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CIAT is a nonprofit agricultural research organization devoted to the goal of increasing
sustainable food production in tropical developing regions. CIAT is one of 13 international
agricultural research centers under the auspices of the Consultative Group on Interna-
tional Agricultural Research (CGIAR). The government of Colombia provides support as a
hostcountry for CIAT and furnishes a 522-hectare site near Califor CIAT's headquarters.
In add:ition, the Colombian Foundation for Higher Educatinon (FES) makes available to
CIAT a 184-hectare substation in Quilichao and a 73-hectare substation near Popayan;
the Colombian Rice Federacion (FEDEARRQOZ)also makes available to CIAT a 30-hectare
farm--Santa Rosa sub-station—near Villavicencio. CIAT comanages with the Colombian
Agricultural Institute (CA) the 22,000-hectare Carimagua Research Center on the
Colombian eastern plains and carries out collaborative work on several other ICA
experimental stations in Colombia; similar work is done with national agricultural
agencies in Latin American, African and Asian countries.

CIAT is financed by a number of donors, most of which are represznted in CGIAR.
During 1986 these CIAT donorsinclude the governments of Australia, .'elgium, Canada,
France, the Federal Republic of Germany, ltaly, Japan, Mexico, the Netherlands, Norway,
the People’s Republic of China, Spain, Sweden, Switzerland, the United Kingdom, and
the United States of America. Organizations that are CIAT donors in 1986 include the
European Economic Community (EEC), the Ford Foundation, the Inter-American Devel-
opment Bank (IDB), the International Bank for Reconstruction and Development (IBRD),
the International Development Research Centre (IDRC), the International Fund for
Agricultural Development {IFAD), the Rockefeller Foundation, the United Nations
Development Programme (UNDP), and the W. K. Kellogg Foundation.

Information and conclusions reported herein do not necessarily reflect the position of
any of the aforementioned entities.
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HIGHLIGHTS 1985

We are well familiar with the predominant small farmer nature
of beans, and that beans are an important protein crop, produced
in many ecological =zones and cropping systems, each of which
differ greatly in their production constraints. Bean production
in the tropics is centered in Latin America and East Africa, with
some production in West Asia.

The Bean Program strategy is to seek improved production
without necessarily increasing inputs. This must be achieved:

(1) Primarily through stress tolerance breeding to gradually
reduce the effect of production constraints;

(2) 1Improve the yield potential and nutritional quality of
the above-mentioned multiple resistant varieties.

To achieve the objective of increasing bean production and to
execute its strategy, the Bean Program at CIAT-Palmira embodies
three research themes. These themes and support personnel are
listed as follows:

Germplasm Development (6 senior staff)

Germplasm Promotion and Use in On-Farm Testing (3 senior staff)

Yield Potential (2 senior staff)

These three groups form the CIAT-based headquarters staff one
of whose functions is to provide support to the outposted staff
which function as regional research groups. There 1s great
interaction among these research groups within national programs,
They form the CIAT part of the bean network, the other two compo-
nents are the national programs and the basic research centres.
CIAT interacts with national programs mostly through the decen-
tralization of genetic improvement and strengthening of national
programs through treaining.

Personnel Changes

The Bean program underwent several staff changes during the
year. Steven Temple, the most senior bean breeder, left after 10
years of service to CIAT to further develop his career in his home
country. Steven Beebe, the Central American breeder succeeded
him, Cesar Cardona returned to CIAT as senior staff entomologist.
Julia Kornegay joined the program as postdoctoral bean breeder tn
support the African outreach activity from homebase and to replace
Jeremy Davis who 1is on sabbatical leave. Joachim Voss became
senior staff. Darry Smithson was contracted as a breeder for Fast
Africa Project, and Willi Graf strengthened the (reat Lakes
Project as agronomist. Tl.eif Youngdahl joined CIAT for 1 1/2 years
as TFDC staff to study the mechanism of low P tolerance and
improve screening methods for this. Specific expertise was
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brought to the Bean Program by Porfirio Masaya and George Abawi
who joined CIAT for sabbatical periods of different lengths.
Jairo Castafio left the Bean Program for a position in the Pan
American School in Honduras.

Highlights

Of germplasm base

- Due to four germplasm collection trips (to Mexico, Argentina
Colombia and Peru) carried out by the CIAT-IBPGR project on
germplasm collection, 876 new accessions were added to the
Genetic Resources Unit (GRU). Seven more expeditions are
planned for 1986.

- A second evaluation of the entire, available germplasm
collection was carried out for resistance to viruses, angular
leaf spot, rust, anthracnose, common bacterial blight,
maturity, adaptation for vigor and reproduction, and growth
habit., Most of the team participated in the evaluation and
the data are stored in the IDMS-R database system which is

now partially operational. As a result of the evaluation
many new parents were added to the breeding programs of CIAT
and the national programs. Also, exciting new variability

was found, e. g. small pods combined with medium seed size.

Of disease and pest resistance

- Excellent grain types have been select%? in BCMV resistant
lines for Africa carrying the bc-3, be or other recessive
genes alone or combined with the I gene.

- BGMV screening of advanced breeding lines, not specifically
bred for golden mosaic resistance detected non-black seeded
lines A 429 and DOR 303 with high levels of tolerance.
Resistance was also expressed in crosses involving those
lines as parents,

- A previously unknown BGMV resistance -mechanism- local
lesions- was found in a red-seeded bean genotype, Red Mexican
35. This mechanism effectively restrains the systemic
invasion of bean plants following their mechanical
inoculation with BGMV, and will be tested in the presence of
the white-fly vector.

- Two new races of halo blight were found (for a total of four
2xisting races) and many new parents were identified for the
African program.

- The presence of five pathogenicity groups of angular leaf
spot has been indicated and valuable resistance sources for
the Latin American and African programs have been identified.



- New screening techniques for charcoal root rot have
facilitated the evaluation of germplasm apart from the
drought nurseries.

- New parents for resistance to Apion such as Guate 59, Guate
209, Puebla 21, Puebla 36-1 and G 13614 now show good pro-
gress in maintaining resistance in better adapted materials.

- Resistance to bruchids in the small seeded types has been
successfully transmitted to larger seed types. It appears
(from collaborative studies with the Bean/Cowpea CRSP) that
resistance is based on substitution of the phaseolin protein
for a new arcelin type glycoprotein.

The question remains why this protein is only found in wild
beans, and why it was lost during domestication. Scientists
at the University of Wisconsin believe that it contributes to
their evidence that the domesticated bean germplasm is based
on a small part of the variability found in the wild types.

Of N-fixation

- The N fixation research strategy was revised to: (1) improve
ability of bean lines to better fix N with good strains; and
(2) improve the competitiveness of good strains with often
ineffective native strains. In controlled studies, using the
N 15 isotope, selected bean lines fixed about 30 kg N/ha,
which was about 40% of the total N in the plants. Given the
different mechanisms for fixing N, genetic improvement should
be possible by combining these.

Future Challenges

The ERP recommended and endorsed the efforts of the Bean
Program to increase research on yield potential. This does not
mean that the program is shifting away from stress tolerance
breeding. It rather follows from increasing decentralization and
progress in research. After many years of training of national
program scientists in the area of resistance breeding, principally
for diseases, and the increasing decentralization that followed,
more selection for disease resistance is taking place at the
national program level. This frees time to develop a basic
strategy to breed for increased yield.

With respect to network expansion, the Bean Program increas-
ingly concentrates its activities in those countries where the
probability of impact is greatest. The expansion of the network
to include additional countries will continue according to the
following criteria:

(1) The candidate country must have a serious and dedicated
research group. It may be a small program but it must show
all signs that it can utilize effectively the collaboration
with CTAT and improve local bean production.
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(2) The grain types and production problewms of candidate coun-
tries must be under improvement at CTAT.

Network expansion 1in Africa continued. The Creat Lakes
Project (Rwanda, Burundi and Zaire) is fully operational and
collaborative projects with eastern African countries are being
developed.

Adoption Studies

Adoption studies teach us much about the reasons why farmers
adopt, or fail to adopt new technology. A total of 21 countries
have released network varieties. Significant adoption occurs so
far in 11 countries and we conduct adoption studies in three
countries and expect to expand this next year to six. Many new
varieties were released or named. It becomes increasingly unclear
if a variety 1s released in a decentralized network.

In Colombia, we fcllow the adoption of E 605 after its
release and farmers' positive or negative comments.

Costa Rica

In the most important bean regions, over 50% of the farmers
now use Talamanca, and Brunca is coming up strongly. 1In selected
areas over 807 of the farmers grow Talamanca. TFarmers like its
yield and erectness, the latter being a problem of Brunca.

Guatemala

The country is self-sufficient in beans, and is testing new
grain types for export markets in non-traditional bean growing
areas. Adoption rates were not as high as we expected, but yield
advantage was much higher. We are growing out samples of the
farmer”s plots to measure 1if adoption data are correct, or if
farmers are using new varieties under landrace names.

Argentina

This country greatly increased bean yields, and provides
beans for areas which are deficient, mostly Brazil and Mexico.
Net benefit of research in 1985 was US $2.4 million. Over 80% of
the farmers now use the new black varieties,

Some Brazilian states show strong adoption of new varieties.
We hope to be able to do collaborative impact studies in Espirito
Santo, Goias and Rio de Janeiro in 1986.

In summary, we feel that much progress can be reported and
many exciting stories can be told. But the place of beans in the
future, as a world crop, will in our view be determined by the
success we have in raising its yield potential and improving the
nutritional quality. These are two challenges requiring several
years of dedicated, collaborative and imaginative research.
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I. BEAN GERMPLASM ACTIVITIES

A. Germplasm Collection, Multiplication and Distribution
Acquisitiqﬂ

The acquisition of Phaseolus germplasm continues as an important
objective in the assembling of the collection. Besides the donations
of national institutions, a co-sponsored TBPGR-CIAT collector started
expeditions to Peru, Argentina, ¢olombia, Mexico and Guatemala this
vear (this activity is explained in detail later on). A total of
1,845 accessions were added to the collection, including samples of
the four cultivated species and several wild species; these materials
came from 29 countries (Tahle 1).

Status of the Phaseolus collection

The Phasegius collection has increased to 36,154 accessions
(Table 2). The common bean P. vulgaris, and its wild relatives are 887
of the collecticn; with res}cct to the lima bean, P. lunatus germplasm
is about 7/ of the toral, of which the P. ~ coccineus complex
represents half (3.5%). The P. acutifolius germplasm adds up to 0.5%,
and the wild non-cultivated species only (.27, A total of 55% of the
collection has been increascd and is available for distribution.

Germplasm characterization

Two sets of germplasm were evaluated in CTAT-Palmiva during
1985 (one per semester). The objectives of this work were
twofold: first to evaluate the usefulnese and practicality of the
minimum descriptors proposed by CIAT for characterization of P,
viulgaris germplasm, and second to continue with the clustering of sim-
ilar germplasm. The first group selected for applving the minimum
descriptors corresponded to the large-seeded, types T and 1T,

n preliminary observations of the large-seeded growth habit 1,
and using the variability factor concept, those characters that are
environment-dependent appeared tc be more variahle (Table 3), however,
they cannot be used as separators., DNevertheless, those characters not
influenced by the environment were considered, such as nedes to first
raceme on stem, and appeared as a potential separators. Thev showed
almost three times more variability than davs to flovering. The rest
of the variability factors coincided with previous results for all
growth habits (CIAT Bean Program Annual Report, 1982),

Storage

An agreement has been signed between CIAT and FMBRAPA/CENARGEN to
duplicate the Phaseolus bean permplasm collection in Rrazil. This
duplicate will be stored in the CENARGEN facilities for long term
storage. The samples will have the same characteristics as the ones
in long term storage in the CIAT hank regarding viahility, ceed
moisture content and packing. The collection will he sent in batches
increased exclusively for this purpose.



Table 1. Phaseolus introduction: List of bean germplasm introduced by
the Genetic Resources unit (GRU) during 1985.

Region/country P. P, P. P. Wild Others
vulg. lun, coc. acut. species
North America
USA 395 - - - - -
Central America
Mexico 22 - - - - -
Guatemala 60 - - - - -
El Salvador 7 - - - - -
Honduras 2 - - - - -
Nicaragua 18 - - - - -
Costa Rica 2 - - - - -
Panama 4 - - - - -
Caribbean
Guadaloupe 5 - - - - -
Dominican Republic 9 - - - - -
Puerto Rico 18 - - - - -
Cuba 10 - - - - 1
Andean South America
Colombia 18 7 2 - - 2
Ecuador 11 - - - - -
Peru(a) 771 27 17 - 11 -
Chile 99 - - - - -
Non-Andean S. America
Brazil 24 - - - - -
Argentinaa - - - - 17 -
Europe
Netherlands - 3 - - -
Belgium 1 - 6 - 5 -
Ingland - - - -
Africa
Kenya 79 - - - - -
Zimbabye 5 2 - 2 - -
Zambia 87 - - - - -
Malawi 4 - - - - -
Tanzania 32 - - - - -
Burundi 11 - - - - -
Rwanda 29 - - - - -
Asia b
N. Guinea 13 - - - - -
1,743 36 28 2 33 3

Grand total =

a Cosponsored TBPGR-CTAT

b

IBPGR collecting expeditions



Table 2. Status of the bean collection held at the CIAT Genetic
Resources Unit as of December, 1985.

Species Introduced Increased
P. wulgaris 31,619 18,208
P. vulgaris wild ancestors 364 344
P. lunatus 2,563 655
E: Tunatus wild ancestors 63 40
P, coccineus subsp. coccineus 792 347
E. coccineus subsp. Eolzanthus 415 199
P. coccineus wild ancestors 67 19
P. acutirolius 134 116
P. acutifolius wild ancestors 50 50

Wild non-cultivated

|

galactoides, P. microcarpus,

metcalfei, P.-pedicellatus,

Bolystachiug, P, parvulus,

ritensis, P. Q?ightii,

pachyrrhizoides 87 34

anisotrichus, P. filiformis,

Beel BT Kot o] Koo

Total 36,154 20,012

Table 3. FExample of an analysis of Phaseolus quantitative data(a)
(First semester 1085),

Descriptor C.V. V.F.b
Dayvs to (lowering 11.4 1.00
Days to harvest 11.7 1.02
Nodes to flowering 11.6 1.01
Pod length 13.9 1.21
l.ocules per pod 17.8 1.55
Seeds per pod 19.8 1.72
Duration of flowering 29.1 2.54
Nodes to first raceme jl.9 2.78
lPods per plant 46.5 4.06
Yield per plant 53.6 4.68

a. 1,216 accessions, large-sceded, growth habhit T

b. V. I'. = Variability Factor = C,V. % of anv character
C.V. 7 of least variable character




Data management

The introduction file (which is the largest file containing all
the materials received together with the corresponding passport data)
has been incorporated into the data base of the Bean Program. Also,
emphasis has been placed on the search for information on the
materials that 1lack data, to facilitate the didentification and
establishment of origin of the germplasm which in turn will help in
the task of grouping similar germplasm. Finally, a catalogue of P.
vulgaris germplasm was produced and distributed to bean researchers
around the world.

Seed distribution service

There were many demands for seed, both from outside and within
CTAT. A total of 6,595 accessions of Phaseolus germplasm were sent to
27 countries; in addition, 128 accessions of other genera of beans
(i.e., Vigna, Psophocarpus, etc.) were also distributed, for a total
of 6,723 samples (Table 4). The requests for germplasm by the Bean
Program add up to 30,690 samples (Table 5), indicating a prime
interest in the germplasm available.

Table 4. Bean sample distribution outside CTAT (1985).

No. of No. of No. of
Region countries requests accessions
North Americu 2 11 134
Central Anerlica 4 10 4,829
Caribbean | 2 106
Andean Soutl: Ancrica 3 5 47
Non—-Andean South Amnerica 2 3 35
Furope 9 12 632
Africa 2 4 135
Asia-Oceonia 3 6 245
Hiddle East 1 1 560
Total 97 54 _Ej73§




Table 5. Distribution of Phaseolus within CIAT (1985),

Program No. of No. of
requests samples
Breeding 1 12 1,292
Breeding 2 16 16,483
Breeding 3 17 1,821
Agronomy 2 314
Physiology 9 29
Microbiology 1 7a
Phytopathology/virology 41 3,499b
Entomology 24 7,213
Biotechnology 10 32
Total 132 30,690

Includes 5 species in addition to P. vulgaris
Includes 1 other species in addition to P. vulgaris

Collaborative project between TBPGR and CIAT for Phaseolus

germplasm collection.

Purposes of the project

Large collections of Phaseolus germplasm have already been
assembled throughout the world (CIAT, Pullman, Chapingo,
Cambridge, etc.). Facing the current problems of duplicates and
genetic erosion, pertinent questions are:

Does the germplasm bank have a good representation of the
primitive varieties of the three American centers of genetic di-
versification for the five cultivated species of this genus?

Is the total genetic variability satisfactorily represented in
the germplasm bank? For instance: germplasm of P, vulgaris from
the coolest areas of the Andes, of P. acutifolius from the wet
mesoamerican tropics. The GRU is also concerned with the whole
genetic diversity from "strategic'" areas (such as the western
highlands of Guatemala for rust resistance sources in the common
bean, etc.). This is the problem of the representativity for the
characters which are known to be poorly expressed.

Does the germplasm bank have good representation of the wild
ancestors and the true wild species?

A survey made in the largest bean gene banks resulted in a nega-

tive response to the aforementioned questions. This is due to the lack
of basic information about the materials already collected and the

9



poor representaticr  of any Phaseolus taxon outside cultivated
vulgaris. 1t was, therefore, necessary to resume selective germplasm
collection activities in the three American centers: Mesoamerica,
north Andean center and scuth Andear center.

Initially, the project was to put the major emphasis on the
cultivated Phaseolus species other than vulgaris (lunatus, coccineus,
polyarthus, acutifolius) to complete the present collections of CLAT
(by far the most complete in the world) and secondarily to a syste-
matic collection of the wild ancestors and the true wild species.
However, as a result of variability studies in the ficlds in selected
parts of the three american centers, the above scheme was soon revised
and a common prioritv given to the five cultivated species to fill
gaps in the existing collection. Tndeed, from a check of the types
encountered in the fields with the ones in the different gene hanks,
it appeared that for P. vulparis the wealth of the three American
centers was still under-rcpresented. Collectiuns were thus planned
each time involving national staff responsable for genetic resources,
with whom accessions and information were shared to secure the germ-
plasm.

High]igh&i

During 1985, four germplasm explorations were made and another
one 1is planned in western Guatemala for December. The results in
terms of species and number of samples are summarized in Table 6.

Since separaticn of some genetic mixtures is still under way es-
pecially for the I'eruvian material during the first sced increase, the
total number of accessions will be higher. The total number of species
collected was 11 of which (ive vere collected for the firet time for
germplasm purposes.

Concluding remarks

(1) To make better usce of each field expedition, a more aggregate ap-
proach to studv the variability of the crop in situ has been
develeped, including the sampling of Rhizobium and—Bsgfs (mainly
“ruchids). This has been done in clece collaboration with the
aicrobiolcgy and entomology sectiers. Samples have alse been
distributed worldwide to interested specialists.

(2} Intormatior is a kev issuc in germplasm management and
utilizaticn. A special form has heen used, Figure 1, therefore,
at the collection site Yor each material and copies of which were
shared wirh the national GRU involved.

(3) 7The accessiors listed in Table 6 represent new penetic
variability, i.c. not alreadv availalble in germplasm banks, since
a careful compariser was made with the existirg material tor each
region before collecting the germplasm,

10



Table 6. Results of germplasm explorations, 1985.

Country (region) No. of

Species samples

ARGENTINA (Tucuman, Jujuy, Salta, Catamarca)

P. vulgaris var. aborigineus (wild ancestor) 26
P. augusti 3
PERU (Cajamarca, Amazonas)
P. vulgaris var. vulgaris
landraces more than 511
weedy types 8
P. lunatus var. lunatus (landraces) 25
P. palvanthus 13
P. pachyrrhizoides 2
COLOMBTA (Nariro, Putumayo)
P. vulgaris var. vulgaris (landraces) 54
P. lunatus var. lunatus (landraces) 68
P. polyanthus 15
P. coccineus 1
P. natural hybrids polyanthus x coccineus 16
MEXTCO (Nuevo Leon)
P. vulgaris var. vulgaris more than 71
P. coccineus 1
P. anisotrichus 8
P. glaucocarpus 1
P. neglectus 5
I. scabrellus 3
P. xanthotrichus 4
P. sp. (new taxon) 2
Total number of samples more than 837

(4)

It is obvious that there is a problem of representativity of
previous collections. As an example, for Cajamarca, Peru, the
previous collection contained 220 entries of P. vulgaris to which
more than 511 new accessions were added; for Nuevo Leon, 42
accessions existed in the Mexican CRUs and more than 71 new
materials have been found in the southern part of this state., A
list of the varieties grown at present and some of the ones grown
in the past was also drawn up.

The materials will be made available soon to the different GRU's
throughout the world, to breeders and agronomists for further
evaluation, but also to extension services, since the field
studies have revealed an increasing interest by farmers to plant
vanished bean types as well as to diversify their products. New
characters will also be examined at the first seed Increase to
better characterize the entries as well as to calculate diversity
indexes. The latter will help to orient further collection
activities.

11
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Future plans

Collection activities will continue during 1986:

— In the south Andean center to look for wild ancestors
of P. vulgaris and P. lunatus as well as landraces of both spe-
cies. -

- In the north Andean center, for the same materials as
well as P, polyanthus and coccineus. Special attention
will be paid to the transition area between these centers in
Peru, to understand their relationships.

- In the Mesoamerican center where two long expeditions
are planned, since the majority of the known species have their
distribution to this center (see Table 7).

Table 7. 1List of Phaseolus sensu stricto species (including the
three sections Phaseolus, Alepidocalyx and Minkelersia)*

P, acutifolius** P. ovatifolius

P. amabilis P. pachyrrhizoides
b, ambljsgzbalus E} parvulus

P. angustissimus P. pauciflorus

E. anisotrichus#* E, pauper

P. augusti P. pedicellatus**
P. brevicalyx P. plagiocylix

P. chiapasanus** P. pluriflorusts
P. coccineus P. polyanthus**
P. esperanzae** P. polymorphus

P. falciformis P. polystachyus
P. filiformis P. purpurascens**
P. floribundus P. ritensis

P. galactoides** P. salicifolius
P. glabellus** P. scabrellus

P. grayanus E; schaffneri

P. griseus** I'. sempervirens
E. jaliscanus** P. Sinuatus

P. leiosepalus** P. smilacifolius
T'. Tunatus** P. sonorensis

E. macrdTEBis** P. striatus#*

P. metcalfei# P. tucrckheimiis

—
°

venosus
vulcanicus**
vulgaris##*
wrightii
vanthotrichus#*#*
zongolicensisg#*

. micranthugs
ms Kk
-H_L-}]_S—()n ii#%
ms w
Bﬁ??;:;:;Enus+ﬁ

I<i~=I
T
1ol=

-
-

)
.
.
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1= el et
.
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Tentative list as of November, 1985. Come taxa will be ranked as
subspecies in the definitive (!') revision of the genus,

o Species distributed in the central part of the Mesoamerican
center (central and southern Mexico, Guatemala).
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B. Biotechnology Research Unit

As stated in the document '"CIAT in the 1980s Revisited", the
Biotechnology Research Unit (BRU) will deal primarily with those new
technologies that can significantly increase the efficiency of plant
improvement methods or help resolve problems that escape solutions
through traditional procedures. While emphasis is on applied
research, the Unit also assumes responsibility for selected research
with high potential pay-off in terms of technology development. Tn
the development of these activities, close interaction with CTAT com-
modity programs, especially with the breeders, will be established.
On the other hand, the Unit will seek complementarity with advanced
institutes and national program scientists through special research
projects.

In 168%, the major activity in the Unit involved research in cell
and tissue culture for clonal propagation and for the generation of
useful variability. This activity included work carried out at CIAT
and at collaborating institutions abroad. Work at CIAT concentrated
on research to develop tissue culture applications with CTAT crops.
Research was initiated abroad to tackle potentially useful areas that
require higher specialization at this stage.

Beans

Plant Regeneration in Tissue Culture, The development of a
tissue culture cycle in Phaseolus vulgaris is the first essential step
for applying most biotechnological tools in the species. A tissue
culture cycle involves the establishment of a more or less
dedifferentiated c¢ell or tissue culture under defined culture
conditions, proliferation for a number cof cell generations and the
subsequent regeneration of plants. In other words, a period of
essentially dedifferentiated cell proliferation is imposed hetween an
explant (initial plant part) and the unext plant generation. While
induction of dedifferentiation can be dorc readily, beans have resist-
ed the regeneration phase. Since regenciuation seems to depend primar-
ily on the genotype, the kind of tissue used as explant, and the
response being modulated by the culture environment, a systematic ap-
proach to this problem in beans, is appropriate.

Results of work initiated this year at CIAT are now reported.
Using embryo axes from mature sceds of four genotypes, .cerile
plantiet cultures were establiched in a medium routinely used for
cassava meristem culture, Shoot tips and nodes (0.5 cm in size) were
excised from actively growing plantlets and used as explants in four
culture media (Table 1), under low illuminaticen (1000 lux) for four
weelks., BRoth types of explants reacted in a similar fashion; a mass of
nodular callus grew around and underneath the explant (Figure 1 Aa),
leafy tissue developed at some points of the nodular mass where dif-
ferentiation of buds occurred (Fig. 1Ab). The amount of budding in
media 3 and 4 was twice as much as in | arnd ?, while the amounts of
leafy tissue and nodular mass were about the same in all media, ard
all genotypes responded in a similar way, ¢ 07060 being somewhat
better (Table 1). The nodules could be isoliated and sub-cultured in
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Table 1. Responses of shoot-tip and node explants from bean in vitro plantlets to four

media of different composition.

Additives to basal* medium (mg/1)

Cultures with responses (7)*%

BAP NAA TAA L-cysteine Callus Leafy Budding
tissue

1. 0.02 0.18 - - 78 27 12

2. 0.02 0.18 - 100 80 27 10

3. - - 0.18 - 94 24 30

4, - - 0.18 100 82 31 38

* Basal medium for 1 and 2: MS + 3% sucrose; for 3 and 4: 1/2 MS + 3% sucrose.

#%  Average of 8-10 cultures per treatment per genotype (G 0706C, G 00012, G 15637).



the same media. Tr medium 1, and to some extent 1in 2, these nodules
would become phenolic and die: however in media 3 and 4, many buds
would differentiate on each nodule (Figure 1B). Upon transfer of
these nodular cultures to a low salt medium, with higher cytokinin and
low auxin, a single plantlet would grow from each culture (Figure 1C)
due to dominance of the oldest bud. Since it was possible to go from
a somewhat undifferentiated structure (nodular callus mass) to
plantlets via a "budding" process, these results should set the
beginning of more work in bean tissue culture regeneration. The
origin of buds, whether adventitious or axillary, and the use of
liquid, shake, cultures for increasing the proliferation of such
nodular structures should be investigated.

Tissue culture for recovering germplasm accessions. In the
handling of bean germplasm, two frequent constraints to the flow of
materials are: (a) slow multiplication of materials proceeding from
the so-called high risk countries; and (b) very few and/or
deteriorated seeds available in many accessions.

In collaboration with the GRU, work was carried out to find out:
(a) if healthy plants can he recovered by embryo culture of virus in-
fected seed; and (b) if viable plants can be recovered by embryo
culture of rare and unique Phaseolus spp which are represented in the
GRU bhank by 1-3 seeds onlv.

Seeds of three accessions with BMMV were used for embryvo culture,
Embryos accompanied by the cotyledons and embrvonic axes onlv (without
cotyledons) were cxplanted individually in test tubes containing the
medium routinely used for cassava meristem culture; immediately one
set of tubes was maintained continuously at ZSOC, with a photoperiod
of 12 hrs and another sct was exposed first to a continuous cycle of
day/night, 12 hr each, 3590 for 25 days and then to alternating, AOOC
davy and 35" night, temperatures for seven davs. At the end of these
treatments, the embryo-derived shoots were sub-cultured in a single
medium, at 25°C dav/night, where rooting occurred in 1-2 weeks. The
plantlets were potted and then used for serological, (ELISA)
evaluation, Table ? shows clearly that healthy clones could be
recovered only if embryonic axes were cultured at high temperature;
neither thermotherapy or culture of embrvos without cotvledons was
sufficient to produce healthy plants. Secd was collected from these
plants for virus re-testing.

Onc seed from each of the following seven accessions of rare
Phaseolus spp were received from the GRU: DCD 1510 P, neglectus, DGD
1516 P, scabrellus, DGD 1517% P, xanthotrichuéj DGD 1523 P,
pedicefiatus, DGD 1522 P, neglectus, DCD 1520 P. neglectus, NHGD 1509
P. glaucocarpus. FollTowing surface sterilization with 70% ethyl
alcohol for 0.5 min, and a rinse in sterilized distilled water, 10
min, immersion in 57 sodium hypochlorite, and throughly washing (4-5
times) with sterilized distilled water, the seeds were slightly
scarified and explanted in the medium routinely uscd for cassava
meristem culture. After about three weeks of culture under low light
intensity, 250C, 12 hr. photoperiod, embrvo-derived shoots were
transferred to a simpler medium for rooting.
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Figure 1. Regeneration of bean plants in tissue culture.

Aa.

Y

Nodular "callus" mass formed from shoot-tip and node explants.
Development of multiple budding from a nodular mass as at Aa.
Buds differentiating on an isolated nodular structure.

Plant regencration from the buds as at B.
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Table 2. Recovery of healthy bean plants by means of thermotherapy of cultured embryos.
Thermoperiod#* EL.TSA test for BMMV**
I IT
Day Night Day Night Embryo with Ertava without
cotyledons covyledeis
1. 25% 25°¢C 25°c  25%
G 07060 + +
G 12491 + +
G 00012 + +
2. 35% 35°C 40°c 35
G 07060 + -
G 12491 - -
G 00012 + -




These results demonstrate that valuable, rare, bean germplasm as
well as completely infected materials can be saved, making them avail-
able for use,

Genotype identification by electrophoresis. The IDRC supported
collaborative project also includes the development of genotype
finger-printing for Phaseolus bean germplasm.

Research with beans at the University of Manitoba began a few
menths ago using germplasm accessions provided by the GRU. Tnitial
trials with seed isozymes did not show good discrimination between
varieties. However, seed proteins separated in poly-acrylamide acid
gels did show different patterns for different varieties with white,
black and yellow color seeds (Figure 2A), and even accessions with
very similar patterns could be ddentified within white-seeded
accessions (Figure 2B), The resolution of the banding pattern was
further improved by a sequential extraction procedure of residual
proteins (Figure 2¢).

These results, though promising, are still preliminary. Work now
underway should provide a workable procedure, quick, and consistent
for handling large accession numbers. The research team will move to
CTAT early in 1986 to adapt the techniques to CIAT conditions.

Inoculation of beans with Agrobacterium. As research 1in
techniques for genetic engineering of important crop plants progresses
in advanced laborateries, the tissue cualture component of these new
approaches can be developed at CIAT. The large germplasm collection
and  tissue culture capabilities available at CIAT provide a
comparative advantage in this area,

In order to develop the basic methodologies of gene transfer
techniques with beans, a collaborative effort has been initiated with
scientists at lLouisiana State University. At LSU, a synthetic DNA
sequence (sp DNA) has been constructed and put under the control of
the nopaline synthase promoter, and introduced into Agrobacterium
rhizogenes plasmid vectors., The sp DNA was shown to code for a
Bgiypeptide rich in essential amino  acids, especially the
sulfur-containing ones: up to 237 1lysine, 127% tryptophan, 11%
methionine.

Three A, rhizogenes strains, 10-3-2, 10-3-3 and 10-3-4, contain-
ing the plasmid with the sp DNA, plus a wild type R 1000, were
obtained from LSU for use in the inoculation trials. Using the wild
type, R 1000, several bean varieties were inoculated, with the result
that TCA Viboral (G 12722) and Calima gave the best response.

During the infection process, A. rhizogenes transfers to the
hest cell genome a portion of its plasmid DNA which elicits root
growth at the poiut of iroculation. Thus, root formation is a signal
for successful inoculation with A. rhizogenes. TIn this trial, control
plants only developed a small callus, but no roots at the point of
inoculatior. Next, various inoculation techriques were tried, being
the jmmersion of excised embryos in a bacterial suspension for 24 hrs,
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and the inoculation of in vitro plantlets by a cut on the stem, which
were the ones that yielded highest root development (Figure 3A). It
was also found that the A. rhizogenes strain 10-3-3 induced root
formation in up to 50% of the embryos and 70% of the 1in vitro
plantlets in contrast to 10-3-2 and 10-3-4 which could only induce
20-30% rooting. 1In addition, embryos treated with the strain 10-3-3
gave rise to plantlets with twice as many roots as shoots, compared to
strain 10-3-2 and the wild type which yielded almost an 2qual number
of root and shoot mass, and the control (non~treated) whici. had about
half root mass (Table 3). There 1is probably a high A. rhizogenes
strain/bean genotype specificity for transformation.

Fifteen days after inoculation, the roots were excised from the
plant and cultured in a medium with 250 mg/1 cefatoxine to eliminate
the bacteria. Upon sub-culturi.g root tips, transformed roots
branched and grew more than the control (Figure 3B); close examination
of laterals revealed the typical "hairv root" syndrome caused by A.
rhizogenes (Figure 3C). LSU scientists have extracted DNA from the
putatively transformed roots, and using a DNA probe specific for the
root genome, have shown the presence of the synthetic gene in the bean
root genome. Although this result is promising, the level of
transcription and traslation of the gene must still be determined.

While this research is conducted at I.SU, work at CIAT will con-
centrate on tissue culture regeneration (see above) as a fundamental
prerequisite for further progress,

Table 3. Root nmass production by hean plantlets (1A Vibaral) srown from crbryos afcer
faoculation with Al rhizopencs stransh,
A. 1hizopenes N F.W, (gr) * Root/shoot
strain Root Shoot F. W. ratio
Control #*% 0.15 0.24 0.64
R 1000 (wlld type) 0.16 0.33 1.09
10-3-2 1.51 1.55 0.97
10--3-3 2.84 [.49 1.91
* Following 24 hr, immersion in bacterial broth, auntibiotic treatment was used to rid

the bacteria from embryos and then cultured in a simple medium for plant growth.
**  Average of 4~-6 plantlets per treatmont,

*kx  Embrves placed on Lurla Broth without bacteria.
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Figure 3. Responsc of beans inoculated with Agrobacterium rhizogenes.
A. Root formation at the point of inoculation on the stem.

E. Proliferation of induced roots (top row) as compared to control
(non-trecated) roots (lower row).
C. Closc up of B to show typical "hairy root" syndrome caused by A.

rhizogenes cell transformation.
22



C. Germplasm Data Management-The IDMS/R Database for Beans

The bean database is now operational, through incomplete. It was
designed to deal with two principle groups of data: the identification
and origins of bean accessions and their characteristics. The first
category is nearly complete, in terms of both storing data previously
held in other files and of providing an on-line data management
system. The second category is incomplete, with no on-line data
management yet available. The contents of the database in December
are shown in Table 1. The database contains all the advanced lines of
the breeders, all the accessions in the germplasm bank, and the
majority of the crosses made by the breeders. All staff are able to
interrogate the contents of the database, but in its present state
only the breeders and Genetic Resources Unit are able to change the
contents. Breeders may modify data concerning crosses and advanced
lines, and the GRU, basic data for germplasm accesions.

Immediate Future of the Database

With the arrival of the latest version of IDMS/R in December,
progress in developing a data management system for beans has become
much more rapid. We are now able to write one new dialogue a day,
which, according to Cullinet is the '"normal" rate of progress for
IDMS.

Completion of the system for the identification and origin of
accessions - requires only a few corrections to data in "pre-IDMS"
files: these erroneous data cannot be stored on the database until
they have been corrected.

More effort is now being put into developing the system for the
second category of data ~ the characterization of - accessions. The
on-line system should be complete by the end of February, as should
the translation of the correct parts of existing files into 1DMS/R.
Once this is complete, it will be possible for all members of the Bean
Program to keep all their trial data on the database.

Longer Term Future of the Database

A 1ist of future developments is given 1in Table 2, The
integration of data on IBM-PCs of outposted staff with the database on
the mainframe - is already possible. The link between Goldengate and
IDMS/R has been tested successfully. However, so far it has not been
put into practice.

Summaries of trip reports can also easily be incorporated within
the existing framework of the database. Tt needs only a small series
of dialogues to implement it, and would be on excellent way of collat-
ing and cross-referencing the numerous comments that appear 1in trip
reports on the behaviour of specific accessions.

Integration of the bean database with the agroecological database
is not imminent. Conversion of the agroecological database to IDMS/R
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1s expected to begin in 1986: once that is complete, integration of
the two can be completed.

Large amounts of data on Phaseolus are held at both Pullman and
Gembloux. Merging these into one svstem under IDMS/R would result in
a crop database and data management svstem of breadth and scope
unrivalled in any institute inside or outside the CGIAR system,

Finally, the integration of CTAT's TDMS/R with the systems of
other CGTAR institutes is a more speculative possibility. It depends
to a large extent on the success of Cullinet's announced col-
laboration with DEC to allow VAX computers - the make used by most
CGIAR institutes - to communicate with IDMS/R. Since IDMS/R is more
powerful than any data management system available on VAX, this would
be a useful development.

Table 1. The principle contents of the bean database as of December

1985,
Type of data Number of occurrences
in the database
CIAT staflf with access to the database 8
Species of Phaseolus 48
Subspecies of Phaseolus 66
Codes used for identifyving accessions 94

Identifiers assigned at CIAT to advanced lines

and GRU accessions 63138
Common names of accessions 31677
Codes used for identifying crosses 563
Crosses 15242

Connections between crosses and their parent
accessions (comprising the pedigree of crosses) 41212

Connections between advanced lines and the crosses
from which they were selected. 4308
Genealogies of advanced lines 6726

Corrections between accessions and other
accessions from which they were derived 22007
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Table 2. Possible development of the bean database.

l. Integration of data on IBM-PCs of outposted staff with the data-

base on the mainframe.

2. Inclusion of summaries of trip reports in database.

3. Integration of bean database with agroecological database.

4, Integration of CTAT's bean database with those of Pullman and

Gembloux.

5. Integration of CIAT's IDMS/R with the systems of other CGIAR in-

stitutes.
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II. GENETIC IMPROVEMENT

II. 1. Character Improvement

A. Pathology

Introduction to Fungal and Bacterial Diseases

Even though many bean diseases were researched over the years much
of the work in bean pathology was concentrated on rust, anthracnose and
common bacterial blight- three economically important and widespread
diseases in many of the bean growing regions of the world. During 1985,
the main emphasis was on angular leaf spot, root rot pathogens and halo
blight of beans. The principal activities related to these three
diseases, as with the other diseases, were the identification of new and
better sources of disease resistance, that are broad and stable in time
and space, studies on pathogenic variation and on the disease reaction
mechanisms present in the bean germplasm to these pathogens.

During 1985, work was also conducted with rust, Ascochzta, web
blight and common bacterial blight diseases. As in previous years, the
principal activities were related to evaluation of bean germplasm for
their reaction to the disease causing agents. Both, segregating and
advanced uniform bean nurseries as well as international bean disease
nurseries were evaluated principally under field conditions in several
locations but also some nurseries were evaluated under greenhouse
conditions. Much of the work of evaluation of bean germplasm was
conducted in close collaboration with the breeding sections of the
program.

Resistance to Fungal Diseases

Angular leaf spot (ALS)

During 1985, ALS was widespread and severe in several bean
production regions of Latin America and Africa and many of the local
commercial varieties were severely attacked. Since the severitv of this
disease has increased considerably in many bean growing areas, one of
the main objectives of the program has been to identify sources of re-
sistance.

Tnitially, most accessions were evaluated for their ALS reaction in
Popayan. Many that had an ALS intermediate or resistant reaction 1in
Popayan, were susceptible elsewhere as reported in previous years.
However, since 1984, field evaluations have been conducted in Santander
de Quilichao, where the disease often occurs naturally and where the
pathogenic variation appears to be broader than 1in Popayan. In
addition, since 1984, the Bean Angular Leaf Spot International Nursery
(BALSIT) has also been distributed to several bean growing areas of
Africa in addition to Latin America. The results of the BALSIT
evaluations in Africa are informative and encouraging. For instance,
the evaluation of the BALSIT during 1985 in Mulungu, Zaire, where ALS
was severe on local commercial cultivars, shows clearly that many of the
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bean lines that are resistant in Colombia and Brazil, are also resistant
in Zaire and other countries of the Great Lakes community of Central
Africa (Table 1),

Lines A 163, A 345, BAT 76 and Caraota 260 were very resistant to
ALS both in Zaire and Rwanda. Similarly, lines A 140, A 216, BAT 1458
(Grade 1 in Zaire); A 217, A 240, A 295, A 339, A 345, A 384, BAT 76
(Grade 2) and A 154, BAT 67 (Grade 3) which had an excellent resistance
in Zaire were previously reported as resistant in more than one lo-
cation of Brazil and Colombia (CIAT Bean Program Annual Report, 1982,
1983, 1984).

However, some lines, such as Jalo EEP 558, A 385, and BAT 1407,
considered in Brazil and Colombia as having an intermediate or resistant
ALS reaction, were susceptible in Zaire or Rwanda. The line BAT 332 had
a resistant reaction in Zaire and Rwanda and during 1984 and 1985
respectively, but is severely attacked by the ALS pathogen in Brazil,
Since the evaluation of the same germplasm under field conditions in
Africa and Latin America has been done under uniform severe pressure,
the information generated is most useful. Tt has aided in the identi-
fication of several bean 1lines with broad ALS resistance under field
conditions, some of which are well adapted such as BAT 76, a line
generally characterized by having small ALS foliar lesions, an
internediate or resistant reaction in most locations where it has been
evaluated. 1t has excellent adaptation in Rubona, Rwanda. This line is
also well adapted in many locations of Latin America in addition to
having a resistant rust reaction in most locations where it has been
tested. These field evaluations also strongly suggest that the
Isariopsis griseola populations in Africa are different in their
pathogenicity from those from in Latin America. The evaluation of newly
identified ALS resistant germplasm from lLatin America will continue in
Africa. Likewise, resistant lines from Africa will be evaluated 1in
LLatin America.

During 1985, ALS was also widespread and severe in the northern
states of Brazil : Pernambuco, Alagoas, Sergipe and Bahia. The BALSIT
has not yet been evaluated in these regions; several lines from the
Preliminary Regional Trial of the Mulatinho grain color also present in
the BALSIT (EPR-M) were identified as having either an intermediate or
resistant reaction in all locations of the four states where the EPR was
evaluated (Table 2). Tt is worth noting that line A 295 was'among the
most ALS resistant in all the northeastern states of Brazil. This line
has been evaluated extensively in other ALS endemic areas of central
Brazil where it is also resistant. A 295 also has an ALS resistant
reaction in Colombia as well as in Zaire (See Table 1). On the other
hand, .Jalo EEP 558 has an excellent ALS reaction in all northeastern and
central Brazilian states and in Colombia but was susceptible in Zaire.
All lines with a resistant or intermediate reaction in northeast Brazil
and Africa are presently planted in Santander de Quilichao, where there
1s an adequate ALS attack. Results are still preliminary, however.

Because of the apparent extensive pathogenic variation existing the
populations of 1. griseola, a study was started (in collaboration with
Michigan State University) to learn more about the pathogenic variation
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Table 1. Bean lines from the Bean Angular Leaf Spot International Nursery (BALSIT)
with a resistant reaction in Mulungu, Zaire during 1985,

ALS Reactiona

GRADE 1 GRADE 2 GRADE 3

A 74, A 140 A 82, A 163b, A 212, A 217, A 221 Al52, A 154, A285
A 240

A 216, BAT 1410 A 295, A 339, A 345b, A 352, A 384, BAT 67, BAT 285,
A 387 BAT 332

BAT 1458, G 1458 BAT 76b, BAT 93, BAT 1435, APN 18,
XAN 37, XAN 68

G 2676, G 5173 G 1647, G 4459, G 5207, G 5473,
G 11526, Caraota 260b

BAT 9&3, BAT 1354

BAT 1432, BAT 1647,

G 731, G 2959, G 3366,
G 5272, G 94621

a ALS reaction on 1-9 scale where: 1 = free from disease, 5

9 = severely diseased.

= intermediate,

Present in the regional nursery and also evalvated as resistant in Rwanda.



Table 2. Bean lines with a resistant or intermediate reaction to the angular
leaf spot pathogen (Isariopsis griseola) in the northern states of
Brazil during 1985.

REACTION AT

PER ALA BAH SER

1° 2 1 2 1 2 1 2
82 PVBZ 1824 1€ 2 5 3 1 2 2 4
JALO EEP 558 2 3 3 3 3 4 3 3
A 154 2 4 7 3 2 2 3 3
A 251 3 4 5 3 2 2 3 2
A 295 2 4 4 3 2 2 2 5
ESAL 504 2 7 3 3 1 3 3 2
82 PVMX 1637 2 4 5 4 2 3 5 4
82 PVMX 1638 2 4 4 3 2 2 5 4
LM 21303-0 2 6 6 6 2 5 3 5
82 PVBZ 1718 3 6 7 4 2 3 5 3
A 156 2 6 4 4 2 3 5 5
A 275 (S) 8 9 7 9 6 8 8 9

Location: Per = Pernambuco; 1 Belem do Sav Francisco 2 = Sao
Bents do Una; ALA = Alagos; 1 = Santana do Ipanema 2 = Uniao dos
Palmares; BAH = Bahia; 1 = Riberao do Pombal 2 = Nova Soure;

SER = Pozo verde; Sergipe.

1 = monoculture, 2 = associated with maize.

Reaction of the bean lines to the ALS Pathogen on a 1-9 scale where:

1 = free from disease; 5 = intermediate; 9 = severely diseased.
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in Latin America and Africa and about the disease resistant mechanisms
available in the bean plant. Seventeen isolates from different areas of
Argentina, Brazil, Colombia, Costa Rica, Nicaragua and Mexico were inoc-
ulated singly on a series of 21 bean cultivars under greenhouse con~
ditions., After dincubation and symptom development, evaluations were
made using the following criteria: (1) reaction or lack of it of the
host cultivars to the pathogen; (2) latent period or days after
inoculation when plants exhibited ALS symptoms on 20% or more of the
leaf area inoculated; (3) lesion size, in mm; (4) number of lesions per
leaf; and (5) spore production per mm. of leaf area.

Based on the results obtained, the 17 1isolates studied were
categorized into what appear to be five distinct pathogenicity groups,
races or pathotypes (Table 3). Quantitative differences were also
observed both on the host and pathogen. On the host, bean genotypes
showed differences in incubation period, lesion size, number of lesions
per leaf and number of spores produced by each lesion (Table 4). 1t is
also apparent that the ALS pathogen is highly variable from one location
to another and even within a given location (Table 5). This information
is needed in formulating a general strategy to manage this important
bean disease. Efforts will continue to didentify a wide range of
resistant genotypes to study the effect of each of these disease
resistance mechanisms on ALS management and the effect of the pathogen
in reducing yield on varieties representative of each of these
resistance mechanisms.

Root rots

Root rot diseases caused by a complex of soilborne fungli, are wide-
spread throughout Latin America. The economic importance of these dis-
eases vary considerably from one location to another often depending on
the pathogen complex present in a given region. 1In coastal Peru, root
rots are important and generally are caused by a complex of Fusarium
solani f.s, phaseoli with Rhizoctonia solani and are often accompanied
by plant parasitic nematodes. In northeast Brazil, Fusarium oxysporium
f. sp. phaseoli is important 1in some locations, whereas Macrophomina
phaseolina is damaging in others.

During 1985, considerable efforts were dedicated to root diseases
with the collaboration of Dr. George S. Abawi (Dept. of Plant Pathology
Cornell University, Geneva, New York).

Charcoal rot (=Ashy stem blight) caused by Macrophomina phaseolina

Inoculum preparation and screening procedures. Sclerotia and
colonized whole rice seeds were found to be the most appropriate and
effective source of 1inocula for evaluating bean germplasm under
greenhouse and field conditions, respectively. Infective sclerotia were
produced most abundantly in synthetic liquid medium (10 gm peptone, 15
gm dextrose, 0.25 gm MgS0,.7HO, and 0.5 gm KHPO, in 1 1 water) as
compared to other media such as potato dextrose broth and soybean seed
extract. Autoclaved moistened whole rice seeds (1:1/W:V rice seeds to
water) colonized by M. phaseolina was the most efficient and most easily
prepared inoculum for field testing as compared to other preparations.

31



(A%

Table 3. Classification of 17 Isariopsis priseola (the angular leaf spct pathogen) isolates from Latin
America into five pathogenicity groups based on their reaction on eight bean cultivars.

Pathogenicity Isolate Area of Cornell Pompadour BAT BAT
group origin 49242 Checa 332 G 5686 A 339 Montcalm Seafearer 1647
Cuatemala 1 Jutlapa s8 S S S S S S s

Colembia 501 Sant., Quilichao T S S S S S I S

Mexico Tepame I S S S I S S I

Guatemala 2 Monjas S S S S I I S I

Argentina Dor 41 l.a Cocha R R S S 1 S [ [

Brazil T Caruaru, PE R R S S R S S S

Brazil A Sao Bento, PE R R S S I S S T

Brazil CNF No.22 Golania R R S R R S S I

Brazil C Sao Bento, EP R R S T R I S I

Colombia Pcp.l10 Popayan S S R I I [ S I

Costa Rica No. 2 Esparza S S R I R S S R

Colombia Pasto R R R S R S R R

Colombia La Selva R R R S R S R R

Nicaragua Corszo R R R I R S R R
Arpentina,Exp.17 Rapelli R R R R R S R R
Argentina,Pan 35 Ceibalito R R R R R S R R

Argentlira A 493 Las Canas R R R R R S R R

1]

Susceptible, 5% leaf area covered by I. griseola lesions.
Intermediate, 1-4% leaf area covered by lesions.
Fesistant, no symptuus ol disease.

Do
[


http:Argentina,Exp.17
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Table 4. Reaction of 21 bean cultivars to 17 isolates from Latin America of the angular
leaf spot pathogen of beans (Isariopsis griseola).

Cultivar Severity Lesion,size No. Incubation period No. spore
(% disease) (mm™) lesions (Days to 20% disease) (per mm“)

A 339 7 (10)2 3.9 36 13 85
A 212 8 (10) 6.4 46 12 88
BAT 76 12 (9) 6.7 44 12 78
A 235 13 (9) 6.9 46 17 101
BAT 1647 13 (10) 4.4 73 17 97
Caraota 260 14 (8) 8.6 62 17 103
Amendoin 18 (17) 4.6 84 18 172
A 21 19 (10) 7.4 61 12 146
G 5686 20 (14) 6.6 76 19 176
G 1805 22 (11) 11.7 70 16 211
Cornell 49242 22 (5) 17.4 40 18 141
A 62 26 (11) 11.2 79 16 198
Calima 26 (17) 7.9 98 17 284
G 2858 27 (11) 20.4 42 17 384
Jalo EEP 558 28 (7) 6.7 162 14 167
Seafarer 30 (11) 21.3 59 16 148
Alabama No. 1 31 (11) 9.5 84 16 240
BAT 332 34 (11) 13.9 106 13 171
Montcalm 34 (17) 8.8 139 15 271
A 301 39 (9) 16.2 90 14 182
Pompadour Checa 37 (6) 13.3 163 15 200

2 Number of isolates infecting that cultivar.
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Table 5. Quantitative differences among 17 Isariopsis griseola (the angular leaf spot pathogen) isolates from Latin America
based on their reactions on 21 bean cultivars.

Pathogenicity Tsolate Origin Infected A No. Lesion Days teo cause 207% disgeace
group area cultivars disease lesinng sizg No. cultivars exhibiting
14 (out of 21) (rm™) 2C%Z or more disease

1 - A Guatemala 1 Jutiapa 21 26 ch 15.4 18/15
B Colombia SQ 1 Sant, Quilichao 21 36 105 10.9 14/17

C Mexico Tepame 21 27 159 9.8 13/13

D Cuatemala 2 Monjas 21 16 30 16.9 19/8

2 -4 Argentina Dor 41 La Cocha 19 22 8Y 5.4 15/1C
B Bvazil F Caruaru, PE 18 22 82 4.4 16/10

C Brazil A Sao Bento, PE 18 24 89 5.3 14/9

D Brazil CNF No. 22 Goiania 18 13 65 5.7 16/6

E Brazil C Sao Bento, PE 19 10 19 11.9 20/4

3 - A Colombia Pop 10 Popayan 17 11 24 11.1 19/5
B Coste Rica No. 2 Esparza 16 21 92 7.5 18/9

4 - Colombia Pasto 5 40 172 9.0 14/5
Colombia La Selva 5 45 181 6.0 15/5

5 - A Nicaragua Corazo 4 28 212 4.8 15/4
B Argentina Exp. 17 Rapelli 4 25 60 20.8 17/3
Argentina Pan 35 Ceilbalito 4 32 124 5.E 13/3

Argentina A 493 Las Canas 4 41 149 6.0 14/4

All data are based on the number of cultivars susceptible to each isolate.



The following is a brief description of the inoculation methodology
employed :

(i) Greenhouse tests : Dried sclerotia are added to pasturized
soll and mixed thoroughly at a rate of 2 gm sclerotia/kg soil.
A layer of infested soil of about 2 to 3cm deep is then added
on top of bean seeds to be evaluated. Containers are main-
tained in the greenhouse and watered and fertilized as needed.,
Seedlings of susceptible bean germplasm will either fail to
emerge or exhibit essentially 100% infection symptoms by M.
piraseolina (Figure 1). Generally, symptoms appear first on
tae cotyledons and then expand rapidly to the stem tissues
(Figure 2). Seedlings of highly susceptible germplasm may die
within two weekr,

(11) Field tests : Four grams of colonized whole rice seeds are
added to bean seeds as an in-furrow treatment (about 2-3
colonized rice seeds/bean seed). The latter level of

infestation with this inoculum has resulted in almost 100%
infection of susceptible germplasm.

Variability among isolates of M. phaseolina and their virulence to
beans. Results obtained have shown that isolates of M. phaseolina
differ significantly in their pathogenicity to beans (Table 6). The
most aggressive isolate (Mp/Ch-84) identified to date was originally
obtained from the bean cultivar 'Chileno' grown near Palmira. Other
isolates from different bean growing regions are now being evaluated in
comparison to the MP/Ch 84 isolate.

Germplasm evaluation. The reaction of over 60 breeding lines and
cultivars against M. phaseolina were evaluated in replicated split plots
(inoculated and néa—inoculated) at Quilichao where severe incidence of
charcoal rot occurred the previous season. Selections that looked good
included San Cristobal 83, BAT 477, A 55, G 5059 and rpany others. The
promising materials from the nursery along with the appropriate checks
(total of 43 materials) have been replanted for a second cycle of
evaluation at Quilichao. Preliminary greenhouse tests have demonstrated
the effectiveness and consistency of the procedure in differentiating
the reaction of tolerant lines such as BAT 477 and G 5059 from those
with a susceptible reaction such as A 464 and VRB 81030 (Table 7). All
lines evaluated in the field will also be screened by the greenhouse
procedure,

Rhizoctonia-rot and Fusarium-rot

An initial root rot nursery was established in Popayan with about
136 materials replicated three times. Fach line was evaluated in non-
inoculated, Fusarium solani-inoculated, and Rhizoctonia solani
inoculated plots. Considerable variability was evident in the reaction
of the tested materials. Some of the promising materials included A 54,
A 107, R1Z 21, RIZ 30, BAT 1753, ICA Tui, G 02006, G 03153 and several
selections obtained from Cornell University. About 60 materials select-
ed from the above nursery were replanted at Popayan for a second cycle
of evaluation. A fourth treatment was added that consisted of
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Figure 1. Symptoms of charcoal rot of 100% infection by Macrophomina
phaseolina on plantlets of susceptible germplasm.

3
t
1
~.

Figure 2. Appearance of symptoms of charcoal rot first on the cotyledons
extending rapidly to the stem tissues.
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Table 6. Virulence of four isolates of Macrophomina phaseolina to
California Light Red Kidney bean under greenhouse
conditions.

Isolate/code Dry weight (gm) of bean plants/replicate?

Mp-2 2,58 a
Mp~1 1.91 b
Mp-St. /85 1.11 ¢
Mp-Ch. /84 0.88 ¢

a Weight of non-inoculated check plants was 2.90 gm.

Table 7. Evaluation of the reaction of BAT 477 and A 464
to Macrophomina phaseolina under greenhouse screening con-

ditions.
Disease severity ratinga
Inoculum source A 464 BAT 477
None 1.0 1.0
Sclerotia 7.2 1.0
Sclerotia 9.0 2.6
Colonized seedsC 4.7 1.0

a Emerged seedlings were rated on a 1 (no visible symptoms) to 9
(most severe symptoms- dead plants) at four weeks after planting.

b Sclerotia were produced on the soybean extract broth
and the M-medium, respectively, and were incorporated into soil
at 2 gm/kg soil.

c

Whole rice seeds were inoculated with the fungus two weeks prior
to use. Two colonized rice seeds were placed in direct contact
with each bean seed.
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non-inoculated plots with an in-furrow spray application of Brasicol and
Difolatan. The promising materials will be evaluated further under
greenhouse conditions,

Web blight

F, populations were evaluated in the web blight nursery in Costa
Rica within the Central American project, as in previous years. These
represented the first large group of segregating populations combining
the best parents identified in the International Web Blight Nursery
(VIM). These crosses were planned specifically to search for those
combinations that could offer transgressive segregation. Selection was
thus practiced first among populations to identify those offering more
promise of transgressive segregation, and then within the most promising
populations. Tndividual plant selections will be increased and progeny
tested in 1986. Porrillo 70 and Talamanca, both well adapted and
moderately resistant, did not prove to be good parents, while
combinations of parents giving promising populations were specific.

Some of the most promising combinations were:
Acacias 4 x MUS 6

BAT 450 x Turrialba |1

BAT 1636 x S 630G-B

MUS 6 x A 40

DOR 60 x Pal 113

PAT 113 x A 40

MUS 13 x Talamanca

MUS 14 x BAT 304

Sources of resistance to common bacterial blight continte to
produce promising progeny with resistance to web blight. Xanthomonas
resistant lines developed in CIAT as part of a Ph.D. thesis of a Cuban
national program scientist were therefore planted in Costa Rica.
Several of these lines resulted from backcrosses to moderately resistant
cultivars, such as ICTA Quetzal, TCTA Tamazulapa, etc. Several
progenies selected for Xanthomonas resistance in CIAT were rated 2 to 3
points better than the resistant check, Porrillo 70, on a 9 point scale.

Growth chamber screening for resistance to web blight. TInherent
variability in web blight field evaluations led CIAT investigators to
study a methodology for growth chamber screening of resistance under

controlled conditions. Two successive [actorial experiments were
realized which combined: four plant ages at inoculation (l, 2, 3 and 4

weeks after planting); 3 and 5 genotypes, respectively (MUS 6, PVA 1380
and Chileno in the first study; these three plus PAT 113 and Uribe
Rosado in the second); and four inoculum concentrations, constituted by
macerating a petri plate of Rhizoctonia solani on PNPA in 200. 400, 600
and 80 ml distilled water, respectively. MUS 6, PA1l 113 and PVA 1380
were chosen as resistant genotypes, Chilens and Uribe Rosado as
susceptible. Seed was sown initially 1in jpots 1in a screenhouse and
transferred to the growth chamber for incubation after inoculation by
spraying foliage with the micelial suspension. The growth chamber was
maintained at 28° C and 957 RH, with 12 hours continuous light per day.
Plahts were maintained there for eight days; evaluation of symptoms
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began on the 2nd day after inoculation and was carried out several
times. Data were taken as percentage foliage infected.

Results of the two experiments were essentially the same, and only
those of the second experiment are discussed. Analysis of wvariance
vevealed a high CV (47%), thus a transformation of data was performed
( % +.1 ) which reduced the CV to 19%.

Field results were essentially repeated in the growth chamber
experiment, in so much as the genotypes maintained their relative
resistance rankings: MUS 6 and PAI 113 had fewer symptoms, Chileno and
Uribe Rosado were highly susceptible. Only PVA 1380 tended to be
somewhat erratic in its response in the growth chamber.

With respect to age at inoculation, it seems undesirable to
inoculate at one week of age (unifoliate stage) since reaction of
unifoliates was not consistent and genetic differences were not clear.
Older plants tended to present more symptoms, and widest genetic
differences were observed with the two week-old plants.

Either the 400 or 600 ml inoculum dilution served well, the 200 ml
dilution being too concentrated and the 800 ml too dilute.

In summary, it was possible to repeat field results with the
inoculation technique described, and it would be possible to screen
germplasm or non-segregating families with this technique. However,
examination of plant-by-plant data revealed that escapes do still occur,
and thus screening of segregating populations is not advised.

I't should be noted that these findings are valid only for a highly
virulent isolate, such as the one used in this study, which was obtained
in Monteria, Colombia. Another isolate from armenia, Colombia, proved
to have much lower virulence, and the conecentration recommended here
would be inadequate for that isolate.

Resistance to bacterial diseases

Halo blight

Continuing the collaborative project between the CIAT and the
National Vegetable Research Station (NVRS) initiated in 1984, studies
were made: (l) to determine the occurence and distribution of pathogenic
variants of the causal organism Pseudomonas syringae pv phaseolicola in
Africa and latin America; and (2) to identify sources of resistance to
the pathogen in Phaseolus vulgaris appropriate to the two continents.

a, Pathogenic variation. TIsclates from infected bean marerial
collected in Africa, Latin America and to a limited extent in Furope
were  screened for their pathogenic response on a range of

potentially-differential cultivars of P. wvulgaris. On the basis of
these tests, four differential cultivars were selected (Table 8) and 312
isolates were designated as either races 1, 2, 3 or 4 (Table 9).
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Table 8. Race identification in Pseudomonas syringae pv
phaseolicola, the pathogen of halo blight of beans.

Differential Reaction to race
cultivars 1 2 3
Canadian Wonder +2 + +
Red Mexican - +

Tendergreen + + -
Edmund - - -

a
+, susceptible; - resistant

Table 9. Occurrence and distribution of races of Pseudomonas syringae

pv phaseolicola.

Number of isolates of race All
Source of 1 2 3 4 races
Africa 34 89 144 7 274
Latin America 8 14 - - 22
Europe 12 4 - - 16
Total 54 107 144 7 312
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Race 1 was present on P. vulgaris in Africa and Latin America and
although not the predominant race, it had a wider natural host range
than the other races. 1In Africa particularly, it was found infecting a
number of leguminous species including P. coccineus (runner bean), P,
acutifolius (tepary bean), Cajanus cajan (pigeon pea), Lablab purpureus
(hyacinth bean) and an unidentified leguminous weed.

Race 2 was widely distributed in Latin America (e.g. Colombia,
Mexico, Peru) and 1in certain African countries especially Kenya,
Tanzania and Zambia. Some African 1isolates of race 2 from northern
Tanzania and Kenya produced a brown diffusible pigment in agar culture,
These isolates were measurably more aggressive than race 2 1isolates
previously encountered in Europe, North and South America. Race 2 1is
probably the predominant race on a world scale and is well adapted to P.
vulgaris. 1t was not isolated from other Phaseolus species although in
Africa, isolates were obtained from Cajanus cajan and Lablab purpureus,

Race 3, first identified in 1984, was the most widely distributed
race in Afrlca. Tt was present on P. vulgaris in Ethiopia, Uganda,
Rwanda, Burundi, Zaire and Tanzania. It was also isolated from P,
coccineus and Desmodium sp. B

Race 3 was not found outside Africa.

Race 4, identified for the first time in 1985, was present on
Glycine max (soybean) in Rwanda and Zaire. Tt was isolated on only one
occasion from P, vuigaris growing alongside infected soyabeans. The
importance of this race to soybeans and its potential significance to P.
vulgaris is not known.

To summarize, the races in order of jmportance were: in Africa,
races 3, 2 and 1; in Latin America, races 2 and 1. There was
insufficient data on race 4. Turther collections will be necessary to
complete the picture of race distribution especially for Latin America
and southern Africa.

b. Sources of resistance, Preliminary tests for resistance were made
on a collection of 454 accessions of P. vulgaris from the CIAT germplasm
collection. Tnoculations were made with a selection of eight isolates
representative of races 1, 2 and 3 from various geographical areas,
mainly from Africa and lLatin America but also from North America and
Europe.

Plant reactions were recorded on a 1-9 scale with grade 1 highly
resistant and grade 9 highly susceptible. This enabled the detection of
both qualitative (race specific) and quantitative (race non-specific)
responses to infection. Race specific reactions (grade 1) were fairly
common with 82 accessions showing resistance to either race 1 or race 3
or races | and 3 (Table 10).

No specific resistance has yet been found to race 2. However, 11
accessions showed evidence of a high 1level of race non-specific
resistance with mean grades of less than 5 against isolates of all
races, including race 2. Many other accessions showed varying degrees
of susceptibility/resistance (quantitative resistance) (Table 11).
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Table 10. Sources of halo blight resistance in 454 CIAT bean

accessions
Number of
accessions (%) Resistance type
361 (80)  Susceptible (to varying degrees)
54 (12) Race 3 specific
23 (5) Race 1 specific
11 (2) Race non-specific
5 (1) Race 1 and 3 specific

Table 11. Bean lines with race non specific resistance to the halo
blight pathegen.

a
Reaction to race

G No. Tdentification Origen 1 2 3

- Mix of 6 Lines Burundi 1.0 3.6 1.6
G2829 Gloriabamba Mexico 3.0 4,0 3.0
G3954 WIS HBR 72 USA 1.0 1.0 1.0
G5476 Jules UsA 1.0 1.0 1.0
G5477 GNN # 1 Sel 27 UsA 1.0 2.0 5.0
Gl1766 Pajuro Peru 1.0 3.6 2.4
G12666 Narino 20 Colombia 1.0 3.6 5.0
G12669 Palomo Peru 1.0 4.0 5.6
12592 Poroto Peru 5.0 3.6 5.0
G13673 Mantequilla Mexico 3.0 5.0 5.0
c8108°  Kabanima UGANDA 9.0 9.0 8.4
G5772°  Diacol Andino Colombia 7.0 8.0 8.4

a Race 1 = isolate from UK, Race 2 = isolates from Colombia, Mexico,
USA and Tanzania; Race 3 = 3 isolates from Tanzania, Uganda and Rwanda.

Scores are means on a 1-9 scale, 1 = free from disease,
9 = severely diseased

Check cultivars
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The majority (70%) of accessions showed an intermediate level of
susceptibility (grade 4 - 6) and only 19% were in the highly-susceptible
category (8-9). At the more resistant end of the scale, 48 accessions
(11%) had mean grades of less than 6. This included the 11 accessions
previously categorized as race non-specific resistant (Table 12) on the
basis of a mean grade of less than 3. Previous experience in comparing
the results of glasshouse screening for resistance with field
performance would suggest that the 48 accessions should have a high
level of field resistance.

Future Prospects

With the present knowledge of the distribution of races, especially
in East Africa and the range of resistant material available, it should
be possible to deploy accessions with resistance characteristics
appropriate to a particular area. For example, in East Africa,
resistance to race 3 or combinations of resistance to races 1 and 3 and
race non-specific resistance. Seed of many accessions, especially those
with race 3 resistance, have been multiplied under quarantine conditions
at NVRS for dispatch to trial sites in Africa.

Although relatively few sources of high level race non-specific
resistance have been identified, over the long-run, the development of
such material may provide a more durable solution to the halo~blight
problem than the deployment of race specific resistance, particularly
with the present lack of specific resistance to race 2.

Screening of specific resistance to race 2 and race non-specific
resistance should receive high priority in further tests of CIAT
germplasm. Additional studies will be necessary to elucidate the
inheritance of resistance in the various sources. Present evidence
ludicates that race specific resistance 1is controlled by a single
dominant gene. The inheritance of race non-specific resistance is as
yet uncertaln but may be due to recessive genes or polygenes,

Table 12. Quantitative varfation In susceptibility/resistance in 454

CIAT accesslons,

Susceptibility Humber of accessions in grade to race

reslstance

grade I % 2 3 Mean**
I -2 35 1 60 1
2~ 4 6 6 6 5
4 -6 64 43 43 42
6 -8 268 298 254 320
8 -9 78 106 91 86

» majority in the grade represent race~-specific resistance; *, 3
missing values; ** mean 3 races (8 imolates) but excluding race-specific

components,
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B. Virology

Bean Common Mosaic Virus
Common mosaic resistance

The demand for dominant I-gene screening not only remained stable
but registered a slight increase (10%) over last year's figure. Out
of the total number of breeding materials evaluated this year
(23,968), approximately 81% belonged to the three breeding sections of
the Bean Program, and 10% to the national programs of Peru (1,268
lines), Chile (242 lines), and Costa Rica (31 lines). The rest of the
materials evaluated were part of internal nurseries and special
rvojects. The BCMV screening capacity was increased to 1,600 plants
or 160 lines per work day.

Black root resistance

The main emphasis of the BCMV research conducted at CIAT-Palmira
was the characterization of black root resistance mechanisms and
identification of new resistance sources. Two resistance mechanisms :
the expression of pin-point local lesions and immunity (no symptoms)
were previously known to be associated with the recessive genes be 2
(together with the T gene) and bec-3, respectively. Most of the
black root resistant lines screened 1in the past, however, have
exhibited a larger type of local lesion which appears to involve some
modifier genes besides the combination 1bc2. The fourth type of
reaction, originally observed in the cultivar Red Kloud, consisted of
a restricted vein necrosis in mechanically-inoculated primary leaves,
without any further manifestation of systemic necrosis. This reaction
was recorded for the NI3 strain, the most aggressive necrotic variant
of BCMV known to exist in Latin America and Africa. This resistance,
however, is overcome by the more pathogenic NL5 necrotic BCMV strain
which exists in Furope.

With respect to the search for mosaic/black root resistant
genotypes 1in the Phaseolus vulgaris CIAT collection, none of the
17,723 accessions evaluated so far, has proved to possess bc-3 or any
previously unreported black root resistant gene, A thorough
investigation of the promising G 13936 accession, previously thought
to contain the bc-3 gene, demonstrated the presence of unidentified
genes different from bc-3 (absent in this genotype) which slow down
virus multiplicatica and inhibit symptom expression in the first
stages of plant development. This phenomenon had been observed in
five other bean accessions of the evaluated bank collection.

While Bean Virology will probe deeper into the potential value of
these various resistance mechanisms, we are recommending an increase
in the number of crosses between T and bc 2 genotypes to facilitate
the selection of truly resistant plants and not merely symptomless
virus hosts, and to exploit existing tropically-adapted bc2” genotypes
in crosses, The be3 gene, howeve.,, constitutes a stable source cf
black root resistance, currently exploited through the cooperative
IVT-CIAT project. There are over 150 lines being evaluated in Africa
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for their reaction to common mosaic/black root resistance and other
desirable agronomic characteristics.

Selection of homozygous BCMV-resistant yellow-seeded genotypes
exhibiting linkage problems.

As reported last year, several common mosaic resistant red-seeded
lines, previously  exhibiting  color/BCMV-susceptibility  linkage
problems, have already been selected. This year, the linkage problem
was finally broken for the more refractory yellow-seeded 'Canarios'.
The homozygous-resistant lines identified VA 85-875 and 876; CIFAC
1278, and VA 85-819, have both the commercial color and acceptable
seed size. As with other 'problem' seed colors, the selection of
these homozygous resistant genotypes has been possible following a
continuous scheme of intensive individual selection and BCMV
evaluation.

Research projects

Characterization of BCMV. Despite the numerous research papers
available on BCMV, its main physicochemical properties were unknown.
The proper characterization of plant viruses and their strains is
critical to the understanding of their pathogenic variability and
epidemiology. 1In this study, for example, the necrotic strains NL3
and NL5 proved to be serologically distinct from the mosaic~inducing
Type, Florida, New York 15, and NL4 strains. By orthodox criteria, it
would be possible to conclude that the necrosis-inducing strains NL3
and NL5 did not evolve from the same plant host as the original
mosaic-inducing BCMV strains and that, furthermore, these two groups
of strains represent different viruses,

Seed-transmission of BCMV strains in different bean genotypes

One necrosis- and four mosaic-inducing strains of BCMV were seed-
transmitted in 14 mosaic-susceptible bean varieties. However, the
seed transmission incidence varied depending on the bean genotype and
BCMV strain tested (Table 1). The varieties Dubbele Witte, Redlands
Greenleaf B, Michelite, Sanilac and Kked lexican 35, transmitted the
Type, Florida, New York 15, NL3 and NL4 strains in 40 to 54% of the
seed produced by infected plants. The maximum seed transmission was
observed in those test plants 1inoculated at the primary leaf stage.
The necrosis-inducing NL3 strain showed a low seed-transmission
incidence in most of the bean varieties tested, with the exception of
the navy bean cultivars Sanilac and Michelite. This observation has
important epidemiological implications (Table 2). Twelve of the 14
varieties tested did not transmit BCMV in the seed of plants inoculat-
ed 30 days after sowing. Three varieties -Imuna, Great Northern 123,
and Great Northern 31- transmitted the virus below the 1% seed
infection ievei (Table 3). DPinto 114 did not transmit the New York 15
strain 1in tests involving over a 1,000 seeds harvested from
systemically infected plants (Table 3). These results clearly
demonstrate the existence of seed-infection resistance mechanisms in
Phaseolus vulgaris. This resistance could br useful for production
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Table 1. Mean seed transmission incidence of selected bean common mosaic virus strains
in differential bean varieties inoculated at three different growth stages.

Differential Bean common mosaic virus strain
variety Uus 1 Us 5 us 2 NL 3 NL 4§

Dubbele Witte 14.6" aba 19.7 a AB 5.2 b C 19.6 a A 13.2 abA
Stringless Green Refugee 22.2 a A 20.3 a AB 0.0 b D 1.2 b C 12.0 abAB
Redlands Green Leaf C 5.8 a BC 0.0 b D 0.0 b C 0.0 b B
Imuna 0.0 a C 0.0 a D 0.0 a C 0.0 a B
Puregold Wax 29.0 a A 0.5 cCD 0.0 cC 10.0 bAB
Redlands Greenleaf B 15.1-a AB 0.0 b C 6.8 abAB
Great Northern 123 0.0 a C 0.0 a C 0.0 a B
Sanilac 12.7 a B 20.1 aA
Michelite 62 18.1 aA 15.4 aAB
Red Mexican 34 2.5a CD 10.4 a B
Pinto 114 0.0 a D 0.0a C
Monroe 52.2 A
Great Northern 31 0.0 B
Red Mexican 35 51.9 A
x

Values represent the means (%) of three replicates and inoculation dates (10, 20, 30
days after sowing). Means followed by the same letter are not significantly
different (P=0.05) between strains (small letters) or differential cultivars
(capital letters).
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Table 2. Maximum seed transmission incidence of five bean common mosaic virus strains
in differential bean varieties.

Differential Bean common mosaic virus strain

variety Us 1 Us 5 Us 2 NL 3 NL 4
Dubbele Whitte 43.5% 57.5 20.23 43.2 37.1
Stringless Green Refugee 29.7 29.7 0.0 8.3 26.5
Redlands Greenleaf C 12.3 0.0 0.0 0.0
Imuna 0.0 0.0 0.0 0.0
Puregold Wax 52,9% 1.6 0.0 25.0
Redlands Greenleaf B 28.7% 0.0 12.1
Great Northern 123 0.0 .
Sanilac 24.1 39.7
Michelite 62 54.4 34.7
Red Mexican 34 4.7 17.0
Pinto 114 0.0 0.0
Monroe 42,2
Great Northern 31 0.0
Red Mexican 35 46.6
x

Values represent mean percentage of three replicates corresponding to the first
inoculation date (10 days after sowing), with the exception of values accompanied by
an *, which were obtained for the second inoculation date (20 days after sowing).
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Table

3. Seed transmission assay of selected bean common mosaic virus strains in

differential bean varieties.

Differential BCMV No. of plants Seed transmission
variety strain infected/evaluated incidence (%)
Imuna Us 5 1/273 0.36
Great Northern 123 Us 5 2/314 0.64
Pinto 114 us 2 0/1126 0.00
Great Northern 31 NL 4 2/326 0.61




areas where BCMV is a pathogen of phytosanitary rather, than economic
importance.

Bean Yellow Mosaic

The importance of bean yellow mosailc is Increasing in most of the
subtropical bean production areas of the world. In Latin America, the
appearance of the causal virus in Argentina, and a new strain in
Chile, has complicated the existing bean improvement projects for
these two important bean producers. The main research effo-t this
year was the characterization of the new BYMV-0T (Orfeo-INIA) strain
which occurs in Chile. Table 4 shows the pathogenicity range of the
previously known 'severe' strain and the new Orfeo-INIA BYMV variant
isolated in Chile. As can be appreciated, the sources of BYMV (severe
strain) resistance have now proven susceptible to the new Orfeo-INIA
strain. As its name suggests, this new strain can 1infect the newly
released variety Orfeo-INTA (Negro Argel x Great Northern 31) previo-
usly resistant to the known BCMV and BYMV strains that existed 1in
Chile.

The new BYMV-0OT strain has been isolated to look for new sources
of resistance and learn more about the epidemiology of BYMV in Chile,
particularly its origin. Similar steps are being taken to confirm the
presence of BYMV in northern Argentina,

Bean severe mosaic

A severe mosaic accompanied by necrosis in common
mosalc-resistant genotypes, had been previously reported 1in the
locality of San Andrés, E1 Salvador. This year, the problem was also
observed in Guatemala and llonduras, where it caused appreciable damage
in experimental bean trials. An electron microscopy analysis of
infected tissue extracts revealed the presence of 1isometric
comovirus-like particles of ca. 30 nm. A serological assay of these
tissue extracts using antisera prepared to the main isometric viruses
found 1in Latin America: bean rugose (a comovirus), bean southern, and
bean mild mosaic viruses, gave negative results. The only other
comovirus reported eight years ago in Latin America was a bean strain
of Quail Pea Mosaic (QPMV) originally described as 'bean curly dwarf
mosaic virus', from symptoms induced in plants double infected with
bean mild mosaic. A serological assay of infected tissue extracts,
using QPMV antiserum, gave a positive serological reaction.

Mechanical 1inoculation tests demonstrated that the virus
systemically infects common mosaic-susceptible and resistant (I gene)

bean genotypes, causing necrosis in the latter group, This genetic
interacticn 1s being investigated to modify the breeding strategy for
the affected bean cultivars. In the meantime, the virus can be

controlled by reducing the population of its beetle vectors, mainly
chrysomelids.
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Table 4 . Reaction of selected bean differenti.ls inoculated with two Chilean
strains of bean yellow mosaic virus (INIA-CIAT cooperative BYMV project).

BYMV strain

Differential group Variety Severe O0.I.
1 Dubbele Witte +++3 ++
Stringless Gree Refuee +—+ +H+
2 Redlands Creenleaf C ++ ++
Puregold Wax + +

Tmuna + +—+

3 Redlands Greenleaf B ++ ++
Great Northern 123 - +

4 Sanilac ++ +
Michelite 62 ++ ++

Red Mexican 34 ++ +

5 Pinto 114 - +
6 Monroe + ++
Great Northern 31 - +

Red mexican 35 ++ +

7 IVT 7214 - +
8 Widusa +H+ ++
Black Turtle Soup ++ +
9a Jubila ++
9b Top Crop + ++
Improved Tendergreen ++ +H+

10 Amanda - ++
11 IVT 7233 - -

aSympton expression: +

weak; + = moderate; ++ = severe; -

= no symptoms.



Bean Golden Mosaic

A major revision of research strategies was initiated this year
as the coordination of the bean golden mosaic project was centralized
at CIAT headquarters. While the 1incidence of this disease has
decreased in the black-seeded bean production areas of Guatemala and
the Culf Coast of Mexico, bean golden mosaic is still a major
production constraint in El1 Salvador, Dominican Republic, Brazil and
Argentina, where other seed-colors are preferred. 1In the latter two
countries, the disease became even more widely distributed this year,

A significant observation has been that the tolerance levels
incorporated so far vary with the incidence of viruliferous Bemisia
tabaci vectors. Under high whitefly pressure, most of the tolerant
lines developed to date, become susceptible, This observation
suggests the possible existence of 1insect resistance mechanisms in
some of the pgolden mosaic-improved germplasm,

A second objective was to conduct a pedigree analysis of all the
golden mosaic-improved lines and other bred materials which have shown
good agronomic behaviour under BGMV pressure, This analysis
demonstrated that over 957 of the golden mosaic-tolerant 1ines
developed in latin America, contain 'Porrillo' or 'Turrialba 1' genes.
On the other hand, some potentiallyv useful genotvpes were identified
in the pedigrees of some of the BGMV-tolerant lines found in CTAT
breeding nurseries, These genotypes pertain to classes of bean
germplasm (specifically Pintos and Kidneys) which have been observed
to possess a broad level of tolerance to several bean viruses.
Approximately 2,000 accessions of these and other promising germplasm
classes have been selected and increased for BCGMV screening next year.
1t is expected that some of these accessions will become new sources
of BGMV resistance or tolerance, to broaden the genetic basis of the
golden mosaic improvement project.

The year 1985 also saw substantial progress in the efforts to
utilize sources of resistance to BGMV. Using resistant lines such as
A 429, DOR 302, and DOR 303, identified since the relecase of the
mosaic resistant varieties in Guatemala, propeny were observed which
had much higher levels of resistance than those previously attained.
AIlT  three of the afore-named sources are non-black-seeded. n
particular, A 429 was useful as a source for Central American small
red-seeded beans, and for the Brazilian Rosinha class, and several
Iines with commercial grain type were recovered.

While resistant Quetzal checks in the September nursery rated
from 6 to 8 in pod load (reflecting very heavy pressure, since 9 is
the susceptible extreme of the scale), some of the A 429 progeny rated
2 and 3. In particular, the following crosses were especially
promising:

Cross Grain class recovered
(A 429 x RAO 30) Rosinha
(A 429 x RAB 56) Red brilliant

4]
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(DOR 201 x Canario 101) Pompadour

(DOR 316 x A 83) Cariloca
(DOR 303 x A 429) Carioca
(DOR 303 x A 464) Carioca

The following step will be to evaluate the ylelding ability of
these lines with and without BGMV pressure, and to utilize them in a
broad range of crosses with high yielding 1lines identified in the
Adaptation Nursery, and with local cultivars.

Originally, the breeding project for Pompadour grain type was
hindered by genetic linkage of grain color and susceptibility to bean
common mosaic virus. Now a wider range of lines with BCMV resistance
and Pompadour grain are available, and these will rapidly be put into
crosses with sources for bean golden mosaic resistance.

Several accessions of Phaseolus coccineus, previously identified
as resistant to BGMV, were retested under very heavy virus pressure,
Of these, G 35171 (NI 15) and G 35172 (NT 16) were practically immune
in foliage while G 35149 (M 7708) was intermediate.
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C. Entomology

Evaluations of host-plant resistance to Empoasca kraemeri, seed
infesting bruchids, and Apion godmani continued in 1985.

Empoasca Kraemeri

Mechanisms of Resistance
Tolerance to leafhopper feeding damage 1s the predominate defense
mectanism 1in beans to E. kraemeri. Tolerant bean lines are able to
support high populations of the insect without showing severe damage
symptoms or high yield loss as compared to a susceptible check.

Recent studies, however, have identified low to moderate levels of
antixenosis to oviposition - a characteristic of the plant that makes it
less attractive or preferred by an insect as a host. No-choice tests,
where the insect was confined to a particular genotvpe, showed that
antixenosis resistance reduced the nvmphal populations on EMP 89 and
EMP 94 under different infestation levels and plant ages in greenhouse
experiments (Table 1).

Subsequent field evaluations have identified other bean line.
containing antixenosis resistance (Table 2). Of these, EMP 135 had t*
highest uonprotected vield and the lowest nymphal population, when
measured as nymphs/g of plant dry matter. Further studies are needed,
however, to determine whether the antixenosis resistance in these lines
will be maintained under no choice conditions for the leafhopper,

Fvaluation of five cycles of recurrent selection breeding
Leafhopper resistant breeding lines from five cycles of a recurrent
selection breeding program were evaluated in a field study to determine
whether advances in overall resistance levels had been obtained over
cycles of selection. Table 3 shows the resistance measurements {nymphal
counts, damage scores and nonprotected vield) of the best lines from
five cycles of vecurrent selection. No consistent increase of overall
resistance levels was obtained in the five cycles (Table 4). The best
cycle for mean nonprotected vield was cvcle 3, which was significantly
better than cycles 1, 2, 4 or 5. Progress was obtained, however, in
transferring the resistance to a wider range of bean grain types (Figure
1), though the seed colors having the highest nonprotected vyield
continued to be the browns, Mulatinos, creams and blacks (Table 5). No
differences were found among sced color osroups for nymphal populations
or damape scores.

Cycles VI/V1]

The most promising selections of the combined cvcles VI/VIT were
tested 1n three vyield trials during 1984B, 1985A and 19858 semesters.
The analvsis of variance showed significant differences among
nonprotected yiclds for semesters, genotypes, and genotype x semester
interaction (Table 6). The genotype X semester interaction, however,
was not significant for nymphal counts or damage scores. The leathopper
population levels found on tolerant and antixenosis bean lines, and the
plants' response to leafhopper feeding damage, appear to remain constant
over seasons. VYield under leafhopper attack, however, will vary over
seasons, though in gencral, the highest and lowest yielding lines remain
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Table 1. Mean number of emerged nymphs on three bean lines of three age groups infested with
different levels of adult E. kraemeri in no-choice tests.

Plant age (dap)a X over Infestation levelb X over
Bean line 10 20 30 plant age 5 10 25 infest.levels
EMP 89 18.0 24.0 53.0 31.7 6.3 54.2 122.0 60.9
EMP 94 8.0 26.2 35.7 23.3 24.3 64.3 98.3 62.3
BAT 41 27.5 42.2 101.2 57.0 75.3 113.0 169.7 119.3
X over lines 17.8 30.9 63.3 35.3 77.2 130.0

2 Plant age: LSD = 23.4
ages and lines.

Infestation level: LSD= 55.2 (P= 0.05) for individual treatment means and LSD=

(P = 0.05) for individual treatment means and LSD= 13.5 for means over plant

infestation levels and lines.

31.9 ior means over



Table 2. Beans lines showing antixenosis to oviposition under field
conditions and natural leafhopper infestationms.

Bean Nymphs Nymphs per Nonprotected
line per leaf? g of plant dry wt yleld
(kg/ha)
EMP 110 6.1 0.15 660
EMP 124 5.7 0.16 480
EMP 125 4.9 0.15 625
EMP 135 5.7 0.12 1299
G 9527 6.0 0.15 641
EMP 89 (b) 6.7 0.14 1000
EMP 94 (c) 5.5 0.13 635
ICA Pijao (d) 10.6 0.21 1214
LSD (P=.05) 2.09 - 255

a : Mean of 7 evaluations
b - c: antixenosis checks
d: tolerance check

Table 3. Best bean lines from five cycles of recurrent selection
for E. kraemeri resistance.

Nymphal Damage Nonprotected

Bean lines Cycle count? scoreb yleld

(kg/ha)
EMP 133C 5 . 2,47 3,30 1915.0
EMP 81 3 2.25 2.85 1604.3
EMP 86 3 2.53 2.95 1586.3
EMP 87 3 2.35 3,20 1501.7
EMP 134 5 2.80 3.35 1420.7
EMP 96 3 2.21 3.25 1403.7
EMP 82 3 2.61 3.20 1401.7
EMP 143 5 2,37 3.20 1396.7
EMP 66 2 2.56 3.30 1381.5
EMP 147 5 2,21 3.70 1300.2
EMP 44°€ 1 2.43 3.80 1254.3
EMP 104 4 2.16 3.60 1246.3
EMP 19 1 2.45 3.50 1209.4
EMP 84 3 2.64 3.45 1191.0
EMP 6 1 2.50 3.55 1180.7
LSD (R 0.05) 0.42 0.22 355.6

a. Values transformed to Log (x+1).

b. Damage score on a scale of 1-5, where 1= no damage and 5= very severe
damage.

c. Indicates the highest yielding lines from each cycle.
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Table 4. Yield, nymphal count and damage score from cycles 1 to 5 of
recurrent selection for resistance to E. kraemeri in beans.

Bean line Cycle Yield (kg/ha) Nymphal count? Damage Scoreb
EMP 44 1 894,5 * 2,36 a 3.60 c
EMP 66 2 768.2 ¢ 2.41 a 3.68 bc
EMP 81 3 1029.1 a 2,28 a 3.59 ¢
EMP 104 4 725.9 ¢ 2,06 a 3.88 a
EMP 135 5 850.6 b 2.29 a 3.7% ab

Values transformed to Log (x+1).

Damage score on a scale of 1-5, where 1= no damage and 5= very
severe damage.

* Means followed by the same letter within a column are not
significantly different at P= 0,05 level according to Duncan's
Multiple Range Test.

Table 5. Mean characteristics per seed color groups from five cycles of
recurrent selection for E. kraemeri resistance.

Seed Yield Damage Nymphal count
color groups (kg/ha) score Log (x+1)
Brown 1014,0 a* 2.24 a 3.69 a*
Mulatino 951.7 ab 2.31 a 3.60 a
Cream 950.9 ab 2.22 a 3.72 a
Black 836.2 abc 2.36 a 3.66 a
White 718.4 abce 2.18 a 3.80 a
Red 654.8 ¢ 2.20 a 3.97 a
Pink 595.6 ¢ 2.21 a 4,02 a
Purple 254,6 d 2.12 a 4,15 a

* Means followed by the same letter within a column are not significantly
different a P= 0.05 level according to Duncan's Multiple Range Test.
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Figure 1: A modified recurrent selection program for Empoasca

resistance in beans.

Generation

Procedures for population improvement

(Cycle 1)
Parental Lines

Fl

F2

F3

F4

F5

F6

(Cycle 2)
Parental lines

Intercrosses are made among germplasm accessions and
bean lines previously shown to have resistance to E.

kraemerti,

The hybrids are grown under protected conditions in
order to obtain the maximum qugntity and quaiity of
seeds. F2 seed from each cross is bulked.

F2 seed (600-1000) from each cross are planted in a
block in the field under natural leafhopper
infestation.

At harvest, the F2 populations that are visually
inferior are eliminated. From the remaining
populations, 1 pod (app. 3 seeds) is taken from each
plant in a cross and the seed is bulked (app. 1500
seed/cross),

Each bulk is yield tested under leafhopper stress.
Selection among F3 populations are made on the bases of
yield data compared to resistant and susceptible
checks. The F4 seed is bulked.

The bulked seed is space planted in the field under
leafhopper stress. TIndividual plant selections with
the highest visible yield are made within each F4
population.

Progeny rows of individual selections are planted under
leafhopper stress. Selections are made among sister
Iines at harvest of the highest yielding lines and the
seeds from the selected lines are bulked.

A yield trial of the selected lines with nonprotected
and protected field treatments is planted.
Nonprotected yield and percentage yield reduction are
used to select top lines with highest levels of
resistance.

The second cycle of intermatings are made using
resistant selections plus other germplasm.
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stable, while the majority of the variation is found in bean lines with
intermediate resistance or tolerance levels.

None of the new bean lines were found to be significantly better
than ICA Pijao, the tolerant check, for nonprotected yield (Table 7).
These
resulis suggest that the overall resistance to E kraemeri was not
increased in cycles VI/VII. -

Modification of the recurrent selection breeding program

The lack of consistent progress in increasing leafhopper resistance
over seven cycles of recurrent selection precipitated a reevaluation and
modification of the selection procedures used in the breeding program,
Nymphal counts were rejected as a selection criteria because of their
poor correlation with nonprotected yield. Simultaneous selection for
additional factors such as resistance to rust or common bacterial
blight, which was routinely conducted in early cycles. was discontinued
because the incorporation of other resistance genes was diluting the
resistance to E. kraemeri. It was suggested that separate breeding
programs be used to incorporate other traits, and that in the Empoasca
breeding program, the principal selection criteria would be yield under
leafhopper attack.

The first objective of the modified recurrent selection program 1is
the development of a core population of different bean lines with the
highest levels of resistance to the leafhoppers from which resistant
varieties can be developed. Yield trials are conducted in
the F3 and F6 genevations under natural leafhopper infestations and the
selection criteria are nonprotected yield and percentage yield
reduction. The F2 and F3 generations are carried forward as single seed
descent with some selections made among populations to eliminate
inferior crosses,

The advantages of this breeding scheme are: (1) that selection for
additive genetic effects conditioning resistance is enhanced by waiting
until the F5 or F6 generation, when genotypes are relatively fixed, to
make the majority of selections among sister lines. Some selection,
however, is made against inferior crosses in the F?2 and I3 generations
to avoid advancing populations with low probability of containing useful
segregants; (2) single seed descent practices are used to advance as
many different potentially favorable genotypes as possible to a
homozygous state 1in the minimum amount of space. This practice
increases the chance of finding higher levels of resistant recombinants,
especially with quantitatively inherited traits; (3) finally, genotypes
X environmental interactions are minimized by the repeated selection and
yield testing of populations over time.

Resistance to E. kraemeri in large - seeded bean types.

A separate breeding program was begun in 1984 to develop leafhopper
resistant large-seeded bean types (Groups 25, 35). Thirty-six F3 bulk
populations were evaluated in 1985, and 381 F4 1individual plant
selections were made. Progeny rows were evaluated and 96 F5 lines were
harvested. These lines will enter yield trials in 1986 and the best
materials will be used as parents in the second cycle of recurrent
selection following the modified breeding procedures.

59



Table 6. Analysis of variance of yield trials of the VI/VII
recurrent cycle selection for E. kraemeri resistance,

Source df. Mean Ssquares

Nonprotected yield Nymphs Damage

Total 107

Semester 2 3219349, 6% 6.58% 0.03

Rep (Sem) 7 433743,9 1.03 0.98

Cenotype 10 261119.3 0.24%% 0.62%*

Genot, x sem 20 118822, 5%% 0.05 0.10

Error 68 45713.6 0.07 0.09

*, ** indicate significance at P=0.05 and P=0.01 levels, respectively.

Table 7. New bean lines from the VI/VII cycle of recurrent selection for
E. kraemeri resistance.

Bean Nonprotected vield (kg/ha)

line 19848 1985A 19858 Mean
EMP 135 1376,1 972.7 553.5 1008.3
EMP 149 922.,2 1682.2 585.3 954.7
EMP 150 833.2 1199.6 627.2 881.3
EMP 158 883.3 1061.4 389.7 788.6
EMP 176 1049.2 1002.0 490.6 847.3
EMP 153 682.7 1407.1 528.4 853.7
EMP 157 830.4 1154.7 510.0 831.6
ICA PIJAOa 1060,2 1580.5 510.0 1051.2
LSD (P=0.05) 278.6 403.1 200.0 192.7

a Tolerant check.
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Seed Infesting Bruchids

The identification of wild P. vulgaris bean germplasm from Mexico
with high levels of resistance to Acanthoscelides obtectus and Zabrotes
subfasciatus formed the bases of a bruchid resistance breeding program
which has resulted in the development of seven bean lines (coded BRU
3-10) with intermediate to high levels of resistance to the two bruchid
species and larger seed 'size than the resistant Mexican germplasm (Table
8). Further breeding efforts are needed, however, to obtain bruchid
resistance in bean lines of commercially acceptable grain types and
growth habits,

In search of new resistance sources, screenings of 80 germplasm
accessions of Mexican origen were conducted. From these, five
intermediate accessions and two resistant to A, obtectus, and one
accession resistant to Z. subfasciatus were identified (Table 9). These
materials will also be used as additonal sources of bruchid resistance

in future crosses. laboratory and field studies were conducted to study
the resistance of 20 F4 progeny of crosses between commercial by wild P.
vulgaris accessions previously evaluated as resistant or susceptible in
the I3 generation. Significant (P= 0.01) correlation was found between

the reactions of the F3 and F4 generations for number of emerged adults
(r= 0.72), life cvcle duration (r= 0.65) and dry weight per adult (r=
0.72), and indicated that the reaction of selected progeny to bruchid
infestation was consistant over generations and suggested that only a
few early generation screenings would be needed to identify resistant
of fspring,

Significant correlations were also found between resistance
measurements taken on infested pods and seeds in the laboratory (Table
10}, and between the number of emerged adults from pods infested in the
field and seed infested in the laboratory (r= 0.35, P= 0.01). Selection
of resistant progeny under laboratory conditions appears to be
representative of the reaction of those progeny to A. obtectus
infestations in the field. -

Nine genotypes which were selected for the presence of a new
arcelin type glycoprotein, found by F. Bliss, Univ. of Wisconsin only 1in
wild D, vu]garis, were evaluated for resistance to A. obtectus and Z.
subfasciatus (Tables 11, 12). WI-85-3 and WI-85-5 were resistant to Z.
subfasciatus, and WI-85-7 and WI-85-8 were intermediate in their
reaction to both bruchid species. These preliminarvy results suggest
that arcelin type glycoproteins alone mav not be the only factor
conferring resistance to bruchid beetles since the majority of the
selections were susceptible to A. obtectus and Z. subfasciatus.

International Apion Nursery (VIA)

The International Apion Nursery has been distributed within the
Central American Project and planted for several years, but the 1984
nursery was particularly interesting because of the diversity of
material that It contained. These materials can be grouped into five
classes:

61



29

Table 8. Evaluation of bean lines bred for resistance to A. obtectus and 2. subfasciatus.

A. obtectus® Z, subfasciatusb
Dry
No. of Life weight Life

Breeding 100 seed emerged cycle per adult cycle %

lines Cross wt (g) adults (days) Rating (g x 10-3) (days) emergence Rating
BRU 4 BAT 1235 x G10019 14.5 18.6 36.4 I 1.2 34.5 70,2 s¢
BRU 5 vV 7920 x G12891 11.2 11.4 40.3 I 1.3 35.7 72.1 S
BRU 6 V 8030 x G10019 20.9 13.2 36.9 I 1.3 36.0 54,7 I
BRU 7 G 12891 x G4011 16.5 8.4 44,5 R 1.1 40.1 50.1 I
BRU 8 BAT 1225 = G12952 10.3 12.8 42,2 I . 47.6 51.8 I
BRU 9 BAT 1235 x G12952 17.0 8.0 42.5 R 54.4 54.8 I
BRU 10 G 4727 x G12952 15.8 8.4 45.4 R 0.8 57.0 48.1 I
G 12953 Resistant control 6.0 0 0 R 0.8 70.5 10.7 R
Calima Susceptible control 50.0 54.8 34.9 S 1.5 32.1 78.3 S

qInfested 50 seeds of each genotype with 100 eggs in five replicationms.

Infested 50 seeds of each genotype with seven male/female pairs in five replications.

€s = susceptible 1 = Intermediate R = Resistant



Table 9. Resistant P, vulgaris wild type accessions of Mexican origin
to A. obtectus and Z. subfasciatus.

No. of Dry wt/
100 seed emerged Life cycle adult_3
Accession wt (g) adults (days) (gx10 ) Rating

A. obtectus

G 11024 9.4 29 32.4 1.8 I
G 11027 7.8 9 33.2 2.8 I
G 11032 8.5 21 31.4 2.0 I
G 11052 6.5 24 31.5 . 2,0 I
G 11125 6.0 25 31.1 1.9 I
G 11051 5.8 0 - - R
G 12858 9.3 10 32 1.9 R
Calima (Susc.) 50.0 124 29.7 2.6 S
G 12952 (Resist.) 6.0 0 0 0 R
Z. subfasciatus

G 11051 5.8 15 37.9 0.8 R
Calima (Susc.) 50.0 244 32.9 1.5 S
G 12952 (Resist.) 6.0 0 - - R
Table 10. Correlation coefficients between A. obtectus resistance

measurements taken on infested seed and pods.

Pods Emerged Life Dry wt.
Seeds adults cycle per adult
Emerged adults 0.59a 0.56 0.67
Life cycle -0.49 0.71 -0.65
Dry wt/adult 0.64 ~-0.58 0.73

a A1l correlation coefficients are significant at P= 0.01 level.
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Table 11. Evaluation of nine genotypes from Dr. F. A. Bliss, University of
Wisconsin, for resistance to Z. subfasciatus.

No. of Life Dry wt
No.of eggs emerged 7% adult cycle adult
Genotype oviposited adults emergence (day) (gxlO_B) Rating
WI-85-1 275.5 247.7 89.5 34.1 1.2 S
WI-85-2 222.5 169.5 76.3 34,7 1.3 S
WI-85-3 242.0 6.0 2.5 53.0 0.9 R
WI-85-4 234.5 49.5 41.8 53.2 1.1 I
WI-85-5 238.0 5.0 2.1 47.8 1.0 R
WI-85-6 220.0 208.5 93.8 34.3 1.3 S
WI-85-7 230.0 89.0 38.7 37.2 1.2 I
WI-85-8 161.0 35.0 34.6 38.1 1.4 I
WI-85-9 235.0 71.0 30.2 35.4 1.3 I
G 12953 (Resist. check) 96.0 7.0 6.6 55.1 0.6 R
G 10011 (Interm.check) 181.5 121.5 66.7 35.5 1.1 1
Calima (Susc. check) 235.5 221.5 92.8 34.0 1.4 S

Table 12. Evaluation of nine genotypes from Dr. F. A, Bliss, University
of Wisconsin, for resistance to A. obtectus.

No. of Dry wt/
emerged adults Life cycle adult_3
Genotype per 100 eggs (days) (gx10 ™) Rating
WI-85-1 56,5 34,9 2.4 S
WI-85-2 46.5 36.2 2.3 S
WI-85-3 32.5 39.3 1.9 S
WI-85-4 46,5 36.8 2.1 S
WI-85-5 30.5 39.9 1.8 S
WI-85-6 52.0 35.7 2.3 S
WI-85-7 24,0 37.6 2.1 I
WI-85-8 18.0 38.5 2.1 I
WI-85-9 32.0 36.9 2,2 S
G 12953 (Resist. check) 0 - - R
G 10011 (Interm. check) 13.5 37.7 1.3 R
Calima (Susc. check) 31.5 35.1 2.2 S
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1. Materials of known reaction including lines and germplasm that have
been used as sources of resistance: Mexico 1290 (G 11506),
Tamazulapa, Turrialba 1, Negro 151, Amarillo 54 (G 03982), APN 18,
APN 64, APN 68, and Line 17 from El1 Salvador.

2. New lines selected from the Apion breeding project in Guatemala:
APN's 77, 78, 79, 80, 81, &2, 83, 84, 88, 90, 92, 93, 94. These
correspond to our strategy 1.

3. Breeding 1lines which were not developed specifically for Apion
resistance, but which demonstrated an intermediate level of re-
sistance at some time: NAG 47, NAG 72, RAB 41, RAO 22, RAB 205,
etc. Although not selected for Apion in early gen rations, some of
these lines 1like NAG 102, were derived from two parents with an
intermediate level of resistance, and thus correspond to strategy
2.

4, Mexican germplasm selected in Guatemala for resistance, such as G
03324, G 03307, G 04771, G 03295 and G 03306. These cHrrespond to
our strategy 3.

5. Commercial varieties and land races from Central America. These
were included to obtain uniform 'base-line" data on the levels of
resistance in existing varieties.

One nursery each was planted in Guatemala, E1 Salvador, Honduras,
and Mexico, although no data was available form the latter site.
Nursery management was the same as employed in previous years, with the
exception of including four repetitions instead of three, and using
staggered planting dates for early and late flowering materials, to
ensure more uniform flowering.

The nurseries developed under very different conditions, as was re-
flected in the data. The Guatemalan site had a heavy attack, typical of
August plantings there. Tn El Salvador, a drought diminished the attack
in mid-flowering, and a few materials might have escaped the Apion due
to this condition. In Honduras, the attack was very light, and more
damage was caused by Asphondilia, a Diptera which oviposits in the pods.
These conditions contributed to a significant genotype x location
interaction in the Apion data, but we do not consider this to be typical
nor cause for alarm.

In general, those lines selected specifically for Apion resistance
were the most resistant. Most of these have black opaque or brilliant
red seed, but are not of commercial value. Although these lines repre-
sent progress 1in recombining resistance with tropical adaptation, we
still see a tendency for the best resistance to be associated with poor
adaptation. The APN lines have entered another cycle of crossing (see
Strategy 1), but if we do not recover adequate adaptation in this next
cycle, we may abandon these sources of resistance.

At the other extreme, almost all the commercial varieties were
highly susceptible, with the exception of TCTA Tawmazulapa and Turrialba
I, which we had previously recognized as intermediates (Tamazulapa is a
progeny of Turrialba l). Rojo 70 also showed some resistance, but since
it was planted only in El1 Salvador, this data has yet to be confirmed.



Most of the Mexican germplasm selected in 1983 also performed well.
This emphasizes that there should yet be valuable variability for
reaction to Apion in the germplasm bank.

As in the past, percentage grain damaged was well correlated with
percentage pods with grain damaged, (Table 13) in this case, r = .77.

Breeding Strategy

In previous years we initiated a breeding program for resistance to
the bean pod weevil, Apion godmani, based on a triple strategy: (1)
utilization of genes of previously recognized sources, principally
Mexico 1290 and APN 18; (2) searching for transgressive segregants in
progeny of crosses of breeding lines with intermediate levels or
resistance; (3) identification of new sources of resistance in germplasm
of Mexican origin.

Populations were evaluated in May 1985, representing efforts both
to recover transgressive segregants (strategy 2) and a further cycle of
crossing using older sources of resistance (strategy 1). Both strategies
appeared to be giving promising results, but a virus attack destroyed
the progeny test in the fall planting in September, so no conclusions
could be drawn.

In 1984, we reported favorable results with G 13614, collected
under the name 'de «celaya'". This accession has good resistance,
acceptable red grain type, good climbing ability and moderately good
adaptation in Central America. In 1985, we observed the first F. and F
populations derived from G 13614, and these also demonstrated gooa
adaptation, especially in the relay planting system in FE1 Salvador.
These have yet to be evaluated for reaction to Apion.

A preliminary Apion (two repetitions) was realized in the May 1985
planting of 198 lines selected from the red and black 1984 adaptation
nurseries. A moderately severe attack resulted in approximately 507 of
pods damaged in the intermediate check, ICTA Tamazulapa. 1In Table 14,
appear the entries which were as good or better than the check, based on
percentage pods damaged.

Our experience with nursery management this year and in years past
.suggest that two factors in particular favor a heavy Apior attack: (1) a
planting date which assures rain in the flowering period and during pod
elongation; (2) a planting date (preferably earlier) which is "out of
phase" with other bean fields 1in the region, so that the Afifﬂl is
attracted by the nursery. Geographical isolation of the nursery has the
same effect.
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Table 13. Percentage grain damaged of selected entries in the 1984
International Apion Nursery. Data represent average of four

repetitions at each of three sites.

Group/identity %4 grain damaged

Commercial cultivars:

Rojo de Seda 66
Desarrural 54
Honduras 46 51
ICTA Quetzal 44
Known sources of resistance:
Amarillo 154 (G 03982) 33
APN 18 28
Mexico 1290 (G11506) 23
Negro 151 19
Lines bred for Apion resistance:
APN 83 18
APN 84 16
APN 88 20
APN 93 20
Bred lines with intermediate resistance:
ICTA Tamazulapa 34
NAG 72 32
NAG 47 29
RAO 22 32
Mexican germplasm:
G 03324 14
G 03307 19
G 04771 22
G 03295 12
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Table 14. Percentage pods with grain damaged by Apion godmani, of

lines selected from the 1984 VA,

August, 1985,

Jutiapa, Guatemala,

Lines % pods with grain Lines % pods with
damaged grain damaged

NAG 107 38 NAG 142 33

NAG 112 30 XAN 182 17

NAG 114 35 DOR 235 28

NAG 121 37 MUS 13 42

NAG 124 23 NAG 149 37

NAG 125 38 NAG 153 35

NAG 126 35 NAG 154 42

NAG 128 30 RAO 40 30

NAG 132 38 RAB 268 33

NAG 153 30

NAG 134 15

NAG 135 23

NAG 139 35

NAG 140 42
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D. Yield Potential

Studies on yield potential have continued following guidelines
discussed in the CIAT Bean Program 1984 Annual Report. An important
new component though 1s a reevaluation of agronomic practices for
maximum yield,

Pod Growth Rate

Detailed measurements of individual pod growth were made on 20
lines varying in seed size and maturity to test the following
hypotheses:

(1) Large-seeded lines have a lower yield potential because a high
pod growth rate results in excessive sink strength,

(2) 1In order for early maturing lines to attain acceptable yields,
they should have relatively high pod growth rates.

(3) If yield is limited by translocation rates during pod filling,
highest yielding lines should have the highest pod growth rates.
(Note that this hypothesis conflicts with hypothesis 1),

Pod growth rate was measured as the maximum growth rate as
estimated from growth curves fitted to dry weight of individual pods
from sequential samples. Data for the 20 lines are presented in Table
I, and respective correlations are given in Table 2. The lack of
correlation between 100 seed weight and pod growth rate, and the
slight, but not significant, positive correlation between yield and
pod growth rate, suggests that low yield potential of large seeded
materials is not directly related to pod growth rate. There was no
correlation between days to maturity and pod growth rate, although it
was striking that the earliest maturing line, G 3017, had the highest
growth rate of all lines. This, the second hypothesis would merit
further investigation. Tf the data for G 3017 are excluded, there are
significant correlations between yield and pod growth rate, supporting
the hypothesis that translocation rates may limit yield. Of course,
there are alternative interpretations of this relation. Perhaps the
simplest and most logical one is that more vigorous lines can produce
enough assimilate to maintain high pod growth rates, and that this
vigor results 1in higher yields.

Agronomic Management for Maximum Yields

Following various suggestions for an "ideal plant type" for
high-yield commercial conditions (e.g. Ideotype B described in the
CIAT Bean Program Annual Report for 1976), considerable effort has
been invested in prcduction of erect, type ITa lines. Unfortunately,
these lines have not shown the yield potential expected. One possible
explanation is that because of cheir erect habit, the lines are
incapable of achieving full canopy cover at the 60 cm row spacings
used at CIAT. This hypothesis may be extended to a more general one
that in order to achieve significant yield increases, both plant type
and agronomic practices will have to be modified together. An erect
habit may imply a less competitive plant type which conceivably would
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Table 1. Yield, maximum pod growth rate, and other parameters of
20 lines. CIAT-Palmira 1985.

Mean Pod
100 pod growth

Yield Days to Yield Seed wt, dry wt. rate

Line (g/mz) maturity /day (g) (g/pod) (g/m2 day)
G 4495 2400 78 30.8 19.6 1.33 3.49
RAB 24 2370 82 29,1 21.0 1.04 2.70
BAT 477 2360 77 30.6 20.0 1.16 3.42
A 149 2350 84 27.8 36.3 1.30 2.61
BAT 271 2290 81 27.8 19.1 1.21 3.55
G 4000 2200 83 26.6 17.0 1.05 2.92
G 5059 2190 80 27.4 19,2 1.13 2.51
BAT 85 2020 79 25.6 20.0 1.26 3.59
G 4446 1830 84 22,1 22,7 0.93 3.18
A 54 1830 83 22.0 21.2 1,27 3.25
G 13922 1820 82 22,2 38.9 1.44 2.44
BAT 304 1810 70 25.7 14.3 1.04 3.02
G 4498 1760 74 23.8 18.1 0.93 2.88
BAT 41 1740 68 25.6 15.2 0.89 2.27
G 3807 1650 71 23.5 14.4 0.72 1.91
XAN 146 1570 73 21.6 22.5 1.04 2.42
G 76 1510 70 21.6 39.4 1.39 3.50
G 4494 1410 74 19.1 41.9 1.30 2.92
G 3017 1110 58 19.0 14.8 0.79 3,91
G 1540 850 68 12.2 17.1 0.78 2.02
Mean 1850 76 24,2 22,6 ’ 1.10 2.93
S.E. 150 1 2.0 3.3 0.12 0.53
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Table 2, Correlations among yield, pod growth rate, and other

parameters measured in 20 lines. CI[AT-Palmira, 1985.

100
Days to Yield Seed Pod
Yield maturity /day weight weight
Days to maturity o T4%%
Yield/day .95 .50%
100 seed wt. -.03 .26 ~.15
Pod weight JA45% .53% .33 o7 1%%
Pod growth rate .20 .00 .25 .02 .36
Pod growth rate
(excluding G 3017) J45% .34 .41 .12 «59%*

*, *% Significant at the 0.05 and 0.01 levels, respectively.

require not only narrow row spacings, but higher plant densities.
Since such plants are showing a reduced tendency to partition
assimilate to branches and new leaves, it is also possible that they
will show a stronger nitrogen response (traditional varieties
generally produce excessive vegetative growth at very high nitrogen
levels). These considerations thus indicate a need to jointly
evaluate effects of row spacing, density and fertilizer regime cn
erect lines.

In a first attempt to explore these factors, eight indeterminate
lines were sown gt 60, 45, 30 or 20 cm row spacings, all with density
of 20 plants/m”. BAT 477, BAT 1481, and G 4525 (ICA Pijao)
represented traditional plant types, while BAT 1554, BAT 881, A 170, A
54 and FAT 5 b represented various erect plant types. The highest
yielding treatment was BAT 1481 at the 45 cm row spacing (Table 3),
and the 45 cm row spacing gave the highest mean yield across lines.
While these results support the need for narrower row spacings, the
yield increase (2630 vs 2480 = 6%) was not very impressive. Possible
explanations are: (1) that the traditional materials exceeded their
optimal LAI at the narrower row spacings; (2) that the small sample of
erect plant types did not include materials which would show the best
adaptation to narrow rows; and (3) that plant densities were
sub-optimal in the narrow spacings. Partial support for an effect of
excessive leaf area is given by data for crop dry weight at 56 days.
The 20 cm row spacing resulted in highest dry weight, while the 60 cm
spacing was lowest., These possibilities are being subjected to
further study.
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Table 3, Yields and crop dry weights (at 56 days) of eight lines
grown at four row spacings. All plots at 20 plants/mz.
CTAT-Palmira, 1985B.

Between row spacing {(cm)

60 45 30 20
Yield BAT 881 2630 2840 2860 2500
(kg/ha) BAT 477 2780 2800 2700 2300
A 170 2690 2720 2760 2370
BAT 1481 2370 2950 2630 2550
BAT 1554 2570 2670 2520 2180
G 4525 2250 2480 2400 2130
A 54 239¢ 2130 2390 2100
FAT 5B 2190 2450 2150 2045
Mean 2480 2630 2550 2270
S. E. For difference of means of: Treatment x Line = 153
Treatment = 54
Crop
dry wt BAT 881 200 276 311 273
at 56 BAT 477 279 248 220 329
days A 170 214 265 286 249
(g/m?') BAT 1481 239 277 264 291
BAT 1554 248 250 262 265
G 4525 228 273 271 232
A 54 213 250 240 261
FAT 5B 216 268 259 266
Mean 230 263 264 271
S. E. for difference of means of : Treatment x Line = 30
Treatment = 10
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Row spacing might prove most important for early maturing lines
since their short period of vegetative growth limits their potential
to fill rows. Four moderately early lines (XAN 145, BAT 41, RAB 60,
and G 3807 maturing in 65, 66, 70, and 74 days, respectively) were
planted as jn the previous trials with the addition of a treatment of
30 plants/m”~ at 30 cm row spacing. The highest yielding spacing was
20 cm, and this spacing also resulted in highest crop weights at 55
days (Table 4). These data support the hypothesis that earlier
maturing lines will yield better in narrower row spacings, but the
similarity among yields at 30, 45, and 60 cm spacings suggests that
presently early lines are fairly efficient, in wide rows.
Surprisingly, the additional treatment of 30 pl/m”~ at 30 cm spacing
did not result in a significant yield increase.

Table 4A shows the results of our first attempt to cormpare a
large range of materials at 30 cm vs 60 cm row spacings (while
maintaining a density of approx. 30 pl/m” in both treatments). Some
lines clearly improve markedly at narrower row spacings, while others
perform better with wider spacings. 1ICA Tul was the only type TI
which did not show a yield increase, which fits with the idea that
erect plant types should perform better at narrower row spacings.
However, the type I111's also showed yield improvement in many cases,

Table 4. Yields and crop dry weights (at 55 days) of four early
maturing lines sown at four row spacings. All plots at
20 plants/m2 except for an additional treatment with 30

cm between rows and 30 p]ants/ng

Between row spacing (cm)

60 45 30 20 30 cm (30 pl/m?)

Yield RAB 60 2520 2100 2290 2700 2310
(kg/ha) XAN 145 2340 2060 2240 2610 2450
BAT 41 2110 2180 2090 2300 2030
G 3807 1640 1890 1870 1950 1970
Mean 2150 2060 2120 2390 2190
S. E. for difference of means of: Treatment x line= 251
Treatment = 102

Crop Dry
Weight at RAB 60 333 359 386 315 365
55 Days XAN 145 296 310 335 362 363
(g/m?) BAT 41 317 362 375 410 343
G 3807 286 355 372 460 342
Mean 308 346 367 387 353
S. E. for difference of means of: Treatment x line= 36
Treatment = 17
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Table 4A. Results of yield comparison a broad range of materials

at 30 and 60 cm row spacing.

Yield (kg/ha)

Line 60 cm 30 cm Difference Habit
BAT 271 2576 3627 1051 3
A 83 3202 3596 394 2
BAT 881 2958 3330 371 2
BAT 1224 2944 3327 382 3
BAT 477 2852 3235 383 3
G 4017 2911 3212 302 3
BAT 1198 2828 3163 334 3
ICA PIJAO 3065 3080 15 2
BAT 1289 2972 3059 86 3
A 54 3034 3041 6 2
XAN 90 2754 3033 278 2
A 250 2862 3031 168 2
ICA TUI 3154 2983 ~171 2
EMP 84 2925 2982 57 2
G 5059 2112 2964 852 2
BAT 1671 2576 2958 382 3
A 90 2794 2912 118 3
BAT 1647 2586 2885 299 2
BAT 332 2584 2819 236 2
A 321 2575 2801 226 3
G 5201 2494 2757 263 2
SAN CRIST. 83 3157 2743 =413 3
A 162 2696 2726 30 3
G 76 2119 2713 595 1
BAT 1297 2536 2688 152 2
A 195 2671 2665 -6 1
A 465 2608 2651 43 2
G 3807 2683 2647 =36 1
A 70 2869 2636 =233 3
LINEA 24 2404 2623 219 1
BAT 304 2381 2619 238 3
V 8025 2838 2487 =351 3
A 442 2196 2244 147 3
G 1540 2269 2287 18 1
CALTIMA 1900 2077 177 1
PVAD 1372 1664 1655 -9 1
MEAN 2660 2840 180

S.E. 258 302 380
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Medium and Large Seeded Lines

Among the possible reasons for low yield potentials of medium and
large-seeded lines is that such materials have been derived primarily
from germplasm adapted to cooler regions. Thus, comparisons of
indices of adaptation such as photoperiod response and cell membrane
stability (see CIAT Bean Program Annual Report, 1984) should detect
gsignificant differences between small and large seeded materials.
Table 5 presents such a comparison for 30 lines each of small vs,
large-seeded materials selected to represent some of the best lines at
CIAT-Palmira. Differences were detected for both indices, and these
were consistent with the hypothesis that medium and large seeded lines
are better adapted to cooler sites. However in comparing mean yields
in Palmira and Popayan, the expected relation that medium and large
seeded lines would perform relatively better in Popayan, the cooler
site, was not found.

Table 5. Comparison of adaptation of 60 small and medium to
large seeded lines as judged by photoperiod response of

flowering and membrane stability score.

Photoperiond response

Seed size Neutral Intermediate Sensitive
Small 21 9 1
Medium to large 2 7 9

2

Chi® = 20.3 p .00l

Cell membrane stability score*

0.6 0.6-0.8 0.8
Small 8 23 1
Medium to large 0 21 7

chi? = 6.2  p .02

* Scale from 0 to 1, where higher values indicate greater levels of
membrane damage, and thus intolerance to higher temperatures

(40o or above).
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Early Maturing Lines

Since early maturity necessarily implies reduced yield potential,
efforts to incorporate earliness into new materials may require
special measures to assure that yield potential is not reduced
unnecessarily. Several researchers have suggested that early maturing
lines should have higher harvest indices since a short growth cycle
will require maximizing efficiency of utilization of resources. Seed
size has also been mentioned as a potentially important wvariable,
there being two opposed theories: one arguing for smaller seeds to
permit more efficient allocation of resources, and the other, for
larger seeds to permit faster establishment and production of
relatively fewer pods for an equal level of yield.

Using the 41 most promising lines from previous screenings for
earliness, plus G 4525 as a check of normal maturity, these and other
conjectures were tested. As expected, correlation among yield, crop
dry weight and days to maturity were high (Table 6). The data support
the basic expectation that the later a plant matures, the larger it
is, and the more it yields. However, the high correlation between
yield/day and yield suggests that there is a disproportional increase
in efficiency with later maturity.

Table 6. Correlations among yield and other parameters for 41

early maturing lines plus G 4525. Palmira, 1984b,

Yield Yield/day Days to maturity

Yield/day . 99%* -
Days to maturity . 80%* W T2%% -
Crop dry weight BTk . 85%* JTTH%
Harvest index .39% .43;* .29
100 seed weight .21 .22 «26
Seeds/pod .28 .26 .23
Pods /m’ . 68** . 68% e
Excluding G 2883

Harvest index .18 .23 -.08

100 seed weight .14 .14 .18

*, ** p <.05 and p < .01, respectively.
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Harvest index appeared to have slight associations with yield and
yield/day, but upon deletion of data fqr G 2883, the earliest (52 days
to maturity) and lowest yield (26 g/m“) line, the relations were not
significant. Thus, contrary to expectation, harvest index is probably
not an important selection criterion in early materials. Similarly,
there were no clear assoclaticns among yield and yield components
including seed size, except the expected correlation between pods/m

and yield.

Late Maturing lLines

Although data such as that presented above for early maturity
consistently suggest that vield potential can best be 1increased
through late maturity, success in identifying late maturing lines with
outstanding yields has been essentially nil. To understand this
problem better, 41 late lines were evaluated for vield and other
parameters. Although some lines matured as late as 94 days, highest
yvield (2.65 t/ha) was of RAB 25 1in 82 davs. Crop dry weight at
harvest was positively correlated with days to maturity, but yield and

harvest 1index were negatively correlated (Table 7). This suggests
that late materials were late because of characteristics causing poor
pod set or slow pod growth. A likely candidate as a cause of such a

problem is poor photoperivd-temperature adaptation, and evaluations of
the 4] lines showed that poorer-vielding and very late lines tended to
be photoperiod sensitive (Table 8). One strategy to avoid this
problem might be to search for lateness only among crosses of
day-neutral lines.

Table 7. Correlations among yields and other parameters for 41

late maturing lines. Palmira, 1984b.

Yield Yield/day Days to maturity
Yield/day .99%*
Days to maturity - 48k% - 60%*
Crop dry weipht .16. .08 W37%
Harvest index «52%% .55%% ~.56%%
100 seed weight .00 .00 -.05
seeds/pod .07 .04 .24
Pods/m2 4% hl* -.08

*, ** Significant at the 0.05 and 0.01 levels, respectively,
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Table 8. Comparison of photoperiod response in relation to
yield and days to maturity for promising late

materials. Palmira, 1984b.

No. of lines with photoperiod response

Neutral Intermediate Sensitive
Yield (kg/ha)
1500 0 1 5
1500-2000 1 3 15
2000 7 1 7
chi’ = 10.7 p .005

Days to maturity

82 3 3 6
82-86 5 2 13
86 0 0 8
2
Chi® = 7.1 p .05
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E. Photoperiod-Temperature Adaptation

Routine Screening

Utilizing data from the evaluation of photoperiod response (based
on delay in flowering under 18 hour artificial vs. 12.5 hour natural
daylength) of 450 lines in semester A and previous trials (1976~1984),
a series of comparisons of photoperiod response in relation to seed
size, growth habit, origin and yield performance were performed. Tt
was hoped that these analyses would indicate photoperiod responses
required for different regions, and detect combinations of seed types
and growth habits that are particularly problematic.

Table 1 summarizes the distribution of photoperiod response 1in
all materials evaluated, CIAT bred lines and traditiona: Latin
American varieties in relation to growth habit and seed size. CIAT
lines include a slightly higher proportion of day-neutral materials,
but the overall patterns of variability are remarkably similar
suggesting that the photoperiod responses bred into CIAT materials are
similar to those in existing germplasm (Table 1). Tor all groups,
Type I11's are notable for the high frequency of day-neutrality, while
Type 1V's, for their sensitivity. Closely related to this is the
tendency of small seeded materials to be less sensitive than medium to
large-seeded ones.

Although these patterns are a useful guide, they mask important
variation for different regions. To assess these differences,
responses of germplasm accessions of known origin were tabulated by
country or region (Table 2). For several countries (e.g. Canada,
France, Germany, .Japan, and Turkey), day-neutral Type I's seemed to
dominate the distribution, so a second tabulation was performed,
excluding Type I's. Among the more striking patterns were:

I. Colombia and Venezuela have very distinct distribution of
photoperiod response. Presumably this reflects the fact that
Colombia grows large-seeded Andean types, and production 1is
concentrated in higher, cooler sites, while Venezuela produces
small-seeded materials, generally at much lower altitudes.

2. In Central America, dav-neutral materials predominate. The 20%
of photoperiod sensitive lines are primarily climbers grown at
higher elevations,

3. Materials grown in temperate regions are also predominantly
day-neutral, although Argentina, Chile, the Netherlands, Spain,
Portugal, and Turkey violate this pattern. Excluding the
Netherlands, these countries have regions with Mediterranean
climates which may permit exploitation of delayed maturity under
longer daylengths.

Regional differences in needs for photoperiod response have also
been detected using data from yield or adaptation in different
environments. For 250 lives grown in Colombia in five locations (see
CIAT  Bean Program Annual Report, 1979), photoperiod sensitive
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materials were superior at Pasto, the coolest site, while day-neutral
materials were better at warmer sites (Table 3). Using data from the
70 lines of the BIDAN, planted at Davis, California and Chincha, Peru,
these two environments were found to require opposing patterns of
photoperiod response. Day neutral lines were superior at Davis, but
performed poorly ut Chiclayo (Table 4). Visual evaluations of
adaptation can result in similar patterns, as seen in Table 5 where
data for CIAT materials grown in Fort Collins, Colorado are given, and
day neutral lines are clearly better adapted.

Taken together, these data relating photoperiod response and
yield leave little doubt that the present screening system is capable
of detecting some components of photoperiod-temperature adaptation,
and thus that breeders should take this parameter into consideration
when disfributing materials. As a geuneral rule, warmer temperatures
and longer daylengths, require day-neutrality, but further studies are
needed to improve targeting of lines to growing environments. On a
short term, further study of photoperiod response of flowering in
traditional varieties can provide guidance on appropriate combinations
of response and environment. However, for more precise predictions,
additional screening criteria are needed.
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Table 1,

Photoperiod responses of flowering:
American varieties.

all evalvations, CIAT lines, and traditional Latin
All data are percentages of samples, except total number of lines.

Pliotoperiod respense

1 2 3 4 S 6 7 8 Number
Neutral = —emmmme Sensitive cf llines

All Evaluations Growth habit I 28 6 13 20 8 2 0 23 647
type 11 57 9 16 8 1 1 0 8 1233

I1I 25 8 16 14 6 2 1 28 975

1v & 3 7 11! B 4 1 61 649

Seed size Small 45 8 16 11 4 2 0 14 1264

Medium 17 7 11 15 7 1 0 34 296

Large 12 4 9 15 9 4 1 45 745

Total 34 7 14 12 5 2 0 27 3685

CIAT Lines Growth hsbit I 18 3 13 24 14 6 2 22 125
type I1 52 7 15 15 1 1 0 1C 452

I11 28 8 18 20 4 2 1 20 338

v 10 9 & 11 1 3 0 58 90

Seed size Small 37 2 6 20 20 6 2 12 256

Medium 16 4 7 27 11 4 0 32 56

Large 4 6 12 23 6 4 8] 41 51

Total 36 7 15 17 4 2 0 1y 1005

Traditional lLatin

American varieties Growth habit I 19 10 19 34 3 0 6 10 32

type 11 67 0 19 4] 5 5 0 5 2

111 19 7 22 9 2 9 2 39 54

v c 0 7 20 0 0 0 73 15

Seed size Small 41 10 20 11 4 1 3 10 H

Yediunm 21 0 18 9 0 0 0 57 33

large 14 f 14 34 ) 3 o 35 25

Total 29 6 18 i7 2 i { 24 147
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Table 2.

countries or regions of origin.

Pistribution of photoperiod responses of flowering for germplasm accessions grouped by

Country or

Number of accessions with photoperiod response

All growth habits

Excluding type I's

region Neutral Intermed. Sensitive Neutral Intermed. Sensitive
Argentina 2 4 2 2 2 1
Brazil 64 32 23 61 25 23
Canada 10 2 1 5 1 1
Colombia 27 26 85 19 13 20
Chile 8 11 18 6 5 18
Costa Rica 13 13 6 13 13 6
Ecuador 5 3 26 4 1 14
France and Germany 24 3 1 3 2 1
Guatemala 120 38 44 118 35 34
Eonduras 14 9 4 14 9 4
Hungary 6 3 3 2 3 3
India 4 23 8 1 11 5
Japan 14 12 2 5 7 2
Kenva 3 2 3 3 1 1
Mexico 121 47 288 101 46 288
Netherlands 4 2 6 0 0 6
Nicaragua 11 12 1 10 12 1
Peru 3 10 22 0 6 14
Rwanda, Burundi,

and Uganda 14 0 3 5 0] 3
South Africa 2 4 4 1 2 3
Spain and Portugal 1 3 23 1 2 21
Tarkey 31 29 38 9 16 38
U.S.A. 26 21 7 13 9 6
Venezuela 35 20 3 34 20 3
Zaire 4 3 1 1 1 1
Zambia 2 3 8 1 3 7




Table 3. Comparisons of photoperiocd respouse and yield of lines
evaluated at five locations in Colombia (See CIAT Eean Program
Annual Report 1979Y).
Number of lines with
Tield range photopeciod response
Location (kg/ha) Meuntral Interred., Sensitive Chi‘Z Prob,
Pasto 250 107 52 13
(13 2) 250-500 4 11 3
SOHU 5 4 11 34.9 .001
Popayan 2000 17 26 11
(18 C) 2000-2500 43 33 9
2500 56 18 10 15.7 .005
Palmira 1800 8 12 4
(24 C) 1800-3000 84 37 12
3000 24 18 11 11.9 .025
Patia 1000 32 21 11
(26 C) 1000-1500 %6 1% 10
1500 38 27 6 4.8 o5
Santa Fe 1000 15 22 16
(27 ©) 1000-1500 57 26
1500 44 19 6 27,2 .001
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Tabhle 4. Comparison of photeoperiod response of floweriang ard yield of

lines of BIDAN at Davis, California and Chiacha, Peru.

Photoperiod No. of lines vielding
response 100 kg/ha 160~40C kg/ha 400 kg/ha
Davis
Sensitive 8 4 0
Intermediate 13 10 1
Day neutral 1 13 17
2
Chi®™ = 40 p .001
Chincha
Sensitive 1 7 7
Intermediate 3 14
Day neutral 14 13 5
2 .
Chi® = 13 p .025
Table 5. Comparison of photoperiod response of flowering and visual

evaluation of adaptation for CTAT materials evaluated in

Fort Collins, Colorado.

No. of lines with photoperiod response

Adaptationa Neutral Intermediate Sensitive
1-3 4 0
4-5 16 0
6-7 7 10 7
8-9 5 9 7
chi? = 6.3 p .05

2 Based on visual evaluation of plant growth. | = excellent, 9 = very poor
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F. Drought Tolerance

Studies on drought tolerance emphasized validating present
screening strategies, and testing modifications which will further
improve their efficiency. However, recognizing that long term progress
in drought tolerance will require a complete understanding of tolerance
mechanisms, a major effort was also sustained in studies of such
mechanisms.

Tolerance Mechanisms

Since previous research at CIAT-Palmira demonstrated that
tolerance was associated with greater root growth, varlous attempts
were made to detect differences in root growth 1in container-grown
plants. Tn most studies, growth was so rapid that roots reached the
bottom of 90 cm tubes with no problem. Suspecting that the density of
the soil was too low, growth of tolerant BAT 477 and susceptible BAT
1224 were compared using three densities (1.45, 1.65, and 1.85 g/cc) in
20 x 90 cm tubes, and maintaining drought stress after seedling
establishment. However, although the densities had a severe effect on
root growth, there was no indication that BAT 477 had greater root
growth (Table 1). 1If anything, BAT 1224 showed better growth. This
consistent failure to detect differences in root growth suggests that
such variation 1s not a direct result of simple morphological
differences in root growth patterns. A more probable explanation is
that differences detected in the field reflect either more subtle
characteristics of root growth such as ability to maintain turgor
pressure at low soil water potentials, or tolerance mechanisms which
affect the overall vigor of the plant.

One such mechanism 1s orientation of 1leaves. A variety which
orients its leaves can increase its water use efficiency since such
movements can reduce leaf temperature and thus rate of
evapotranspiration. Leaf orientation of six lines known to vary in
drought tolerance planted both at Quilichao and Palmira were compared
in stress and control plots, expressing orientation in relation to
observed or calculated position of the sun. Although it was possible
to detect significant differences (p .0l1) in leaf orientation among
lines and drought and control plots, there was no clear relation with
yield under drought conditions (Table 2).

Screening Techniques

Among the most important steps in planning drought nurseries 1is
the selection of an appropriate experimental design. Since 1982,
screening at CIAT has relied upon lattice designs cn the theory that
these designs will permit a significant reduction in error mean square
(EMS) by adjusting means for variation in soil nutrient or imoisture
conditions. Any lattice may be analysed as a randomized complete block
design, so data from seven drought trials were reevaluated using both
designs, and the reduction in EMS calculated as an 1index of efficiency
of the lattices (Table 3). The only trial where the EMS for the
drought treatment was not reduced by at least 10% was Trial 8222 where
the 71 kg/ha mean yield reflected a large number of plots with 0
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yields., Data for the different levels of water applied in Trial 8449
are particularly revealing. With increasing levels of drought stress,
the efficiency of the lattice design increased from 15% to 547%. These
results fully support the usefulness of lattices for drought screening.

Another concern in managing drought trials has been possible
interactions among varieties and agronomic management. To test whether
different plant populations would affect yleld under stress conditiong,
eight lines were sown at three densities (10, 17, and 23 plants/m")
under both stress and control conditions. The overall tendency was
clearly that low yield varieties were poor under all conditions and
that evaluation would not be fected 1f lines are compared at
densities within 10 to 23 plants/m”~ (Table 4).

Although screening in different semesters has provided a useful
level of variation in conditions, and thus permitted evaluation of
yield stability, other researchers have suggested that a line source
irrigation system will permit more efficient evaluations. With  this
technique, irrigation sprinklers are placed in a single line, with
sufficient overlap to produce a uniform level of water at a given
distance parallel to the line, but a uniform decreasing level at any
point perpendicular to the line. Thus, 1if varieties are sown in strips
perpendicular to the line, they receive a gradient of moisture along
the strips.

The system was applied to the 23 lines of the BIDYT, plus two
local checks, using two replications each at planting dates 13 days
apart. Mean ylelds across varieties ranged from 2630 kg/ha with 261 mm
of water applied to 730 kg/ha with 104 mm of water. Since the ultimate
goal of this system is to provide a better classification of materials
than is possible with repeated yield trials, the data were analysed
using a centroid clustering technique to produce different
classifications according to the trials used. If a single season of
the 1line source was as efficient as conventional trials, a
classification using the line source should have been as good as a
classification using the other trials. Table 5 presents two classi-
fications each for the conventional and line source trials. For the
conventional trial, one 1is based on the complete set of 11 trials
(including drought and humid controls) and another uses only data from
the seven drought trials., For the line source classification, data are
for means of the two planting dates or for the planting dates treated
as separate data. The first two classifications seem quite acceptable.
The sister lines BAT 477 and BAT 85 are grouped with BAT 336 and BAT
1289, materials with similar growth patterns and performance.
Similarly, in both classifications all four large seeded type I's are
together. In contrast both classifications using data from the line
source split these seemingly natural groupings. The classification
treating the two planting dates separately seemed particularly
unsatisfactory because it split off six materials into groups of one
line each. Thus, although the decision is subjective, the conventional
trials seemed to produce a more satisfactory classification than the
line source, and would be preferred for drought screening of advanced
lines.
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Tolerance Evaluations

The emphasis on studies of mechanisms and screening techniques did
not permit extensive screening of new materials. An evaluation of
eight lines previously identified as having outstanding tolerance in
acid soils (CIAT Bean Program Annual Report, 1984) merits note though.
When the eight lines were grown under stress conditions in Quilichao,
it was found that none of them equalled either of the two drought
checks, BAT 477 and G 5059 (Tablz 6). This suggested that contrary to
the common opinion that tolerance to drought and poor soils must depend
on a common mechanism of deep root growth, the characteristics probably
depend on separate mechanisms.

Table 1. Root growth in 20 cm x 90 cm tubes at three soil densities,

using drought susceptible BAT 1224 and drought tolerant BAT

477.
Soil density (g/cc)

Variable Line 1.85 1.65 1.45

Root dry wt. 24 days BAT 1224 0.88 1.54 2.01
(g/plant) BAT 477 0.45 0.72 0.92
Root dry wt. 33 days BAT 1224 1.38 2,43 2.27
(g/plant) BAT 477 1.19 2.08 2.08
Root dry wt. 41 days BAT 1224 1.31 2.33 2,38
(g/plant) BAT 477 1.28 2.36 2,22
Plant dry wt. 41 days BAT 1224 8.46 13,35 14,30
(g/plant) BAT 477 8.87 13.40 14,03

87



Table 2. Comparison of leaf orientation and yields for six lines
grown at CIAT-Palmira. Data for orientation are means
of angle of incidence of sunlight (0O = rays parallel to

leaf surface), measured over 12 liours on day 58.

Angle of orientation Yield (kg/ha)

Line Droughc Control Drought Control
BAT 85 29 38 1020 2520
BAT 477 33 36 970 2660
G 5059 30 39 680 2110
G 4830 34 41 680 2670
A 70 33 41 650 2760
BAT 1224 31 36 420 2640
Mean 32 39 740 2560
S. E. 2.1 126

88



68

Table 3. Comparison of the efficiency of randomized complete block (RCB) and lattice
designs in drought nurseries. Data are presented for drought and control
treatments plus their geometric means, all analysed independently, The
relative efficiency is indicated by the reduction in Error Mean Square
(EMS). For Trial 8449, a line source sprinkler was used to produce water
regimes from 104 mm to 261 mm during the crop cycle.

No. of Yield Error mean square Reduction

Trial entries Treatment (kg/ha) RCB Lattice in EMS

Palmira, 8223 72 Drought 259 35194 28977 18%

Control 1711 72068 67417 67
Geom, Mean 532 99715 77053 23%
Palmira, 8222 225 Drought 71 10083 9799 3%
Palmira, 8427 72 Drought 1645 97107 69935 28%
Control 2656 128759 119534 7%
Geom. Mean 2067 76291 60156 217
Palmira, 8446 72 Drought 1079 97071 39217 60%
Control 2550 91032 78125 147
Geom. Mean 1624 97395 40374 56%

Quilichao, 8447 72 Drought 815 36591 25379 31%

Palmira, 8448 25 Drought 1591 72458 64240 11%

Palmira, 8449 25 261 mm 2632 67247 57251 15%

233 ™m 2340 82357 73185 117%
193 mm 2160 73870 62536 15%
153 mm 1544 95554 70290 267%
105 mm 941 89582 58574 35%
104 mm 730 69941 38082 54%
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Table 4. Yields of eight lines grown at three densities under both stress
and control conditions.

Yield (kg/ha)

Density in stress plot (plants/m) Mean of
Line 10 17 23 control plots
BAT 85 1417 1330 1564 3675
BAT 477 1179 1409 1229 3543
Puebla 152 573 621 881 3816
A 54 1015 761 946 3366
Mulatinho 741 655 772 3094
BAT 798 214 348 243 3467
Calima 473 561 391 2818
Brazil 2 84 131 123 2940
Mean 712 727 769 3340




Tahle 5. Comparisons of classifications of 25 lines according to cluster analyses
using sets of data from conventional drought trials and a line source trial
with six moisture levels and two planting dates. The conventional trials
were coenducted {n Palmira, Quilichiao and Popayan, and the line source in

Palmira,
- - L.Ine source Line scurce
11 dry and homid trials mean of 2 dates=12 values
Line Yield Growth Seed 7 drv trials 2 dates Line Yield
(kg/ha) habit size Tine Line (kg/ha)
A 54 1415 2 S A 54 A 54 A 54 1887
A 59 1394 2 S A 97 BAT 477 A 195 1726
A 97 1462 2 S BAT 8668 G 4830 BAT 477 188)
A 195 1361 1 L G 4454 G 5059 BAT 1298 1940
BAT 125 1367 2 S G 5201 G 4523 1730
BAT 1298 1621 3 S A 195 G 4830 1904
BAT 1393 141) i L BAT 1393 A 97 ¢ 5059 1987
EMP 105 1386 2 S G 4494 A 195 G 5201 1959
G 4454 1403 2 ] G 4523 BAT 85 :
G 4404 1403 1 L BAT 125 A 97 1537
G 4495 1779 2 S BAT 85 BAT 336 BAT 125 1682
G 4523 1399 1 L BAT 336 BAT 798 BAT 336 1632
BAT 477 BAT 868 BAT 798 1662
BAT 85 1554 2 S BAT 1289 RAT 1289 BAT 868 1541
BAT 336 1558 2 S G 4830 BAT 1298 BAT 1289 1718
BAT 477 1641 3 S G 5201 BAT 1393 BAT 1393 1648
BAT 1249 1773 3 S vV 8025 C 4454 EMP 105 1649
V 8025 1814 4 S G 4523 G 4454 1545
A 170 vV 8025 G 4495 1526
A 170 1693 2 S BAT 125 V 8025 1568
BAT 798 157 3 S BAT 798 G 4446
C 4446 1487 3 S BAT 1298 G 4494 A 59 1333
G 17722 1671 3 S EMP 105 G 4495
G 4446 EMP 105 A 170 2158
G 4830 1714 2 S G 4454
G 5059 1486 2 S G 17722 A 59 BAT 85 1836
G 5201 1587 2 S
G 5059 Al70 G 4454 1544
BAT 868 1488 3 S
AYY G 17722 G 4494 1343
G 17722 203

— . erm —— —— . ———
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Table 6. Comparison of yields under drought
stress for eight lines tolerant to acid
solls, and two lines tolerant to
drought.

Line Yield (kg/ha)

Tolerant to acid soils:

A 257 862
A 254 843
Carioca 825
VA 67 815
NAG 60 815
G 4830 812
BAT 1297 810
A 440 713

Drought tolerant:

BAT 477 1096

G 5059 870
Mean 846
S.E. 71




G. Tolerance to Acid Soils

Improving bean production on warginal land is one of the goals of
the Bean Program. Much of this marginal land currently in bean
production in Latin America is acidic with relatively high levels of
toxic aluminum and low availability of P and other nutrients. The
agronomy-soils subprogram has emphasized in 1985 the screening of
varieties for tolerance to high Al and/or low available soil P and on
experiments designed to 1increase our understanding of the
physiological mechanisms 1involved 1in these tolerances, Past
experiences have shown wus that wvariability in beans for these
characters is fairly low and thus, identification of lines with
superior Al tolerance or P efficiency has been difficult. Some
changes in experimental design have been introduced to improve the
screening sensitivity.

Screening

In Quilichao the advanced bush bean lines from the 1985 EP,
groups 10, 20, 30, 40, 45 and 50, were screened. Additionally, some

lines from the 1984 EP and VA nursery were also screened., The
screening consists of the following treatments: (1) no stress,
receiving 120 kg/ha P and 2 t/ha dolomitic lime; (2) P stress,

receiving 12 kg/ha P and | t/ha dolomitic lime; (3) Al stress, 60
kg/ha P and no lime (residual effects of an earlier lime application
resulted 1in an Al saturation of 50% at the beginning of the
experiment). Applications of nitrogen, potassium, sulfur, boron and
zinc were also made such that these elements did not limit yield.

In addition to the varieties under evaluation the standard
variety Rio Tibaji, was planted in plots in a diagonal pattern across
each field section. The yields of the test varieties were then
compared to that of this standard. This comparison partially
compensates for soil variability across the experimental site and
increases the sensitivity of the screening. Those varieties from each
group which yielded better than Rio Tibaji (relative yield 1.0) under
phosphorus stress are listed in 'table 1. Also, their grain yields
under non-stress and P-stress conditions are given,

Varieties which showed Al tolerance greater than the standard Rio
Tibaji are shown in Table 2 along with their stressed and non-stressed
yields. While crop management of this trial included the chemical
control of pests and diseases, yields were depressed by fairly severe
Macrophomina pressure. This reduced overall yields and may have
reduced the differences between stressed and non-stressed treatments.

In addition to the above results the best lines from the 1984 EP
and VA nurseries, which wera planted in late 1984 and harvested in
January, 1985 are reported in Table 3. The lines from the adaptation
nursery for Brazil (VABRA) dominated this 1list acccunting for six of
the 12 lines.

Another screening experiment was planted in the second half of
1985 for P efficiency in Popayan. This experiment will be used to
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lapie 1. Ylelds or the best pertorming varieties under P stress
from the 1985 EP. Mean yields in kg/ha.

Relative
Non-stress P-stress stress yield
Line yield yield (Rio Tibaji)
Small Red, 20
RAB 94 2002 1056 1.00
RAO 34 1715 946 1.75
RAB 234 1627 850 1.60
RAB 254 1576 897 1.42
RAB 184 1705 873 1.30
RAB 40 1851 932 1.01
Small White, 30
PAN 79 1696 814 1.77
PAN 86 1643 808 1.76
PAN 58 1644 1006 1.73
PAN 99 1898 1029 1.50
PAN 76 1840 878 1.48
MITA L-226-10 1949 987 1.36
PAN 47 1691 824 1.10
PAN 61 1550 901 1.03
Medium and large,
Cream Yellow
BAN 23 1281 805 1.00
BAN 33 1597 713 1.06
Mexican Altiplano, 45
C0S 5 1618 658 1.11
Small Cream, 50
RIZ 32 1555 1026 1.89
RIZ 34 1720 978 1.59
EMP 89 1656 811 1.37
DOR 351 1444 751 1.37
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Table 2. Yields of the best performing varieties under Al stress
from the 1985 EP. Mean yields in kg/ha.
Relative Al-
Non-stress  Al-stress stress yileld
Line Yield Yield (Rio Tibaji)
Small Black, 10
NAG 92 1921 1662 1.18
RIZ 48 1608 1467 1.16
NAG 37 1620 1423 1.07
NAG 91 1952 1404 1.05
NAG 102 1947 1454 1.03
NAG 75 1869 1478 1.01
Medium and Large
Cream and Yellow
BAN 21 2054 1635 1.22
BAN 29 1881 1246 1.12
BAN 26 1223 1033 1.11
11 SFRM-81-M-M 1807 1369 1.10
CAN 107 x PER 5-M-U 1725 1491 1.05
ZAA 33 1748 1380 1.02
Mexican Altiplano, 45
C0Ss 5 1618 1332 1.00
Small Cream, 50
RIZ 45 1955 1348 1.28
RIZ 34 1720 970 1.33
DOR 342 1381 899 1.24
EMP 89 1656 1093 1.19
DOR 344 1645 822 1.13
VAR 4-TP 1695 921 1.09
EMP 143 1657 1113 1.05
DOR 351 1444 1049 1.00
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Table 3. Yields of the best performing varieties under P or Al stress from the 1984 EP and VA nurseries.
Mean yields in kg/ha.

Non-stress P-stress Relative P-stress Al-stress Relative Al-stress

Line yield yield yield yield yield

Tl T2 Tl T2
XAN 90 2673 1117 1.27 1.09 1422 1.00 1.04
NAG 12 2798 1005 1.03 1.03 1353 1.26 1.03
VABRA 120 2621 1181 1.00 1.20 1343 1.15 1.00
BAT 1658 2810 1005 1.14 1.00 1298 1.39 1.17
BAT 1432 2586 1070 1.10 1.10 1286 1.23 1.00
FEB 17 2815 1329 1.10 1.29 1249 1.59 1.19
A 283 2447 1375 1.43 1.33 1607 1.16 1.24
VABRA 380 2587 1511 1.48 1.36 1528 1.11 1.18
VARRA 386 2474 1125 1.05 1.00 1528 1.19 1.14
VABRA 379 2657 1358 1.41 1.31 1484 1.07 1.18
VABRA 449 2530 1259 1.19 1.10 1473 1.20 1.03
VABRA 332 1634 1070 1.00 1.11 1237 1.08 1.03
* Tl = Carioca

T2 = Rio Tibaji



evaluate the suitability of using a Lattice Square design in future
screening work. This design greatly increases the ability to account
for and remove from the data variability due to spatial soil
variability.

Al Stress

Al stress is normally corrected by the application of lime, which
raises soil pH, reducing the Al saturation of the soils’ cation
exchange complex. However, there 1is some evidence that at least a
part of the symptoms attributed to Al toxicity 1is actually due to
calcium deficiency. To evaluate the significance of calcium
availability 1in varietal performance an experiment was performed
comparing three Ca sources; lime, Calfos and calcium sulfate. The
latter two sources are very soluable compared to lime but have a
negligible effect on soll pH. The response to these sources were
determined for seven varileties which in previous screening experiments
had exhibited a range of tolerances to acid soils.

There was a significant yield response to calcium application,
however, there was no difference between sources. Table 4 shows the
performance of the varieties across sources and rates. Varieties
which had been shown to tolerate acid soll conditions also performed
well in this trial with the exception of Rio Tibajl which 1s not well
adapted to the climatic conditions of Popavan. These preliminary
results suggest that the response to calcium may be an important
factor in increasing yields on acid soils with high Al saturation and
that Ca uptake and the growth response to Ca applications deserver
further study as a possible means of improving our ability to identify
acld soll tolerant lines.

Tolerance to Low Soil Phosphorus

In soils with low P availability the performance of bean
varieties 1s determined either by their ability to absorb P at very
low concentrations in the soil or through their ability to make the
most productive use of the P that is taken into the plant.
However, very 1little information about P uptake and the growth
responses to P availability 4is available for beans. Several
experiments were conducted in 1985 to clarify how the timing and
amounts of P uptake relate to development of the yield components in
numerous bean lines,

The current system of using grain yield as the sole selection
criterion probably hides efficient germplasm from us since yield
integrates the crop”s response to so many edaphic and climatic
variables. If a particular morphological character or a specific
period of crop development can be identified as being critical to
varietal performance under low P availability regimes, its use could
greatly increase our ability to identify superior germplasm,

Experiments in Quilichao and Popayan were conducted using several
rates of P application, two P sources (triple superphosphate and Huila
rock phosphate) and four bean varieties. The pattern of P uptake

97



during the growing season in the varieties was determined by
periodically harvesting plants, At maturity the grain yield and the
yield components were measured.

The data were analyzed using path analysis which can be used to
determine the relative importance of the various components of a model
of how bean yield develops during the growth of the crop. In the
first analysis the significance of various periods of P uptake in
determining the final yield was estimated (Table 5). The first
period, 0-15 days after germination, was consistently the 1least
important, indicating that early establishment and P uptake are not
very important to P efficiency. 1In two varieties, Iguacu and NAG 60,
the other three periods of P uptake were of about of equal importance
in deteruining grain yield. Rio Tibaji was the only variety to
strongly show one particular period to be more important than other
periods of uptake. This result indicates the P uptake during floral
initiation is very important in this variety,

Table 4. Variety performance under several sources and rates

of calcium, Popayan 1985 A.

Previous screening

Line Yield Evaluation*#*

(kg/ha) Al P
VABRA 380 2968 a* + +
VABRA 445 2752 ab - -
A 283 2691 abc + +
BAT 1432 2657 abc - +
A 249 2445 bed + -
A 257 2417 cd - -
Rio Tibaji (Check) 2359 d + +
-No. Observations 246

* Means followed by the same letter are not significantly different

0.05) according to Duncan's Multiple range test.

(p

%k

Tolerant; - = Non-tolerant.
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Table 5. Path coefficients ~ direct effects on yield.

Period of Variety

P Uptake Iguacu NAG 12 NAG 60 Rio Tibaji

0-15 days -.04 N.S.* 14 -.11

16-28 46 N.S. W41 .27

29-42 W41 N.S. .40 .97

43-56 .46 N.S. .31 .35
Model r’ .49 N.S. .42 .77

Yield component

Pods/plant .78 .80 .68 .79
Seeds/pod .79 .14 .45 .60
100 grain weight .21 .18 .32 .20

Model r2 .98 .98 .99 .97

* Not significant

Another analysis conducted to determine which yield components
are most important in P response is also shown in Table 5. Both the
number of pods per plant and the number of seeds per pod were
important in P response while the 100 grain weight was less sensitive
to P nutrition. There was also evidence of significant yield
component compensation which suggests that measuring individual yield
components may not be very useful in the identificaticn of efficient
varieties.

Complete data from Popayan and another trial with a larger number
of varieties conducted in Quilichao is not yet availlable. A rigorous
test of whether there is a critical period of P uptake that separates
efficient from inefficient varieties must wait for this data.
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Acid Soil Tolerance Studies in Brazil

Beans in Brazil are generally grown on acid soils with low soil
phosphorus, high aluminum content and which are deficient in calcium.
The water retention capacity is poor because of clay mineral
properties and low organic matter content. Liming 1is a common
practice but application never reaches deeper than 20 cm so that bean
roots cannot penetrate deep enough in the soil where soil moisture is
available. Phoshorus, cn the other hand, is immobile 1in the soil,
Its availability in the rhizosphere depends on water. Furthermore,
plant roots can deplete the available P rapidly. To ensure the
constant supply of P during the growth cycle the plant must constantly
produce new roots to explore a greater volume of soil. To overcome
these limiting factors the bean plant should have:

1. Rapid and deep root development
2. Constant root growth

3. Efficient P metabolism (transport and utilization)

Root studies

(1) Varietal differences in early root development.

Root studies in an artificial environment are conducted in a
rooting box of which one side of the box wall is in~lined. The bean
seed 1s germinated in plastic tubes (30 cm long and 3 cm diameter).
The plastic tubes are inserted in the box under the inclinations. Due
to geotaxis of the root, the tap root will grow along one side of the
plastic tube. FEvery day the length of the root is measured. Two
types of soills are used, one oxisol from the Virgen Cerrado site and
the other from the field where soil corrections have been made over
the years. Table 6 shows the characteristics of these soils., Soil
humidity is standardized to 65% of the field capacity by adding water
prior to filling the plastic tubes. Every plastic tube receives the
same amount of soil, and compaction is standardized by tapping the
tube several times against the floor. Eight repetitions are used for
this preliminary study and 22 well known advanced breeding lines and
cultivars are used.

Table 6. Soil characteristics used in the rooting tube.

OM P ne / 100 nd/soil Al saturation
pH % pPpn rate
(Bray T1) K Ca+Mg Al 7%
Stressed soil 4.3 0.7 0.5 0.06 0.34 1.6 80.0
Fertile soil 6.0 1.2 1.3 0.16 4.60 0.1 2.1
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Tables 7 and 8 show the accumulated growth velocity (cm/day) for
roots and shoots on stressed and non-stressed soil,

Preliminary results show that:

- Roots develops as soon as seed germinates and at a certain length
the development slows and the shoot starts emerging.

- Under stress conditions accumulated root growth velocity shows
variation from 10,3 to 24,7 cm/day, up to eight days after
planting and the average is lower than those under non-stressed

concentration.
- Under stressed conditions accumulated shoot growth velocity
varies less than that of root growth velocity (from 2,7 - 6,7

cm/day), up to eight days after planting and if the average is
higher than those under non-stressed concentrations.

- Tolerance to acid soil by known cultivars such as A 283, A 113,
Rosinha G-2, G 4000, A 89 and G 4000, produced the highest root
growth velocity.

- Varieties with rapid root growth can have a poor shoot growth
and vise versa under stressed soil conditions.

- Under non-stress conditions the acid tolerant lines do not differ
from the non-tolerant lines although there is ctill a wide range
of accumulated root growth velocity (from 11,2 -26,1 cm/day).

- In non-stressed soil, the root develops earlier and reaches the
total length of the plastic tube (27cm) two days earlier than
those grown on stressed soil.

2. The effect of seed size

Three groups of lines (large, medium and small-seeded) were
planted in the plastic tubes to study root growth velocity under
artificial conditions. Table 8 shows the root and shoot growth
development under stressed soil conditions. Large seeded varieties
tend to develop roots slower than the medium and the small-seeded
materials. Within each seed size group there is also great variation
but small-seeded materials develop their roots faster. The shoot
development shows the same tendency as the root but the differences
are not as large.

This preliminary work suggests that there are differences among
genotypes in root and shoot development in early root formation, under
stressed and non-stressed soil conditions. TImproved techniques are
needed to reduce the variations within treatments.

Low soil P efficiency studies

Screening for low soil P efficiency is carried out in the field
using yield as the parameter. A large quantity of seed is needed and
only advanced breeding lines can be tested. Therefore, progress in
low soil phosphorus breeding is slow. Furthermore, genetic variation
for low soil P efficiency in beans is low. Differences detected thus
far between P efficient and P inefficient lines are small so that the
interferences from the field experiment make the results inconsistent,
Other techniques for screening, using new paramenters are needed.
Studies on the acid phosphatase enzyme are conducted at CNPAF Goiania.
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Table 7. Accumulated root and shoot growth velocity (cm/day) up to elght days
after planting of 22 lines and cultivars grown under stress (Virgen
Cerrado soil) and non-stress (ameliorated soil) coditions.

Root

Stress Non—-stress

Shoot

Stress

Non-stress

A 143 10.3 11.2
CNF 10 11.5 17.8
ICTA Quetzal 14.7 17.3
Carioca 16.7 12.3
Puebla 152 17.0 15.6
A 300 17.4 15.7
BAT 332 17.6 16.4

A 59 18.0 21.2

A 338 18.4 22.0
BAT 185 18.5 26.1
BAT 160 18.9 20.0
ICA Pijao 19.0 22.0
A 176 19.3 22.9
NAG 24 20.3 15.1

G 5059 20.3 19.3

A 96 20.5 21.3

A 89 20.6 23.2

A 295 20.6 20.6

G 4000 21.3 18.6
Rosinha G-2 21.5 24,4
A 113 22.5 23.4

A 283 24,7 15.2

e & 9 & 2 ¢ e ¢ = [ ] * e o
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Table 8. The effect of different seed size on accumulated root and
shoot growth velocity (cm/day) grown under stress conditions
up to eight days after planting.

Identification Seed size Root Shoot
DOR 197 L 5.1 2.0
BAT 1407 L 6.9 1.2
BAT 1258 L 7.1 1.4
G 4458 L 12.1 3.9

X 7.8 2.1
G 6610 M 6.6 2.5
PVMX 1679 M 9.6 2.6
PVMX 1546 M 13.7 3.3
JALO EEP 558 M 15.9 3.8
PVBZ 1778 M 17.0 4.8
PVMX 1637 M 21.2 4.6

X 14.0 3.5
IPA 1 S 15.0 4.0
ICTA Quetzal S 16.2 4.4
A 300 S 18.2 4,2
CNF 10 S 19.8 3.7
Rosinha G 2 S 20.7 3.9
A 295 S 22.9 5.3

X 18.8 4.3

Experiments with acid phosphatase assay

Acid phosphatase is an adaptive enzyme which means that the
activity of this enzyme changes with environmental conditions or P
status in the growth medium. TIn other plant species, the activity of
the nonspecific acid phesphatase enzyme of the intact root of the
young plant depends on the P status of the growth medium. Decreasing
the P status in the growth medium increased the phosphatase activity
of the roots. The function of the elevated phosphatase activity due
to P deficiency is not clear.

It is postulated that at a given P status, plant efficiency in P
utilization will have a lower acid phosphatase activity due to the
suppressing effect of the amount of the inorganic phosphorus taken up
by the P efficient plant.
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The objective of these studies is to determine whether acid
phosphatase activity on dintact roots will provide a basis for
identifying plant efficiency in using the low soil phosphorus. (The
effect of the pH of the buffer solution and time and temperature of
incubation on optical density shift in bean cultivars). Seed
preparation is essential to avoid contamination. Seed is rinsed with
96% alcohol for three minutes and subsequently immersed in Calcium
hypochlorite (10%) for five minutes and then washed. Seeds are then
germinated in sterilized vermiculite with and without phosphorus in
the nutrient solution.

Acid phosphatase activity 1is measured by adaptation of the
technique of McLachlan (1976) using buffered
paranitro-phenyl-rhosphate (pNPP) and expressed in optical
density /root weight (in mg).

The experiment was conducted with Carioca g3grown with P and
without P in the growth solution. TIncreased substrate temperature
(from 20° to 30 F) and increased assay time (from 30° to 120° minutes)
increased the phosphatase activity (Table 9). The highest ontical
density shift was obtained when the attached root of bean was
incubated in substrate with a pH of 5.5 at 30" C. For the time of
incubation, periods of 60 minutes gave the highest difference 1in
optical density shift between -P and 4P treatment in growth solution.
The bean plant used, was 14 davs old and may still use some P from the
cotyledon. Therefore, the differences between plants grown under P
stress and those grown under non-P stress are not large enough,
Further testing will be carried out with one month old plant roots.

By adding Triton x-100 to the substrate at the rate of 0.1%
(volume base) and putting the assay under vacuum (-500 mm Hg) for 1
hour, an increase in optical density is obtained (Table 10).

Varietal differences. Three varieties were used; Carioca which
is efficient and responsive to added P as compared with EMP 84 and CNF
10 which are inefficient but responsive.

Table 11 shows that acid phosphatase activity in the Carioca
plant part (root as well as leaf section) 1s Ilower than in the
inefficient varieties (EMP 84 and CNF 10).

Further testing using a wide variation of lines will be carried
out. These results suggest that there is genetic variation among the
cultivars that can be detected. This method can also be applied to
carlier generations. An experiment is underway to deteimine whether a
plant, after being subjected to this enzymatic assay, can recover,
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Table 9. The effect of pH of the buffer solution, time and
temperature of the incubations on acid phosphatase
activity (expressed in optical density/mg root dry
weight) of the 14 day old Carioca grown with and without
P‘

pH Centigrade -~P +P -P +P -P +P pH PH-treatment

4,5 20 3240 3020 4430 5180 6500 6090 4890 5140
30 3800 4280 4020 5100 6030 6200 4910 5330

4900

5.5 20 4400 4100 5930 5510 6440 6130 5550

30 4910 5850 6180 5750 6540 6400 5940

5750

6.5 20 3060 3960 4670 5320 6500 6360 4980

30 3370 4600 4240 5730 6470 6500 5150

3800 4590 4910 5530 6410 6280 5065

Mean (P-treatment)5040 5430
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Table: 10 The effect of additive Triton x-100 to buffered
pPNPP under atmospheric and under -500 mmg

pressure.
Acid phosphatase activity
Buffer solution optical density/mg/hr
Pressure
=500 mmg Atmospheric
Buffer solution + Triton x-100 6.3 2.4
Buffer solution 3.1 2.9

Table 11. Acid phosphatase activity (optical density/g
fresh weight) in leaf and root of three bean

cultivars.
Cultivars Optical density/g fresh weight
Leaf Root
Carioca 1355 237
CNF 10 1423 326
Emp 84 1657 337
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H. Increased N Fixation

Breeding for Enhanced Nitrogen Fixation.

In the 1984A season, 110 crosses were made between RIZ coded
materials and advanced lines from other programs. Larger seed size
and resistance to common bacterial blight, anthracnose and BGMV were
the most important characters considered lacking in the RIZ lines and
were thus the criteria used in choosing parents.

Five hundred and ninety single plant selections of F. and F
populations were progeny tested in Popayan and Palmira in 1982B and an
additional 473 materials in 1985A. Grain type, vegetative vigor and
pod load, when grusn under mild N stress, were the selection criteria
used at this stage.

During tie 1984B season, 89 elite families were evaluated in rep-
licated yield trials in Popayan, Santander and Palmira. Nodulation
and plant vigor at flowering, final grain yield under low soil
nitrogen conditions and wide adaptation, were the primary selection
criteria. Progress was indicated by the improved performance of the
new materials for many (although seldom all) of the characters. The
outstanding lines will be evaluated in sand culture to confirm ni-
trogen fixation potential and the best will be coded RIZ and included
in the following VEF. During the 1985A season, 81 elite families were
evaluated for the same characters at the same three Ilocations.
Nodulation was scored not only at midflowering but three times during
the growth cycle to better evaluate the duration of fixation in the
different materials. The visual nodulation scoring method proved to
be inadequate for the early score (V4), and a modified scale 1is being
developed and tested.

Quantification of N, Fixation and Evaluation of the Breeding Program

The recurrent selection program for improving the N, fixation
potential of indeterminate bush beans has evolved over the past seven
years. The selection criteria for fixation have included vegetative
vigor, nodule number and mass at mid-flowering, acetylene reduction
activity, toital N and grain yield of materials grown in sand culture
and in field trials with mild N stress. The correlations between
these different characters has often been low and their relation to
the amount and proportion of N from fixation in different genotypes
unknown. A collaborative project with Roﬁ?amsted Ixpt. Station, UK,
was initiated to enable the use of the N isotope dilution method
used for quantifying N_ fixation and evaluating the relation between
different associated characters and actual N2 fixed.

Four RIZ lines were evaluated in CIAT-Palmira during the 1984B
season alongside five other lines that had been used as parents in the
recurrent selection program. BAT 76 and 332 had been used as parents
because of their reasonably good fixation potential. High yield, good
architecture and anthracnose resistance were the criteria for
including BAT 1297, 1554 and A268 respectively, as parents in the
crossing program. The nine indeterminate small seeded bush beans have
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similar growth habit and duration. A dwarf sorghum variety SC 326-6
was used to estimate the pool of available soil nitrogen. All
materials were inoculated with a mixed strain granular inoculant and
estimates of fixed and soil N in the crop were carried out during
podfill (56 days), before leaf senescence. At this time the roots
contained a small proportion of total dry weight and a very small
amount of N (Table 1). 1In most of the genotypes 30-40 % of the N was
in the pods; however, there were significant differences in the
partitioning of N, a factor that cannot be ignored in the breeding
program to improve N_. fixation. Both a substantial amount and
proportion of bean nitrogen came from fixation, and differences
between genotypes of similar growth habit and duration were
demonstrated (Table 2). The RIZ lines were superior in fixation to
all the BAT genotypes. The other non-RIZ line, A 268, a line that had
been selected under general low fertility conditions, fixed a large
amount of N_,. Total plant N in the bean genotypes did not give the
same ranking as either the amount or proportion of N fixed, or of
fertilizer recovery. This indicates genetic variability in both the
ability to fix N and to take up mineral N from the soil. Those lines
with the highest fertilizer recovery had the best root growth
throughout the 56 days (RIZ 36, 29 and BAT 76). Root and shoot
weights as well as N accumulation curves of the different genotypes
are showy in Figure 1. The number of nodules was quite large

( 290/m”™ = 15/plant) only 13 days after sowing in A 268, RIZ 36 and
RIZ 27 (Figure 2). With the exception of BAT 332 and BAT 1554 maximum
number and mass of nodules were observed at the 41 day harvest.
Differences in nodulation patterns between genotypes were observed and
the genotypes with the smallest amounts of N, fixation were the
slowest to form nodules. Although significant cofrelations (5% level)
were not observed between any of the nodulation parameters and N
fixed, the number of nodules at 13 days had the best predictive value.
An early nodulation evaluation has since been incorporated into the
program as a selection criterion. Final grain yields of the genotypes
were around 3000 kg/ha. They were not related to any of the other
parameters measured.

RIZ 30, which had a large amount of fixation, did not form
nodules early nor in great abundance indicating clearly that genotypes
differ in the combination of characters whereby they achieve large
amounts of N, fixation. The amount of carbohydrate available for
fixation and %he efficiency with which it is used are two possible
contributing factors. Recently, methods have been developed at
Rothamsted which allow nodule respiration coupled to nitrogenase to be
distinguished from growth and maintenance respiration; and thus the
efficiency with which carbohydrate is utrilized in fixation can be
calculated, Two experiments were coaducted in environmentally
controlled conditions to compare the efficiency of N, fixation by
several bean genotypes with a single Rhizobium strain (C%AT 899). The
results of the two experiments were similar and the data from one are
presented in Table 3. Variation between genotypes in the efficiency
of carbohydrate use for fixation was observed with BAT 1432 being the
most efficient, followed by BAT 1554 and RIZ 30. BAT 76 and BAT 1297
were somewhat less efficient (Table 3). The specific nodule activity
(vmoles of C H, reduced per g of nodule weight) was also higher in RIZ
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Table 1. Dry weight and nitrogen content (kg/ha_l) of component

" parts of beans harvested at 56 days.

Genotype Dry weight (nitrogen content)
Stem & leaves Pods Roots
A 268 1820 (43) 970 (33) 180 (2)
RIZ 30 1650 (42) 960 (32) 180 (2)
RIZ 36 1780 (44) 810 (28) 230 (3)
RIZ -27 1720 (46) 490 (18) 160 (2)
RIZ 29 1910 (48) 880 (30) 230 (3)
BAT 76 1840 (44) 690 (23) 230 (3)
BAT 1297 1300 (32) 1140 (34) 140 (2)
BAT 332 1330 (37) 670 (24) 170 (2)
BAT 1554 1440 (37) 450 (16) 200 (3)
SE 98 (2.6) 60 (2.1) 92 (0.1)

Table 2. Nitrogen fixation in genotypes harvested at 56 days,

Genotype Shoot p4 Meanlgtom Z N
N fertilizer % N N-fixed from
(kg/ha) recovery excess (kg/ha) fixation
A 268 75 8.7 0.338 36 47
RIZ 30 73 8.8 0.352 33 45
RIZ 36 71 9.0 0.367 30 43
RIZ 27 64 7.6 0.346 29 46
RIZ 29 77 10.6 0.398 29 38
BAT 76 67 8.8 0.395 27 40
BAT 1297 65 8.5 0.385 27 40
BAT 332 61 8.7 0.418 21 35
BAT 1554 53 7.5 0.434 18 32
Sorghum 28 6.5 0.648
SE 2,5 0.76 0.031 3.7 4.8
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Table 3. Efficiency of carbohydrate use for fixation.
GENOTYPE SHOOT WT., NODULE WT. SHOOT + NODULE N EFFICIENCY MAX SPECIFIC RELATIVE
(g/pot) (g/pot) (mg/pot) ACTIVITY EFFICIENCY
(MCO, /MC,H,) (uMC,H,/g nod.hr)
BAT 1432 2.51 0.277 . 66 2,317 0.513 0.60
BAT 1554 2.46 0.268 61 2.572 0.504 0.51
RIZ 30 3.88 0.549 120 2.574 0.504 0.51
BAT 76 4,33 0.532 113 2.746 0.313 0.60
BAT 1297 4,43 0.681 140 3.169 0.248 0.61
SE 0.416 0.0581 11.3 0.1741 0.0812 0.035




30 than BAT 76 and BAT 1297. 1In the field RIZ 30 fixed a greater
amount of N although nodule number and weight were not greater the
higher specific activity and efficiency of fixation by RIZ 30 may
explain the greater fixation by this genot_pe, The relative
efficiency values were lower than the theoretical value of 0.75 (one
H, evolved per N, fixed, or a conversion ratio of C2H produced/N
f%xed of 4:1) but” are similar to published values for oiher legumes.,
Further studies are in progress to determine if genotype ranking for
efficiency remains constant for different Rhizobium strains.

The results of these experiments indicate that in spite of vary-
ing methods and the lack of information regarding the i{importance of
different selection criteria, some progress has been made. The breed-
ing program has yielded materials with improved N -fixation, and with
a greater understanding of the associated plant c%aracters, choice of
parents to combine these different characters and .refinement of the
selection criteria, even more progress is likely.

Rhizobium Strain Collection and Testing.

In addition to low N, fixation potential in the legume host, the
inability of inoculant Rhf%obium strains to compete against the native
semi-effective Rhizobium populations is a major factor limiting the
symbiosis. Two sets of Rhizobium strains were evaluated for their
ability to compete against native strains and give a nitrogen yield
response in pots of soil from CIAT-Palmira and CIAT-Quilichao. In the
first experiment the growth of BAT 76 and RIZ 30 was compared in non-
inoculated soil, inoculated with 20 different Rhizobium strains and
fertilized with nitrogen treatments. No significant (5% level) re-
sponses to nitrogen fertilizer or Rhizobium inoculation were observed.
This was probably due to the high rates of N mineralization that
resulted when the soil was dried, ground and mixed. 1In the second
experiment, the accumulated NO,~- was leached from the soil by
excessive watering after the pots were prepared, but before planting.
This lowered the NO,- levels from 24 ppm to 3 ppm but also resulted in
a deficiency ot other nutrients. Varying fertilizer rates and other
methods for lowering mineral N availability are being tested - the
addition of high C:N ratio organic matter and the undisturbed soil
core system developed in the CIAT Pastures Program.

In the second experiment a preliminary screening of 30 strains
was done using the microbiologically defined Leonard jar system with
BAT 76. Seventeen strains were selected based on nodule number,
acetylene reduction activity and plant growth. In addition to the
best strains, the worst (364) was chosen for comparison in soil-plant
systems. The nitrogen yield of BAT 76 grown in soil from CIAT-Palmira
and Quilichao and inoculated with 17 different Rhizobium strains is
shown in Figure 3. There was no significant correlation (5% level) in
growth response between the two soil types nor between the Leonard
jar evaluation and either of the soils. However, strains 652 and 118
performed well in all three tests. Three other strains of interest
are: 638 (one of the best in Palmira soil) and 639 and 876 (the best
in low pH Quilichao soil). A wide range of biochemical tests was done
on all the strains in an attempt to identify characters associated
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with competitiveness. Noteworthy with respect to the five best strains
were the following: strains 638, 639 and 652 were the only ones able
to grow in media containing high salt (2% NaCl); 638 and 652 were
among four able to grow at pH 5.0; 118, 639, 652 and 876 were among
the seven with resistance to the antibiotic chloramphenicol and 638
was the only strain with resistance to ampicillin; and 639 and 652
were among the seven that reduced tetrazolium (an indication of the
presence of uptake hydrogenase-an enzyme that increases the efficiency
of energy use for fixation). Taken 1in combination, the different
biochemical tests appear to give some indication of general
competitiveness, however further refinement of the plant-soil system
for screening large numbers of Rhizobium strains in the glasshouse 1is
a more promising approach. Mores competitive and effective strains,
with greater potential for increasing N, fixation in the field, should
be identified using this method than wf%h the traditional Leonard jar
screening system.

A collaborative project with the Boyce Thompson TInstitute (BTI)
(funded by UNDP) was initiated with the alm of examining native R,
phaseoli populations in greater detail. Four regions (Valle,
Santander de Quilichao, Popayan and Tpiales) were chosen and soil
samples collected from two sites in each; one site where beans have
been grown consistently for a number of years and one site where beans
have never been grown. Using BAT 76 and E 605 as trap plants, nodules
were collected, Rhizobium isolated and purified strains have been sent
to BTT for further characterization.

Collection trips for new Phaseolus materials to be added to the
CIAT germplasm bank included nodule sampling. As the best time for
collecting nodules is midflowering and trips were arranged to coincide
with seed maturity, it was not always possible to find living nodules.
One hundred and seventy four Rhizobium strains were isolated from 21
different populations of P, vulgaris aborigenes in Argentina. The
collection sites varied iﬂ-altitude, soil type and annual rainfall.
Host range studies have been initiated with these materials to look at
infectiveness and effectiveness.

Rhizobium strains were also isolated from nodules collected from
cultivated P. wvulgaris in northern Peru; 90 strains from 17
populations were purified. No Rhizobium could be isolated from
nodules collected at 10 other sites. The third Phaseolus germplasm
exploration trip that included nodule sampling was one to southern
Nuevo Leon, Mexico. Poor nodulation was observed on the P. vulgaris
landraces, however, the 11 strains isolated from three sites will be
of particular interest for tolerance to high temperatures and
salinity.

An experiment was done, in collaboration with the Gembloux
project, to observe nodulation of tetraploid populations C., C, and C
of P. acutifolius x P. vulgaris crosses. Two treatients were?
noninoculated and 1inoculated with a three strain mixture of R.
phaseoli; the inoculation treatment with a strain from P. acutifolius
had to be omitted because of problems in the inoculant preparation,
Nodule numbers per plant at the midflowering stage for the
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noninoculated treatment were the following (means of 4 reps, 6 plants
each): P, vulgaris Pico de Oro =38.9; P. acutifolius G 40034 = 1,3; C5
= 20; C, = 1.3; C, = less than 1. The inoculated treatment was little
different with Pito de Oro = 40.4; G 40034 = 2.8; C. = 1.9; C, = 2,33
C, = 4. The inability of these materials to noéhlate with native
Rgizobium populations and R. phaseoli inoculant strains will be of
particular importance and require further study as promising bean
varieties are developed from the interspecific crosses.

Requests for 139 R. phaseoll strains were received and filled;

they were from 10 different labs 1in five countries, Inoculant,
prepared in sterile peat, was sent to two scientists who requested it,
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L. Variability from Interspecific Hybridization

Introduction

The objectives of the collaborative project between CIAT and the
Faculty of Agronomy of Gembloux (Belgium) are focused on the
improvement of Phaseolus vulgaris L. through a program of wide crosses
with other Phaseolus species. Several species were evaluated and used
in crosses, mainly of the group of P. coccineus. Direct crosses were
made with P, vulgaris used as the female parent. In order to solve the
incompatibility problems between P. coccineus cytoplasm and the P,
vulgaris genome, complex hybrids were undertaken, using P. coccineus
subsp. formosus or some P. coccineus subsp. coccineus wild forms as a
bridge.

Methodology

Up to now, a single plant selection scheme has been followed by
planting in the next season the seeds harvested on the selected plants,
Due to insect activity, the natural rate of cross pollination would
maintain the variability within the hybrid populations and allow the
accumulation of interesting resistance genes. The hybrids too similar
to P. coccineus are backcrossed to some P. vulgaris elite materials
used as the male parent. This scheme soon runs into problems because
of the linkages between the interesting and undesirable characters of
the coccineus parent. Selecting for disease resistance leads to
selection of coccineus-like parents which are very late (maturing) with
a coccineus seed type. On the other hand, the search for productivity
or vulgaris seed type leads to a rapid loss of disease resistance.
Moreover, backcrossing to P. vulgaris often causes a complete return to

the vulgaris parent.

As a result, accumulative selection seems more appropriate, At
each generation, the plants with the best appearance are intermated to
accumulate the interesting genes present, and to break linkages. After
several cycles of intermating, the resulting hybrids are backcrossed
with P. vulgaris elite materials to recover favorable productivity
characters without losing the interesting coccineus traits.

In selecting for Ascochyta leaf spot resistance, high disease
pressure appears too late to cross the selected plants, which have
already finished flowering. So cuttings are made from the selected
plants, which can be crossed the next season.

Results

The work on interspecific hybrids consisted of the multiplication
of FI populations and of the evaluation of various Fl to F4 direct and
complex hybrid populations. These populations were evaluated for
characters such as architectural traits and disease resistance, mainly

Ascochyta leaf spot.
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The multiplication of the P, coccineus germplasm, continued and
several accessions were evaluated for their Ascochyta leaf spot and
bean fly resistance,

P. vulgaris x P. coccineus trials

In 1985, many direct hybrids between P. vulgaris and P. coccineus
were multiplied at Popayan to get erough seeds for further selection.
The seeds harvested were planted in the next season and the F2 was
selected for Ascochyta leaf spot resisrtance, using TICA Llanogrande
(Ecuador 1056) as P, vulgaris susceptible check.

Some 23 plants were selected from the F2, the best ones coming
from two selections [(P. coccineus subsp. coccineus wild x P.
vulgaris) x P. vu]garls] x P. coccineus subsp, polyanthus crosses
(Table 1), 91ng1e p]ant selection was also conducted in F4 hybrid
populations. Segregation is still important for plant vigor, seed
production, disease resistance and other characteristics. A total of
36 plants showing Ascochyta resistance or tolerance were selected and
harvested. The more 1nterest1ng ones came from four P, vulgaris x P.
coccineus subsp. coccineus crosses and two . vulgarfg x P, coccineus
subsp. olyanthus ones. They are listed in Table 1. T

In the complex populations, the Fl generation has already been
submitted to single plant selection, using the same P. vulgaris check
as was used for the direct hybrids. Two combinations were involved,
the direct hybrid wild P. coccineus x P. vulgaris being crossed first
either with a P, coccineus accession then with a P. vulgaris elite
material ([(PCw x PV) x PC] x PV), or with vu]garls then Wwith coccineus
([(PCw x PV) ¥ PV] % PC). Some 24 hybrid p]arts were selected in rhe
F2 generation, the best coming from three (PCw xPV) xPV ] xPCp
combinations. (Table 1),

Tn the F3, the plants were generally vigorous but productivity was
low, giving 8 to 132 seeds per plant. Sixteen plants were selected for
Ascochkta resistance or tolerance, the best ones coming from two (P
coccineus subsp. coccineus wild x P. vulgaris) x P. coccineus subsp.
coccineus combinations (Tab]e D).

To conduct a cumulative selection, cuttings were made {rom some of
the selected plants of the F2, F3 and F4 generztions with good vigor
and either Ascochyta resistance or interesting architectural
characteristics such as long and outrigger racemes They were planted
in the field with most of the P. coccineus and P. _Elgarls parents, to
form a crossing block. (Seeds harvested from the same plants have been
planted and the following generation will be stucied and compared with
the maternal material.) Crosses will be made betseen the hybrids, and
backcrosses to the P, vulgaris used as male parent.,

The hybrids obtained from intermating and backcrosses will be
selected. The plants chosen will then be intermated for the second
time or when already backcrossed to improve yield., This methodology
will be more convenient to maintain resistances and other selected
traits.,
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Table 1. Selections in the F2, F3 and F4 hybrid generations for
Ascochzta resistance and architectural traits.

Generation parents Cross combination™ No.
plants

F2  (NI889 x BAT 1274) x DGD 78/030 (PCw x PV) x PCc 4
(N1889 x BAT 1274) x DGD 78/045 (PCw x PV) x PCc 2
[(NI889 x NI637) x Cuate 1076] x VRAI078 [(PCw x PV)x PCp] x PV 1
[(NI889 x NI637) x Guate 1076] x Kabanima [(PCw x PV)x PCp] x PV 1
[(NI889 x NI637) x G12488] x NI 757 [(PCw x PV)x PV] x PCp 3
[(NI889 x NI637) x G12488] x Guate 1076 [(PCw x PV)x PV] x PCp 2
[(NI889 x NT637) x L24] x P1282.119 [(PCw x PV)x PV] x PCe 1
[(NT889 x NI637) x BAT1274] x DGD 78/030 [(PCw x PV)x PV] x PCe 1

F3 [(NI889 x BAT1274) x DGD78/045 (PCw x PV) x PCc 7
(NI889 x D 145) x NI 15 (PCw x PV) x PCc 3

F4 Cargamanto x 3] BK PV x PCec 2
Guate 467 x Guate 1259 PV x PCc 2
Pasto x Guate 1259 PV x PCc 5
Cargamanto x 88-1 PV x PCc 4

BAT 450 x Piloy PV x PCp 3
Pasto x G 35122 PV x PCp 1

a PV = Phaseolus vulgaris, PCw = P. coccineus subsp. coccineus wild form;

PCp = P. coccineus subsp. polyanthus; PCc = P. coccineus subsp,

coccineus; PCf = P. coccineus subsp. formosus.

119



P. coccineus Multiplication and Evaluation

P. coccineus 1s an allogamous species, in which bumblebees are the
main pollinators. To avoid genic mixtures between the accessions, a
controlled pollination method had to be devised for seed
multiplication. The scheme adopted uses hand pollination within each
accession, and a minimum population of 12 plants to maintain the
original variability.

During 1985, 394 accessions from the coccineus collection have
been multiplied in the field in Rio Negro Colombla. Most of the
acczessions belong to the cultivated subspecies coccineus and polyanthus
and a few to wild subspecies of this group. Flowers are hand
pollinated with pollen from the same plant or from plants of the same
accession, and paper bags are used to prevent open pollination. Seeds
from controlled pollination constitute the base stock for germplasm
conservation and those from open pollination are available for
distribution to collaborators. Preliminary data on morphological
characters and disease resistance are also available.

In Popayan, 70 accessions, 12 plants each, are now being
multiplied twice a year. They are planted in 50 individual mesh cages
and in one which houses 20 accessions. The same hand pollination
method is used as in Rio Negro without the paper bags since the mesh
keeps the 1nsects outside the cage. The seeds come only from
controlled pollination.

P, coccineus subsp. polyanthus Evaluation for Ascochyta Leaf Spot
Resistance

Some 26 accessions of the subspecies polyanthus were evaluated in
Popayan 1985A for their reaction to Ascochyta leaf spot (Table 2).
Eleven accessions were planted in association with maize in a trial
with two replications using Ecuador 1056, as the susceptible check, and
Guate 1076, P. coccineus subsp. polyanthus, as the resistant check.
Also, 15 other accessions were planted in sole crop with three
replications using the same checks.

- Almost all accessions had good resistance, but G 35336, G 35337
and C 35372 were the best, showing no lesions and were free of other
diseases such as powdery mildew, anthracnose, angular leaf spot and
halo blight. The foliage of the P. wvulgaris check presented many
lesions early on and was almost totaT]y destroyed at harvest time.

P, Coccineus Resistance to Bean Fly (Ophiomyia phaseoli)

Within the Great lakes Project, 22 accessions of the subspecies
coccineus and polyanthus were evaluated in Rwanda in a trial with two
replicates. Rubona 5, a local P. vulgaris bush variety (Type I) was
used as the check. G 35337 (subspecies polyanthus) and G 35346
(subspecies coccineus) presented the best level of resistance (Table
3).
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The evaluation of the P. coccineus collection will continue next
year for both Ascochyta leaf spot and bean fly resistance.

Table 2. Reacticn of scme P. coccineus subsp. polyvanthus accessions to

Ascochyta leaf spot in Popayan.

CIAT
number Tdentification Local register Origin Acochyta reaction(a)
average
G35336 (b) Guatemain 1
G35337 (b) None sque-ayccote X-16019 Mex1ico 1
G25347 (c) X-16727 Mexico 2
G35348 ‘c) Gori» F-0i2 Mexico 3
G35349 (c) tovd F-015 Me+<ico 3
G35350 Fxoviman MA-1240 Mexico 2
G35351 (c¢) Yoveasn v Acalete  MA-:301 Mexico 4
G35359 De Vide 1 Colomhlia 1
G35360 De vida 4 Colombia 2
635372 () Cacha +Fetrevillo) Colombia 1
G35373 Siburdoy 2 senudo NQZ4 Colombia l
G353860 M8151 Paloscle Mexico 2
63539 (c) X-15962 Mexico 5
G35415 Pe Fed X-155423 Hexico 1
G35417 (c) X--16359 Mexico 4
G35441 Ibes X-16701 Mexico 1
G35447 (c) Y-16730 Mexico 4
G35452 Acalete 7-005 Mexico 2
G35456 (c¢) Exoyeman ¢ Gordo r=447 Mexico 3
G35458 (¢) MA-1245 Mexico 3
G35461 Acalete MA-1392 Mexico 1
G35467 (c) Exoveman Cr-176 Maxico 4
G35468 Exovenan CF-179 Mexico 2
G35472 (c) Acalate Cr-229 Muxico 3
G35473 Exoveman c2-230 Mexico 1
G35481 Cordo Exoyeman Cr-332 Mexico 1
E 1056 8
G35182 Guate 1076 Guatenala 2

(a) Evaluation on a 1-9 scale, where ! = symptomless and 9 = highly
susceptible,

(b) Best accessionu

(c) Assoclated with maicsz
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Table 3. Reaction of some P. coccineus accessions to bean fly (Ophiomyia

: phaseoli)
CIAT Local Damage Severity
number Subspecies TIdentification register Origin average
G35336(a) polyanthus Guatemala 6
G35337 polyanthus Nanasque-Ayocote X~16019 Mexico 4
G35335(a) polyanthus  Acalete ¥-16483 Mexico 6
G35339 coccineus Mateado X-16497 Mex1ico 8
G35340(a) coccineus Mateado X-16498 Mexico 6
Rubona 5 9
G35341 coccineus X-16499 Mexico 8.5
G35342 coccineus X-16500 Mexico 8.5
G35343 coccineus Ayocote X-16504 Mexico 8
G35344 (a) polyanthus X-16545 Mexico 6
G35345 polyanthus Ibes X-16596 Mexico 6
Rubona 5 8
G35346 coccineus Frijolon ¥-16639 Mexico 5
G35347(a) polyanthus X~-16727 Mexico 5
G35348(a) polyanthus  Gerdo F-012 Mexico 5
G35349 polyanthus Cordo F-015 Mexico 6
G353590 polyanthus  Fxoyeman MA-1249 fexico 6
Rubona § 8.5
G35351(a) polyanthus  Xoveman o Acalete MA-1301 Mexico 6
G35352 coccineus CP-346 Mexico 7
G35353 coccineus CP-367 Mevico 9
G35354 cocclineus Ayocote CP-370 Mexico 7.5
G35355 coccineus cp-378 Mexico 6.5
Rebona 5 8.5
G15356(a) coccineus Ayocote grande cp-382 Mexico 5.5
G35023 coccineus Ware/Manning 1076 PI-165436 Mexico 7

frijolan

(a) Better than average.
(b) Scale 1--9:
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J. Nutritional Quality

The principle activities carried out in the nutrition and quality
laboratory were as follows:

(1) The evaluation of groups 20, 25, 30, 35 and 70 of the EP/85
from semester B. (See Chapter 3.3.b for a comparison of the
EP.)

(2) A study on the influence of the site, planting time and the
variety of the cultivar on cooking time, hardness and crude
protein content.

(3) Second evaluation of the problem groups of the EP/84; low
water absorption of groups 20 -25; and low protein content
of group 70.

(4) A comparison of the percentage of water and the hardness of
the grain of the improved line PAT 29 with other Calima

grain types.

Routine Culinary Evaluation of the EP/85

The following culinary quality characteristics were evaluated:
grain quality, percentage of water absorption from dry weight, pres-
ence of hard and broken grains, average cooking time, broth quality
(percentage of solids) and protein content. The same methodology was
used which was described in the CIAT Bean Program Annual Report for
1984,

Results of the analyses

Significant differences were found in the average values of all
the characteristics measured in the EP/82, 84, and 85 with the excep-
tion of protein content of the EP/82 and in 84 and for solids in the
broth. There were significant differences among the groups for all
the characteristics evaluated in 1985 (Table 1).

As in previous years, the absorption of water in group 20 was
significantly less than that of the other groups over the three year
period. At the same time, this group had the greatest hardness for
1982/84, and 85 and a highly significant and negative correlation be-
tween water absorption and the percentage of hardness (-.7, -.7,
-.86), respectively. Just as in previous years, group 325 composed of
white bush beans with a medium seed size produced the lc.st amount of
solids in the broth.

For 1984 and 85, group 70 had the least protein content while in
1982 this group was among the highest 1in protein content. Tn 1985 a
significant and negative correlation (-.44) was found for protein con-
tent and cooking time, which was also found with a tigher significance
for the same five groups evaluated in 1984 (-.72), however, this ten-
dency was not as marked when all 12 groups of the EP/84 were analyzed.
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As 1In previous years, correlations were observed among the grain
characteristics and culinary quality factor, nevertheless, the influ-
ence of the tone on water absorption and the presence of solids in the
broth was less marked, Table 2.

Table 1. A comparison of averages for the characteristics measured in

the EP/82, 84 and 85 in all the groups.

Characteristics 1982 1984 1985¢
% water absorption 99.7 4 11%** 84.4 + 22 *% 96,58 + 14,6 **
% hardness - 9+ 20.1 **% 4,79 ¥ 13.2 ** -
Cooking time (min) 21.6 ¥ 5 %% 25,9 F 27.50 + 7.44%%
% solids en broth 10.2 + 3 **a 9.93 + 4.8 **a 9,55 F 2,5 %%
% protein content 21.0 E 2 **a 21,2 E 2.1 a 24.18 E 1.6 **

e}
it

NS between years

V]
1

Groups evaluated from the EP/85:20,25,30,35 and 70.

** Significant differences among the groups. P <<0.0l.

Table 2. Influence of tone on water absorption, grain hardness, solids

in the broth, protein content and cooking time.

Tonal Water Hardness Solids Protein Time

category absorption (%) (%) %) %) (min)
Brilliant 93.25 8.85 a* 9.92 b 24,01 ¢ 28.34
Semi-brilliant 102.97%* .76 9.16 24,12 27.98
Opaque 95,25 .07 9.18 24,75 24,33d*
a = Same as in 1982, 84 (was not measured in 1980,81).
b = NS in 1981. In 1982, the opaque seed was significantly greater.
¢ = NS in 1982, 1984
d = As same as 1980, 1981, 1984
* P <<0.01
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The shiny grains tended to resist water absorption during soak-
ing. They also differed from the other tor:s in that they tended to
require a longer cooking time and are significantly harder. The
opaque grains have the least cooking time. They do not demonstrate
significant differences in the percentage of solids in the broth.
Once again this year, it was found that the size of the grain can in-
fluence some culinary and nutritional characteristics of the grain
(Table 3).

This year as in 1984, big grains absorbed significantly greater
quantity of water than the medium and small-sized grains and require
more cooking time; the small grains require less cooking time and as
in previous years appear to have a higher protein content and signifi-
cantly more solids in the broth,

For 1981, 82 and 85, a weak and positive correlation although
significant of .24, .23, and .29 was found for size and cooking time
so that the biggest grains require a longer cooking time than the
small ores (Table 3) (once again hard grains were not evaluated for
cooking time).

Table 3. Influence of grain size on some culinary quality and

nutritional characteristics of the grain,

Size Water Solids Protein Time
absorption (%) (%) (%) (min)
Large 106.03% 8.96 23,94% 28.22
Mediuvm 94.31 9.84 23.33% 28.42
Small 92.26 9.68 25.18% 26.10%%
* P .05
k% P .01
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Comparative Study on the Influence of the Location, Harvest period and
Variety on Cooking Time, Hardness and Protein Content

The objective of this study is to 1dentify if genetic variability
exists or not, or if it is environmental variability or the inter-
action of both which influences some culinary and nutritional charac-
teristics of the grain. The results of this study facilitate the
establishment of a plan to evaluate the feasibility of initiating a
breeding project for quality characteristics. Additionally, a project
of this type was begun Iin Rwanda, Africa in 1984.

Results of the first harvest of the comparative evaluation

Some 30 lines of different grain types were planted in 1984B in
Palmira and Popayan. The same 30 lines will be planted for three more
seasons,

There were significant differences between sites with respect to
the quality of the broth (percentage of solids), protein content and
harness of the grain while cooking time and water absorption were not
significantly different (Table 4).

Significant differences were observed among the varieties with
respect to percentage of water absorption, hardness, cooking time and
protein content. There were also significant interactions among vari-
eties and localities for all the characteristics with the exception of
cooking time.

Table 4. Results of the first harvest of the comparative trial in

Palmira and Popayan. 1984B.

Absorption Hardness Cooking Solids Protein Yield
time
Location NS * NS *% k% NS
Variety * ko K% NS * NS
Location x *% k¥ NS *k *k *k

variety
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Additionally, upon evaluating globally the varieties which were
planted in Palmira, significantly higher values were found for protein
content, solids, yield and hardness than in Pupayan.

There were differences in the behavior of the varieties for some
characteristics in the two locations. BAN 6 had the least water ab-
sorption and was one of the those with the least harness. The three
varieties with the longest and shortest cooking time as well as the
five varieties with the highest and lowest protein content are listed
in Table 5.

Second Evaluation of the Problem Group of the EP/84; 20, 25 and
70

For all the characteristics evaluated in the EP/84, some groups
were significantly different from others, such is the case with groups
20, and 25 which showed lower values for water absorption and there-
[ore were higher in grain hardness. Group 70 had the lowest average of
crude protein content.

Results of the second evaluation. Group 25

Twelve varieties were evaluated for harness which came from three
sites; Popayan, Palmira and Rionegro, all of which were harvested in
1984,

Significant differences were observed in the percentage of hard-
ness in each of the three locations. The grains from Rionegro were
the hardest (Table 6). Also, significant differences were obtained
among varieties in the three differences were obtained among varieties
in the three locations. PVA 908 was the hardest (68%) differing sig-~
nificantly from PVA 905 and PAI 20 which were less hard.

An interaction was observed between location and variety although
the percentage of hardness did not change for PVA 908. This line had
the highest values in each of the three locations.

Groug 20

Twelve varieties were evaluated for harness which came from two
different harvests in Palmira. Significant differences were observed
among the varieties and the two harvests. The same tendency was ob-
served in group 25 for the three locations.

In addition, there was a highly significant interaction between
harvests and varieties. Greater hardness was found in the lines har-
vested during the first semester of the year.

RAB 59, which was the hardest (58%) differed from the other lines
with the exception of RAB 58 while RAB 107 was the least hard (Table
7). Although a significant interaction was observed among varieties
and harvests, only the varieties RAB 3, RAB 160 and RAB 126 presented
changes in the quantity of hard seed produced from one harvest to the
next.,
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Table 5., Varietal performance for several

Popayan., 1984B,

characteristics in Palmira and

Absortion A Hardness % Time (Min) Protein %
BAN 6 130.53 PVA 908 53.66 PVA 875 33 vV 8360 25.28
ZAV 8398 115,75 PVA 1046 35.00 PVA 908 31 RAB 23 24.52
FEB 15 110.33 PAT 80 27.33 PVA 1046 28 ZAV 8398 24 .44
RAR 23 12.66 PAT 80 18 NAG 12 24,09

RAB 9 12.00 BAN 6 18 RAB 9 24,06

RAO 11 18 PVA 1408 20.88

PAD 12 20.76

WAF 5 20.73

ZAV 8341 20.61

ZAV 8358 20.40

Table 6. Evaluation of grain hardness in varieties from group 25 from
the EP/84 as averages according to location - Palmira,
Popayan and Rionegro - and as average/variety.

Location Hardness Variety Hardness
% A
Rionegro 75.33 a PVA 908 68.22 a
Popayin 34,43 b PVA 1046 58.22 ab
Palmira 23,81 ¢ PVA 1369 47,11 abc
PAT 39 43.56 abc
PVA 1422 40,00 abc
PVA 905 35.89 be
PAT 28 18.67 ¢
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Table 7. Evaluation of the percentage of grain hardness in 12 lines

from group 20 of the EP/84, harvested in 1984A and B in

Palmira,

Harvest % hardness Variety % Hardness

844 39.92 RAB 59 58.00 a

84B 22,06 RAB 58 49.20 ab
RAB 87 40.00 be
RAB 126 36.00 bec
RAB 23 35.20 be
RAB 11 31.60 bed
RAB 160 30.80 bed
RAB 4 24.80 cd
RAB 9 15.20 de
RAB 3 14.80 de
RAB 15 11.60 de
RAB 107 3.20 e

Group 70

The average protein content of the EP/84 was 21.1% + 2.1. The
second evaluation of the protein content in this group gave an average
protein content of 20.65% with a range that oscilates between 18-22%.
This result indicates that group 70 in general does not have a lower
protein content than the other groups of the EP/84.

Comparison of the Percentage of Water Absorption and Grain Hard-
ness of the Improved Lines PAT 29 with other Calima Types

The objective of this experiment was to compare the culinary
quality characteristics of PAT 29 with other improved lines of the
same type principally BAT 1297, PAT 27, PAT 92, PATI 76 and Calima.
PAT 29 is a promising line for the coffee zone of Colombia which is
presently in regional trials and is characterized by: high yield, re-
sistance to diseases, and larger grain size and brilliance than BAT

1297.
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Results of the comparison

Two analisis were done, one for freshly harvested seed in Palmira
during the semester A of 1985 and the other for seed which had been
stored for more than six months and harvested in Darien.

Significant differences among the varieties were observed not
only for grain hardness but also for water absorption (Table 8). PAI
29 and PAT 27 were significantly harder (76.67 and 50.427%) than the
other lines. They were also among those with the least absorption of
water. These results with respect to the harness and water absorption
of PAT 29 and PAT 27 1is an indication that improved lines with defi-
cient acceptability characteristics are candidates for release as va-
rieties.

Significant differences were also found in the quantity of the

hard seed produced in the two locations. The seed from Darien was
harder (84.23%) than that of Palmira (78.43%).

Table 8. Comparison of grain hardness and water absorption of PAT 29

with other improved lines and Calima from Palmira and Darien.

Variety % Hardness % Absorption
PAT 29 76.67 a 25.82 a

PAT 27 50.42 b 53.42 b

PAT 92 12.92 ¢ 94.87 ¢
PAT 76 42 ¢ 102.93 ¢
Calima 13 ¢ 109.85 ¢
BAT 1297 .00 ¢ 101.09 ¢
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II. 2. Character Development
A. Central America and the Caribbean

Flow of Germplasm to the Region

This region 1s extremely diverse with respect to grain
preferences, agronomic practices and production problems. The flow of
experimental lines from CIAT to national programs of the region is
channeled through Adaptation Nurseries (VA’s), each country receiving
the VA which corresponds to local grain color preferences: black,
red, mottled or yellow/beige (See Table 1). Fach VA of a given color
class is a uniform nursery, thus facilitating compilation of data and
observations over sites. The VA system continues to function well and
national program scienticts continue to be enthusiastic about the
nursery. In comparison with past years, the 1985 red VA represented
advances in earliness but grain color was slightly inferior. The
black VA contained a greater proportion of lines resistant to common
bacterial blight and with improved web blight resistance.

While experimental lines and segregating populations are
generated in CIAT, their distribution, testing and selection are
closely coordinated with the regional outreach project financed by the
SDC and with logistical support of TICA, in Costa Rica, and the ICTA
in Guatemala,

For example, through the regional project a workshop was
organized in January 1985 which was attended by almost all
participants in the red and black VA's. Collaborators had the
opportunity to share data with colleagues and benefit mutually. That
was the first time that the compiled VA data was made available 1in
time to be used in selection of lines within each national program.

The regional project continued to strengthen cooperation on the
VA among national program scientists by sponsoring a field workshop in
November 1985 with visits to Guatemala, Fl Salvador, Honduras,
Nicaragua, and Costa Rica. As a result of this workshop, the national
program scientists themselves proposed a new format for regional
cooperation, taking into account the relative advantages of each
program in solving specific production problems of a regional nature.
For example, research into BGMV (partially financed by the regional
project) has been led by Guatemala, with the collaboration of Mexico,
El Salvador, and the Dominican Republic; Apion 1in CGuatemala and
Honduras; slugs in Honduras with the collaboration of the Pan American
School; web blight in Costa Rica with collaboration of Guatemala and
the Dominican Republic; rust in Cuba and the Dominican Republic;
common blight in Cuba and Nicaragua; on-farm research in Costa Rica,
Honduras and the Dominican Republic.

The plan proposed by the workshop participants would place
principal responsibility for each project in that national program
with the most selective advantage. The VA (renamed VIDAC - Vivero de
América Central) would be distributed every other year, and would be
constituted in great part by entries proposed by the national programs
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Table 1., Distribution of adaptation nurseries by colors, 1985.

Small Medium Yellows/

Black Red Mottled white white beiges
Mexico + +
Guatemala + + +a +b
E1l Salvador + +
Honduras +
Nicaragua + +
Costa Rica + +
Panama +
Cuba + + +
Haiti +
Dom. Republic +
Guadalupe +
Puerto Rico +
Peru + + +
Chile + + +
Ecuador + +
Brazil + +

a Evaluated

for web blight resistance

b Evaluated for BCMV resistance
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themselves. Elements of this plan include: 1) selection of
progenitors in Central America among native and/or introduced
germplasm; ) hybridization and advancement to F generation in CIAT;
3) selection in Central America in the national programs most prepared
to work on a given problem, for example, web blight in Costa Rica; 4)
formation of a Central American VA composed largely of candidates
developed in the region and proposed by the national programs. TFor
example, any of the national programs might plan crosses for web
blight vresistance, but these could be selected centrally in the
nursery in Costa Rica. Field workshops bringing together national
scientists would facilitate selection by interested parties in these
centralized nurseries. Maving advanced lines through their own
testing system, each program would propose a set number of lines to
the VIDAC, in which the Colombian-based CIAT breeding program would
also participate with a given rnumber of entries.

Genotvpe x Environment Interaction

fn 1985 an M.Sc. thesis was completed which should help orient
CTAT-based and Central American-based breeding activities. The studyv
was designed to measure g ¥ e interaction between Colombian and
Central American environments, with special reference to a comparison
of bred and landrace varieties, and with tle purpose of identifving
the most adequate environments for breeding and testing iines.

A group of 7 genotvpes were sclected as follows: Group I, 13
landrace varieties, mostly ol Central American origin; Group 2, 9 bred
lines whose selccrion was completed in CIAT, Colombia, before being
sent to Central Americaj; Croup 3, 8 bred materials which were selected
principallyv in Central America, although some of these were selected
in earlv generations in Colombia. All 27 materials are listed in
Table 2.

The 27 genotvpes were evaluated in an RCB design with three
repetitions, in each of 15 environments, represented by combinations
of six locations (three in Colombia and three in Central America); two
planting svstems (monoculture and relav) and two planting dates (one
in each semester). The locations included Ahuachapan (AHU) and lLos
Lagartos (1.CT) in El Salvador: Ouezada, in Guatemala (GUA); and
Restrepo (RES), Palmira (PAL)Y and Santander de Quilichao (STQ) in
Colombia. Fnvironments will be identified as a combination of
lTocation, scmester (1 or ?), and planting system (M = monoculture, R =
relav), for ezample, "AHU-]-M",

The g = e interaction was calculated initially by a combined
ANOVA, according to the method of Cochran and Cox (1965). The
stability parameters were cstimated by the model developed by Eberhart
and Russell (1966), wherein "b" is the regressign of the varietal
vield against the mean of each environment, and S°d is the deviation
of each variety from its regression.

When the gpgroup means of the three groups of genotypes were
compared, it was evident that the lines developed in Colombia (Group
?) were the best adapted in the locations and planting systems in
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Table 2. Yield in metric tons/ha, regression coefficients and devistions from rgrression of 27 penotypes in 15 environeents.
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2% PAR 142 2.4la 3.1%a 2.4 2.3la 2.63a 177 2.07a 1.5% 1.83 110 1.31 1012 0.65  0.73  0.51a 1.75 1.15 0.12%
25 IOR 125 249 2.6ka 2,30 2.1la 2,12 175 1.9a l.6/a 2.i7a 1.27  1.0G 1.20 1.0%a C.82 0.4t 1.67 0.97 0.08
%6 TOR 148 2,20 2.57a 1,96 2.16a 1.80 1.52 1.27 1.50 1.19 1.38 1.09 0.91 0.65 0.95 0.52a 1.45 0.87 0.06
27 IOR 164 3.1%  2.52a 2.00 1.70 2.4 1.7 1.63 1.3% 1.66 1.19 £.85 0,96 1.%5a 0.75 0.33 1.57 1.07 0,154k
Graap 3 Memm 1,62 0.98NS 0.15%*
Mezn Squares 22 0,09%% 0,31 0,11%% C.00%* 01885 0,05%* 0.17% 0.03* 0.G7NS 0.05%% 0.078S 0.0+ ¢.03NS 0. 006%%
X 2.62 2,59 2.27 216 2,08 1.66 1.77 1.66 1.50 1.41 1.31 1.00 0.95 0.8y  0.41

Yields within columns with the same letter are mot significantiy different,
* = sigrifleant at 5% level; ** = simificant ot 1% level; NS = ot sigmifiicant.
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which they were selected, that is, in monoculture and in Colombia.
However, when the Colombian-bred lines were evaluated in Central
American environments or in relay, they lost their comparative
advantage, and yielded no better than the Group 1 landraces, this in
spite of the fact that the landraces are in general much earlier than
the bred 1lines. Besides having local adaptation, the land races
generally are plant habit TII which makes them better fit for the
relay system,

When the groups were compared on the basis of their stability
parameters (Table 3), the land races displayed a b 1, indicating
adaptation to unfavorable environments (or in other words,
unresponsiveness to favorable environments). The CTIAT-bred 1lines
presented a b 1, indicating adaptation or responsiveness to favorable
environments,

One would have expected that bred lines with a greater component
of local selection (Group 3) would have performed best of all in
Central America, but this was not the case, as there was no
significant difference between any of the three groups in Central
America. The mediocre performance of Group 3 may be attributed to
several causes., First, much of the selection in Central America was
realized on experiment stations, hence we may be observing yet another
case of g x e interaction, even within Central America. Secondly, the
Group 3 genotypes were quite diverse in their history, some having
been selected in early generations in Colombia and only later in
Central America, while others were selected from F7 generation onwards
in Central America. Thus, it may have been a bit® artificial to have
grouped these genotypes together, and viewing them as a group,
tendencies in the parameters may have been negated by counteracting
reactions of the diverse genotypes. Neverthless, no single genotype
was outstanding on its own merits in this group.

When the relationship between yields and regression coefficients
was graphed for the 27 genotypes over all environments, the landraces
were concentrated in the Jlower left corner (low vyields and
aon-responsive) while the CIAT-bred lines occupy the upper right
corner (high vields and responsive). This illustrates very well that
landraces often have low but stable yields. This is related in Jart
to their earliness which is a limitation on yield potential and on
responsiveness to favorable environments, but which assures some yield
in the face of stresses such as late season drought,

It is noteworthy that the performance of two of the landraces,
Desarrural 1 and CENTA Tzalco consistently were among the best
yielding of all genotypes across planting systems and environments.
Both are products of selections from national germplasm collections,
and are not necessarily typical of landraces; evidence of this is the
fact that their regression coefficients are greater than 1, especially
Desarrural which had the largest coefficient of all genotypes (b =
1.21).

Other genotypes worth mentioning are BAT 41, BAT 1514, and BAT
1215, all with high yields over environments. BAT 4] was particularly
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Table 3. Correlations between enviromments

GUA-1-M AHU-2-M GUA-2-R LGI-2-R AHU-2-R IGT-1-M | PAL-1-M STO-1-M PAL-2-M PAL-2-R RES—I-M STQ-2-M RES~2-M RES-2-R
AHU-1-M 0.31% 0.47 0.45 0.21 0.54 0.28 0.25 0.06 0.51 0.16 0.42 0.39 0.37 0.37
GUA-1-M 0.22 0.30 -0.06 -0.01 0.05 0.18 0.32 0.12 0.02 0.26 0.33 0.04 0.13
AHU-2-M 0.22 0.31 0.10 0.21 0.36 0.31 0.16 0.04 0.13 0.06 0.29 0.19
GUA-2-R -0.02 0.07 -0.04 0.15 0.04 0.58 -0.00 0.17 0.43 -0.01 0.61
LGT-2-R 0.14 0.34 0.00 0.23 -0.20 0.2] -0.06 -0.3! -0.09 0.05
AHI-2-R -0.13 0.33 -0.21 0.25 0.26 0.45 0.21 0.24 0.18
LGT-1-M -0.25 0.51 -0.02 —0.40 0.03 0.03 0.38 0.18

C.A, x C.A. C.A. x OCOLBIA

PAL~1-M -0.28 0.40 -0.04 0.45 -0.06 0.31 0.20
STQ~1M -0.18 -0.35 0.18 0.25 0.03 -0.09
PAT~-1-M -0.30 0.39 0.48 0.12 0.50
PAL~2-R -0.41 -0.22 -0.10 0.04
RES-1-M ) 0.31 0.33 0.14
STQ-2-M 0.44 0.11
RES-2-M 0.40
RES-2-R OOLMBIA x OOLQMBIA

Values between 0.33 and 0.38 are significant at 10%
Values between 0.39 and 0.46 are significant at 5%
Values between 0.47 are significant at 1%



specific in its adaptation with large deviations from regression (52d
= .25%%), CENTA Tzalco and BAT 1215 had very good adaptability and
stability in the combined analysis.

Correlations were calculated on varietal means between locations
to determine which of the locations produced results which could be
extrapolated to other sites, and thus should serve best as a site for
selection and testing of lines. These correlations are presented in
Table 3, which is divided into sectors representing those correlations
between Central American sites (CA x CA), between Central America and
Colombia (CA x Colombia), and between Colombian sites (Colomhia x
Colombia). The correlations which are of interest are obviously those
involving the target area, i.e. the Central American sites. Among the
Central American sites, Ahuachapan was clearly the best, especially
with the May planting date in monoculture which presented all positive
correlations in relation to other Central American sites; of the six
CA x CA correlations of AHU-1-M, three were significant at the 5Y%
level. On this basis we conclude that Ahuachapan is an excellent site
for a Central American breeding program.

Among  the Colombian localities, Restrepo presented more
significant positive correlations than other sites, but excluding the
(Colombia x Colombia) correlations, it did not correlate much better
with Central American sites than the Palmira and Santander
environments. STQ-2-M produced three significant correlations with
Central America (107 1level), while PAL-2-M, RES-1-M, RES-2-M, and
RES-2-R each presented two significant correlations out of a total of
seven (CA x Colombia) correlations per site. Different Colombian
sites produced positive correlations with different CA sites, and thus
tended to complement one another. This confirms the vpolicy of
multi-site testing 1in the Colombia based selection program, to
identify genotypes with broader adaptation,

It was significant to note that high-vield environments did not
necessarily correlate with other high-yield environments, nor low with
low. For example, PAL-2-M (2.59 t/ha) correlated well with GUA-2-R
(.41 t/ha, r = .58), but not with LGT-2-R (2.62 t/ha, r = -.20). This
demonstrates the need to be very discriminating with respect to
environmental factors influencing yield, and not to assume that
selection in a high (or low) yield environment assures projection of
results to other areas with similar yield potential.

The same study has now been planted in yet a wider range of
environments in Costa Rica, Nicaragua, londuras, and in Santander de
Quilichao under fertility stress, with the purpose of broadening the
analysis of correlations between environments reported here.
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B. Mexican Highlands

Bean growing regions in the Mexican highlands can be divided into
humid and semiarid. Tn humid areas both climbing (Type 1V) and
non-climbing (Type T and TIT) cultivars are grown but in the semiarid
region Type TTI cultivars predominate.

In the 1985 adaptation nursery of non-climbing beans for the
humid higlilands (VAMAH) with entries sent from CIAT to INIA were
evaluated in Chapingo, Mexico, and at Tepatitlan and Tojomulco in the
state of Jalisco. General adaptation and resistance to rust (at
Chapingo) and anthracnose and angular leaf spot (at Tepatitlan and/or
Tojomulco) were noted among the improved materials. At each site
several dozen entries were superior to the local checks. Also, over
two dozen entries from past nurseries were being tested in the
preliminary and regional vield trials in which lines A 417, A 321, A
439, A 443, A 445 and MAM 13, were doing well,

The adaptation nurse:sv of climbing beans (VAMAT with 156 entries)
was grown onlv at Tepatitlan. In general, the performance of the
materials was much better than the previous vears, especially the
climbing ability of materials bred in Colombia. Nonetheless, quite a
few lines were too late or had problems of climbing ability and the
local check, Garbancille Zarco, was still among the best entries in
the nursery. It was encouraging to see that F, selections made

/
locallv from the F, hybrid populations sent last vear were far
superior to anv other source of germplasm, These combined desirable
Field resistances to rust, anthracnose and/or angular leaf spot and
were less agressive climbers than Garbancillo Zarco. Also, new hybrid
populations involving local landraces such as Frijola, Garbancillo
Zarco, Cejita, etc., looked promising, thus emphasiziny the need and

value of local evaluation and selection in segregating populations,

The adaptation nursery (VAMAS with 435 entries) in the semiarid
regious was evaluated at Aguascalientes, Zacatecas and Durango. Once
again the local checks (landraces) at each site were better than all
materials introduced from Colombia and elsewhere. From the
performance of materials for the past four years it was obvious that
an intensive breeding program involving evaluation and selection in
early hybrid generations must be done locally in the semiarid region
to improve upon regional landraces. Crosses planned jointly by TINTA
and CIAT researchers could be made at CIAT and advanced in bulk up to
F,, or F_, if needed, but eventual evaluation and selection must be
done in the semiarid regions of the Mexican highland states, since the
growing conditions there are unique from those in Colombia.
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C. Argentina and West Asia

White seeded bean cultivars grown in these and other regions
include large cylindrical-shaped Alubia (for Argentina, Spain, Italy,
and France), large kidney-shaped Horos or Baladi (for Turkey, other
West Asian and East Block countries), medium-seeded flat Great
Northern or Dermason grain type (for Turkey, Greece, and Ttaly),
medium-seeded round Bolita Cristal or Caballeros (for Peru and Chile)
and small-seeded navy beans (Chile and other West Asian countries).
For the past four years breeding efforts at CIAT have concentrated on
improvement of the Alubia and Horos types. The first group of crosses
for Dermason types were initiated in 1984. After breeding
responsibilities were reassigned in mid 1985, improvement of Bolita
Cristal and Navy beans was also transfered to this section for which
crosses will be initiated in 1986.

The second adaptation nurseries of Alubia and Horos types was
evaluated at five sites in Argentina (VAPA with 250 entries) and at
seven sites in West Asia and East Block countries (WANABAN with 100
entries) in 1985. All entries had resistance to BCMV and quite a few
were superior to the cultivar Alubia in the northwestern provinces of
Argentina. The performance of WAF 3, WAF 6, WAF 7, WATF 9, WAF 15, WAF
18, and ABA 2, could merit special mention. Seed of these lines was
multiplied both by TNTA in Argentina and CIAT for more extensive
testing in growers' fields in 1986. While some WANABAN lines 1looked
good in Turkey and Bulgaria, in general, most of the materials were
late. This could be reflect the fact that neither the germplasm from
that region has been utilized in developing those lines at CIAT nor
had the germplasm been evaluated and selected at higher latitudes
before. Therefore, in order to maximize the usefulness of CIAT
germplasm in West Asian and Furopean countries both utilization of
local germplasm in the crossing program and evaluation and selection
in hybrid populations in the region must be emphasized. A
pathologist/breeder from Turkey spent three months at CIAT at the
beginning of 1985. A limited number of crosses (50) were jointly
planned, made, and shipped for evaluation in the Anatolian plateau of
Turkey in 1986.
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D. Yield Breeding

Analyses of data from genetic studies of yield and its components
were completed. Eighty bush-bean cultivars and improved experimental
lines for different agronomic traits were crossed in the Design TI
mating system. From the resulting 200 F hybrid populations evaluated
at CIAT farms at Palmira and Quilichao$ importance of the male and
female parents (additive genetic variance) over male x female
(ron-additive) was evident (Table 1) and supported our previous
findings of diallel analysis (CTIAT Bean Program Annual Report, 1983)
in which only the general combining ability effects were significant
in the F generations, All high yielding small-seeded bush bean
cultivars extensively grown in latin America, both old and new
releases, had negative GCA for yield at either one or both locations
(Table 2). FEighteen lines which had positive GCA (Table 3) for yield
were all bred materials and most of which had high yielding cultivars
with negative GCA as parents in their pedigree.

Na.row sense heritability_ya]ues based on a plot-mean basis were
low for seed yield and pods m =, intermediate for seeds/pod and high
for 100-seed weight (Table 1). Highest genetic gain for seed yield
from selection would be expected if seed weight was used as selection
criteria followed by gelection for yield per se (Table 4). 1Indirect
selection for pods m and seeds pod would have either negative
or little effect on yield. Based on the results of these studies
necessary modifications were made in our overall breeding strategy and
selection experiments were initiated for yield.
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Table 1. Portion of mean square, estimates of variance components, and heritability (h2) for yield
and its components in dry bush bean from a design IT mating system, sown at two locations
in Colombia in 1983.

Source d.f. Yield (g/mz) Pods/m2 Seeds/pod Seed weight
(g/100)
Males/S 32 3521.8%% 2441, 1%% 2.1141%% 54 .558%%
Females/S 32 2515.9 2802.5 1.8192%%* 69.020%%
Males x females/S 128 1104.7 1033.3 0.3680 5.802
Pooled error 384 866.6 727.4 0.1967 3.007
2m 88.14+47.5 28.8+33.6 .0668+.016 2.271+.67
s2¢ 9.7+ 40.7 53.3+42.3 .0756+.022 2.970+.84
62fm 54.0+43.9 62.9+72.3 .0583+.014 0.317+.22
62a 97.8 82.2 0.1424 5.247
62p 260.2 213.2 0.2421 5.921
h? 0.37 +0.24 0.39+0.25 0.59+.14 0.88+0.18

o =0 £ = 1/2 8, h2 was calculated on the basis of entry means.


http:0.88+0.18
http:0.59+.14
http:0.39+0.25
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Table 2. General combining ability effects of some commercial bean cultivars from a Design II
analyses in 1983.

Yield 100 seed weight
Palmira Quilichao Palmira Quilichao
BLACK
ICA Pijao 0.5 -16.0 -0.32 -0.73
Jamapa -22,7 -12.5 -1.47 -1.66
Porrillo Sintético -1.5 -26.2 -0.21 -0.85
Rio Tibagi -12.6 9.3 ~2.64 -1.81
BAT 58 -24.7 5.5 -2.45 -0.83
BAT 304 5.0 -17.1 -0.47 -0.70
EMP 84 1.8 -5.1 0.15 -0.86
Moruna 80 =2.4 -2.8 0.72 2.08
NON-BTLACK
Aete 3 9.1 -0.2 -0.87 -0.98
Aroana 80 -8.1 0.7 -0.23 0.00
Carioca -17.5 7.8 -0.03 0.75
Catu -4.0 1.0 -0.95 -0.72
Cena 164 -6.4 2.5 -0.04 -0.66
IPA 7419 -16.5 1.8 -1.51 -0.17
RAT 54 -13.1 8.8 -2.89 -0.66
Location mean 137.3 157.0 23.28 23.71
S. E. of GCA effects 6.7 11.3 0.35 0.69
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Table 3. General combining ability of selected bean lines, from a Design IT analyses in 1983.

Yield 100 seed weight

Tdentification Palmira Quilichao Palmira Quilichao
A 57 6.8 1.4 0.87 0.17
A 59 8.3 11.3 2.85 1.68
A 213 18.2 12.7 1.02 3.08
A 252 24 .4 12.9 1.10 3.91
A 259 13.3 4,2 1.41 -0.26
A 310 10.9 47.4 1.79 1.44
A 373 17.5 5.3 2.25 0.91
A 275 37.6 26.7 4,20 4.44
A 445 27.4 i5.4 1.55 0.54
BAT 477 24.0 22.5 0.67 -0.71
BAT 1458 2.6 3.4 -0.63 0.30
BAT 1510 2.6 25.6 0.46 -1.26
BAT 1617 18.3 12.5 4.03 2.67
BAT 1659 11.5 5.3 -1.29 -1.43
BAT 1670 2.6 38.2 1.00 1.00
Carioca 80 8.0 8.0 2.95 1.10
RIZ 11 8.2 40.0 0.85 0.91
XAN 105 13.9 9.4 3.18 2.36
Location mean 137.3 157.0 23.28 23.71
S. E. of GCA effects 6.7 11.3 0.69
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Table 4. Expected direct (on diagonal) and correlated (off diagonal) gain from selection® (pooled
over two locations) for yield and its components in dry beans.

a ]

Selection criteria Yiel Pods/m” Seeds/pod Seed weight

(g/m) (g/100)
Yield Eg/mz) 5.77 -2.28 1.57 6.46
Pods/m -2.67 5.06 -6.54 -1.85
Seeds/pod 1.41 -5.04 10.01 -3.31
Seed weight (g/100) 6.84 1.67 -3.89 12.83
Mean performance 147.10 155.70 4,05 23.50
a Percentage of trait mean. 2

Direct response = k & 1 / °p1’ correlated response = k Cova 12 h10 a2



E. Andean Region

Cultivar improvement for the Andean Region was continued 1in 1895
in collaboration with the national programs of Colombia, Ecuador and Peru.
In Colombia, research is conducted primarily at La Selva (2100 masl) and
Obonuco (2600 masl) 1in collaboration with ICA; 1in Ecuador at Santa
Catalina (2700 masl) and Cuenca (2200 masl) with INIAP; and in Peru at
Cajabamba (2600 masl) and Cuzco (2680 masl) with INTPA. Seed shipments to
these areas consist of crossing blocks, F. and F segregating populations,
and advanced lines (VEF, EP and IBYAN ingernational nurseries). 1In 1985,
a total of 541 crosses were made for the Andean zone among climbing and
bush beans growth habits.

For climbing beans, the principal objectives of the breeding program
are to combine resistance to anthracnose, Ascochyta and halo blight into
commercially acceptable cultivars that are sultable for intercropping or
relay with maize, For bush beans, the major emphasis has been on
combining resistance to BCMV, common bacterial blight, rust, and angular
leaf spot, into medium to large seeded lines of Tvpe T or TI growth
habits; although, bush beans for cooler elevations (above 1700 masl) also
require resistance to the same diseases that attack climbing beans. Both
climbing and bush beans are evaluated in association with maize as well as
in monoculture in the F, and F generations in order to access the
genotypes' potential 1in ei%her cropping system,

COLOMBTA

The majority of the cultivar improvement programs for Colombia are
conducted in collaboration with TCA at La Selva and Obonuco, although
breeding materials for Colombia may also be managed at CTAT Palmira,
Santander de Quilichao and Popayan.

Group 25 (404 materials) and Group 85 (154 materials) of the VEF, and
Group 85 (99 materials) of the EP were evaluated in several locations in
the Andean region of Colombia during 1985. Advanced lines from CIAT and
TCA breeding programs of both bush and climbing beans were also tested in
regional trials in collaboration with other institutions such as the
Federation of Cafeteros and the CVC.

TCA-La Selva

At 1CA-La Selva, located 1in Rionegro, Antioquia, the collaborative
breeding program continues to evaluate climbing bean genotypes that can be
used in rotation with maize or 1in monoculture in trellises. Germplasm
lines, crossing blocks, segregating generations and advanced lines are
evaluated and selected for resistance to diseases (principally anthracnose

and Ascochzta) and yield.

In 1985, 108 crosses were made among the 378 materials that composed
the crossing block for this production region, and 141 advanced lines were
selected on the basis of their agronomic characteristics, disease
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resistances and yield. The best of these lines will enter on-farm trials
in various regions of Antioquia.

The culmination of various years of evaluations and on-farm testing
resulted in the release of a new climbing bean - Frijolica LS 3.3
(previously identified as La Selva 1) in August of this year. This
cultivar originated from a cross between Mexico 235 and Bola Roja, 1is
resistant to anthracnose and adapted from 1700-2600 masl,

Several new breeding lines were also tested in a uniform yield trial
(Table 1). Bean line LS 46 was superior to Frijolica LS 3.3 for yileld and
resistance to anthracnose on the research station. However, further
trials are needed to verify the value of this new line over cropping
systems and seasons.

Fvaluation of bush bean lines with adaptation to medium-cool climates
were continued. PVA 357 was selected as a promising line 1in seven trials
throughout Antioquia, though in general, it was not superior to the local
check Catio in yield (Table 2). Of the 161 EP bush bean lines evaluated
at Tulio Ospina in Antioquia, 31 1lines were selected for further
evaluations in 1986 (Table 3).

TCA-Obonuco

Breeding for cold highlands continued at ICA-Obonuco 1in Pasto,
Narino. Although the majority of the breeding efforts are for climbing
beans to be grown in association with maize, like la Selva, evaluations of
bush bean materials, which could be used in rotation with barley, were
also conducted.

Two varieties of beans were released in Obonuco this year:

1) Frijolica 0-3.2 (previously known as E 605) 1is a climbing bean
adapted from 2400-2850 mas]l with tolerance to anthracnose, halo
blight and resistance to rust. This cultivar matures between 240-255
days and 1s 30 days earlier than the local check Mortifio.

2) Frijolica 0-3.1 (ICA 1-33462) is a bush bean of indeterminate growth
habit, adapted from 2000-2710 masl, with resistance to anthracnose
and halo blight., Tt matures in 150-180 days and has a medium-large
seed size.

Presently the major problem encountered in breeding beans for cold
climates (above 2000 masl), especially 1in the transfer of certain
resistance factors, is the poor adaptation of most bean germplasm to these
areas. A total of 425 crosses were made this year tov 1ncorporate
resistance to anthracnose and halo blight into bush and climbing beans,
but only 27 of these crosses were effective since the resistance sources
were generally non-adapted to the region snd the crosses failed to take.
llowever, promising germplasm adapted to these altitudes was identified and
materials such as TIB-3042 and I1CA 1.-32980-1-41 climbing beans, and TCA L-
33341, TCA 1-33411 and ANT 8-1-40-M bush beans were selected for further
testing and to be used as parents in the crossing block.
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Table 1. Agronomic characteristics and yield of climbing bean lines in La Selva (1985)

Yield
Identification Anthracnose Ascochyta (kg/ha) Grain color

LS 46 2 7 1728 Red

LS 40 4 7 1435 Cream/Red
LS 39 5 7 1417 Cream/Red
LS 33 3 4 1414 Cream/Red
LS 36 3 5 1406 Cream/Red
FRIJOLICA LS 3.3 3 5 1334 Cream/Red
.S 38 3 6 1301 Cream/Red
1.S 42 6 7 1289 Cream/Red
LS 30 6 7 1288 Cream/Red
ICA Llanogrande 2 7 1255 Cream/Purple
LS 47 2 6 1248 Cream/Red
LS 41 2 6 1236 Cream/Red
LS 34 4 6 1221 Cream/Red
LS 43 2 7 1201 Cream/Red
LS 35 2 7 1195 Cream/Red
LS 48 2 6 1178 Cream/Red
LS 31 2 7 1171 Cream/Red
LS 45 2 7 1138 Cream/Red
LS 37 3 7 1109 Cream/Red
LS 44 2 7 1094 Cream/Red
ICA Viboral 8 7 1084 Cream/Red
LS 32 4 7 1043 Cream/Red
LS 49 2 7 987 Cream/Red
V 6785 2 7 844 Cream/Red

LSD (P=0.05) 310
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Table 2. Results of bush bean trials in five locations in Antioquia (1985)

a
Locations

Bean lines BELLO VENECIA HELICONTIA CTSNEROSb CTSNEROSb Seed color
PVAD 7 1380 2663 576 240 98 Red

PVAD 357 1443 3254 703 335 153 Purple/cream
PVAD 476 1523 2885 772 310 154 Red/cream
PVAD 698 1427 2567 672 Red/cream
CATIO (Check) 1876 2991 680 317 138 Red/cream
LSD (P=0.05) 518 579 524 - -

a Locations:

Bello (1438 masl)

Venecia (1520 masl)

Heliconia (1600 masl)

Cisneros (less than 1000 masl)

b Beans grown in association with maize.



Table 3. Yield trial of new CIAT bush bean lines in Tulio

Ospina (1985).

Bean lines Yield Welght of Seed color
(kg/ha) 100 seed
ZAA 42 711 31.3 Red/cream
ZAA 36 1561 39,7 Red/cream
PVA 605 1199 47.1 Red/cream
ZAA 60 2378 41.6 Red/cream
ZAA 58 2355 35.8 Red/cream
PAD 44 1294 36.6 Red/cream
PAV 705 1217 39.6 Red/cream
ZAA 44 1811 42,0 Red/cream
ZAA 52 1426 37.6 Red
PVA 273 1744 37.6 Red/cream
ZAA 7 1904 45.7 Red/cream
PAD 50 1861 33.1 Purple/cream
ZAA 47 994 36.8 Red/cream
PVA 366 750 38.0 Red/cream
PV4 660 1700 44 .5 Red/cream
PVA 109 1937 48.5 Red/cream
MCD 256 1939 44,4 Red
ZAA 78 2650 39.3 Red/cream
ZAAN 74 2283 40.5 Red/cream
ZAA 85 1311 54.0 Purple/cream
ZAA 45 1828 41.9 Red/cream
ZAA 48 1689 40.8 Red/cream
PAD 43 1289 37.0 Red/cream
ZAA 105 416 44.8 Red
ZAA 82 1922 38.3 Red/cream
PVA 359 1322 47.2 Red/cream
ZAA 102 905 41.4 Red
KID 5 916 35.4 Red/black
PVA 15 1305 57.6 Red
PVA 782C 1433 37.9 Red/cream
PVA 96 2220 45.1 Red/cream
PVAD 357 (Check 1) 1844 Red/cream
PVAD 698 (Check 2) 1200 Red/cream
CALIMA (Check 3) 1124 50.5 Red/cream
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Regional and verification trials

The regional trials in Colombia consist of advanced bean lines from
CIAT and 1CA breeding programs of both bush and climbing bean growth
habits. From the 1983-1984 bush bean regional trials which consisted of
13 materials, six lines: A 36, A 486, PVA 916, PVA 1261, PAl 29, and PAT
92 were selected to enter subsequent verification trials (previously known
as confirmation trials) which are planted in larger field plots, over more
locations, than the regional trials,

The entries in the bush bean regional trials were also changed to
include new material from CIAT and ICA. The new lines are: MCD 257, PVA
782, PVA 1437, PVA 1193, PVA 1438, TICA 10212, 1CA 10204, TCA 10115, PVA
1441, BAT 1297, Calima and the five lines from the verificaticn trial.
The regional and verification trials of climbing beans for medium to cold
climates were maintained as in 1984 in order to have an additional season
of data since fewer of these trials are planted each semester,

Tn total, 12 regional and 32 verification bush bean trials were
distributed in 1985, and five regional and nine verification climbing bean
trials,

ECUADOR

Virtually all the bean lines in trials in Tumbaco, Cuenca and Santa
Catalina (Quito) consisted of materials from crosses made at CTAT.
Crossing block, F, and F4 populations, and advanced lines from the VEF, EP
and regional trials were evaluated.

From the VEF, several materials were selected, of which ZAA 11, ZAA
12, ZAA 87, ZAA 91, ZAA 93, ZAA 94, ZAA 95, ZAA 96, and PVA 994 appeared
to represent a new advance over the old materials which are still awaiting
varietal release.

From F4 populations, 231 individual plant selections were made for
testing in Tumbaco and Santa Isabel. Nearly all the best materials come
from crosses with Ecuadorian germplasm, such as E 1056, E 521, E 525, and
E 605, especially for crosses among ~limbing beans. E 1056 1s now being
grown by a number of farmers in the Cuenca area and is being sold in the
market, though 1t has not yet been officially released.

Bush beans are also being planted and the seed sold, though they are
not traditional crops in the Cuenca area. Regional trials have identified
F. 1486, TCA 1-24 and A 36 as being the best lines (Table 4). FE 101 (1ICA
Guali) {is presently being grown by some farmers and appears to have a
petential market.

PERU

The predominate cropping system in the Sierra region (Cajabamba and
Cuzco) of Peru is climbing beans grown in association with maize under
subsistence agricultural conditions, although in the scuthern regions of
the Sierra, bush beans in monoculture or associated with maize are also
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Table 4. Regional yield trials of bush bean lines in the Sierra region of Ecuador

Yield (kg/ha

Bean lines Pimampiro Santa Rosa La Concepcion Santa Tsabel X
E 816 1876 2662 985 1929 1863
Local Check 2231 - 815 - 1523
E 101 2346 2822 873 1841 1970
E 1484 2505 3391 1576 2194 2416
PVA 1426 2813 2910 802 1713 2059
A 36 2626 3527 931 1778 2215
PVA 1427 2277 2581 826 2191 1969
ICA L-24 2669 2924 1111 2668 2343
PVA 1428 2420 3045 926 2062 2113
PVA 1441 2121 2540 906 2335 1975

X 2388 2934 975 2079 2094




important. The predominate grain types are large white beans (Caballeros)
in the North, and large yellow and red beans in the South.

Three bean cultivars were officially released by TNIPA for the Sierra
region in 1985:

1. Blanco Salkantay, (a selection of Blanco Caballero) a large white
seeded climbing bean with tolerance to anthracnose, and adapted from
2200~,000 masl.

2. Gloriabamba, (CTAT accession C 2829) a pink seeded climbing hean with
resistance to anthracnose and early maturity, adapted from 2000 to
2800 masl.

3. Rojo Mollepata, (CIAT accession G 0076, Red Kloud) a large, red
seeded determinate bush bean with tolerance to halo blight and
early maturity, adapted from 500 to 2900 masl.

Other promising materials for the Cajabamba region are Puebla 444 and
Cajamarca 64 climbing beans, and BAT 1254 and W-126 bush beans for
Mollepata. F4 bulks from CIAT of kidney bean types were sent 1in 1984
and 33 F5 selections were made in Mollepata (2680 masl). These
selections were then planted in Sahuayaca (800 masl) from whlch nine
materials were selected to plant in tegional vield and observation trials.
The methodology that was employed in 1983 of sending T, bulk populations
from crosses made at CIAT to Peru, from which selections are made by the
INTPA agronomists and CIAT staff, appears to be an appropriate procedure
for overcoming the adaptation problems encountered when selections are
first made at CIAT.
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II. 3. Evaluation in Uniform Nurseries

The three-stage progeny ocvaluation program tested 2,300 new
materials whose distribution among the nurseries was as' follows:

First stage (VEF): 1451 entcries
Second stage (EP): 394 "
Third stage (IBYAN): 210 "

Table 1 shows the number of sets of these nurseries distributed
to different countries during 1985. This year, for the first time
the VEF was to be dispatched to cooperators around the world.

A. VEF

The 1,451 entries screened were distributed in 15 groups
according to seed color and size, growth habit (climbing and bush),
climatic adaptation (for climbers only) and use (dry and green) as
shown in Table 2,

The frequency of growth habits, grain characteristics and days
to flowering and to maturity within each group are shown in Tables 3
and 4.

Yield of the best lines based on unreplicated plots within each
group are recorded in Tables 5 and 6.

Reaction to rust and common bacterial blight (Table 7), angular
leafspot (Table 8) and anthracnose and Ascochyta (Table 9) are shown
for each group.

Table 10 shows the list of 86 VEF entries with an intermediate
or resistant reaction to rust, common bacterial blight, angular
leafspot, anthracnose and Ascochyta, evaluated in three sites,
Palmira, Quilichao and Popayan during two semesters,

International VEF

This yvear for the first time the VEF was to be dispatched to
cooperators around the world. Table 11 shows the number of sets
forwarded to different countries; the number of entries per set was
not uniform, since nurseries dispatched were arranged bhased on
individual requests which ranged from a few lines from one particular
group to the whole VEF nursery.
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Table 1. Number of sets of international nurseries (IBYAN, VEF, EP)
dispatched during 1985 to different countries.

No. of sets

TBYAN EP

VEF

Argentina
Angola
Belize

Bulgaria
Colombia
Chile

China

Costa Rica
Cuba

Cyprus
Ecuador

El1 Salvador
Guatemala
Chana
Guine-Bissau
Haiti
Honduras
Kenya

Tran

Mauritius
Mexico

Nicaragua

Nigeria

Panama

Paraguay

Peru

Puerto Rico

R. F. Islamique des Comores
Republica Dominicana
Rwanda

Santa Lucia

South Africa

Surinam

Tanzania

Thailand

Turquia

Tunez

USA

Uganda

Venezuela
Zambia

Zaire
Zimbabwe
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Table 2, Distribution of the 1,451 entries of the 1985 VFF over 15 groups.

No. of

Grurr  Grusth Use  Seed Seed Climatic No. of  set No. of

habit color size adapt, entries disrec contrics
10 Sush Dry Blazk Sm1ll Warm 102 20 8
20 " " Red Small Harm 162 19 8
25 " " Red-tottled Med/large  Warm/red 405 7 6
30 " " khite Small Med 84 4 4
35 " " White Med/large  Hed 18 2 2
40 " " Yellow, light-tan Med/larpe lied 26 3 3
45 Med/large  Med 5 3 3
50 " " Cream, cream 4 4
striped Sm1l Vanm/med 44 - -
60  Clinbirg Blach. Sall Warm 5 - -
€5 " " Black Smil Mediunm 7 - -
70 " " Red Smll Tarm 55 - -
75 " " Ped Med/large  tedium 141 - -
80 " " 14pht-colors Smil karm 7 - -
85 " " fdght colors Med/large  Med/col 154 3 2
G Bush & climbing green  Udvorce Med/large Vaim/ied 235 7 2

Table 3. Number of bem entries {n the VEF/85 witldn each eroup according to growth hohic aoi

phenolopical cluracteristics and seed size. Palrmira, Colorbia,

Devs to phvsioiosical

Croup Orowen hahit Yris to Flowring raturit/A
o, i 1T D a5 W 304 45 N
10 - 8! 21 - 44 <8 - 93 9 -
20 1 i 89 1 98 63 1 17 15 -
25 350 52 - - 379 2 - 327 18 -
0 14 57 12 - 3% 46 4 60 24 -
35 13 2 2 - 16 2 - 17 ] -
40 14 7 5 - 15 11 - 23 3 -
45 4 1 - - 5 - - 4 1 -
56 15 20 8 1 14 29 1 38 5 -
60 - - - - - - - - - -
652 - - - 7 - - - - - 6
70

753 - - 63 77 - - - - - 93
80 - - 5 1 - - - - - -
852 - - 76 65 - - - - - 107
90 - - - — - - - .. - -

8 Dpata recorded in Rio Negro, Col.
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Table 4. Number of bean entries in the 1985 VEF within each group according to seed
characteristics.
Seed size (gr/100 Seeds)
Group Brilliance 25 25-40 40
no. Shiny Opaque Semi shiny (Small) (Medium) (Large)
10 2 98 1 101 1 -
20 120 8 34 146 16 -
25 67 40 151 15 209 181
30 12 37 34 80 3 -
35 3 2 2 3 10 5
40 23 1 2 6 17 2
45 1 - 4 - 2 3
50 7 25 12 38 6 -
60 3 1 1 3 2 -
65 5 - 2 7 - -
70 14 7 34 21 34 -
75 114 3 24 18 79
80 6 - 1 5 2 -
85 47 5 82 7 51 64
90 49 24 163 - - -
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Table 5. Yield (kg/ha) and main characteristics of the top five lines in 1985 VFF within each group of bush beans.
Palmira.
Growth g/100 Days to 1 " R 3 A
I.ine habit seeds maturity Yield Rust® CBe” Antr. ALS
Groun 10
MUS 14 2 25 75 3959 S S 1 T
DOR 251 3 22 68 3757 1 S I T
DOR 168 2 22 68 3738 T S R R
NAG 108 ki 19 76 3638 R S L 1
NAG 146 2 24 7 3627 R I R 1
Group 20
RAB 308 3 21 77 4459 1 S R R
AFR 139 3B 20 81 4027 1 S R R
AFR 114 3B 21 81 3841 R S R P
RAB 290 3 18 75 3822 S S R I
RAB 203 2 22 75 3743 1 S T 1
Groug 25
I’AD 66 H 44 79 3630 1 1 1 R
AFR 159 1 51 77 3581 R 1 R R
ALD 312 1 47 73 3554 R I R R
AFK 192 1 56 75 3473 R 1 T I
AFR 169 2 36 73 3424 R S R R
Group 30
PAN 126 2 19 80 3981 1 S R R
EMP 161 2 16 77 3503 1 S R R
PAN 120 2 16 80 3449 R S I R
Mp 175 2 18 77 33s9 T S R R
B 2 2 15 73 323 R S R R

(Continued)



Table 5 (Continuation)

Growth 2/100 Days to 1
Line habit Seeds maturity Yield Rust CBB Antr. ALS
Group 35
P 154 2 22 75 2932 R S 1 R
G 17331 1 40 65 2116 1 S S R
VAF 19 1 34 68 1995 1 S T R
VAF 12 1 37 67 1741 L S S R
WALY 9 1 28 66 1730 1 S I 1
Group 40
VF 279 3B 31 79 2011 1 S S R
BRaN 45 1 35 73 1989 I S S R
BAN 44 2 27 73 1624 I 1 I R
CalN 30 2 38 €6 1924 R 1 R R
G 1423 1 33 66 1827 R S S R
Group 45
AFR 162 1 39 77 1895 I S R R
AND 300 1 43 68 1857 I I R
AND 299 1 50 68 1830 R I S
AFR 200 2B 39 75 1757 1 S I R
AND 201 1 45 67 1473 1 S R
Group 50
AFR 116 3B 25 75 3551 R S I R
AFR 81 3 20 71 3335 S S R R
ATFR 80 2 21 71 3205 1 S R R
AFR 78 3A 21 73 3176 1 S R R
EMp 169 2R 2] 75 3165 I S I R

"
<

Based on Sm” plots

Palmira

, Posdcan

1 ‘.

it rchen

BN
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Table 6. Yield (kg/ha) and main characteristics of the top five lines in the 1985 VEF within each group of climbing

beans.
Line Growth g/100 Days to 1 » 2 3 A BCMV
habit seeds maturity Yield Rust CBB Antr. ALS NL3
Group 60
AFR 230 28 4944 R S 1 R vV 31
BRU 5 15 4135 R S R R N 01
RRU 6 11 3602 R S I R vV 13
AFR 231 28 3538 R S R R N 01
IGX 1 25 1081 R S I R N 01
Group 655
ASC 6 4A 21 148 459 R S R R M 03
ASC 7 4A z20 143 430 1 S R R N 01
ASC 2 4A 25 143 331 I S R R N 01
ASC 3 4A 18 143 275 1 S I R N 01
ASC 1 4A 17 148 263 R S R R v 31
Group 70
AFR 229 31 6775 I S R R N 01
AFR 238 34 6660 R S R R M 03
AFR 221 30 5931 R S R R N 01
AFR 240 23 5820 R S R R N 01
AFR 227 32 5558 R S R K N 01
(Continued.)
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Table 6 (Continuation.)

Line Growth gr/100 Days to 1 2 2 3 4 BCMV
habite sceds maturicy Yield Rust CBB Antr. ALS NL3
Group 755
AFR 51 QA 5 18 5079 R S R R M 03
AFR 43 4A 27 123 4954 R S R R M 03
AFR 58 3B 27 118 4916 R S R R M 03
AFR 54 3B 26 118 4314 R S R R M 03
AND 200 3B 31 128 4888 S S R R M 03
Group 80
AFR 223 3B 28 5558 R S R R N 01
ERU 7 3B 15 4571 I S R R N 01
ERU 9 3B 18 3158 I S R R M 03
RRY 10 4A 13 2538 R S R R M 03
BxU 8 3B 11 1871 I S R R vV 13
-~ P
i*roup 85
AND 7 4A 53 138 3316 T S R R M 03
AND 228 4A 52 133 3261 R S R R M 03
AND 215 4A 4 138 3099 R S R R M 03
AND 6 4A 57 143 3024 R S R R M 03
AND 9 4A 56 133 2944 R S R R M 03

Based on 5 m2 plots
Palmira

Porayan

uiliichao

Rio Yegro

[ I SN 6}



S91

Table 7.

Number and proportion of bean entries in each basic
to their reaction to rust and common bacterial bligh

group of VEF/85 according
t in Palmira, Colombia.

Group Number of N R UST C BB
no. entries R™ I S (Si) R I S (817
10 102 46 43 12 1 3 54 45 -
20 163 33 106 23 - 1 75 86 1
25 405 217 185 3 - 90 292 22 1
30 84 37 41 6 - 2 39 43 -
35 18 2 16 - - - 3 15 -
40 26 14 12 - - 1 19 6 -
45 5 1 4 - - - 5 - -
50 44 14 25 4 1 1 18 24 1
60 5 5 - - - - 3 2 -
65 7 2 4 1 - 3 4 - -
70 55 34 19 2 - - 55 - -
75 141 91 46 4 - 2 113 23 3
80 7 2 5 - - - 6 1 -
85 154 78 61 5 10 11 111 25 7
90 236 144 91 1 - - 203 33 -
TOTAL 1452 720 659 61 12 114 1000 325 13
49.67% 49.6% 45.4% 4.27 .8% 7.8%2 68.97 23.4% 0.9%
a R = Resistant
I = Intermediate
S = Susceptible
S.= No data



Table 8, Number of bean entries in each
group of the VEF/85 according
to their angular leaf spot
reaction in Quilichao

Colombia.
Group a
no. R 1 S Total
10 - 88 12 100
20 5 140 4 149
25 30 345 16 391
30 3 58 1 62
35 1 31 1 33
40 1 23 1 25
45 - 6 - 6
50 - 25 13 38
60 - 1 4 5
65 - 4 3 7
70 - 18 34 52
75 - 30 75 105
80 - 2 4 6
85 - 62 47 109
90 3 46 178 227
TOTAL 43 879 393 1315

R = Resistant
= Intermediate
= Susceptible

w
[
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Table 9. Number of bean entries in each group of the 1985 VEF according to their anthracnose and
Ascochyta reaction at Popayan, Colombia.
Group . ANTHRACNOSE ASCOCHYTA
no. R~ 1 S Total R I S Total
10 3 47 49 99 - 98 3 101
20 51 71 40 162 - 142 21 163
25 143 151 86 380 - 255 141 396
30 15 31 19 65 - 59 9 68
35 4 15 12 31 - 21 12 33
40 1 8 8 17 - 11 12 23
45 3 2 1 6 - 4 2 6
50 10 20 7 37 - 35 8 43
60 2 2 - 4 - 5 - 5
65 4 2 1 7 1 6 - 7
70 49 3 - 52 - 35 17 52
75 104 4 1 109 17 76 47 140
80 6 - 1 7 3 4 - 7
85 107 19 4 130 18 59 69 146
90 51 89 72 212 - 225 4 229
Total 553 464 301 1318 39 1035 345 1419
8 R = Resistant
I = Intermediate
S = Susceptible



Table 10. Entries from the VEF/85 that had a resistant or intermediate
reaction to five diseases (rust, common bacterial blight,
angular leafspot, Anthracnose and Ascochyta leafspot).
during two semesters in three localities, Palmira, Quilichao
and Popayan.

Resistant to rust, intermediate to CBB, Anth, ALS, Asco: AFR 192, AND
AND 261, AND 262, AND 273, AND 298, AND 303, AND 308, AND 315,
AND 317, AND 319, AND 351, AND 352, AND 364, ICA 15122, ICA
15385, ICA 15397, TCA 15399, ICA 15409, ICA 15479, 1CA 15500,
ICA 15515, ICA 15531.

Resistant or intermediate to Rust, Ant, Als, Asco, and resistant to
CBB: ICA 15516, PAD 51.

Resistant or intermediate to Rust, CBB, ALS, Asco, and resistant to

Ant: AFR 171, AFR 172, AFR 188, AFR 204, AFR 214, AND 291, AND 294,
AND 304, AND 307, AND 312, AND 323, AND 331, AND 337, AND 359,
AND 370, TCA 15119, ICA 15133, ICA 15136, ICA 15141, ICA 15142,
ICA 15150, TICA 15252, 1CA 15334, 1ICA 15342, TCA 15368, ICA 15383,
ICA 15393, TCA 15412, ICA 15418, TCA 15451, ICA 15473, ICA 15474,
ICA 15480, TCA 15481, TCA 15483, TCA 15496, ICA 15497, ICA 15506,
ICA 15509, ICA 15520, ICA 15555.

Resistant or intermediate to rust, CBB, Ant, Asco and resistant to
ALS: AND 370, TICA 15141, TCA 15257, ICA 15342, Kidney Mot. SC, PAD 59
70.
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Table 11. Number of sets of VEF nurseries dispatched to 20 countries
around the world.,

Group No. of No. of No. of
no. sets countries Countries sets
Bulgaria 1
10 20 8 Colombia 3
20 19 8 China 1
25 7 6 Costa Rica 8
30 4 4 Ecuador 1
35 2 2 El Salvador 6
40 3 3 Guatemala 7
45 3 3 Honduras 6
50 4 4 Kenya 1
85 3 2 Mexico 1
90 2 2 Nicaragua 6
. Panama 1
67 Puerto Rico 8
Peru 1
Rwanda 4
South Africa 1
Tanzania 1
Venezuela 1
Zambia 3
Zimbabwe 6
67
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B. EP

From the 1,004 entries tested in the 1984 VEF, 394 lines were
selected for evaluation in the 1985 FP. To make meaningful
comparisons lines were grouped according to growth habit, seed size
and the commercial grain type. Table 12 shows the details of the 18
preliminary yield trials organized with the lines selected for this
second stage of testing,

Among the black-seeded lines we could single out RIZ 48 which
in Palmira showed higher yields than those of two outstanding
varieties in that color group, BAT 271 and ICA Pijao. In Popayan,
RIZ 36 outperformed the rest and DOR 227 and NAG 87 were among the
best entries at hoth testing sites (Table 13).

Fighteen lines were as good in Palmira as in Popayan among the
47 small seeded red lines tested in three different trials. Type 1Ib
entries showed higher yields than those of growth habit TTa and III
(Tables 14, 15 and 16).

Although BAT 1297 is a small seed sized-line of growth habit ITh
it was used as check in all the trials where red-mottled lines were
tested, whether these were small, medium or large sized, types T, II

or ITI. Table 17 shows that compared with lines of similar seed size
and growth habit BAT 1297 is not the best line available. Although
in comparison with larger seed-sized lines PBAT 1297 exhibits a

superiority, although there are lines like ZAA 20 (Table 18) and PVA
1321 (Table 19) which can compete favorably with this check. PVA
3025, KID 3, PVA 3026 (Table 20) and ZAA 65 and KTID 8 (Table 21) are
large-sized lines which showed a good performance.

Among the small white lines PAN 55, PAN 103 and PAN 68 were the
outstanding entries (Table 22). BIM 9 among the large white (Table
23), G 13094, BAN 38, BAN 21 for the Bavo and yellow types (Table
24), COS 5, €OS 3 for the Mexican highland-types (Table 25) and RIZ
45 and DOR 350 for the Brazilian types (Table 26) were the
outstanding lines in their respective groups.

The performance of the small red-seeded climbing 1lines was
dissimilar in Palmira from Popayan. ACV 21 the outstanding line in
Popayan, did not show above average vields in Palmira and none of the
six lines with above average yields in Palmira had a similar
performance in Popayan (Table 27).

International EP

Twenty three sets of EP trials were sent to eight countries.
Sets were arranged according to the color groups used by the CIAT
Bean Program.
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Table 12. Types of preliminary yield trials (1985 EP) assembleé with the entries selected from the 1984 VEF
and tested at two locations in Colombia.

Creup No. of Record of
no. Trial Description New lines Checks yield data

Bush bean trials

10 Small black-seeded lines Growth habit I1I-111 18 3 Table 11
20 Small red-seeded ilnes Growth habit 1ta 9 1 Table 12
Growth habit IIb 25 1 Table 13
Growth habit TIT 13 1 Table 14
25 Red-mottled, small-seeded lines Growth habis ITa, IIb 35gr/100 seeds 18 2 Table 15
Red-mottled, med/large-seeded Growth habit 1Ib, III, 35-55 gr/100 15 1 Table 16

lines sceds
Growth habit T, 35-45 gr/100 seeds 21 1 Table 17
Red-mottled, large-seeded lines Growth habit I, 45-50 gr/100 seeds 29 1 Table 18
Growth habit I, 50 gr/100 seeds 18 2 Table 19
30 Small white-seeded lines Growth habit 11 a 10 2 Table 20
Growth habit ITb and I11 28 2 Table 20
35 Large white-seeded lines Crowth habit 1, Il 7 1 Table 21
40 Yellow and light-tran-seeded lines Growtl: habie T 22 2 Table 22
45 Mexican highland-cype lines various colors, growth habit I, II1, 10 2 Table 23

IT1

50 Brazilian-type lines Various colors, growth habit II 13 1 Table 24
Various colors, growth habit IT1I 11 1 Table 24

Climbing bean trials

n Small red-secded lines Growth heabit 4a. 13 1 Table 25
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Table 13. Experimental lines with above-average yields (kg/ha) in two sites at
Colombia. 1985 EP. Small, black-seeded lines. First semester.

PALMIRA POPAYAN

Line Yield Line Yield
RIZ 48 1706  a=* RIZ 36 3502 a
BAT 271 (E) 1594  ab NAG 105 3428 ab
ICA Pijao (L) 1536  abe NAG 91 3403 ab
DOR 227 1533  abed DOR 227 3397 ab
NAG 75 1485 abcde NAG 95 3367 ab
NAG 98 1412  abcde NAG 87 3359 ab
DOR 241 1383  abedef EMP 148 3347 ab
RIZ 52 1340 bedefg ICA Pijao (L) 3341 ab
NAG 94 1315 bedefg BAT 527 (E) 3340 ab

NAG 87 1306  bedefg

Mean (n=21) 1260 3294

Range 957-1706 3132-3502

cv 14.8% 4.97%

* Values followed by the same letter are not significantly different at the 0.05

level of probability according to Duncan”s test.



Table 14,

Experimental lines with above-average yields (kg/ha) in two sites in
Colombia. 1985 EP. Small, red-seeded lines of growth habit ITa., First

Semester.

PALMTIRA

POPAYAN

Line Yield Line Yield
RAB 244 1576  a* RAB 249 3393 a
RAO 30 1210 b RAB 210 3334 ab
RAB 210 1204 b RAB 256 3297 ab
RAB 249 1148 b RAB 130 3267 ab
BAT 1674 1056  bc RAO 30 3212 abe
RAB 175 1027  be Zamorano (L) 3183 abc
Zamorano (L) 679 d

Mean (n=10) 1024 3165

Range 605-1576 2858-3393

cv 18.3% 6.3%

* Values followed by the same letter are not significantly different at
level of probability according to Duncan”s test.
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Table 15. Experimental lines with above-average yields (kg/ha) in two sites in
Colombia 1985 EP. Small, red-seeded lines of growth habit IIb, First

semester,
PALMTITRA POPAYAN
Line Yield Line Yield
RAO 24 1875 ax RAB 230 3473 a
RAB 201 1783 ab LOR 308 3432 ab
RAB 40 1728 abe RAB 147 3391 ab
RAB 203 1635 abed RAB 254 3384 ab
RAB 211 1522  abed RAB 245 3372 ab
DOR 308 1501 abed RAB 219 3370 ab
RAB 204 1498  abed RAB 234 3323 ab
RAB 147 1476 abed RAB 181 3320 ab
RAB 181 1462  abcede RAB 239 3313 ab
RAB 164 1437 abcde RAB 204 3300 ab
RAB 206 1410 abcde Zamorano (L) 3289 ab
RAB 172 1384 abcde
RAB 254 1378 abcde
RAB 251 1377 abcde
RAB 233 1371 bcde
Zamorano (L) 639 f
Mean (n=26) 1370 3292
Range 639-1875 3199-3473
cv 18.3% 4.6%

* Values followed by the same letter are not significantly different at the 0.05
level of probability according to Duncan”s test.
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Table 16. Experimental lines with above average yields (kg/ha) in two sites in
Colombia. 1985EP. Small, red-seeded lines of growth habit ITI. First

semester.
PALMTITRA POPAYAN

Line Yield Line Yield
RAB 246 1249  a* RAB 180 3299 a
RAO 32 1225 a RAB 247 3038 ab
RAO 35 1207 a RAO 34 3228 ab
RAB 205 1103 ab Zamorano (L) 3205 ab
RAO 33 1095 abe RIZ 53 3160 abc
RAB 180 1083  abe RAB 96 3108 abc
RAO 34 1066  abc ZAA 25 3089 abe

Zamorano (L) 607 d

Mean (n=14) 1011 3028
Range 607-1249 2738-3299
cv 17.2% 5.3

* Values followed by the same Jetter are not significantly different at the 0,05

level of probability according to Duncan”s test.
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Table 17. Experimental lines with above-average yields (kg/ha) at
Palmira, Colombia 1985 EP. Red-mottled (€35 g/100 seads)
seed lines of indetermiminate growth habit. First semester.

Growth
Line habit Yield
PAT 110 ITI 1565 a*
PAT 118 IIa 1482 ab
PAT 127 ITa 1439 ab
PAT 9 11a 1372 ab
PAT 126 I1b 1354 ab
PAT 112 ITa 1309 ab
PAT 5 TIb 1307 ab
PAT 13 I1b 1301 ab
PAT 130 I1a . 1277 ab
PAT 119 IIa 1265 ab
PAT 6 IIa 1174 abc
PAT 2 Ila . 1141 abc
BAT 1297 (E) ITb 1083 abed
Mean (n = 20) 1124
Range 460-1565
cv 22.2%

* Values followed by the same letter are not significantly different
at the 0.05 1level of probability according to Duncan”s test,

177



Table 18. Experimental lines with above-average yields (kg/ha) at
Palmira, Colombia. EP/85, Red-mottled medium and
large-seeded lines (35-55 g/100 seeds) of indeterminate
growth, First semester.

Growth
Line habit Yield
BAT 1297 (E) 1Tb 1997 a*
ZAA 20 ITb 1947 ab
ZAA 13 ITI 1678 be
ZAA 19 ITb 1638 c
Austria 287 ITb 1610 c
PVA 800A 111 1515 cd
PVA 800B T11 1459 cd
ZAA 105 1Tb 1459 cd
PVA 1384 ITI 1437 cd
Mean (n=16) 1358
Range 870-1997
cv 12.0%

* Values followed by the same letter are not significantly different
at the 0.05 level of probability according to Duncan”s test.
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Table 19, Experimental lines with above-average yields
(kg/ha) at Palmira, Colombia. EP/85. Red
mottled, medium and large-seeded lines (35-45

gr/100 seeds) of determinate growth.

semester.
Line Yield
BAT 1297(E)? 1695 ak
PVA 1321 1320 b
ZAA 14 1072 bc
PAD 49 1064 be
PVA 957 1042 be
PVA 1327 1034 be
PAD 37 1018 be
ZAA 5 984 be
ZAA 29 918 be
Mean (n=22) 908
Range 499-1695
cv 23.87%

8 Growth habit ITb

* Values followed by the same letter are not significantly
different at the 0.5 level of probalility according to

Duncan's test.
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Table 20. Experimental lines with above
average yields (kg/ha) at Palmira,
Colombia. 1985 EP. Red-mottled
large-seeded (45-50 g/100 seed)

lines of determinate growth. First

semester,
Line Yield
BAT 1297 (E)2 1440  a*
PVA 3025 1218 b
KID 3 1192 b
PVA 3026 1158 b
KID 7 1027 be
PAD 45 907 cd
PAD 47 837 cde
ZAA 64 832 cde
ZAA 88 806 cdef
ZAA 102 804 cdef
ZAA 111 783 cdefg
ZAA 6 780 cdefg
ZAA 66 770 cdefg
Mean (n=30) 748
Range 540-1440
cv 18.0%

a Growth habit ITb.

* Values followed by the same letter are not
significantly different at the 0.05 level of
probability according to Duncan”s test.

180



Table 21. Experimental lines with above-average yields
(kg/ha) at Palmira, Colombia. 1985 EP. Red-mottled
large~seeded ( 50 g/800 seed) lines of determinate

growth. First semester.

Line Yield
BAT 1297 (E) 1502 a*
ZAA 65 1074 b
KID 8 1064 b
ZA,\ 55 1013 be
ZAA 8 998 be
PVA 844 982 be
KID 14 973 be
ZAA 79 954 be
PVA 1377 923 be
PVA 846 911 bed
PVA 1122 910 bed
Mean (n=20) 908
Range 558-1502
cv 19.8

a Growth habit TIIb

* Values followed by the same letter are not significantly
different at the 0.05 level of probability according to

Duncan”s test.
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Table 22. Exper:'mental lines with above-average yields
(kg/ha) at Palmira, Colombia. 1985EP. Small,
white-seeded lines of growth habit IIa, IIb and
ITTI, First semester.

Growth habit Ila Growth habit TIb and ITII
Line Yield Line Yield
PAN 55 1349 a* PAN 68 1826 a
PAN 103 1300 a PAN 65 1750 ab
PAN 52 1214 ab BLM 8 1720 ab
Ex Rico 23 (L) 1176 ab PAN 39 1715 ab
MITA-L-227-1 1175 ab MITA-L-226-10 1669 bec
PAN 66 1155 ab PAN 97 1664 bc
PAN 48 1147 ab PAN 38 1650 be
PAN 72 1646 be
PAN 102 1643 be
Ex Rico 23 (L) 1638 bec
PAN58 1613 bed
PAN 96 1598 bed
DOR 333 1574 bede
PAN 79 1552 bede
PAN 86 1540 bede
PAN 87 1534 bede
Mean (n=12) 1117 (n=30) 1504
Range 843-1349 1327-1826
cv 17.1% 14,8%

* Values followed by the same letter are not significantly
different at the 0.05 1level of probability according to
Duncan”s test,
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Table 23. Experimental lines with above-average yields

(kg/ha) at Palmira, Colombia.

white-seeded lines.

1985 EP. Large,
First semester,

Line Yield

BLM 9 1518 a*

BLM 12 1179 ab

BLM 5 975 be

Alubia cerrillos (L) 883 be
Mean (n=8) 942
Range 504-1518
Ccv 21.2%

* Values followed by the same letter are not significantly
different at the 0,05 level of probability according to

Duncan”s test.

183



Table 24. Experimental lines with above-average yields
(kg/ha) in Palmira, Colombia. EP/85. Yellow and
light-tan seeded lines. First semester.

Line Yield
G 13094 1641 a*
BAN 38 1589 a
BAN 21 1586 a
BAN 22 1534 ab
BAN 29 1477 abce
BAN 28 1477 abce
BAN 27 1392 abed
BAN 30 1386 abed
Culiacan 200 1370 abed
Mayocoba (L) 1359 abed
Can 107 x Per 5-M 1347 abed
Bayo Titan (L) 1302 abed
IT SFRM-81-M-M 1288 abed
ZAA 33 1276 abced
Ahome 1276 abed
Mean (n=24) 1267
Range 726~1641
cv 21.1%

* Values followed by the same letter are not significantly
different at the 0.0G5 level of probability according to
Duncan”s test.
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Table 25. Experimental lines with above-average yields

(kg/ha) in two sites of Colombia.

1985 EP. Lines

of various colors for the Mexican highlands. First

semester,

(4

PALMTRA

POPAYAN

Line Yield Line Yield
C0S 5 1731 a* Ojo de Cabra (L) 3565 a
CoSs 3 1692 a ZAA 33 3454 ab
Canario 107 (L) 931 CoS 3 3419 ab
Ojo de Cabra (L) 838 b COS 4 3386 ab
Cos 5 3366
ZAA 18 3354
Canario 107 (L) 3116 ¢
Mean (n=12) 1033 3273
Range 691-1731 3071-3565
cv 16.1% 3.0%

* Values followed by the same
different at the 0.05 level of probability according to

Duncan”s test.

letter are not siyuificantly
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Table 26. Experimental lines with above-average ylelds
(kg/ha) 1in Palmira, Colombia, 1985 EP.

cream and cream-striped lines of small seed

size,

First semester.

Pink

GROWTH HABIT T1I

GROWTH HABIT III

Lines Yield Lines Yield

RIZ &5 2236 ax* DOR 350 1569 a
EMP 147 1901 ab DOR 351 1487 ab
DOR 335 1888 ab EMP 143 1465 ab
RIZ 50 1705 bec DOR 344 1454 ab
RIZ 46 1636 bed RIZ 32 1322 abc
Carioca (L) 1518 bed Carioca (L) 1135 abc
Mean (n=14) 1582 (n=12) 1298
Range 1105-2236 1048-1569

cv 17.2% 12.47%

* Values followed by the same letter are not significantly
different at the 0.05 level of probability according to
Duncan”s test,



Table 27,

Experimental lines with above-average yields

(kg/ha) in Palmira, Colombia. 1985EP. Small
red-seeded climbing lines. First semester.

GROWTH HABIT 1V

GROWTH HABIT 1IVb

Lines Yield Lines Yield
ACV 4 1913 a* ACV 21 2144 a
ACV 22 1843 a ACV 36 1854 ab
ACV 30 1843 a ACV 5 1779 ab
ACV 1 1827 a ACV 7 1670 abe
ACV 31 1688 a ACV 17 1665 abe
ACV 2 1329 ab ACV 34 1601 be
Rojo 70 391 ¢ ACV 55 1592 be
ACV 12 1526 be
Rojo 70 367 d
Mean (n=14) 1124 (n=16) 1235
Range 391~1913 36/-2144
cv 29.3% 21.7%

* Values followed by the same letter are not significantly
different at the 0.05 level of probability according to

Duncan”s test.
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C. IBYAN

As wusual, this report includes the results of the second
semester plantings in the two Colombian locations of the trials of
the previous year and the results of the first semester plantings at
the same locations of the trials of this year. Also, a summary of
the worldwide results of the IBYAN of the previous year i1s included.
A more complete analysis of the data 1is published in a separate
report.

1984 TBYAN

During 1984 CIAT distributed 195 bush and 47 climbing IBYAN
trials. The outstanding lines by color groups were the following
lines: NAG 55, NAG 20, NAG 42. NAG 15 (Table 28), RAB 59, RAB 30
(Table 29), PVA 901, BAT 1297, A 471, PVA 1258 (Table 30), MCD 257,
PVA 359, MCD 253, PVA 781 (Table 31), WAF 9, A 321, A 445, PVBZ 1782
(Table 32), ACV 8311, ZAV 8344, ZAV 8332, ZAV 8305, ZAV 8399, ZAV
8394 (Table 33).

Trials 1in the second semester of 1984 in two Ilocations 1in
Colombia confirmed the outstanding performance elsewhere of the
black-seeded lines NAG 55, NAG 15 and the red line RAB 59 (Table 34).

Among the red-mottled lines that vielded well both at Palmira
and Popayan are: PVA 1258, A 471, MCD 257 and the check BAT 1297
(Tables 35, 36). Tor the Mexican highland types A 445 (Table 37) and
for the Brazilian types PVBZ 1782 (Table 38) are singled out as the
best materials adapted to both contrasting testing sites in Colombia.

Among the climbers the black seeded 1lines VNA 81017, V 8367
(Table 39) and the small red seeded ACV 8351, ACV 8363 (Table 40)
were the only ones that performed well at both Colombian locations.
The light color-seeded climbing beans for warm climates showed high
yields at Palmira particularly ZAV 8313 with 5 t/ha (Table 41);
yields for the medium/cool climate materials were not as high but
most of the material outperformed the local checks (Table 42).

1985 IBYAN

The trial was formed hy eight different nurseries that were
dispatched to 39 countries. The present report only includes results
from the TIBYAN trials planted by the Bean Program in Colombia in the
first semester cf 1985 (Tables 43 to 50).

Outstanding materials in these trials performing well at both
sites, Palmira and Popayan were the following: NAG 12, a type TIa
erect black seeded line (Table 43), NAC 46 and XAN 151 (Table 44),
RAB 58, RAB 102 and RAB 59, three small red-seeded lines (Tables 45,
46), RAD 16 a small, opaque red-seeded bean (Table 47). None of the
large-sized red- mottled beans outperformed the small sized type TTb
line BAT 1297 but among the lines with similar grain and plant
characteristics two of them were as good as BAT 1297 (Table 48). ZzAV
8306 proved to be a promising line: it ranked first at both locations
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and yielded 5 t/ha at Popayan. MAM 7 was another good line for both
locations (Table 49). The new small, red-seeded climbing 1lines
outperformed by a wide margin both commercial Central American
varieties used as checks, Table 50.

Table 28. Yield (kg/ha) of the top two lines of the 14 sites where 12
black-seeded entries were tested. IBYAN 1984.

LOCATION LINE YIELD LINE YTIELD LSD.03
Mairana BOL BAT 304 3085 NAG 66 3077 571
Palmira A COL BAT 271 (T) 3523 NAG 55 3086 7323
Palmira 2 7oL NAG 15 3501 NAG 55 3493 514
Popavin A COL NaG 26 3866 NAG 42 3740 630
Alajuela C. RiCA BAT 304 1004 NAG 66 897 274
Alajuela C. RICA NAaG 20 806 N. Huasteco 757 276
Alquizar CUBA NAG S5 356C NaG 15 3165 515
Graneros CHILE NAG 44 2882 NAG 20 2847 623
Chillan CHILE NAG 55 3885 Testigo L. 3750 474
Padilila MEX Jemapa 1778 NAG 15 1743 446
Mazatlan MEX NAG 20 1763 NAG 26 1548 376
Saman Mocho VEN NAG 77 1925 NAG 55 1859 420
San Mizguel YVEN NAG 42 2530 NAG 20 2517 90¢C
Maracay VEN Jamapa 2560 NAG 42 2330 720

Table 29, Yield (kg/ha) of the top two lines of the seven sites where 12
red-seeded entries were tested. IBYAN 1984,

LOCAT1OH LINE YIELD LINE YIELD LSD.05
Alajuela C RICA RAB 30 1222 RAB 59 917 239
Alajucla C RICA RAB 30 806 RAB 141 748 235
Palmira A coL RAB 59 2989 RAB 30 2934 538
Palmira B coL RAE 59 3197 RAB 141 3156 548
Popayin A COL RAB 93 3644 RAB 71 3584 465
Alquizar CUBA RAB 59 2829 RAB 93 2754 1061
St. Andrew JAMAICA RAB 94 17C1 RAB 124 1534 732
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Table 30. Yield (kg/ha) of the top two lines of the 11 sites where 12
medium~sized, red-mottled entries were tested.

IBYAN 1984.

LOCATION LINE YIELD LINE YIELD L.SD.05
Central Farm BELIZE  BAT 1297 1272 A 471 1199 434
Palmira A COL BAT 1297 2551 PVA 875 2318 391
Palmira B CoL PVA 1258 2341 PVA 875 2300 354
Popayan A COL PVA 1258 3114 A 471 2477 721
Popayan B COL PVA 901 2479 PVA 1258 2218 826
Alquizar CUBA PVA 880 2534 PVA 555 2512 1258
Damien HATITI BAT 1297 3125 A 471 2465 552
Chilanga ZAMBIA  EAT 1297 1847 PvVa 901 1706 449
Chipata ZAMBTIA  PVA 1360A 527 PVA 90! 464 199
Mbala ZAMBIA  MCD 230 620 PvA 901 542 84
Gwebi ZIMBWE  PVA 901 1558 PVA 1360A 1239 191
Table 31. Yield (kg/ha) of thke top two lines of the 1l sites where 12
large-sized, red-mottled entries were tested. IBYAN 1984

LOCATION LINF YIELD LINE YTELD LSD.05
Central Farm BELIZL  PVA 731 1276 PVA 359 1222 241
Palmira A CoL MCh 257 2374 PVA 1180 2360 326
Palmira B coL MCD 257 2198 Calima 2009 358
Popayan A COL MeD 257 3545 Calima (T) 2243 632
Popayan B BELIZFE  PVA 359 1671 MCD 257 1485 672
Alquizar CusaA MCD 254 2757 MCD 253 2175 398
Damien HATTL  CH 253 2118 MCD 252 2083 758
Chipata ZAMETA VA 781 664 MCD 253 602 155
Mbalz ZAMBIA PYA 359 470 VA 781 421 110
Chilanga ZAMBIA  PVA 702 1495 Pva 1180 1224 406
Harare IMEAWT PVA 78l 1812 PVA 791 1771 179
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Table 32. Yield (kg/ha) of the top two lines of the light colored-seed entries
tested in different sites. IBYAN 1984.

LOCATION LINE YIELD LINE YIELD LSD.05
Large sized, white lines n= 12
Santiago CHILE WAF 2 3891 WAF 3 3283 774
Chillan CHILE WAF 9 4161 WAF 7 3839 681
Valdivia CHILE WAF 2 2193 WAF 9 2023 434
Mexican highlands ~ bean types n = 12
Palmira A COL A 321 3791 A 445 3386 390
Palmira B COL A 445 3447 PVMX 1597 2737 505
Popayan B coL A 445 3662 A 429 3095 585
Tepatitlan MEX A 321 1664 Local C 1378 362
Pena del Panal MEX A 321 1610 A 411 1548 297
Chapingo MEX Local C 2098 A 321 1988 363
La Huerta MEX A 445 1981 A 439 1789 421
Brazilian-bean types n =12
Mairana BOL Catu 3639 IPA 7419 3359 459
Palmira A CcoL PVBZ 1726 2374 IPA 7419 2360 326
Palmirz B COoL PVBZ 1782 2983 PVBZ 1894 2946 592
Popayzn A COoL PVBZ 1896 4105 Carioca 4063 448
Popayan B COL PVBZ 1782 2901 PVBZ 1782 2688 1020
Alquizar CUBA PVBZ 1881 3504 PVBZ 1726 3314 554
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Table 33. Yield (kg/ha) of the top two lines of the red and light colored seed
entries of the climbing bean trials. IBYAN 1984.

LOCATION LINE YIELD LINE YIELD LSD.05
Small, red-seeded lines, warm climate n =12
Palmira B COL ZAV 8359 4631 ACV 8351 4588 559
Popayan B COL ACV 8340 3325 ACV 83¢9 3087 1333
San Andrés SALV Rojo 70 3457 ZAV 8344 3049 611
Chipata ZAMBIA ZAV 8344 1884 ACV 8311 1704 648
Lae PAPUA NG ACV 8311 2099 ZAV 8344 1876 177
Light color - seeded lines, warm climate n=12
Palmira B COL ZAV 8313 5066 ZAV 8352 4459 627
Chipata ZAMBTIA ZAV 8308 1984 ZAV 8332 1711 437
Mbala ZAMBTA ZAV 8305 919 ZAV 8332 820 154
Lae PAPUA NG VRB 81012 795 ZAV 8305 632 ag
Light color seeded lines, medium/cool/climates n=12
Pcpayan COL I. Llanogrande 3450 I. Viboral 3340 644
Sta. Catalina ECU E 605 1206 F 849 1120 281
Peria del Panal MEX R. de Castilla 1794 Cacahuate 1471 417
Chapingo MEX ZAV 8390 1889 ZAV 8394 1573 383
Cajabamba PERU ZAV 8382 1051 ZAV 8394 976 447
Chipata ZAMBTA  ZAV 8378 920 ZAV 8399 793 273
Mbala ZAMBTIA  ZAV 8394 664 ZAV 8398 646 165
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Table 34. Average yield (kg/ha) of the black and red-seeded beans tested in CIAT-Palmira.

IBYAN 1984. Semester B.

SMALL, BLACK-SEEDED LINES

SMALL, RED-SEEDED LINES

Rank Rank

crder Identification Yield order Identification Yield
Experimental lines
1 NAG 15 3501 1 RAB 59 3197
2 NAG 55 3493 2 RAB 141 3156
3 NAG 42 3439 3 RAB 71 3003
5 NAG 44 3175 5 RAB 79 2930
CHECKS

4 BAT 271 3232 4 A 21 2964
6 Jan.apa 3100 12 Zamorano 2 1867
Mean (n=12) 3017 2743
LSD.05 514 548
cv 10.1 11.87%
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Table 35. Average yield (kg/ha) of the medium-sized, red-mottled beans tested in
CIAT-Palmira and CIAT-Popayan, IBYAN 1984. Semester B.

PALMTIRA POPAYAN
Rank Rank
order Identification Yield order Identification_ Yield

Experimental lines

2 PVA 1258 2341 1 PVA 901 2479
3 PVA 875 2300 2 PVA 1258 2218
4 PVA 1360 B 2274 3 A 476 1898
5 A 471 2201 5 A 471 1686
CHECKS
1 BAT 1297 2830 4 BAT 1297 1758
9 Pompadour Mocana 1846 11 Pompadour Mocana 828
Mean (n=12) 2047 1517
LSD.05 354 826
cv 10.2% 32.17%
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Table 36. Average yield (kg/ha) of the large-sized, red-mottled beans tested in
CIAT-Palmira and CIAT-Popavan. IBYAN 1984. Semester B.

PALMTIRA POPAYAN
Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 MCD 257 2198 1 PVA 359 1671
3 PVA 1180 1916 2 MCD 257 1485
4 PVA 791 1859 3 MCD 252 1115
5 PVA 702 1727 4 MCD 251 1115
CHECKS
2 Calima 2009 6 Calima 879
Mean (n=12) 1681 922
LSD.05 358 672

cv 12.6% 43.1%




Z61

Table 37. Average yield (kg/ha) of a group of lines developed for the Mexican highlands
tested in CIAT-Palmira and CIAT-Popayan. IBYAN 1984. Semester B.

PALMTIRA POPAYAN
Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 A 445 3447 1 A 445 3662
2 PVMX 1597 2737 2 A 429 3095
3 PVMX 1590 2717 3 A 411 3009
CHECKS
12 G 2858 2250 6 G 2858 2843
Mean (n=12) 2614 2772
LSD.05 505 585
cv 11.4% 12.5%
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Table 38. Average yield (kg/ha) of the cream-seeded beans tested in CIAT-Palmira and

CIAT-Popayan. IBYAN 1984. Semester B.

PALMTIRA

POPAYAN

Rank Rank

order Identification Yield order Identification Yield
Experimental lines
1 PVBZ 1732 2983 1 PVBZ 1782 2901
2 PVBZ 1894 2946 2 PVBZ 1896 2688
3 PVBZ 1730 2838 4 PVBZ 1790 2468
CHECKS

4 Carioca 2832 3 Carioca 2476
6 IPA 7419 2625 10 IPA 7419 2084
Mean (n=12) 2662 2289
LSD.05 592 1020
cv 13.17% 26.3
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Table 39. Average yield (kg/ha) of the black-seeded climbing beans tested in CIAT-
and CIAT-Popayan. IBYAN 1984. Semester B.

Palmira

PALMIRA

POPAYAN

Rank Rank

order Identificatien Yield order Identification Yield
Experimental lines
1 VNA 81017 2139 2 VNA 81004 3964
2 V 8360 2137 3 VNA 81017 3539
3 V 8367 2089 4 VNA 81003 3357
4 VNA 81009 2068 5 VNA 81009 3129
5 V 8364 2039 6 V 8367 3115
CHECKS

10 G 6040 700 1 G 6040 4474
Mean (n=10) 1639 3337
LSD.05 711 628
cv 257% 10%
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Table 40. Average yield (kg/ha) of the small, red-seeded climbing beans tested in
CIAT-Palmira and CIAT-Popayan. IBYAN 1984. Semester B.

R PALMTIRA POPAYAN
Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 ZAV 8359 4631 1 ACV 8340 3325
2 ACV 8351 4588 2 AVC 8349 3087
3 ZAV 8344 4201 3 ACV 8363 3086
4 ACV 8368 4075 4 ACV 8343 2998
5 ACV 8363 4033 5 ACV 8351 2904
CHECKS
12 Rojo 70 2723 7 Rojo 70 2574
Mean (n=12) 3742 2624
L3D.05 559 1333

cv 8% 30%




Table 41. Average yield (kg/ha) of

light-color climbing beans for warm
climates tested in CIAT-Paimira.
IBYAN 1984. Semester E,

Rank
order Identification Yield
Experimental lines
1 ZAV 8313 5066
2 ZAV 8352 4459
3 V 8336 4322
4 ZAV 8332 4131
5 ZAV 8358 4044
CHECKS
7 P 589 3778
Mean (n=12) 3915
LSD.05 627
cv 97
Table 42. Average yield (kg/ha) of light

color climbing beans for medium/cool
climates tested in CIAT-Popayan. IBYAN
1984. Semester B.

Rank

order Identification Yield
Experimental lines
1 ZAV 8398 2729
2 ZAV 8399 2677
3 ZAV 8385 2638
4 ZAV 8376 2470
CHECKS

7 ICA Viboral 2348
9 ICA Llanogrande 2176
Mean (n=12) 2307
LSD.05 760
cv 19%
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Table 43. Average yield (kg/ha) of the black-seeded, erect (type IIa) lines tested in
Palmira and Popayan. 1985 IBYAN. Semester A

PALMTIRA

POPAYAN

Rank Rank

order Identification Yield order Identification Yield
Experimental lines
2 NAG 12 2303 1 NAG 12 4788
3 NAG 16 2249 2 NAG 13 4767
Checks

1 BAT 271 2907 3 Jamapa 4663
4 BAT 1554 2199 9 BAT 527 3861
11 Jamapa 1768 11 BAT 527 3662
Mean (n=14) 2025 3997
LSD.05 377 784
Ccv 11.1% 11.7
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Table 44. Average yileld (kg/ha) of the black-seeded, non erect (types IIb and III) beans
tested in CIAT-Palmira and CIAT-Popayan. IBYAN 1985. Semester A.

PALMTIRA

POPAYAN

Rank Rank

order Identification Yield order Identification Yield
Experimental lines
3 NAG 46 2442 1 XAN 151 4600
4 NAG 70 2430 2 NAG 81 4457
Checks

1 BAT 271 3790 3 Jamapa 4454
2 BAT 304 2594 12 BAT 304 3684
15 Jamapa 1602 16 BAT 527 3301
Mean (n=16) 2190 3984
LSD.05 570 805
cv 15.6% 12.17%
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Table 45. Average yield (kg/ha) of the small red-seeded lines, Zamorano typea, tested in
Palmira and Popayan. IBYAN 1985. Semester A,

PALMTIRA POPAYAN

Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 RAB 128 2795 1 RAB 58 4556

2 RAB 74 2489 2 RAB 72 4562

3 RAB 58 2470 3 RAB 73 4401

4 RAB 102 2465 4 RAB 102 4367

Checks

16 Zamorano 1114 15 Zamorano 3389
Mean (n=16) 2126 3917
LSD.05 352 780
Ccv 9.9% 11.9%

a Light red, shiny
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Table 46. Average yield (kg/ha) of the small shiny red-seeded lines tested in Palmira and

Popayan.

IBYAN 1985.

Semester A.

PALMTIRA

POPAYAN

Rank Rank

order Identification Yield order Identification Yield
Experimental lines
1 RAB 143 2248 1 RAB 123 4708
2 RAB 59 2237 2 RAB 59 4576
3 RAB 155 2090 3 RAB 106 4458
4 RAR 43 2030 4 RAB 124 4415
Checks

14 BAT 795 1347 5 BAT 795 4277
16 Zamorano 944 10 Zamorano 3892
Mean (n=16) 1748 4031
LSD.O05 621 644
Ccv 21.3% 9.67%
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Table 47. Average yield (kg/ha) of the small opaque red-seeded lines tested in Palmira
and Popayan. IBYAN 1985. Semester A.

PALMTITRA POPAYAN

Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 RAO 15 2893 2 RAO 11 4068
2 RAO 16 2718 4 RAO 22 3613
3 RAO 17 2514 5 RAO 16 3524
Checks
6 BAT 1155 2330 1 A 21 4075
7 A 21 2299 3 BAT 795 3664
Mean (n=14) 2098 3347
LSD.05 560 671

cv 15.9% 11.7%
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Table 48. Average yileld (kg/ha) of the red-mottled lines tested in Palmira, Colombia. 1985 TBYAN. Semester A.

Red kidney types
warm climate

Red-mottled, med/large

warn climate

Red-mottled, med/large

medium climate

Red-mottled, smalil
warm climate

Line Yield Z Line Yield z Line Yield p 4 Line Yield z
RAT 1297 2424 100 BAT 1297 2318 100 BAT 1297 2664 100 BAT 1297 2796 100
'VA 1145 778 73 PVA 774 1936 84 PVA 1025 2032 76 PAT 43 2946 105
rva 1117 1757 72 PVA 772 1834 79 PVA 386 1854 70 PAT 37 2865 102
PVA 1435 1749 72 PVA 1216 1828 79 PVA 508 1730 65 PAI 97 2850 102
PVA 1453 1726 71 PVA 475 1808 78 PAD 14 1723 65 PATI 105 2760 99
VA 1095 1716 71 TvaA 288 1806 78 PAD 13 1718 54 DOR 303 2732 98
Calima 1681 69 Cslima 1688 73 Tundama 631 24 Calima 1549 55
Mean (n=20) 1611 (n=20) 1662 (n=18) 1643 (n=18) 2322

LSD.G5S 211 261 299 425

QY 7.8% 9.5% 11,0% 11.0%
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Table 49. Average yield (kg/ha) of a group of lines developed for the Mexican highlands
tested in Palmira and Popayan. IBYAN 1985. Semester A.

PALMTIRA POPAYAN

Rank Rank
order Identification Yield order Identification Yield

Experimental lines

1 ZAV 8306 2345 1 ZAV 8306 5086

2 BAT 1764 2323 2 ZAV 8314 4814

3 ZAV 8314 2294 4 MAM 11 4607

T4 MAM 7 2286 5 MAM 7 4540

5 BAT 1763 2259 6 BAT 1764 4462

Checks

13 Canario 107 1436 3 Ojo de Cabra 4739

16 Ojo de Cabra 1087 15 Canario 107 2501
Mean (n=16) 1895 3916
LSD.05 300 621

Ccv 9.5 9.5%




Table 50. Average yield (kg/ha) of small shiny red
seeded climbing beans for warm climates tested in

CIAT-Palmira, IBYAN 1985. Semester A.

Rank

order Identification Yield
Experimental lines
1 ACV 8326 4378
2 ACV 8363 4311
3 ACV 8329 4307
4 ACV 8311 4267
Checks

15 Comp. Alajuela 1381
16 Rojo 70 782
Mean (n=14) 3297
LSD.05 672
cv 12.1%
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III. EVALUATION AND IMPROVEMENT
OF AGRONOMICPRACTICES

A. On-Farm Research

On-farm research achievements in the Bean Program in 1985 may be
divided into: methodology adaptation; training; network establishment,
technology development on-farm and technology adaptation to specific
areas.,

During the year from September 1984 - August 1985, 98 trials were
planted by CIAT-ICA in the four work areas in Colombia (Table 1), and
126 trials were planted from August to December 1985 to initiate the
1985B planting. The increase in the number of trials planted in 1985B
over 1984B reflects: (a) a greater number of trials under direct
farmer management or in verification (extensive farmer participation);
(b) the inclusion in the program of ICA activities previously planned
separately; and (c) the return to planting in El1 Carmen in second
semester (at present in October) due to the advance of 1 to 2 months
each year in the planting date.

Methodology Adaptation

In the previous CIAT Bean Program Annual Report, results were
presented to show the low or non-existent correlation between yields
on the experimental station and farmers' fields of groups of 10 elite
lines. Selection in La Selva experimental station for the relatively
infertile area, San Vicente, is counterproductive. More good lines
than bad are eliminated by further screening on the station., Even for
the El Carmen municipality which has mean yields equal to or higher
than the experimental station, some of the best lines for farms were
eliminated by further selection on-station. 1In 1985, preliminary
results became available from two years' work on other types of trials
comparing station and farms, namely trials of advanced 1lines in
Antioquia and of various agronomic practices in southern Narifio.

A low selection intensity of 50% in La Selva was reasonably effi-
cient as preliminary screening of 43 advanced lines (F8 to 12), ob-
taining 9 of the 10 best for San Vicente and 7 for El Carmen (only two
were common to both locations). More intense selection eliminated
some of the best Iines for farms. Selection on farms was more
reliable in identifying the best lines for the next year on farms,
despite considerable year to year variation. The selection of 132 F7
lines in La Selva on the basis of yield was of no use for El Carmen.
The proportion of high yielding lines recovered was never greater than
the selection intensity. F7 selections in farms of El Carmen in 1984B
met with some success in El Carmen in 1985B. 1In particular, the two
best F7 lines which were promoted to variety trials took third and
fourth place among 24 lines. Together with two high-~yielding
promotions from the group of advanced lines, these were found to have
acceptable seed type with a group of 16 farmers in El Carmen, and
have now entered farm trials under farmer design and management.

In southern Narino, copies of farm trials in Ipiales have been
planted on Obonuco experimental station each year from 1982B to 1985B.
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Table 1. Number and type of trials planted on farms in different regicns of Colombia 1984B & 1985A.

Eastern Southern Central Northern Eastern
Antioquia Narino Narino Narino Antioquia
Type of trial (San Vicente) (Ipiales) (Funes) (E1 Tambo) (E1 Carmen)
1984B 1984B 19848 1984B 1985A

Variety
Parents, segregating 32 1 1 4 5
generations or advanced lines
Bean varieties 42 42 4 3 3
Maize varieties - - - -
Exploratory trials - - 7P 64
Determination of economic levels
Variety x cultural practices 4 - - - -
Variety x planting arrangement - 38 - - -
Seed and soil treatment - 2 - c -
Fertilizer - 3@ 3 - -
Intensification of cropping cycle - 32 - - -
Variety x Rhizobium inoculation - - - 2 -
Verification 4 132 - - -
Farmer-managed - 11 - - -

TOTAL 15 40 15 14 14

0o

1 Carmen (relavw)

UV Arn Mardand 11

Copy of trial planted on nearby experimental station for comparison.
Four in bean sole crop, three in bean/maize row intercrop.
Included in another type of trial.
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In the first year, the field proved highly atypical of the stationm
conditions and the results were not used for station-farm comparisons.,
Results are now available from the subsequent two years and have led
to these examples of differences between station and farms:

(a)

(b)

(c)

The results from Obonuco suggested that neither beans nor maize
would respond to nitrogen, whereas on farms there was a response
in maize. The station results suggested that there would be no
response to P in beans, but possibly in maize, whereas on farms
the reverse was true: there was a response in beans but not in
maize (Table 2).

Station data supported the application of fertilizer below the
seed at planting, instead of side-dressed at ridging up, as most
farmers do. However, on-farms, application at plantirg was
damaging in two dry years and markedly reduced bean ylelds.

In trials of variety x planting arrangement, station data
over-estimated the benefits of planting 2 maize and 2 bean seeds
every 0.5m instead of 4 maize and 2 beans every Im. However they
underestimated the benefit on farms of planting 4 mai:= and 4
bean seeds every Im. In the same trial, the three varieties were
in a different order of mean yield on farms and on-station.

Work on methodologies for technology adaptation on-farm continued

in Ipiales, Funes, E1 Tambo, San Vicente and Fl Carmen. It 1s expect-
ed, after four years“work is completed with the harvests due in the
first semester of 1986, that a detailed analysis can be undertaken of
the experiences with the different strategies used in each area.

Table 2. Comparison of yields on station and farms.

Fertilizer Exp. Stn. Farms
applied Obonuco Ipiales
kg/ha mean of 2 trials mean of six trials
Beans Maize Beans Maize
13 N2 866 2523 672 1837
9 N 898 2869 592 2282
65 N 844 2684 623 2836
11.3 p? 888 2544 572 2273
34 P 860 2618 611 2378
56.7 P 859 2916 705 2304
LSDb (10%) 130 702 76 240

Mean use by farmers in Ipiales.
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Training

The year 1985 was important for the expansion of training activ-
ities in OFR. The second seven-week specialization in OFR was attend-
ed by 14 professionals from Mexico, Guatemala, Honduras, El Salvador,
Nicaragua, Costa Rica, the Dominican Republic, Colombia and Ecuador.

The first in-country course on OFR was initiated in Peru, with
the presence of 25 researchers and extensionists from 11 different
regional centres. 1In the first phase, during two weeks in February,
participants carried out a survey of bean production in Chota, a major
bean producing area in the mountains of the Cajamarca department. The
survey was analyzed by the group, then problems and solutions were
discussed. The solutions were screened for their ease of research,
ease of adoption and potential benefit, in order to design farm trials
with the most promising technology. Between phases, participants
carried out these procedures in their own areas. In the second phase,
of six days in October, participants planted in Chota the trials
planned by the group. The diagnosis and trial plans were then
presented by each participant for his or her own area and discussed by
the group. Participants will now plant the trials planned for their
own areas, supported by visits from INIPA and CIAT personnel, and
return with data for the third and final phase in August 1986. The
response of participants was excellent in that 24 out of 25 carried
out the whole process of diagnosis and planning (the other resigned
from INIPA). As a by-product, a total of 813 farmer questionnaires on
beans have been executed in the three major ecological regions of
Peru.

In Costa Rica a regional two-week course for Central America was
organized by CTAT with CIMMYT and CATIE support. The course was of a
new model with a special emphasis in on-farm variety testing. There
were 11 participants active in the Pacifico Sur region of Costa Rica,
and two each from Guatemala, El Salvador, Honduras and Nicaragua. The
stages of diagnosis, screening of solutions, design of trials, plant-
ing, harvest and analysis were all included but in a more abbreviated
form than usual. The course will be followed up for the Costa Rican
participants by a second phase in June 1986 in which they present the
results of the diagnosis conducted and the trials they have planned.

Considerable progress has been made this year with training mate-
rials, including different models of written "exploratory surveys"
(developed by the Bean Economics section) and documents, slide sets
and reading lists covering the most important parts of the OFR
courses. These are now in the process of revision, based on the
comments of course participants.

Network Establishment

A number of activities in which the program has participated have
served to draw together institutions involved in OFR. There has been
an active interchange of ideas and training materials with CIMMYT per-
sonnel. In addition to collaborating with CATIE on the OFR course con-
ducted in Costa Rica, CIAT and CIMMYT OFR staff are working together
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with (INIFAP) the Instituto Nacional de Investigaciones Forestales y
Agropecuarias in Chiapas, Mexico. CIAT 1is initiating OFR support in
beans to an on-going OFR project on maize between the other two insti-
tutions.

CIAT has also collaborated with a number of other institutions,
especially CIMMYT and IDRC, which are supporting a new project in OFR
planned by ICA, Colombia.

Technology Development On-Farm

Two activities conducted with ICA in farmers' fields in Colombia
are exploring the necessity of moving some types of technology
development off-station. Apart from the testing of large numbers of
advanced lines on-farm, selection in segregating generations on-farm
has also been continued in background studies. 1In a different line of
work, to support the Bean Microbiology section, research on the advan-
tage of inoculation with Rhizobium has been expanded to Ipiales,
having commenced in E1 Tambo in 1984B. Soils and bean plants are
being studied in all three work areas of Nariiio in order to determine
the effectiveness of native strains.

Technology Adaptation to Specific Areas

The identification of technologies for specific areas is not the
principal reason for the program”s involvement in OFR. The intensive
work with TCA in Colombia over the last three years 1is, however,
producing results which confirm the effectiveness and speed of OFR in
identifying technologies suitable for farmers and initiating their
adoption.

In 1985, two varieties were released by TCA as a direct result of
recommendations derived by ICA-CIAT on-farm research. Ecuador 605 was
released as Trijolica 0-3.2 for cold .climates (2400-2850 masl),
especially in southern Narifio, and La Selva 1 was released as
Frijolica LS-3.3 for moderate cool climates (1700-2600 masl),
especially in eastern Antioquia. Both lines had proved stable across
a wide range of environments and management conditions within their
target areas, as have been described in previous annual reports. 1In
the case of Frijolica 0-2.2, TCA' s decision to release the variety
was influenced by farmers' adoption before its release. After the
second year of trials, in June 1984, 20 farmers requested seed from
ICA, others saved trial borders. Apart from those involved in trials,
at least 40 farmers planted FEcuador 605 on a semi-commercial or
commercial scale in 1984/85 and it is estimated that at least 60 had
sold seed by July 1985, reporting little or no price discount (see
Economics section of this report for further details). Two field days
in June and August 1985 distributed seed samples of 1 kg to a further
160 farmers after release. Commercial plantings were damaged in some
areas by a severe frost in October 1985 immediately after planting,
but it 1s still believed that the spread gf the variety Frijolica
0-3.2 will proceed rapidly.

Frijolica 0-3.2 is only part of a flow of elite lines from
Obonuco station to Ipiales, facilitated by four variety trials per
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year and, since 1983B, by on-farm nurseries of advagced lines. Thus
(Table 3), some lines or varieties reached verification and were found
unsuitable for promotion iIn the area (Llanogrande and 32980-1-41),
another (Potosi 1) did not reach verification because it was no more
tolerant of root rots than Frijolica 0-3.2 and was susceptible to
anthracnose, while another (TIB 30-42, an early anthracnose resistant
line) is in verification and is expected to pass to farmer-managed
trials in 1986,

The flow of technologies from Obonuco station to Tpiales has not
been confined to varieties. Table 4 shows the progress of a number of
other promising technologies. Foliar application of benomyl is now
included farmer-managed trials after two years in verification (in the
first year there were doubts about its profitability which were
resolved in the second year). Tncreasing bean density by planting at
0.5m in the row was agronomically and economically promising but
received poor evaluations from farmers in the verification stage. A
revised technological alternative (3 maize, 3 beans every 0.8m) was
apparently acceptable when tested in small-piot trials in 1984/5 and
is now in verification. Tncreased fertilizer doses and a change 1in
maize variety are also In verification for the first time in 1985/86.

Groups of verification trials have been planted in all the other
work areas in 1985B and a number of technologies are expected to be
ready for farmer-managed trials and/or demonstration in 1986. It has
proved difficult to identify materials clearly superior to Nima in El
Tambo without losing seed quality or those for Funes which yield a
similar amount to Argentino but which have seed of higher consumer
preference and value. Tn 1984B, the series 25 EP (medium and large

Table 3. Movement of promising lines from year to year in the
Ipiales district, Colombia.

Number of trials with the line included
Before 1981 1981-2 1982-3 1983-4 1984-5 1985-6

ICA Llanogrande 30 in eastern 2 10v?

Antioquia
Frijolica 0-3.2 2 14 32v 40VM 47VM
32980-1-41 2 4 8 16V 5
Potosi 1 1 8 12
TIB 30-42 4 12 25V
V 8001-47 1 8

a V: Included in verification trials

M: Included in farmer-managed trials
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seeds only) was planted in El Tambo on three farms as well as the VEF
(two reps on one farm). This was repeated in 1985B on three farms
each for EP and VEF in both El Tambo and Funes. From this major
effort it is hoped to speed up the identification of materials
suitable for farms of the drier, less fertile parts of the Colombian
medium altitudes (1000-22COm), an area of great importance in bean
production which 1is not well represented by present experimental
stations of CIAT or ICA.

Table 4. Movement of other technologies from year to year in farm

trials in the Ipilales district, Colombia.

Number of trials in which included

Technology Before 1982 1982-3 1983~4 1984-5 1985-6
Addition of benomyl to  Successful in 6 12v 12v 8M
farmer disease control eastern Antioquia

2 maize, 2 bean seeds Successful in 6 12V 4

every 0.5m eastern Antioquia

3 maize, 3 bean seeds 4 15V

every 0.8m

Increased use of

fertilizers 4 4 4 14V
MB 521 maize 0BSN? 4 4 15V
Pool 7 maize 4 4
a V: Included in verification trials

M: Included in farmer-managed trials

OBSN: Observation in non-replicated plots
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B. Economics

Economics research in 1985 focused on production studies, market-
ing studies, and training. Production studies identify farm level
constraints, evaluate new technologies as solutions to these con~
straints and assess the adoption of new technologies. Marketing
studies are crucial in Latin America because most beans are produced
for the market, making consumer acceptability, price and ease of mar-
ket entry critical factors in farmers' adoption of new varieties.
Much of the research on these issues is conducted in collaboration
with national programs, and strengthening their research capacity
through training and joint projects is a major objective.

Production Studies

A variety of production studies were conducted in 1985 (Table 1),
Rapid appraisals, exploratory surveys and cost studies identify con-
straints by generating information on farmer production problems, re-
sources, and objectives. New technologies are evaluated through anal-
ysis of profitability and also by direct feedback from farmer users of
new technologies under trial., Adoption surveys measure the spread and
impact of technologies after release by national programs. While each
type of study has its particular focus, any study may serve multiple
objectives. TFor example, an adoption survey can be used to define
continuing production constraints.

Rapid appraisals

Jointly with an EMBRAPA-CNPAT economist and in collaboration with
various state research institutes, informal interviews were conducted
with farmers in major bean regions in Espiritu Santo, Goias, Minas
Gerals and Santa Caterina (Brazil) to obtain an initial impression of
the acceptability and adoption of recently released improved bean
varieties. Major contrasts seem to exist between states in adoption
of new varieties, and possible means for understanding the reasons for
these differences are being explored in collaboration with CNPAF.

A rapid appraisal in Honduras confirmed that market access has
been an important obstacle to the use of the new variety, Acacias 4,
and further studies are being planned in collaboration with SRN.

Exploratory studies

In order to orient the design of INIPA on-farm trials of new bean
technology, 140 farmers were surveyed in Chota, Peru, as part of a
course in on-farm research. The results, analyzed in collaboration
with an INTPA economist, show that varietal improvement is likely to
be the most promising strategy in the short run (Table 2). Beans are
primarily a subsistence crop in this h