance within a
wide range of seed-related concerns, the Unit. by necessity, must
tackle issues that go bevond the strictly commodity-based
approach ot the rest of CIA T,

Seed Production and Supply

Seed production at CIAT is carried out by the Station Operations
Unit and by the Seed Unit. While the former assumes a major
responsibility for growing the seed crop. the Seed Unitisin charge
ol guality control. drying. conditioning, storing. and dispatching
the seed. All requests for seed are reviewed with the individpal
commodity programs concerned.

In 1981, seeds of promising materials of beans, rice. and tropical
pastures were multiplied and distributed. In addition, inbred lines
ot publicly available maize materials were maintained and were
supplied upon request. Promising sorghum lines for use in
sorghum hybrid development and multiplication programs were
received from [CRISAT and a few countries and are being
maintained for further distribution on request. Two Stylosanthes
lines were multiplied at the request of Peru. figure | summarizes
the types and guantitics of seed produced and delivered by the
Seed Umit in 1981,
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Rice (3 varieties or lines)

to:
Cotombia

Beans (9 varieties or lines)

to:
Argentina, Cuba, Ecuador, Guatemala,
Honduras, Nicaragua, Peru

Tropical Pastures (1 species)

Rt

to:
Bolivia, traal, Colomtna, Peru

Maize (30 lines)

e i T

52y \ i
);/Samples\

Argentina, Bolivia, Cuba,
Dominican Republhic, Ecuador,
Guatemala, Nicaragua, Paraguay,
Peru, USA, Venezueln

Figure 1. 1n 1981, the Seed
Unit dictributed seed to various
countries throughout the
Western Henusphere for in-
country multiplication and
commercial production. The
hgure shows the total number
af hines or vareties of eac’
species and the total guantity
of seed supplied.

Training and Workshops

The Unit offered two courses in 1981: a basic. ¥-week course on
seed production and technology for 30 participants from 14
countries in the Latin American region: and an advanced course in
seed-quality asswance and control offered to 31 participants from
131 atin Americian countries. Assistanee to in-couatry courses and
training acitivities at CIAT for the bean and rice programs were
also provided.

A total of 42 leaders of national seed programs and a few
representatives from sced associations and seed enterprises
participated in the Seed tmt-sponsored workshop on “Program
Strategies. Plans aud Implementation™ held at CIAT in January
1981, And 82 participants, primarily from seed enterprises and
seed assoctittions, took part in a related workshop on “Seed
Enterprise Management and Marketing” held at CIAT in May
1981. Both workshops were designed to develop guidelines on seed
program industry development.

Technicai Collaboration

In 198 1. the Seed Unit completed a review of the status of national
seed programs in Latin Azuerica to determine its future dincction
in seed support. Only one country was found to have a highty
satistactory developmen. of its program; five other countries were
considered to be satistactorily developing effective seed programs;
15 countries have programs that are less advanced and need
considerable turther attention and development; one of the 22
countries surveyed scarcely has an operational seed program.
Assistance to each country will be provided in accordance with the
stage ot development.

A “Seed Linison Committee™ was formed with representatic-
trom Central America, CIMMY T, ICRISAT, CIP, the Univesity
of Costa Rica, and Mississippi State University to help achieve
closer  cooperation in seed-program  development in Latin
America.

The Seed Unitalso provided leadership to the Central American
techical subcommittees on beans, rice, sorghum, and maize.



Varietal deseriptions and gaidelines for production ot these crops
were completed during the 1981 meeting of the Central American
Cooperative Peogram tor the Improvement of Food Crops held in
the Domimican Republic. and a special seed group wasestablished
to deal with research papers and seed-related matters.

To stimulate turther development of seed programs on the
national level, and to provide techmeal assistance. the small stalt
of the Seed Unttcontinued in 1981 its intensive schedule of visits to
seed activities throughout the region. These travels  which
included 13 countries in 19%1  provide tollow-up on former
training participants, contribute to the development of seed-
program strategies. and help m solving production and quality
problems.

Network Development

Alter only 3 vears of operation. the CIAT Sced Unit has
demonstrated that its endeavors in support of secd-program
developments in Latin America are filling an important vacuum in
the disseminationand use of improved agricultural technology. Its
veryactive presence has much contributed to drawing attention to
the importance of improving national seed programe, and its
extensive triuning eftorts are contributing to the steady develop-
ment ol a personnel base in seed-production technology on the
national level A newsletter, "Semillasy pira América Latina.” was
started m 1981 and is published guarterly to assit in network
coopetation. A most important reeent phenomenon is the
emergence of a regtonal network of seed professionals. many of
whom are helping in Seed Unitactivities, It is expected that this
network which is furthered and nurtured by the CLAT Seed Unit
to-the extent possible  will ultimately be able to create a
momentum an tinvor ol regionwide  seed cooperation and
mechanisms for the horizontal interchange of improved seed
stoch

= Ll PV POR e B PO A . TR T el b
Duning 1881, construction of the Seed Unit tacifities at CIAT
were completed (nght and the tirst basic seed was bagyed for
distribution (1eft)
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Scientific
Training

Cl/\'l' is a center for both research and training. The training
component is constdered the loundation tor the further develop-
ment of technology transfer channels among the national and
international levels. At the same time, training is the principal
means by which CIAT collaborates with national programs in
building up in-country capabilities for cooperative and indepen-
dentagricultural research. Beyond that, CIA T'is keenly aware that
the international commodity research networks in the lLatin
American region, which have heen created to support CIAT-
mandated commodities. are in no small measure the direct result
of the Center’s extensive and persistant training efforts.

Training s otfered by CIAT on a postgraduate basis in the
following torms:

® [ntensive courses onresearch for production related to CIAT
commodities;

® Indwvidualized internships that allow the training participant
to specialize in a given aspeet in any of the four CIAT
commodities;

® Thesis internships for M.S. and Ph.D. studeats.

In 1981, a total of 229 professionals received training at CIAT
(Table 1). The length of internships ranged from | to 12 months,
with an average of close to 4 months,

A total ot 69 of the training participants in 1981 were financed
by CIATT. The remainder  except for three participants paying
thetr own way  were financially supported by their emploving
institutions or by third-party institutions.

In 1981, as a retlection of CIATs primary concern for close
working relationships with collaborating institutions in Latin
America and the Caribbean, as well as for reasons of sheer
proximity. tully 9277 of all training participants came from this
region. The number ol representatives from each country was as
shown in Figure |

Some three-lourths of the training participants in 1981 received
commodity-hased. nondegree-related training. Most of these
individuals participated in one of the seven intensive short-courses
(0t 4= to 12-week duration) offered by CIAT in the year. As has
become common practice in the last few vears, about one-third of
the course participants entered individualized internships for 3 to
4 months upon completing short-course participation.
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The total number of professionals having recenved training at
CEAT siee the 1970s now has surpassed 2000, Naturally, there has
been some attrition ot CLA I-trained professionals in collabora-
ting national institutions. Nevertheless. itis telt that a eritical mass
of tramned scientists is avatlable and that. in the future, increasing
emphasis can oe placed on relatver, long-term, especially degree-
refated. CIAT traimimg 1o assist national institutions in their
clforts to turther upgrade the scientific levet ot their personnel, It is
i this context that CLAT provided thesis-research opportunities
to 23 students working toward their master's degrees in 1981, In
addition. 15 students conducted Ph.1). thesis rescarch at CIAT:
most ol the Ph.D. students, however, came from developed
countries  where they  pursue  their academic studies  with
collaborating universities.

Assistance to in-country training courses again increased in
1981 @s part of CIATSs cfforts to help national research
development institutions tra*n extension leaders in the use of new
varieties and cultural practices. CIAT professionals help national
institutions and conduct the courses and also provide relevant
trianing materials for the courses. CIAT assistance to in-country
courses is designed to be catalyvtic in nature in that direct assistance
is only provided until the respective national institutions are in a
position to continue the course series on their own. In 1981, in-
country bean courses were assisted 1in Colombia, Chile, Cuba,
Guatemada. Nicaragua, and Peru; ricz-production courses were
supported in Honduras and Panama, and a cassava-production
course was assisted in Colombia.

Fleven  conterences including workshops, seminars, and
meetings - were held o1 cosponsores by CIAT in 198 ] (Table 2) to
help i the exchange of knowledge and agreement of stritegies in
CEA TS commodits -rescarch networks, Other nonconunodity-
specitic contererees reviewed the state of the art in specitic
research fields.

o v .
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Figure 1. Professionals trained
at CIAT in 1981, by country of
origin.
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BALANCkK SHEET

(Expressed in thousands of U.S., dollirs)

ASSETS

CURRENT ASSETS
Cash
Accounts reeeivable
Donors
Employees
Others

Inventories
Prepaid expenses
Total current assets

FINED ASSETS
Equipment
Acroplane
Vehicles
Vehicles (replacements)
i transit
FFurnishings and
otlice equipment
Buildings
Other

Total fixed assets

Total assets

December 31__

1981 1980
1484 1471
273 201
275 172
1268 1,372

1816 1.743

1335 1.290*
o9 5
4,704 4,5|_|_
3,682 3,157
676 676

1.993 1.44]*
523 840
1,286 1,247
6,929 64415
__ 201 218
[5.290 14,194
19994 18,705

*Peclassified for comparative purposes.
The notes on page 104 .are an integral part of the financial statements.

December 31

LIABILITIES 1981

1980

AND FUND BALANCES

CURRENT LIABILITIES
Bank overdrafts 44

73
2,601

2,674

305

14,194+

860
198+

641
(__167)

1,532

15,726

Accounts payable 2,371
Total current liabilities 2415
GRANTS RECEIVED
IN ADVANCE 407
FUND BALANCES
Invested in fixed assets 15,290
Unexpended funds (deficit)
Core
Unrestricted ( 100)
Workir |, fund 603
Capital grants 265
Special projects
Donors 1,217
Other ( 103)
1,882
Total fund balance-. 17,172
Total liabilities and
fund balances 19,994

18,705
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Supplementary Information - Continued

General operating expenses

Physical plant 199 179 927 912
Motor pool 148 165 694 849
General expenses 162 179 762 914
509 523 2,383 2,675
Other - Contingency 30 138
Total Core 6,650 6,358 10,461 9,853
Capital
Fixed assets 976 1,096
Analysis of variances
Underfunding 292 708
Deficit carried
forward ( 100)

Transferred from
special projects

funds ( 158)

Transierred from

working fund ( 327)

Surplus transferred

to unexpended funds 365
292 608 ( 120)
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As of December 198 ]

Senior and
Professional
Staff

OFFICE OF THE DIRECTOR GENERAL

Sentor stalt
John Lo Nichel PhoDo Deeosesagr, e Director General

cssivtaniy
Cectliae Acosti, Adnnnstratne Assistant

ADMINISTRATION

Nentonr sttt
Jestis Antomo Cuctiar, MUBA Tndustial Adminstnator, Exeeutive Ad-

mimistriator

General Wdmunistiianive Services sttt
Fose B Conés: Supermtendent, Canniagua Station

Esvorcnites
Camtlo Ahvcress NS Adnnistratine Associte

it

Ricardo Co aseda, Administratine S istant, Goserament Relations
(Bogotin

Fdegard Salleos Adme Fape, Head, Travel Otlice

Food and Housing

General Advimsirative Services suaff
Fduirdo Fonseca. Head

Human Resources

General Adnunistrative Services stafl
Germiin Vargas MOSC Indostoiadl Adounistrator, Head

RO
German Anias, Abop - Attorney, Personnel Office

Muintenance Services
General Advimiaatn e Nervices siaff

German Gutieries, Ine. Mee., Superintendent

Assistangy
Manio Cadena. Flectiical Section
Marvin Heenan, Head, Motor '+ )
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o aabbatioal feave

4

Supplies

Goneral Admunisorative Services statf
Fernando Posada, MSL Head

Asvistanin

Perey de Castro, Head, Warchouse
Matino Topes Head, Tmpors
Dicgo Mejice Heaoo Purchasing:

CONTROLLER’S OFFICE

Senior stalf
Andrew Vo Urgqulint, FOC AL Certitied Accountant, Controller

General dnmannatrae Services siatf
Hector Florez C 1A D Asastant Controller
Jottie A Guertero, Assistant Controlle

AAsvistans

Gregono Bedova, C P Treasurer (stationed in Carimag)
Adesnis Corrales. Lreacarer (statiened i Carnmigguiy)

Fome Cumba Budecet Assstint

Maunoo Lozana, MEB AL Assistant Controller

César Moreno, CF 0 Accountant

AMarmo Rengito, Cashaer

CROPS RESEARCH

Nentor stafl
Douglas Ro Famg. PhoDy Duector

BEAN PROGRAM

Nentor statt
Autt van Schoonhoven, PhoDy D ntomologist, Coordiator

Stephen Beebe, Pho D Plant Breeder, Cential America Bean Project
(stiationed e Guatermala City)

dereny HC Davas, PhoD Agrononust, Plant Breeding

Guillermo b Gaives oD Plant Pathologist, Regronal Coordinator,
Central Ametiea Bean Project istationed i San Jose, Costit Ricin)
Peter B Graluim, PhDY O NMictobwologist, Mcrobrology

Francsco T Morgdes, PhD O Viologist Viroloyy

Sihvio H Orozeo MS O Plant Breeder, Central Amenci Bean

Project estattoned i Guatemala City

Daouplas Pachico, Ph D Feonomist 1 eononnes

AMarcal Pastor-Carrates. PhD o Plant Pathologist, Plant Pathology
Jotin HE o Sanders, PhoDy C Nencnitural Teonomist, Teonomies
Fedenco Scheuch MS O Agronomist, Pern CENT Bean Project (stationed
m L ana, Penn
Stree BoSwgh Phb o Plant Breeder, Plant Breeding
Steven RO Jemple ' D Plant brecder. Plant Breeding

Michael D Thung, PhoD o Aptonomist, Agronomy (stationed in
Govana, Brazily
Osvwaldo Vovsest PhoD C Apronomist, Agronoms

bosine scientney
Cesar Cardona PRED T atomaodogy
Ramato de L Crouzs PhoD o Phvsiology

fostdoctonal teliows
Aichacl Dessert PhoDy Plant Breedimg



Favitone vescarc b asvacrans
¢ Robin Buruchara, MS L Plam Patholopy

Juli Komepay NS Brecding
* Deborah Mubindwa MS T Breeading Patholopy
¢ Theresa Senpooha ATS N jrologs

Resear e asson e

José A Guticnes. MNPl Hiceding
Cutlos Jinenes, NS Plant Brecdimg

Nohee Rode Ponddno Tue Apc eonanmies
MN O Arononn

Janpe Ontega

Researdcl: avsovanin
o ANredo Avostas Ing Ay Fitomalogy

Bernardo Aleate Ing Ay \gronann
* o Calos Bohorques Ing Aer - \gronomn
Hotaoo Carmen. Tng S Plang Pathology
Mannco Castaie Ine gy Viredopy
Jesin A Casnllos Ing g Physiodogs
Fetnando Comrea lng \pr . Plam Patholop
Autora Dugee Tog Ay Mictobiologn
Myt C Duague Fe Mat L1 cononings
Oscar Trzo Ine Agr Agranonn
Diego Fonsear Tng A Physiodog
Jorge U Gurers e\ Litomaology
o Hernandes e Apr PlaneBiceding
Oz Herrera o et eonannies
Carlos Manntla Ing A\ | ntatiology
Nelon Matines, g Ay \trononmn
Gustave Montes de O, Ing g Aptonomy
Gevrdo Teada Tng A \grononn
oSt Nt T, Apr Mictobiology
¢ Huge Zapata. ng \po \tronoms

CASSAVA PROGRAM

Nennen alt
James H. Cock, Ph.D., Physiologist, Coordinator

Anthony € Bellow, Pho Dy Fatomologist, Fntomaology

Canltermo G Gomes PR Nutniomst Biochemist, Cissiy i Utilization
Clar Hershev, PhDy Plant Breeder., Plant Breeding

RemhardtHoweler Pl Sol Saicntst, Sol and Plant Sutrition

Koz Kawano, 'hoD Plant Bieeder, Plan Riceding

Dot Fahiner e g - Aptononnst, Culinnal Practives

P Catlos Tozano, Phoby s Pathalogist, Plant Pathology

o Ko Dyvaam, P Agncoliural Feanonnst, i conomies

Juhio Cosie oo, Ph DL Agrononist, Aprononi

Pty scuenns
Mabronk b Sharkaws . P Plant Phy stologs

Fasetone speecuhingy
Fsald Sieverding, PhoDo Sodd and Phat Nutntion

Postdos tenal petlings
Upali Bvasinghe, Ph D Vigolopy

Visstne researc lr asseon iares
T Zanol Abd Az ALS L Phasiolops
* Benhard Tolns MS L Fiomology
Jan Marginet Salich . AN Entomology

*lett duning 1981, 1 1 1
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att dutimg 1981

s

ondowk Velthamp NS Phvaolopy
Robert Zewler NS Plane Patholops

Revear e assocuates

Alvaro Mmavae MS O Genmplasm

Ratac! Orhindo Dz NSO Feononmues

Ratact Aberto Fabenrs s Mo Plant Pathology
Henmin Pinedo, NS Phant Patholog
Jorge Santos, NS U nlhization

Octanvio Vatgas MES O Ftomology

Research assistanis

Bermardo A Ings Aer o Eotomology

Fatel Adolto Burchhardt, e Bol, Soils

Fuis Fernando Cadanvidl Toge Ages Sails

Fernando Catle. Tng Agr . Soibs Gtationed i Carimagua)
Froesto Celiss Ing \pr o Nprononny

Carolina Cotrea, e Teons Teononies

Julian Hernandez: e g Soals (staiioned i Carnmuigui)
Judio Fduardo Holguin, Tng. g, Physiolops

Dicgo lzgmerdo, e Teons Teononies

Gustavo Jaoullo. Ing Agr Agronomy

I uey Kadoch, Tie, Biol s Physioloey

Eivier Popes, Ing e Cultuial Practices

Poedio Millan. tng. \pie Genmplinm

German b Pars Eng Ng Phyvsiolopy

Fdpar Salazar, Ings Agr Soils tationed i Cartinagaa)
Mannico Viddivesa, Zoat, Unlhization

Ana Mitena Vel e Biob, Fatomology

Ana Cectha Velasea, Chine Fabo Plant Pathology

RICE PROGRAM
Senver saty
Toagum Gonzalez MUS O Agrononnst, Coorduaton

Sane-Won Ahn PhDy L Plant Pathologist, Plant Pathologs
Peter R denmmnpes, Pho Do Plant Breeder, Plant Breeding
Cosat Mutnes, PhoDo Plant Breedeo PMlane Bieeding
NManuel Roseros PhEY Pt Breeder, IRRTE ison Scientist
Hecter Weeraratne, Pholy Plant Bresder, Plant Breedig

Pistdoctoral felicas
Lpror Castano. PhoDy Plant Pathologs
Ratael Posada. Pho by O Feononie

Research associates
Marco Perdomo, Tug \gs Agronony

Researct assistanis

Fans Fduando Bertio, Tag A International Toads
T uis Fduardo Dussan, Tngs Apes Pl Breedmy
Yolunda Cadavid de Galvas, lngs Mg Arronomy
Jenny Gaonga, Ings gL International Foals

Luis Froesto Gareras Ing Apr Plnt Breeding

[us Octiavio Mol Ing, A, Plant Breedmg
Fhseo Nossn Ings Agr, Plant Breedg

Migtiel Fduardo Rubiano, Ing. S Plant Pathology
Fdgar Tulande. Tng. A, Plant PP abalogy
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RESEARCH SUPPORT
Genetic Resources
Seator statt

Feonard SO P Songs Phby, Genmplason Speciadnt, Head
Wilkum M Rovas PheD L Plhasiotogist, Head

Vovitnng roseardd assod aies
Paul Gepiso e Aer - Germiplasm (Beans)
Pheerrs Vanderborght, I N Germphasan (Beans)

Researc e asyod ey
German Alvares ALS Germplasm oF orage)
Rigoberto Hidadgo, NS Germplasm (Beansy

Rescarc i assistanis

Javier Narviaes Tog g Phnsaolop

Jorge Alberto Roduisuess ngs Ao Physiodogy

Hember Rubumo, Tie Ape Germplasnn (Beais)
Hugo B Zapata Ingy Aer o Germplasi (Bans)

Laboratory Services

Servon siatt
Robort Fase: Ph D Brochenist, Head

Rescarc e associares
Octinvio Mosquenis MUSL Analytical Services

Researdh assitant

Maria Fugemia Cantera e, Quini., Nutrition

Charles McBrown, Teeo Dlee Intruments Mantenanee
Koherto Segovia, Inee A Greenhouses Dandscaping

Experimental Stations Operations

Sewier statf
Altons Dz Ducin, P Agnicubunal Fogineer, Supenntendent

Researcly avsistanis

Navier.Carbonell, M S Palmua Station

Navier Castillo, Ing. Agne., Palinna Station

Ramiro Nanviies, Ing. Apnie.. Head. Quilichao Substition
Carlos Otero. Ing. Agr. Paliia Staton

Ramulo Péres dng. Agnic. Head. Popavan Substation

LAND RESOURCES RESEARCH

Serior staff
Gustino AL Nores, Ph DL Director

Aasocates
Uriel Guticries, MOS Assocntte Administrator

TROPICAL PASTURES PROGRAM

Serior stalft
José Mo Foledo, Ph.D L Pasture Agrononnst, Coordinator

Fduardo Avandi, PhD o Ainmal Health Speciatist. Animal Health
Rosemany Bradles. PhoD o Soil Microbialogist, Mictobiology
Mano Calderon, PhD L Fntomologest, Plant 1 womalogy
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*1 et duning 1981
**On ~sabbatical lease.

Walter Couto, PhoD - Soul Scieatist, Pasture Development (stationed
n Brastha, Boasah
¢ dobn BoFerpuson, PhD O Agrononmst, Seed Production

Bely Grot, Phoby CForage Agrononist, Agronomy (statoned in Canargn)
Catlos Tascano, PhoDo Al Nutnionest, Pasture Quahits and Nutsition
Jilin MO Ferne, PhoD Plant Pathologst, Plan Pathalogy
John W Ntless PhoDC Plant Breeder, Forage Brechng Agronaomy
CoPatnck Moores PhDC Aninad Saentst, Cattie Froduction Systenis
(stationed o Brasita, Breoaly

Pateban A Prano, PoD L Agronomint, Agronomy Regonal Tisils
Jose G Sadinas, PhD o Sad Plant Nutnonist, Soiland Plant Nutrition
Raner Schultze-Nade Deoaee. Agroncmnst, Germplasm Collection

and Fyalation
James Mo Spamn PhaDo Sod Scientst, Pasture Deveiopment (stationed

m Cannnsgug)
P B Tergas, PhoDoo Ngronomist Pasture Productinvity and Management
Detneh Thonus, PhD o Forage Agronomist, Agronomy (stationed  in
Pristhy Branl)

Raul RO Vera Phoby Nutntionst, Cattle Production Systems

Fsering scaenttisis

Flaruo Havashe, BS O Pasture Productiaty and Management

oo Marh Hutton, DS Tegume Improvement
¢ Nobusoshi Macno, PhoD Pastine Productivity and Management
¢ Robert Red, Ph DL Plant Inttoduction
A Sheldon Whitney, PhoDy o Soil and Phint Nutnition

Vst specualingy

O Rolt Mihorst, Deoaer P EES Project (stattoned in Brasiha, Brasl)
Cristoph Plessow bip! g Ao EEES Projeet (stationed i Matuaring
Vencsuela)

Postd votoral fellings
Pedro © Argel, PhoD o Seed Production
1o Antono Carnllo, Daoagn . Feonomes, ETES Project
Ravmond | Cerkaushas, PhD L Phant Pathology (scationed in Brasiha,
Brash
Frank Moller. Deoagr - Cattle Prodaction Systems ¢ titioned in Carimagua)
Ruprecht Schetlenbere Droapr. Animal Science Feonomies (stationed
m Pananin
Catlos Seré v apr, Feonomes HHES Project

Vasarone researdlt associares
* Hike Bochnert, MS Pasture Quahiy and Nutniion
Gerhard Keller-Grem, ALS L Germplasm
Marttin Schocichel SES O TES Progect (stationed i Paerto Gaitan,
Colombnn
Ivabel Vilenens, MS  Pasture Sovciopment (stationed e Carimagua)
Pinas Wepe MOS O Amronomy (statoned i Carimagui)

Researct associate
Mague! Anpel Mwarza. SMES O Sorb Microbiology
Fdeard Burbana, Mos 0 Sceed Product o stationed i Carimaga)
Carlos I Castilla, SMES O Agronomy Regonal Trals
Raodolto Fatrada, MOS T eonamies
Ruben Dano Fstrada, MS O cononmies
Libardo Rivas, MOS O Feanonnes
* Fabio Nebon Zubuage, MOS O Amimal Health (stanoned an Carimagua)

Research assistarntn

Amparo de Alvaress b A Plane Pathologs

Canllermo Nango, T Biol o Fotomology

Hermando Avala, DNV N Z0 Cattle Production Syatems (stationed
i Catimasuag)



Gustine Henavides, Inp g Germplasm
Gertoied Cados Buch, Ing Apr . Agronomy (stationed i Carmagua)
Rl Botero, DY ML/ Cantde Production Systems (stationed 10 € RIFEIATUTRY)
Arnulto Carabalv dng N Agrononny Regonal Trals
* o Ruben Danie Cabrades. Zoot, Cattle Production Systems (stationed
mn Cannsgna
Lavier Asdiibal Canol Tie eons Adiminsttatine Assistant to the
Coardinaton
Manuel Covanado. Tng Agr 1 egame mprosement
Mothac Foene Fscandon dng Aen o Torage Bieedimg \proaomy
Carlos Pacobar Ine Age o Sonland Phant Nutntion
Lus B Pranco. e \pr o Psture Drevelopiment (stationed i Canunagua)
Moanuel Atture Francas ing Meeo Sastems Siadsst. Ottice of the
Coordinator
v Gureias Ing A Seed Production
Obed Garcre DY N Nwmial Headth
Hernan Goaldo Ing Ayt \gronony
Ramon Gualdean, Tny e o Soaland Pt Nutiton
Francsco T Henaos DOV N Z 0 Animal Health (stationed Carunagui)
Phanor Hovos, Zoot . Pasture Quality and Nutnitor
Cartos Humberto Malatos Inge \pi, Forage Breedimg Agronomy
Dasier Mosqueras tng e soil Microbiology (stationed Caranmagua)
Glona Navas Tne g Pasture Davelopment (stationed in Carumagua)
Fdar Quainteros Tng e Plant Pathology Fotomoelogy (stationed
m Carnmagua)
Fabioke de Ravnees T Bace o Sond Microbiologs
Ramundo Realpe, Tne Aer - Agronomy (shationed Cannmagua)
Bernardo Rovera, DAV AN Al Heahh
Manuel Sinches T e Seed Production
o Josd lgnaco Sany o Ay Sonl and Plant Nutnon
Celma Tarres Ine A Plant Pathology
¢ Gantago Drreas e Aer o Plant Patholopm
Fetnan Aibero Varcla Tng Npe o Futomologs
Bime Velawuess Zoot, Pasture Productinany and Management (stationed
i Canmaga)
Bernardo Veloso Ing Npeo Forage Bieeding | egume Improvement
(tationed e Caramagin

SPECIAL STUDIES
IFDC/CIAT Phosphorus Project

Serion staft
Farny I Hammond, Phob Sold Chiennst, Hlead

Jacgueline A Ashby . PhoDL Sociologist, Soctology
Lo Altieda Fean, Ph D Soil Chennst, Sl Chenistry

sty resear b assectatens
Davad 0 Harns, MOS O Sauls, DO Benchmark Souls Project

Researclr assisianin

Gernin Montes de Ocae Ings g \gronoms

Carlos Arturo Quiros. Ing. Agr Agronomy

Fuis Guillermo Resticpo, ing Apr, \gronomy (stationed i Canmingia)

*1ett duting 19%]
*rOn sabbhatical leave 1 15
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RESEARCH SUPPORT

Data Services

Serior vall

Teshie O Chapas, Dipl Math, Stac, Biometoenn, Head

Vastrone soiening

* thomas | Cochiane, P and Resowrees Tvaluation
Peter Jones. Pl Avroccolopical Studies
General Admpasiraiive Scrvices siaft
Margr Contine Amezquita de Quitones, Dipl Math, Stat, Head,
Brometnes
Postting resear I associaies
.

P Fernando Sanchezs Ing e Land Resourees Bvaluation

Revears I asvoctates
James Harbey Gareras MES L Biomietnes
Josg Fduardo Gramados, MOS O Bometries
Glotig Quintero, Ing San Computing
v dorge Aupusto Porras, Ings Quims Conmputing

Researdlr asvistaniy

Miti del Resarto Henao, fugs Sist - Comptting
Catalo Jordan. Computing

Osear T Quevedo, Tng Sist, Computing

Julian b Rengdo, Ing, St Computing
Altiedo Rojas, Biometties

Jose Allredo Saldariaga, Ings St Biometries

o INTERNATIONAL COOPERATION
L":!'{‘L“J s Sewenr viat
A e : Jond Valle-Riestra, Ph D Durector

I tales
Tartge Pena, MOS O Admimstistive Mssocnte

COMMUNICATION SUPPORT

Sewtor staft
Fritz Kaomer, P Communiciation Scaentist, Head

Awliotutorials

Ao wtes
Cornclio Trupllo, NS Bupenvisor
Maria Docia de Posada, MS L Tditonal Seavices

IR

Oscar Arregocds Tne Aer Production

Fernando Fermandes o M Producthion

Cilia Foentes de Prediahuta, fogs Sz Production
Hécon falea Ospma. Ing Agr - Prodoction
Cartos Sherto Vadencee Ing Mg Producnion

Graphic Arts and Produdtion

Crencral Vi irative Serviees stalff
116  *ictt duning 1951, Wilter Correa. Ph D Chiemist. Head
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Asocuires
Aharo Cuetlar, Photogiaphy
Carlos Rops. Graphie Diesign

Aseviann
Dudicr Gonzides Caaplne Desipn
Corlos Vinpas, Graphie Desgn

Pubtications,

Seror staft

Susamt Amava, Phov, Editor Writer, Editorial Services

Visiting cduors
Matilde de By Crus, Fditonal Services
Panl Gwan, MUS Fdiotal Senvices

Avoctaies
Ana Locide Roman, Ing. Age L dtoral Services
Francisco Mot MOS L ditanil Services

lsvivtanis
Maria Dudie Cabal, ditonial Senvices

Public Information

Asvoctos

Fernando Mora, BV ALA L Head
Iasivranin

Rodigo Chives. Intormation Seryices
Jorge Fongue Paz Ing. Agr. Infornution Serices

LIBRARY AND DOCUME;

"ATION SERVICES

Senor siatt
Susan CoHatn M S Tibany Seientst, Head

Avociares
Alcacdto lanénes, Ing, Apre. Documentation Center
e Popes Bibliographie Senvices

IR

Fabioly e, Lie due,. Aencultural 1T eonomies Documentation

Stelln Gomes Tie BB Relerenee Senvaces
Ginlos P Gonzales, Ing Apr. Bean Documentation
Franey Gonziles Toe Apn . Cassava Daocimentation

Mariano Mejia.l e, fdue Lropical Pastines Documentation

Lynn Menéndes, Frnslations
Piedad Momtano, Adqguisitions

Herndn Poveda, Fieo Bibl Technieal Processing (Setuls)

Himilee Serna. L, Bibk, Technieal Processing (Booky)
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TRAINING AND CONFERENCES

Seawten sttt
Fernando Fermiindes, POcD Saodl Seientist, Coordinator

General Adnpustrative Servwees statf
avad Byvans, Adonmistator, Conlderences

astddoctoral fellons
Jatro Cano, PhoD Tranung Pyaluanon

General Advunneranye Services stafy
Altredo Caldas, MS O Admissions Adminstrator

Dvocuies

Catlos Domingucs, MSL Cassinva

Cartos Flor, MON L Beans

Flias Gauciae Ings Agr Racee

Marcelano 1opess AMLS O Beans

Alberto Rumires MOSC Bropacal Pastures

Jestis Reves, MOS Cassava

Fugento Fascon, Ing A In-country Training Rice

Avsastanis
Catlos Suarzz. BS. Onentation

SEED UNIT

Newior statt
Johuson B Douglas, M.S. See ot Head

Federico Poev, PR Seed Speaa. < Production

Roeveardhr assocuaies
Joseph 1o Cortéss Ing. Agnice, Tianning

fooscardr assinianis

Fose BoaArstizibal, Ing. Agric., Seed Qualits Control
Tosé Fernandes de Sote. Ing, Agne, Communication
Guillermo Grealdo, Ing. Agr, Seed Production
Napoleon Viveros, Ings Apne., Seed Processing

CIMMYT/CIAT ANDEAN REGION MAIZE PROJECT

Sentor sttt
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T.HE CONSULTATIVE Group for International Agricultural
Research (CGIAR) was formed in 1971 to provide a mechanism
for mobilizing broadbased {inancial support for the global system
of 13 international 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. Inaddition, in consultation with the
Technical Advisory 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
1o achicve maximum benelits.

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 US$150 million.

Fach center (of which CIAT is one, see front endpaper) or
organization in the CGIAR system is autonomous, with its own
Board of Trust v« or other governing body. Each develops its own
budget for [unds provided by CGIAR, consistent with the total
money pledged to be available for the coming year and the center’s
program in relation to the goals of the system. Eachcenter budget
is submitted annually during the center’s review week, when a
short overview of its programs and accomplishments is presented
belore the body of CGIAR donors and other representatives.

CGIAR operates informally and oy consensus and provides an
outstanding example ol effective, flexible, and successful
cooperation between the industrialized and developing werlds.
Headquarter offices are furnished by the World Bank in
Washington, D.C. The Bank also provides the services of a
Chairman and an Executive Sceretariat. The Secretariat of the
Technical Advisory Committee is provided by the Food and
Agriculture Organization of the United Nations in Rome.

The nine international agricultural research centers and four
associated organizations have the following headquarters and
rescirch responsibilities:

o Centro Internacional de Agricultura Tropical (CIAT), Cali,
Colombia: cassava, tield beans, rice, and tropical pastures.

e Centro Internucional de Mejoramiento de Maiz y Trigo
(CIMMYT), EI Batan, Mexico: maize and wheat.

e Centro Internacional de la Papa (CIP), Lima, Peru:
potatoes.

o International Center for Agricultural Research in the Dry
Areas (ICARDA), Aleppo, Syria:  farming systems,
cereals, food legumes (broad bean, lentil, chickpea), and
forage crops

o International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT),  Hyderabad, India: chickpea,
pigeonpea, pearl millet, sorghum, grourdnut, and farming
systents.



CGIAR

Consultative Group for International Agricultural Research

* International Institute of Tropical Agriculture (I1TA),
Ibadan, Nigeria: farming systems, maize, rice, roots and
tubers (sweet potatoes, cassava, yams), and food legumes
(cowpea, lima bhean, soybean).

® International Laboratory for Research on Animal Diseases
(ILRAD). Nairobi, Kenya: trypanosomiasis and theileriosis
of cattle.

¢ International Livestock Center for Africa (IL.CA), Addis
Abiba, Ethiopia: livestock production systens,

® International Rice Research Institute (IRR1), Los Bafos, the
Philippines: rice.

® International Board for Piant Genetic Resources (IBPGR),
Rome, laly,

¢ International Food Policy Research Institute (1IFPRI),
Washington, D.C.. USA: analysis of world food problems,

® International Service for National Agricultural Research
(ISNAR), The Hague, the Netherlands,

® West Africa Rice Development Association (WARDA),
Monrovia, Libena: rice,
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