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Highlights 1982

Until 1981 the Bean Program made most of its impact in those
countries which make a relatively small contribution to total bean
production in Latin America. In 1982 concrete results became evident of
the progress achieved in the bean research network in the three largest
bean producing countries of Latin America: Brazil, Mexico, and
Argentina.

After some years of testing in Brazil, two IBYAN entries, BAT 64
and BAT 65 called Rico 1735 and Milhionarios 1732, respectively, were
released as new varieties. These new varieties were chosen for superior
yield performance and increased disease resistance in the Minas Gerais
region. Two other lines BAT 304 and BAT 179 may also be released in the
future. Probably of greater importance, however, is the extensive
testing of over 500 newly developed lines from CIAT in six sites in
Brazil. The transfer of Dr. M. Thung from CIAT to the National Center
for Bean Research in Brazil (CNPAF) has been instrumental in this
development.

In Mexico the bean golden mosaic virus problem has increased in
importance over the years and the traditional variety Jamapa has not
withstood the virus. The new BGMV resistant line D-145 (DOR 60) has
been introduced and released as Negro Huasteco 81. The development of
this line illustrates the operational philosophy of the Bean Program in
its network. The cross resulting in Negro Huasteco 81 was made in CIAT
in the BGMV resistance breeding project. The line was initially
selected by ICTA in Guatemala in a collaborative program with CIAT, and
final selection and varietal release was made by INIA, Mexico. This
illustrates significant progress towards the team objective of
decentralizing research through training, network formation and
collaborative projects with national programs. Over 100 tons of
foundation seed is expected to be available by the end of 1982.

Argentina is the third largest bean producer in Latin America. The
recent very severe outbreak of bean chlorotic mottle virus and the
aggravation of traditional disease pressure have resulted in massive
multiplication of DOR 41 (= ICTA Quetzal), another line developed in
collaboration with ICTA in Guatemala in the BGMV project. The line
proved to be resistant to the BCLMV as well, which is also whitefly
transmitted. It was tested extensively over 3 years and showed besides
BCLMV resistance, high yield and uniform grain type. It was officially
released as a new variety. This line, together with BAT 304, EMP 84,
BAT 7, BAT 76, and BAT 448, all CIAT lines, are expected to cover all
black bean production in Argentina in 1984. Improved Alubia's are
expected to have a major impact in 1986.

CIAT has an excellent relationship with the host country's
agricultural research programs of ICA. Out of the ICA-CIAT
collaborative research project for beans a cligbing bean line E1056 has
been introduced, tested and officially released as ICA-Llanogrande. The
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new variety is adapted from 1700-2700 masl. Its superiority is based on
resistance to anthracnose and, being a less aggressive climber, is more
compatible with the small farmer system of relaying beans with maize.

By the end of 1982 approximately 3 tons of seed will have been
distributed.

Similarly, new varieties were released in Ecuador, Costa Rica, and
Honduras. The first varietal releases also occurred in Africa where
South Africa released BAT 317 and Burundi released the Colombian variety
Diacol Calima, which reached them via CIAT's IBYAN trials.

Not only were CIAT varieties released in Brazil and Mexico for the
first time (these two countries accounting for approximately 80% of
total Latin American bean production) but also large nurseries of newly
developed lines and parental sources were planted in collaboration with
national programs in several sites in these countries for the first
time. It appears that in Brazil the angular leaf spot race complex and
in Mexico that of anthracnose are distinct from those occurring at CIAT
testing sites and now we use parents with proper resistance sources for
these countries, as well as better parents with local adaptation.

Another important development is noticed by the change in training
emphasis. In previous years short courses and postgraduate interns were
principally carried out at CIAT, but in 1982 most training activities
took place in the collaborating countries. Following CIAT training and
collaboration, new varieties were released in many countries, and
in-country courses were organized around these new varieties. Such
courses took place this year in Costa Rica, Cuba, Honduras, and
Guatemala, while in Brazil and Peru CIAT-sponsored courses were
conducted which were not related to new varietal releases. A total of
four courses were also conducted in Colombia, one of these around the
release of ICA-Llanogrande. The other courses involved personnel from
ICA, Federacidon Nacional de Cafeteros, and the CVC in preparation for
the execution of regional trials, small farm seed multiplication and
improved agronomy. In these trials bush bean lines like BAT 1297
continue to outyield Calima by 60%, while two new highly promising
climbing lines for lower altitudes were identified (V8036 and V8038).
This development illustrates that the collaborative network has entered
the phase following varietal development, namely the promotion of these
new varieties.

Research results at the headquarters continued to show progress.
Most activities in 1982 again involved use and incorporation of results
and methodologies developed before. Most important, new developments
during 1982 follow.

It has been observed for some time that certain bean lines have
field tolerance to anthracnose which is not manifested in the
screenhouse trials. It appears that seedlings are often susceptible but
that plants three weeks or older have much higher resistance. This
gsignificantly influences screening methodology and may lead to detection
of more stable resistances. Similarly, in rust resistance certain
pathogen reaction types, although showing high disease incidence, did



not influence grain yields. In previous years the difficulty of
obtaining BCMV resistance (I gene) in certain grain types was discussed.
While this continues to be difficult for the Canario (yellow) grain
type, indications are that it is now possible to incorporate this
resistance in the red mottled Calima grain types. The sources with high
levels of resistance encountered and reported last year to Apion and
Bruchid attack are now being crossed to commercial cultivars and their
progenies are undergoing evaluation.

Following two intensive dry seasons new increased drought tolerant
sources were identified. The line G 5059 was one of the most drought
tolerant of all bush lines tested, but it was surpassed in tolerance by
many climbing bean lines. We attribute this surprising finding to the
high leaf area index of climbers, permitting better root development.



The Program

The objective of the Bean Program is to develop, in close
collaboration with national programs, technology that will increase
production and productivity of beans.

To set out a strategy to reach the above objective the team
reviewed the literature, travelled in the area of interest (current bean
production zones in Latin America with expansion in the eighties into
Africa), has consulted with national program research leaders and
research scientists, and has conducted an agroecological survey. From
this information it became evident that the principal bean farmer is a
small farmer with limited capital and limited access to credit and
extension information. Bean yields are low and trending downwards in
many countries. The main factors responsible for the low yields were
" the high disease and insect pressure the crop suffers from, as well as
drought, low plant density to avoid disease pressure, and reluctance on
the part of farmers to use fertilizers on poor soils due to risk.

The team concluded, therefore, that in order to reach its
objectives, it should prioritize breeding for more reliable yielding
beans, by developing multiple disease and pest resistant varieties with
increased tolerance to drought. Longer term objectives include
tolerance to moderately acid soils and improved genetic ability for
symbiotic nitrogen fixation. In summary the team concluded that the key
to improved bean production is an improved variety. Around this
superior variety improved agronomy will be applied. The team develops
scale neutral technology, with a bias towards small farmers.

New bean varieties, besides being superior yielders at the farm
level, also need to convey the proper seed size and seed coat color, and
they must fit into farmers' production systems, which often include
maize in direct association or relay cropping. These requirements often
preclude the use of the most disease resistant and highest yielding
varieties.

As we have to breed for many cropping systems and ecological zones
it is evident that a decentralized breeding program is needed, which can
only be achieved through a concentrated training effort; hence training
is our second most important activity after varietal improvement.

The Bean Program has three breeders, whose responsibilities are
divided by production region. That automatically includes a division by
color and seed size, priority disease complex, and often by cropping
system. So, although we need to breed for a complex set of requirements
as a whole, each breeder concentrates only on a subset. The three
regions and breeding programs are: Breeding I: Central America,
Caribbean Coastal Americas, and Southern Brazil; Breeding I1: Mexican
highlands, North and North-East Brazil and Argentina; and Breeding III:
Andean Zone and Africa.



Genetic variability for specific traits in beans is generally not
expressed at levels sufficiently high to solve production constraints.
Therefore each breeder, besides developing cultivars also cooperates
with the particular discipline to develop maximum levels of character
improvement e.g., BGMV resistance, drought, bacterial blight resistance,
leafhopper tolerance, Ascochyta leafspot resistance, ability to fix
nitrogen, high yield potential, architectural traits, etc. Lines with
high levels of specific trait expression are then used by all breeders
for obtaining multiple factor recombinants in the cultivar improvement
activities.

Once a newly developed line from the improvement program is found
superior, uniform for character expression, plant and grain type, and
resistant to BCMV, it enters the first uniform evaluation nursery - the
VEF (Vivero del Equipo de Frijol). In this nursery approximately 1000
entries are evaluated for disease and insect resistance and adaptation
to Palmira and Popayan environments. Superior entries may enter again
into the breeders crossing blocks as parents, and may pass to the second
stage of evaluation - the EP (Ensayo Preliminar de Rendimiento) which
typically contains about 300 entries. Disease resistance is confirmed
in this nursery, and many other evaluations are made, including yield
(under high and low input conditions in Palmira and Popayan), N-fixation
ability, and seed quality evaluation. Specific evaluations for some
characters are realized outside Colombia, and that part of EP nursery
with grain types of specific interest to particular national programs is
provided upon request.

The 60 best lines of the EP advance to the International Bean
Yield and Adaptation Nursery (IBYAN) to be evaluated worldwide. For
each successive nursery seed is produced in special plots under
carefully controlled conditions to ensure that the seed is disease free.
All three nurseries run from January lst. to December 31. National
programs are encouraged to offer their best hybrid lines into this open
testing procedure, to provide horizontal transfer of technology.

The EP and IBYAN however, are not the only nurseries shipped
internationally. International disease or insect resistance nurseries
are shipped to identify race complexes of pathogens in target areas as
well as donors for wide resistance. The crossing blocks are sent to a
production zone in the target area to select for specific adaptation in
parental material. Similarly, international nurseries exist for
nitrogen fixation (for strains as well as bean lines) and diseases and
insects not occurring in Colombia. The program is increasingly
developing segregating populations and early generation progenies to be
evaluated by interested breeders and outreach programs.

From the above philosophy it is clear that the program has a strong
emphasis on varietal improvement, and considers that improved agronomic
practices are best researched at the national program level and should
be implemented when a new variety is available. The addition of the
cropping systems agronomist (on-farm research) is instrumental in this
concept, and assures that breeders are familiar with systems into which
new varieties must fit.
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After genetic improvement, the Program has given high priority
to training. Self-reliance in research at the national program level
is our eventual goal. The diversity of cropping systems, production
constraints and consumer requirements also makes it impossible for CIAT
to attend all. The results of such training are becoming visible and
show an evolution in our training strategy: the EP was exclusively a
CIAT nursery, but it is now an international nursery. Decentralized
selection from the F, generation on, is becoming increasingly important.
CIAT-hosted courses are being replaced by in-country courses. The Team
expects that through post graduate training, leadership and experience
of the national program will develop to such a level that our network
becomes a mutually dependent collaborative research program.
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Germplasm Collection, Multiplication and Distribution

Status of the Phaseolus Collection

Five years after the establishment of the Genetic Resources Unit,
the world beans Phaseolus collection is comprised of a total of 32,532
accessions, from 47 countries (Table 1). Part of this germplasm
resulted from collection expeditions funded by CIAT and IBPGR since 1978
to Mexico, Iberian Peninsula, Peru, Brazil and several African
countries. Collections have been reinforced with the appointment of an
IBPGR germplasm officer in CIAT in charge of Latin America.

The recent taxonomy of the genus Phaseolus includes four cultivated
species and 35 wild or non-cultivated species. CIAT's collection
includes the four cultivated species and their corresponding wild
ancestors and 10 wild non-cultivated species. Among the cultivated
species the common bean Phaseolus vulgaris represents 88.7% of the
collection, while the other cultivated species Phaseolus lunatus,
Phaseolus coccineus, and Phaseolus acutifolius add up to 11.0%Z of the
collection; the non-cultivated or wild species form only 0.3% of this
germplasm collection.

The germplasm bank contains bean legume accessions of other genera,
mainly Vigna. They add up to a total of 429 accessions (Table 1).

Sources and origin of the germplasm

A study on the source and/or the real or previous origin of the
germplasm accessions was initiated with the aid of the new computer
facilities. The accessions will be grouped by common geographical area
of origin to enable detection of duplicate or similar germplasm.

The Phaseolus vulgaris or common bean collection

The source of the accessions of this species is very diverse, in
fact, 47 countries representing the five continents have sent either
their entire or part of the national collections to CIAT for
preservation. When the source and the real or previous origin of the
germplasm is compared (Table 2), a noticeable difference is observed
between the importance of the source versus the origin of the
accessions. Thus, North America representing 337 of the source and
Europe (22%), are the major donors of common bean germplasm. However,
by tracing the donor's previous source or the real origin of the
materials, Central America appears to be the most important contributor
(31% collection), followed by South America (17%). These results are in
agreement with the theory the origin of beans is in America. On the
other hand, it may also suggest a tremendous germplasm exchange of this
species and consequently the likelihood of germplasm duplication.

It also clearly demonstrates the lack of information of a high
percentage of the germplasm (18) on their previous origin. This

13



Table 1. Status of the Phaseolus

October 1982).

bean collection held at CIAT (as of

No. of
Cultivated species accessions %
P. vulgaris 28,542
P. vulgaris ancestral form 332 88.7
P. lunatus 2,282
P. lunatus ancestral form 62 7.2
P. coccineus subsp. coccineus 710
P. coccineus subsp. polyanthus 314 3.3
P. coccineus ancestral forms 58
P. acutifolius 89
P. acutifolius ancestral form 5% 0.5
Non-cultivated species
P. anisotrichus, P. filiformis,
P. galactoides, P. microcarpus,
P. metcalfei, P. pedicellatus,
P. polystachius, P. parvulus,
P ritensis, P. wrightii 84 0.3
Total 32,532 100.0
Other genera
Vigna, Psophocarpus, Macroptilium,
others 429
Table 2. Comparison of the source vs. the origin of the germplasm of
P. vulgaris.
a
Source Origin
Accessions Accessions
Region (no.) €3] (no.) (%)
North America 9,568 33.1 1,104 3.8
Central America 5217 18.1 9,020 312
Caribbean 84 0.3 ¥ ir 0.2
South America
(Andean) 3,692 12.8 3,899 13.5
South America
(non-Andean) 1,361 4,7 1.413 4.9
Europe 6,463 22.4 3,436 11.9
Africa 2,065 i i 1,657 o )
Middle East - - 2,016 7.0
Asia-Oceania 424 1:5 1,067 %
Unknown - - 5,185 18.0
Total 28,874 100.0 28,874 100.0
a. Refers to previous donor source.
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situation combined with the still insufficient data of the remainder,
makes it very difficult to detect duplications. Nevertheless more

information is being sought for agronomic and seed type
characterization. In this germplasm introduction, clusters will be

formed which have a high percentage of similarity. These "packages" of
similar germplasm will be useful information especially to breeders. It
will also facilitate the management of the collection.

Other cultivated species of Phaseolus

The situation for the other cultivated species of Phaseolus is
similar to that of the common bean. While North America (33%) and
Europe (21%) are the major donors of the germplasm of these species
(Table 3), Central America (37%) and South America (22%) appear as the
most important sources of this germplasm. Likewise, for a high
percentage of the germplasm CIAT's donors had no information on the
previous source (28%). The lack of sufficient information is the main
problem facing germplasm introduction.

Seed Increase

Due to the size of the collection and the needs of the Bean Team,
major emphasis is placed on the increase of new germplasm. However, due
to the very small seed samples available, seed quality problems and
legal requirements of the received germplasm, a methodology to increase
new germplasm has been established in agreement with ICA. This
methodology consists of three consecutive steps:

Quarantine

The Instituto Colombiano Agropecuario (ICA) classifies the
accessions according to the pest-disease risk of the country source. It
decides which germplasm can be increased directly in CIAT's greenhouse
and which must be increased in ICA's quarantine facilities. The last
release of 5000 accessions which could be grown in CIAT's greenhouse was
authorized in late 1981.

CIAT's greenhouse

The germplasm released by ICA is grown in the greenhouse at CIAT.
Most of the introduced materials are of old seed with poor vigor and
need to be pregerminated. This is done by scarification by a cut in the
seedcoat and a desinfection with sodium hipochlorite (8%). Seeds are
then placed in petri dishes in an incubator under controlled
temperature, light and humidity. Those seeds which succeed in
germinating are transplanted to pots in the greenhouse, where a
phytosanitary follow-up and preliminary data on characterization are
carried out. The percentage of success in the pregermination varies
greatly according to the seed source, but losses range between 10-60%.
This process is laborsome and slow, and when combined with the limited
greenhouse space available, allows to process only 700 accessions per
planting with a range of 50-100 seeds per accession.
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Table 3. Comparison of the source vs. the
origin of the germplasm of P. lunatus,
P. coccineus, and P. acutifolius,

Source Origin

Region (%) (%)
North America 35.6 4.3
Central America 18.6 36.2
Caribbean 0.4 0.9
South America (Andean) 4,7 9.0
South America (non Andean) 2.7 12:6
Europe .5 2.6
Africa 26,2 5.1
Middle East - 0.5
Asia-Oceania 0.3 1.3
Unknown - 28.5
Total 100.0 100.0

Isolated field

The seed produced in the greenhouse is further multiplied in an
isolated field in a dry xerophytic area in Dagua (26°C and 500 masl).
The incidence of bacterial and fungal diseases is very low here. Three
meter rows per accession are planted which produces in general more than
100 grams of seed. Preliminary morphoagronomic data are collected as
well.

Germplasm Evaluation

The objective of the evaluation is to "characterize" or
individualize the germplasm accessions. To evaluate the germplasm of
Phaseolus vulgaris 27 "minimum" morphoagronomic characteristics are
used. The evaluation of the other cultivated species had not started.
However, an evaluation for pest and disease resistance has been carried
out for P. coccineus and P. acutifolius.

Seed description

The most important characteristic: used to classify the common bean
is the seed type. The classification of the germplasm according to seed
types has been initiated. The first part of this study involves color
grouping (Figure 1) in which the predominant seed colors of the
germplasm accessions of the common bean are white (22.5%), red (21.1%),
black (20.2%), and cream (18.0%). The cream-beige group presents the
highest percentage of seeds having more than one seedcoat color (58%).
In the other color groups less than 35% of the accessions combine more
than one color. The black color is least combined with other colors
(2.6%)s
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Figure 1. Seed color distribution of the germplasm bank accessions of
P. vulgaris and the proportion of one vs. combined colors.

Agronomical characteristics

Phaseolus vulgaris. A comparative study of the main agronomical
characteristics of each germplasm accession is being carried out. It
will be used to establish which characteristics are more reliable as
clustering criteria. The results of the first evaluations under Palmira
conditions are shown in Table 4, which includes 6 of the most important
agronomical characters out of the 27 "minimum" descriptors used for
evaluation. These evaluations which include the four growth habits show
that duration of flowering (c.v. 30.6%), nodes on the main stem at
maturity (c.v. 36.1%) and pods per plant (c.v. 57.5%) are the characters
presenting a remarkable variation which indicates that an ample natural
variability is available to breeders for selection. On the other hand,
seeds per pod (c.v. 22.07%) and days to flowering (c.v. 13.2%) are the
characters showing least variation. Taking the least variable
character, days to flowering (c.v. 13.2%), as reference point, it is
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concluded that duration of flowering is 2.3, nodes at flowering is 2.0,
nodes at maturity is 2.7, seed per pod is 1.7 and pods per plant is 4.4
times more variable than days to flowering (Table 5).

Table 4. Variability of some morphoagronomic traigs used for the
evaluation of the P. vulgaris germplasm.

Standard Sample
Characteristic Mean deviation C.V. (%) size
Days to flowering 36.0 4.7 13,2 9,003
Duration of
flowering 23,3 7l 30.6 8,958
Nodes at flowering 126 3.4 26.8 8,192
Nodes at maturity 15.3 53 36.1 75712
Pods per plant 17.6 10.1 57.7 9,644
Seeds per pod 4.9 ! | 22.0 8., 727

a. Includes all four growth habits evaluated in CIAT-Palmira.

Table 5. Variability factor® of six
morphoagronomic traits in
Phaseolus vulgaris.

Characteristic V.F

Duration of flowering 2.3
Nodes to flowering 2.0
Nodes to maturity iyl
Pods per plant 4.4
Seeds per pod 1:7

a. V.F. = c.v. of any characteristic
c.v. of least variable
character (days to flowering)

Other cultivated species of Phaseolus

A preliminary seed description on the other cultivated species
shows that the variation in colors is similar to that of the common bean
(Table 6). However, white, cream-beige, and red are the predominant
colors for P. lunatus, while white is the predominant seedcoat color of
P. acutifolius. This latter species does not have red seeded types. P.
coccineus, being cross pollinated species, shows that individual
accessions have different colors; only the predominant color is
recorded.
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Table 6. Color distribution of the germplasm accessions of P. lunatus,
P. coccineus, and P. acutifolius.

Species
P, lunatus” P coccineus® P. acutifolius®

Seed color (%) (%) (%)
White 43.7 12.2 50.3
Cream-beige 13.0 14.9 6.5
Yellow 2.0 10.4 5.9
Brown-maroon 1.0 1.5 748
Pink 2.7 8.1 -
Red 15.4 18.9 -
Purple 3.9 7.2 0.6
Black 14.8 20.0 7.8
Others 3.4 6.8 20.9

Total 100.0 100.0 100.0

a. Percentage of the available germplasm.

Evaluation of wild types of the common bean and other cultivated
species for interspecific hybridization (University Gembloux)

The CIAT-Gembloux project aims to increase the variability of the
common bean through interspecific hybridization with its wild relatives
and other species of the genus specially P. coccineus. The seed
increase and evaluation of wild P. vulgaris has been finished and the
main conclusions are summarized. To date the CIAT collection includes
337 wild P. vulgaris accessions. The results of the agronomical and
morphological evaluations indicate that most of the wild forms are not
interesting sources for plant architectural characters to improve the
common bean.

‘The results of the evaluation for disease and pest resistance
indicate that the wild P. vulgaris forms are especially interesting as
sources for stored grain insect resistance. Some accessions present a
very outstanding level of resistance never found in the cultivated form
(Table 7).

The origin of the common bean has been a much debated question for
many years. Two hypotheses have been presented by different authors,
either than Mexico or South America are a single center of origin or
that those two locations are two independent centers of domestication.
The low number of South American wild forms in the CIAT germplasm does
not allow to confirm these hypotheses. More collections of wild
P. vulgaris from Mexico to Argentina will permit a study on the
relationship between the Mexican and the South American wild forms.
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Table 7. Evaluation of disease and pest resistance of the wild P.

vulgaris.
No. of
accessions Number of accessions reported as:

Disease or pest evaluated Susceptible Intermediate Resistant
Bean golden mosaic virus 136 134 2 0
Common bacterial blight

(Xanthomonas phaseoli) 249 235 14 0
Asochyta leaf spot 276 246 30 0
Leafhopper (Empoasca

kraemeri) 235 235 0 0
Zabrotes subfasciatus 234 193 32 9
Acanthoscelides obtectus 227 23 58 146

A preliminary study of variability in wild forms was carried out to
find discriminant characters to eliminate duplicates and to separate the
different wild forms. The most discriminant characters are: white
variegation along the primary leaf vein, the bracteole size and shape,
the number of veins per bracteole, the seed color and pattern, the
peduncle length and the number of floral insertions on the raceme, the
number of seeds per pod and the 100 seed weight.

The method to increase cross pollinated P. coccineus, as reported
last year, is by using meshcages with 13 plants per cage and manual
pollination. During 1981-82, 150 accessions were planted at Popayan and
48 accessions were seed increased according to that methodology. During
the seed increase, agronomical and morphological characters were
observed. The preliminary results show high morphoagronomic variability
intra and inter accessions. A list of 39 descriptors for evaluation was
proposed as a result of this evaluation.

Germplasm Storage

One of the prevailing responsibilities of the Genetic Resources
Unit is the germplasm preservation. To meet this objective, two types
of storage have been established: long- and short-term.

Short-term is the active or "working'" collection whose storage
conditions are: 5-8°C temperature, 12-15% seed moisture content, 60-657%
relative humidity, and packed in plastic jars (800 g). To date there
are about 17,000 accessions (mostly of P. vulgaris) which have filled
the capacity of the cold room. This situation implies a future gradual
change of containers or a shelf re-arrangement of the cold room.

Long-term storage to preserve the collection has been set up under
the following conditions: -2° to -6°C temperature, 5-8% seed moisture
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content, 60-65% relative humidity and packed in sealed laminated soil
bags. To date there are more than 2500 accessions of P. vulgaris stored
under these conditions. However, equipment problems as well as cold
room isolation difficulties have prevented storing germplasm at a faster
rate.

Seed and/or Information Distribution

The foremost responsibility of germplasm management is to make it
available to institutions and scientists. This task has been achieved
since the creation of the GRU. Over the last five years 66, §68 samples
have been distributed. Of this total, 21,707 samples have been sent to
institutions and scientists of national programs (Table 8), and 45,067
samples to the CIAT Bean Team (Table 9).

Table 8. Germplasm seed service to national
institutions and scientists outside
CIAT, during 1977-82.

Total Total

Region requests accessions
North America 32 562
Central America 36 14,318
Caribbean 8 1,048
South America (Andean) 54 1,488

South America

(non-Andean) 37 1,091
Europe 51 1,125
Africa 17 1,473
Asia-Oceania 27 682
Total 262 21,787
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Table 9. Germplasm distribution to CIAT Bean Team
during 1977-82.

Total Total

Disciplines requests accessions
Breeding 101 24,543
Entomology 79 12,080
Phytopathology 47 2,916
Physiology 11 747
Agronomy 43 3,508
Microbiology 12 1,034
Tropical Pastures 5 17
Special Studies 4 53
Cultural Practices 3 155
Cassava 2 4
Seed Unit 2 10

Total 309 45,067
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Germplasm Screening and Genetic Improvement

Introduction

Germplasm improvement activities of the Bean Program are based upon
the large variability in the germplasm collection stored at CIAT.
Useful traits are identified in the evaluation of the germplasm bank
with the potential to solve or reduce the effect of production limiting
factors. However, in many instances the level of expression of
desirable traits is insufficient in bank accessions to solve the
particular production constraints; e.g., the level of resistance to bean
golden mosaic virus, ascochyta leaf spot, drought, storage insects,
ability to fix atmospheric nitrogen, etc. For the improvement of
commercial varieties several of these factors need to be combined.
Genetic improvement activities of the Bean Program can therefore be
divided into two aspects: a) Character improvement. This is the
development of maximal expression of a character in a diversity of
genotypes by accumulating different genes, mechanisms, etc., and
b) Cultivar improvement. The recombination or use of these characters
into commercial cultivars according to the needs of the particular
production region the material is intended for forms the second
improvement activity.

This section of the report is written according to these two
improvement activities: character improvement and cultivar improvement.
Table 1 lists the specific responsibilities of the three breeders in
these activities, and the numbers of crosses made during 1982.
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Table 1. Responsibilities for character and national
cultivar improvement of the three breeders
of the Bean Program.

Responsible
breeding
Research area program

Character improvement

Bean common mosaic virus
Bean golden mosaic virus
Rust

Common bacterial blight
Halo blight TIT
Web blight I

Anthracnose LI
Angular leaf spot B i
Ascochyta leaf spot I11
Mildew I1I
Bean scab I11
Empoasca leafhoppers I

Apion pod weevil I

Bruchids III
Beanfly IIL
Mexican bean beetle II
Nematodes i 6
Drought i

Low temperature I1T
Low P I1

Early maturity II

N, fixation I
Architecture II

Snap beans ITT

[ I ]

National cultivar improvement

Central America, Caribbean, Coastal

Mexico, Peru, Chile, and black

beans i3
Mexican highlands, Brazil,

Argentina II
Andean zone, Africa I1I

a. Breeding program I: S. Temple
IT: S. Singh
I1I: J. Davis

24



19777

Resistance to Fungal and Bacterial Diseases

The major activity of the Bean Pathology section is the screening
of bean germplasm for their disease resistance in nurseries that are
methodically exposed to one or more pathogens in several locations and
environments where these bean pathogens may occur naturally. Similarly,
a major effort of the program is towards the development and evaluations
of disease resistance mechanisms with the purpose of finding resistance
that is effective against the many organisms that attack beans, several
of which possess wide pathogenic variation.

The Bean Pathology section does evaluate on a routine basis
germplasm bank accessions and hybrid progenies from specific breeding
projects for specific pathogens in the field and in the greenhouse.
Some of the specific nurseries, such as the International Bean Rust
Nursery, are repeatedly evaluated in many areas of the world where the
disease is endemic. Advance uniform nurseries such as the Bean Team
Nursery, VEF and the Preliminary Yield Trial EP, are also evaluated for
their reaction to several pathogens in various locations (Table 1). The
emphasis continues to be the identification and selection of resistant
germplasm to anthracnose, rust, common bacterial blight, angular leaf
spot and web blight. These are the most important and widespread
diseases of beans in the Americas. Bank accessions and some advanced
progeny from uniform nurseries are also evaluated for their resistance
to other important but to less widespread diseases such as ascochyta
leaf spot, halo blight and roots rots.

Rust. Bean rust caused by Uromyces phaseoli is one of the most
widespread and complex bean pathogens with respect to pathogenic
variation as demonstrated by several years of data collected through the
International Bean Rust Nursery (IBRN), a CIAT nursery that is evaluated
in many locations throughout the world. The evaluations of the IBRN

Table 1. Number and proportion of bush and climbing bean entries of the 1982 EP nursery
accordiné to their reaction in the field to diseases in Palmira and Popayan,

Colombia™.
Common
b bacterial Angular Ascochyta
Rating Rust blight Anthracnose leaf spot leaf spot
Resistant 98 (32.2%) 12 ( 3.9%) 169 (55.6%) 111 (36.5%) 22 ( 7.2%)
Intermediate 88 (28.9%) 32 (10.5%) 56 (18.4%) 52 {L71Z) 152 (50.0%)
Susceptible 117 (38.4%) 257 (84.5%) 47  (15.5%) 110 (36.2%) 91  (29.9%)

a. Rust and common bacterial blight evaluated at CIAT-Palmira and anthracnose, angular
leaf spot and ascochyta leaf spot at Popayan.

b. Rating based on a 1-5 scale where 1 is immune and 5 is highly susceptible;
1 and 2 = resistant; 3 = intermediate; 4 and 5 = susceptible.
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from 1975 to 1982 show that many of the cultivars tested are resistant
only on specific locations, strongly suggesting race-specific
resistance. In addition, some bean cultivars that were resistant in a
given location for one or more years, were evaluated as susceptible
later on. One case in point is the cultivar Compuesto Chimaltenango 2
(G 5711) which had a resistant or intermediate reaction in Colombia fror
1975 to 1980; however, it was severely attacked by rust at CIAT-Palmira
during the second semester in 198l. Similarly, released bean lines tha
when initially evaluated as resistant in a given location, for example
the bean line Talamanca evaluated in Costa Rica, later on had a
considerable rust attack in that location.

On the other hand, it has been possible to identify from the IBRN :
number of bean varieties as well as CIAT developed lines that appear to
have stable and possibly non-race specific resistance. Tables 2 and 3
show these widely resistant bean varieties and CIAT lines that show
resistance stability over a very wide range of locations during several
years of evaluations. From the 1981-1982 IBRN a number of new CIAT
lines with resistance to the rust pathogen in many locations had been
also identified (Table 4).

Race-specific resistance in bean to rust is available in a wide
range of genotypes . However, due to the ample pathogenic variation of
the rust fungus, the objective of the Bean Program is to identify new
and/or non-race specific rust resistance mechanisms that will be stable
or durable. We also continue our investigations, as reported last year,
on the influence and importance of some components of rate-reducing or
stable rust resistance such as, rust pustule size, latent period, rust
incidence and severity, disease progress through time, and the influence
of these components on yields, with the purpose of identifying criteria
that will aid in the search for cultivars with the type of durable
resistance.

Table 2. Rust reaction of widely resistant selected bean cultivars from the Intermational
Bean Rust Nursery (IBRN), evaluated in several countries from 1977 to 1982.

IBRN 1975-76% IBRN 1977-78%  IBRN 1979-80° IBRN 1981-822
Bean cultivar M R IT S M R IT § IM R IT 8 IM R T B
Redlands Pioneer P 7 5 2 3 i1l 2 D 3 11 7 1 1 S 2 b
Redlands Greenleaf B 9 11 7 2 L] 11 2 0 4 8 9 1 1 6 1 0
Redlands Greenleaf C 2 9 8 2 8 4 4 0 2 12 8 0 2 4 2 0
Cuilapa 72 12 10 4 3 7 7 3 0 5 7 9 1 1 3 3 1
Cocacho 5 9 2 3 2 7 8 0 3 7 10 1 1 5 2 1
Mexico 309 14 9 4 2 8 7 1 1 8 10 3 1 1 3 2 2
Mexico 235 8 5 6 2 5 6 2 2 4 14 4 0O 1 1 4 2
Pinto 650 0 1 3 28 0 1 3 11 o 2 0 20 0 0 o0 7

(susceptible check)

a. IBRN evaluations; 1975-1976: 11 countries, 30 locations; 1977-1978: 11 countries, 17
locations; 1979-1980: 10 countries, 22 locations; 1981-1982: 5 countries, 8 locations.
b. IM = immune; R = resistant; IT = intermediate; S = susceptible.
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Table 3. Rust reaction of selected widely resistant CIAT bean lines
from the International Bean Rust Nursery (IBRN), evaluated in
several countries from 1979 to 1982.
IBRN 1979-1980%  IBRN 1981-1982°
Entry Grain color IM R IT S IN R IT S
EMP 9 Black 6 8 6 2 0 2 5 1
BAT 48 Black 1 5 6 2 1 3 4 0
BAT 73 Black 4 9 7 2 1 4 3 0
BAT 256 Brown 4 12 4 2 1 ] 0 2
BAT 93 Cream 4 10 7 1 2 3 3 0
BAT 308 Black 5 9 7 1 1 3 3 1
BAT 429 Black 4 8 9 1 1 2 2 2
BAT 447 Black 5 7 9 1 2 3 2 1
BAT 520 Black 6 10 5 1 2 3 3 0
BAT 66 Black 5 9 8 0 1 3 3 1
BAT 76 Black 4 13 5 0 1 5 2 0
BAT 261 Black s 8 7 0 2 2 3 1
vV 3249 Black 6 13 3 0 1 5 1 1
Pinto 650
(susceptible check) Cream mottle 0 2 0 20 o o o 7
a. IBRN evaluations; 1979-1980: 10 countries, 22 sites; 1981-1982: 5
countries; 8 locationms.
b. IM = immune; R = resistant; IT = intermediate; S = susceptible.
Table 4. Rust reaction of selected CIAT bean lines from the
1981-1982 International Bean Rust Nursery evaluated
in five countries and eight locations.
Rust reaction®
Entry Grain color IM R IT S
Pinto 650 Cream mottle 0 0 0 8
(susceptible check)
BAT 260 Black 1 3 4 0
BAT 336 Cream 2 2 4 0
BAT 338 Black 2 3 3 0
BAT 448 Black 1 4 3 0
BAT 1210 Cream 3 2 3 0
BAT 1211 Cream 1 4 3 0
BAC 41 Black 1 4 3 0
A 62 Brown 3 4 1 0
A 63 Cream 2 4 2 0
A 155 Cream 1 5 3 0
A 161 Cream 1 1 6 0
A 167 Cream 2 3 3 0
G 1089 Cream 3 4 1 0
BAT 41 Red 3 2 1 2

a. IM = immune; R = resistant; IT = intermediate; S

susceptible.

IBRN evaluations:
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In the breeding for rust resistance in beans, efforts continue to
emphasize the identification of new sources of resistance and the
incorporation of rust resistance from several sources into the new
lines. In addition, a number of bean cultivars that are potential
parents to black and red-seeded materials for Central America that are
relative uniform for grain type, plant growth habit and maturity are
being evaluated for their rust reaction in that area. These materials
will be utilized in a project that involves the production of early
generation composite varieties for Central America with the expectation
of having durable resistance.

Common Bacterial Blight (CBB). In the evaluation of resistance to
CBB, the procedures utilized (CIAT, Annual Report 1979 and 1981)
continue to emphasize the foliar reaction without neglecting the pod
reaction. During 1982, the foliar and pod reaction of 58 bean lines to
the CBB pathogen was studied. Leaves and pods were inoculated with the
colombian isolate xp 123 using the razor blade procedure for the leaf
inoculation and a hypodermic syringe needle for pod inoculation. Leaves
were evaluated using a disease severity scale of 1-5. The pod lesion
diameter (PLD) was measured and converted to a severity index (PSI).
The correlation between the foliage reaction and the PLD and PSI was of
0.8352 and 0.8043 respectively, suggesting that bean plants selected for
foliage resistance to the CBB pathogen are very likely to also have
resistant pods.

Emphasis in the development of resistance to Xanthomonas phaseoli
(X. campestris pv. phaseoli) the CBB pathogen, during 1980 and 1981
resulted in a increased number of resistant lines with different grain
types (Table 5). Ten new lines with CBB resistance were coded in 1982,
the majority of which were the result of purifying families made in
early crosses.

Table 5. Disease reaction of selected 1982 EP bean lines
to the common bacterial blight pathogen evaluated
in the field at CIAT-Palmira.

Disease reaction

Identification Color EP 82 VEF 81
BAC 87 Black 2D 2.5
BAC 112 Black 2.0 2o
BAT 1336 Red 3.0 3.0
BAT 1449 Red 3.0 3.0
BAT 1501 Red 2.5 2.5
BAT 1514 Red 2,0 3.0
BAT 1631 Red 3.0 3.0
BAC 125 White 2.0 3.0
A 493 White 2.0 3.0
BAC 105 Cream 2o 3.0

Disease reaction: 1 = immune; 2 = resistant;
3 = intermediate; 4 susceptible; 5 = very susceptible.
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For the 101 new crosses made for CBB resistance during 1982, two
approaches are being pursued for the increasing of CBB resistance
levels: (1) by means of intraspecific crosses and (2) by backcrossing
interspecific progenies carrying the CBB resistance of P. acutifolius to
tropically adapted P. vulgaris breeding lines. Resistant interspecific
donors of the latter were provided by the University of California at
Riverside.

The results of the evaluations of 13 CBB resistant selections at
several U.S. Universities where active CBB work is being conducted are
promising. Similarly, in an effort to determine the necessary levels of
CBB resistance in different grain types for different bean growing
regions, 18 CIAT bean lines and national program cultivars possessing
different levels of CBB resistance are being evaluated at CIAT-Palmira
and by a national program in Central America. The yield and the CBB
reaction of these cultivars are evaluated under protected, natural and
high CBB disease pressure conditions. Some of these lines combine CBB
resistance with earliness and high yield potential. Efforts are being
made to recombine some of these characters and adaptation into a broad
range of commercial grain types. Lines possessing CBB resistance are
used as parents in crosses for resistance to web blight, bean golden
mosaic and Empoasca.

Antracnose and angular leaf spot. These two diseases often occur
together in bean growing regions with moderate to cool temperature and
abundant moisture. Both, Colletotrichum lindemuthianum, the causal
agent of anthracnose and Isariopsis griseola, the angular leaf spot
(ALS) fungus are pathogenically variable, and a bean variety that is
resistant to either one of these pathogens in one area, may not be in a
different region. In 1982 conducting an evaluation of bean accessions
from the germplasm bank, CIAT advanced lines and segregating progeny, in
the highlands of México, it was observed that some of the lines
resistant to anthracnose in Colombia, were not resistant in Mexico. The
bean cultivar Amapola del Camino, as well as the CIAT bean lines BAT 44
and BAT 841 previously known for their resistance in the field and
greenhouse to all European and Latin American isolates of Colletotrichum
lindemuthianum, were susceptible in México. The cultivars Bayomex and
Perry Marrow on the other hand, had no anthracnose symptoms in México;
however, they are highly susceptible in Popayan, Colombia. These
results as shown in Table 6 demonstrate that the populations of the
anthracnose pathogen in the highlands of México and Colombia are
pathogenically different. Many of the CIAT bean lines and other bean
varieties however had the same reaction to the disease in both
locations. Table 7 shows the reaction of selected bean cultivars, with
resistance to anthracnose in both locations.

The pathogenic situation of the ASL fungus is similar to that of
the anthracnose pathogen. Table 8 shows a number of CIAT bean lines
that were evaluated as either resistant or susceptible in Brazil and
Colombia as well as some that had different reactions in both locations.
Again, many lines were found to have resistance to ALS in both countries
as shown in Table 9.
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Table 6. Differential reaction in
the field of selected
bean cultivars to
C. lindemuthianum in
Popayan, Colombia and
Tepatitlan, Mexico.

. a
Anthracnose reaction
Identification Colombia Mexico

w
o

BAT 44

BAT 841

A 279

A 262

Perry Marro
Bayomex

BAT 76

BAT 41

wwnwnx oD
mnwnRXX™D=I™mn

a. R = resistant; S = susceptible.
Disease rating base in 1-5 scale;
1 = no symptoms, 5 = very severe
symptoms; 1 and 2 = resistant;
4 and 5 = susceptible.

b. R = resistant; S = susceptible.

Table 7. Anthracnose reaction of bean cultivars under field conditions in Tepatitlan, Mexico, and Fopavan,

Colombia.
Anthracnose Anthracnose
reaction reaction _—
Identification Grain color Mexico Colombia Identification Grain color Mexico Colombia
A 149 Rayo R 5 A &40 0Ojo de Cabra R R
A 174 Pinto R I A 441 Ojo de Cabra R R
A 177 Bayo B R A 443 0jc de Cabra R P
A 196 Bayo R 1 A bLbs 030 de Cabra R R
Amapola del Camino S k A 445 Ojo de Cabra R R
Toche 400 5 1/R Quarenteno R K
A 406 Flor de Mayo 1 1 Mexico 222 Bavo R R
A 401 Flor de Maye R R G 1038 R 1
A 408 Flor de Mayo R R G 1042 R K
A 410 Bayo R R G 2641 Pinto R R
A4l Bayo R R G 2646 Pinte R R
A 423 Pinto R R G 2874 I R
A 424 Pinte - R R G 5A53 R R
A 439 0jo de Cabra R R G 11960 R R

a. Anthracnose reaction based on l-5 scale; where 1 (no symptoms) and 2 (very little disease) are

considered resistant; 3 = intermediate and 4 and 5 (very severe symptoms) are considered susceptible.
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Table 8. Differential reaction in the field

of selected bean cultivars to
Isariopsis griseola in Colombia
and Brazil.

Disease reactiona
Popayan Anapolis

Identification Colombia Brazil

140
154
160
210
96

161
339
340

i -
munmwmwmxxD=HH
HWHwmw ™

Disease rating base in 1-5 scale: 1 =
no symptoms; 5 = very severe symptoms;
1l and 2 = resistant; 4 and 5 =
susceptible.

Table 9. Reaction of selected bean cultivars with

resistance in the field to angular leaf
spot in Brazil and Colombia during 1982,

Brazil Colombia
Entry Caruari Anapolis Popayan
A 140 I b R
A 299 I I R
A 153 I I I
A 154 I R R
A 337 I R 1
A 338 I R 12
A 339 I R 12
A 340 I R 1?
A 75 1 R
A 82 R I
A 214 I R?
A 216 I R
A 217 I R
A 218 1 I
A 219 i R
(Continued)
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Table 9. (Continued)

A 235 I 1=
A 237 I R

A 286 R s
A 295 R Ra’b
A 296 R )
A 298 R R

A 332 1 I
A 337 R 15
A 338 R i b
A 339 R Ia’b
A 340 R i
A 345 R R

A 384 R P

a. Had also either resistant or intermediate
anthracnose reaction in the field, Popayan,
1981B.

b. Had also either resistant or intermediate
anthracnose reaction in the greenhouse to:

1) an isolate of C. lindemuthianum from
Capivara, Brazil; 2) to the race Alpha Brazil;
and 3) a mixture of both isolates.

In breeding for resistance to anthracnose and ALS of beans, the
search for new and or different sources of resistance to these diseases
continues to be emphasized; however, the balance at present is in favor
of anthracnose. Generally, anthracnose is more widespread and it is
under field conditions easier to create epyphytotics of anthracnose when
natural conditions do not favor a build up of the disease. The
situation is the same in the greenhouse. 1In the last few semesters,
field epyphytotics with both diseases have allowed reliable evaluations
of parental material, segregating progenies and advanced lines. From
the evaluations conducted in Popayan of the 1981 VEF and subsequently of
the 1982 EP a number of materials possessing different grain color and
commercial acceptance, were identified as having very good levels of
resistance to both, anthracnose and angular leaf spot (Table 10).

Many of the lines from the 1981 VEF evaluated as resistant in the
field in Popayan, having Brazilian grain types, were also evaluated
separately in the greenhouse for their resistance to an isolate of C.
lindemuthianum from Capivara, Brazil, to the race Alpha Brazil and also
evaluated with a mixture of both populations. Table 11 shows the
anthracnose and ALS reaction of these materials in Popayan, as well as
their reaction in the greenhouse and the ALS reaction in Anapolis,
Goiania, Brazil. Most lines, had excellent levels of anthracnose
resistance in the field and greenhouse. Some lines had in addition to
anthracnose resistance, intermediate or resistant ALS reaction either in
Colombia or Brazil; however most were ALS susceptible.
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Table 10. Anthracnose and angular leaf spot reaction of selected
bean lines with resistance under field conditions to
both pathogens in Popayan, Colombia.

VEF 1981 EP 82
Identification Grain color ANT ALS ANT ALS
BAT 1449 Red 1.5 1.0 1.5 2.0
BAT 1629 Red 2.0 2.0 15 2.0
A 475 Purple mottle 2.0 2.5 1.0 1.0
A 476 Purple mottle | s 1.0 1.5 1.5
A 485 Purple mottle 1.5 1.0 = 1.0
BAT 1386 Purple mottle 2.0 1.0 1.0 1.0
BAT 1426 Pink striped 1.0 1.0 1.0 1.5
BAT 1620 Puprle mottle 1.5 240 1.5 1:5
A 492 White 2.0 2.5 250 2.0
BAT 1542 Canario L.5 2.0 1.0 2.0
A 242 Pink stiped 2.0 1.0 2.0 2.5
A 271 Bayo striped L.5 Zoiaiy 1.0 2.0
A 296 Bayo or cream Vi) 2.0 1.0 1.0
A 348 Bayo or cream 1.0 250 Ls5 2.0
A 395 Bayo or cream 15 2.5 1z5 L5

Disease reaction based on a 1-5 scale: 1 = immune; 5 = very
susceptible.

Table 11. Reaction of anthracnose resistance bean
cultivars and CIAT bean lines to isolates of
C. lindemuthianum from Brazil and their
reaction to angular leaf spot.

Angular leaf
a i
Anthracnose reaction spot reaction

Identification T 11 IET IV I I1
A 242 R R R R R R

A 243 R R R R I s

A 248 R R R R I i

A 249 R R R R T: i

A 250 R R R R I I

A 251 I I E 1 R S

A 252 R R R R S hij

A 253 R R R R S i}

A 254 R R R R S I

A 255 R R R R S S
A 256 R R R R s i

A 257 R R R R S S

A 258 R I i T S S

(Continued)
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Table 11. (Continued)

Y T T T T T T T T e ee.

259
262
263
264
294
295
296
305
317
318
319
320
321
322
323
329
331
337
338
339
340
344
359
364
368
373
374
375
381
387
389
395
399
450
EMP 110
EMP 117
BAT 44
BAT 93
BAT 841
BAT 1512
BAT 1510
BAT 1550
AB 136

|l lmunmmnmHHWLWODWMWLLDULWNEHOD DO IO HYIHHEMHWMTYD DLW HWN

NI NH N HHEWMIOEHWMEHHEHMMHMNOODOnEHEHOMONOMULONON XMW WmN

=]
1

[ ]
LI |

=
~H W W H 0 R 0 H 0 o b RO D B b 0 0 W

W OO O NI H OO N D OO AN O DD D oo
T HHHAHH A HHHHA A A HH IO O OdH D WO HH XD
o d O H g H O N O HHR OO

a.

Anthracnose reaction: I = field reaction in Popayan,
VEF 1981; II = glasshouse reaction to an isolate of
C. lindemuthianum from Capivara; III = glasshouse
reaction to the race Alpha Brazil; IV = glasshouse
reaction to a mixture of II and III.

. Angular leaf spot reaction: I = field reaction in

Popayan, VEF 1981; II = field reaction in Anipolis,
Go., Brazil, 1982A.
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The Bean Pathology section routinely evaluates bean germplasm for
their resistance to anthracnose and ALS in the field and the in the
greenhouse. The best sources of resistance are utilized in a breeding
program to incorporate these resistances into commercial varieties
according to regions. While evaluating for resistance to anthracnose in
the greenhouse, it has been noted that some bean lines such as Ecuador
1056, known to have anthracnose resistance in the field in Popayan and
other locations, are susceptible to C. lindemuthianum isolates when
inoculated at the seedling stage. Preliminary work to elucidate the
nature of this reaction, has been carried out. Plants of Ecuador 1056
of different ages were all inoculated at the same time utilizing the
same inoculum source and exposing all plants tothe same environmental
conditions. Inoculated one-week old seedlings were very susceptible,
but as the age of plants increased the amount of anthracnose symptoms
decreased notoriously. Inoculated three-week old plants had very little
disease and older plants had no or very minute anthracnose lesions.
These preliminary results suggest that field resistance to anthracnose
of Ecuador 1056 and susceptibility of its seedlings in the greenhouse
may be associated with plant age.

Considering the extensive natural pathogenic variation existing in
the population of the C. lindemuthianum attacking beans in the different
regions of Latin America, a major effort is dedicated to the combination
of different sources of anthracnose resistance in the breeding for
broader resistance to this disease. About 25 to 30 bank materials,
identified as good anthracnose resistant sources but susceptible to
BCMV, are crossed to materials having BCMV resistance in order to
transfer BCMV resistance. In this process often 3 or 4 lines are used
in the final cross combinations with the objective of obtaining progeny
having a very broad anthracnose resistance base in addition to having
BCMV resistance.

Work is also underway to study the inheritance of anthracnose and
angular leaf spot resistance of selected newly identified sources. The
cultivar Top Crop, having resistance to BCMV, but susceptibility to all
isolates of C. lindemuthianum is being crossed to a number of resistance
sources. There is no knowledge as to how many genes control anthracnose
resistance, or if the genes in one source that is resistant to all of
the pathogen isolates are the same or different from the genes of
another anthracnose resistance source having the same type of
resistance.

Web blight. A greater emphasis is being placed in this disease due
to its increasing importance in the hot, humid conditions of the lowland
tropics of Central America, as well as in some middle altitude regions
of South America. In addition to the evaluation for resistance to web
blight of the EP nursery and the International Web blight nursery (VIM),
in Central America, in cooperation with scientists of the Costa Rican
National Program we continue to evaluate F, and F, populations and to
progeny test a large number of single plan% selecéions. Only 12 new
crosses were made in 1982 for the web blight resistance project since a
large backlog of F, and F, materials have accumulated. Resistance
levels to this disease are intermediate or low and the testing of
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resistance in the field is often difficult because of the irregular
distribution of the inoculum or due to the severity of early infections
that result on an excessive amount of disease that overcomes what
resistance may be present in the tested germplasm.

During the second semester of 1982 a nursery made of 92 bean
cultivars and CIAT lines, some of them know to have intermediate levels
of resistance in several locations, were evaluated in cooperation with
ICA scientists in the Turipana, ICA experiment station, where the
disease is endemic. Table 12 shows the reaction of some selected CIAT
bean lines and other cultivars that had either resistant or intermediate
reaction to the disease. The susceptible checks utilized were killed
early in the growing cycle. Evaluation of parents, hybrid selections
and advanced lines will continue during 1983.

Ascochyta leaf spot. In the cool highlands of Colombia and
Guatemala, ascochyta leaf spot is an important disease. It is also
reported as important in the Andean zone and Europe. A preliminary
study was conducted to test varieties for their resistance to the
disease and to evaluate the differences in the reaction to ascochyta
leaf spot of bush and climbing beans. A nursery containing 62 varietie:

Table 12. Web blight disease reaction of several CIAT lines and
other bean cultivars with resistance to the disease in
Monteria, Colombia, 1982B.

Diseasea Disease
Identification reaction Identification reaction
BAT 1636 155 Mexico 12-1 2.5
BAT 1544 14l Telarana 46 3.0 +
BAT 1238 2.0 P.I. 308909 3.0
BAT 1198 2.0 + BAT 1230 3.0 +°
A 89 2.0 + BAT 1234 3.0
A 99 2.0 + BAT 1254 30
Jamapa (Venezuela) 2,5 % BAT 1296 3.0
Telarana 33 2.5 + BAT 1297 3.0
S-630-B-C-63 2.5 + BAT 1434 3.0
Porrillo 70 2.5 % BAC 33 32k
BAT 67 255 A 86 3.0
BAT 450 2.5 A 113 3.0
BAT 527 255 A 148 30
BAT 1198 25 BAT 1432 3.0
BAT 1203 25 BAT 1235 3.5 +°

a. Disease reaction based on 1-5 scale: 1 = highly resistant;
5 = highly susceptible; + = resistant in Costa Rica; * =
previously resistant in Monteria, Colombia; ° = resistant in
coffee zone, Colombia,
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listed as bush beans and 51 varieties as climbers were evaluated in
Popayan during the first semester of 1982 in the Gembloux-CIAT
collaborative program of interspecific hybridization. Each of these
accessions had been previously evaluated as moderately susceptible,
moderately resistant or resistant in reports from Guatemala, ICA
Colombia and the CIAT EP 1981 and IBYAN 1982. Plants were inocuéated a
month after planting with a spore suspension containing 1.2 x 10
spores/ml. Agronomic practices for bush and climbing beans were
followed. Following the inoculation, daytime and nightime temperatures
reached 29° C and 18° C respectively, conditions which are known to
discourage the disease. Two disease evaluations were made, at 7 weeks
and 11 weeks after planting, and varieties were classified as resistant,
intermediate or susceptible (Figure 1). Nine bush bean lines were
selected as having intermediate resistance reaction to the disease
(Table 13). The climbing bean lines (Table 13) selected as resistant
had very little disease throughout the growing season. Immunity was
observed only in a Phaseolus coccineus subsp. polyanthus, accession
Guate 1076-CM and on progeny from crosses made between P. vulgaris and
P. coccineus.

Bush beans Climbers

96 DAP

Resistant m Intermediate :] Susceptible

Figure 1. Percentage of bush and climbing varieties presenting
resistant, immediate or susceptible reactions to inoculation
with Ascochyta phaseolorum in Popayan.
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Table 13. Selected bean varieties with
intermediate or resistant
reaction to ascochyta leaf
spot under field conditions
in Popayan, Colombia.

Climbing beans Bush beans
Resistant Intermediate

VNA 81006 Cena 163-1
VCB 81022 BAT 1481
VvV 08010 BAT 1486
G 10747 BAT 1569
G 12582 BAT 1615
VNA 81014 A 259
VNA 81013 EMP 117

AS 2

APN 6

Angular. leaf spot, yield loss study. There is not general
agreement among bean workers about the importance of the angular leaf
spot pathogen (ALS) in yield losses. A study was conducted in Popayan,
Colombia where breeding for resistance to ALS and anthracnose is carriec
out, to determine the yield reducing ability of ALS. The cultivar G
2858 susceptible to ALS but resistant to anthracnose was used.
Susceptible spreader inoculated with a mixture of local isolates of the
ALS pathogen, were distributed throughout the experimental plot. A
standard experimental design was used and all treatments were replicatec
three times. The control plots were not inoculated or protected and a
fungicide applied in seven different treatments at different dates after
planting (Table 14). 1In all plots protected with the fungicide yields
increased from 19% to 41%, suggesting that the ALS pathogen can depress
yields of susceptible bean cultivars considerably. The fact that
disease symptoms under natural conditions, often appear not long before
or during flowering has lead many to believe that ALS does not reduce
yields. Under field conditions in Popayan, the first disease symptoms
on a early cultivar such as G 2858 often appear between 30-40 days after
planting; however, if environmental conditions favor disease
development, there is a very rapid increase in thé number of lesions anc
of severity on the foliage and/or pods, accompanied by a general
chlorosis and often a severe premature defoliation.
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Table 14. Yield of bean cultivar G 2858 without
protection and protected with a fungicide
against angular leaf spot at Popayan.

Fungicide Yield? Yield
(days after planting) (kg/ha) difference (%)
None 1118 ¢ 0
26, 40 1491 abcde 21
40, 69 1496 abede 25
40, 54 1591 abed 30
54, 69 1375 bede 19
26, 40, 54 1671 abe 33
40, 54, 69 1781 ab 37
26, 40, 54, 69 1903 a 41

a. Average of 3 replications; numbers followed by the
same letter in the column are not significantly
different (P = 0.05).
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Resistance to Virus Diseases

Screening for Common Mosaic Resistance

Screening of individual selections

The main activity of the Bean Virology section remains the
screening of bean germplasm for common mosaic resistance. This year, an
average of 620 plants were progeny-tested with selected strains of bean
common mosaic virus (BCMV) per work day. The screening of climbing
beans (BB II1) was increased 50% over the number of lines evaluated last
year (Figure 1). The evaluation of materials generated by the bean
breeding II section of the Program was also increased, while the volume
of materials screened for the bean breeding I section continued to
decline as the backlog of breeding materials accumulated up to the
creation of Bean Virology in 1978, has now all been evaluated.

Screening of selected grain types

The modifications introduced last year in order to detect
symptomless, BCMV-susceptible materials before they are advanced for
evaluation of other traits, made possible the identification of
highly-prized red grain types such as '"Calima", '"Red Mexican",
"Pompadour", and 'Sangretoro", with dominant resistance to BCMV.

Since it has been frequently observed that some promising
individual selections do not possess the dominant necrosis (I) gene
which confers resistance to common mosaic, in a homozygous form, the
Bean Virology section, as of this year, decided to take responsibility
for the genetic purification and selection of lines homozygous resistant
for the dominant alleles (1I) of the necrosis (hypersensitive) gene.
This recent modification in the general evaluation scheme has
successfully resulted in the identification and selection of 11
homozygous BCMV-resistant lines with "Calima" grain type, and more than
15 lines with "Red Mexican'", "Pompadour", red, and '"Sangretoro" grain
types. This represents the first report of the development of true
red-mottled "Calima" grain types with resistance to common mosaic.
Also, three of the BCMV-resistant "Red Mexican" lines identified and
selected, have already been accepted for commercial production in
Central America under the names '"Chorotega', "Huetar'", and "Corobici,"
the latter also possessing tolerance to bean golden mosaic virus.

Collaborative Screening Projects

In the collaborative program of CIAT-IVT (Wageningen, Holland) F
and F, families carrying multiple resistance genes and originating from
the first backcross of multiple-gene donors to tropically-adapted
genotypes, were received from IVT and used as parents for 80 BC 2
populations. Progenies from the first backcross are much better adapted
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than earlier lines, facilitating further backcrossing and evaluation in
tropical environments.
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Figure 1. Common mosaic virus screening capacity and evaluation trends
for bean breeding I (BBI), II (BBII) and III (BBIII)-generated
materiales from 1978 to 1982.

Breeding for Golden Mosaic Virus

Breeding for resistance to bean golden mosaic virus began in 1975
with the evaluation of germplasm collections in Central America and
Brazil. Hybrid varieties with black opaque seed and high levels of
tolerance were selected in the ICTA-CIAT program. Progress in
small-seeded red varieties for El Salvador and medium-sized red mottled
determinate varieties for the Dominican Republic has been slower.
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Results from the International Bean Golden Mosaic Virus Nursery (IBGMVN)
of 1979 and 1980 (Table 1) were useful to identify non-black sources of
resistance from hybrid lines produced in Colombia and Brazil.

Additional crosses were made, and promising red-seeded selections are
currently being tested in preliminary yield trials.

The release of Negro Huasteco 8l by the Instituto Nacional de
Investigaciones Agropecuarias (INIA) of Mexico marked an exciting new
level of interinstitutional effort. Negro Huasteco 81, highly tolerant
to BGMV and of high yield potential, comes from a cross made by CIAT in
Colombia, selected and progeny tested in Guatemala by ICTA, and
subsequently introduced and further selected in Mexico as the Mexican
national program initiated a BCMV breeding and selection program.
Resistance to BGMV is of great utility for the gulf coast states of
Tamaulipas and Veracruz, which are among the largest producers of black
beans in Mexico. Efforts are underway to incorporate BGMV resistance
into Canario and Azufrado grain types for the Pacific Coast of Mexico.
Progress is slower due to BCMV susceptibility, the unique adaptational
features of genotypes from this area, and the interaction with Empoasca
and bean chlorotic mottle virus in reading BCMV symptoms.

Emphasis on secondary characters in BGMV breeding varies according
to the grain type, as follows:

Black opaque - earliness, CBB, Empoasca, anthracnose
Small mottled - BCMV, CBB (heavy emphasis BGMV)
Canario, Azufrado - BCMV, rust (heavy emphasis BGMV)

Table 1. Summary of golden mosaic evaluations for best lines in 1979
and 1980 International Bean Golden Mosaic Virus Nurseries.

Londrina Dominican
Identity  Guatemala (Brazil) Republic Observations
DOR 15 7a* 7 6 Good 1979, interm-rust
DOR 47 7% 7% 6
DOR 54 7 6% 6
DOR 84 6 6 8 Good 1979
DOR 125 7* 7 0 Good 1979, red-seeded
DOR 145 7% 6% 6
DOR 146 6* 6% 5 Sister of DOR 145
DOR 147 7% 6% 6
DOR 152 6% b* 6
DOR 157 - 6% 5
DOR 162 b* 6 il
Aete 1/38 7 4% 74

a. Evaluation scale of 1 = immune; 9 = highly susceptible.
* Noted for good/excellent adaptation.
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the most promising black-seeded BGMV selections from recent cycles
of intermating come from crosses made by ICTA in Guatemala, and from
three-way crosses made by ICTA agronemists at CIAT for earliness and
resistance to BGMV and other leocally important diseases. Interesting
sources of potentially unique resistance genes have been identified in
routine BGMV evaluations of the EP nurseries, and these materials are
being crossed with the most resistant progenies from earlier cycles of
hybridization. A total of 221 BGMV crosses were made in 1982 for the
four grain types listed above.

The International Bean Golden Mosaic Virus Nursery (IBGMVN) was
extremely useful in the early stages of the BGMV project to identify
germplasm bank accessions as parents for the hybridization program. The
nursery evolved (Table 2) to accomodate hybrid selections from
cooperating national programs, as well as interesting new sources of
resistance genes. Results from the 1979 and 1980 IBGMVN (Table 1)
suggest that very few entries were both resistant and adapted in three
or more locations and in both years. Exceptions are DOR 15, DOR 84,

DOR 125, and Aeté 1/38 (all good over locations and seasons), and

DOR 54, DOR 146, DOR 147, DOR 152, and DOR 162 (all good over locations
in the 1980 nursery). Argentina identified DOR 41 (ICTA Quetzal) from a
set of IBGMVN lines. Countries such as Cuba Haiti, Jamaica, and
Venezuela are able to regularly receive the best advanced lines without
the expense of undertaking their own crossing and reselection program.
Fifteen sets of the 1982-1983 IBGMVN have been shipped to date. One
hundred and eight new DOR lines were coded in 1982,

A few hybrid populations from interspecific crosses made in
Gembloux, Belgium, were evaluated previously for BGMV resistance in
Guatemala. Survival and seed set was generally poor due in part to
interspecific infertility and in part to the fact that P. coccineus
parents are from cool environments and are poorly adapted to cenditions
of the Monjas, Guatemala nursery. Additional crosses have been made,
but are being brought more gradually to hot, dry growing conditions
while selecting for increased self-fertility.

Table 2. Evolution of the lnternational Bean Golden
Mosaic Virus Nursery (IBGMVN).

Origin of entries
Germplasm ICTA-CIAT National

Year bank program program Total
1975 48 = — 48
1976 71 - - 71
1977 191 - - 191
1979 5 127 13 145
1980 5 59 8 72
1982-1983 17 147 6 170
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Research and Control of other Important Viral Diseases of Beans in Latin
America

Bean chlorotic mottle

As reported last year, over 20,000 ha of small black and large
white-seeded bean cultivars were severely affected in northwestern
Argentina by a disease known as "achaparramiento" ("dwarfing'"). Two
successive jnvestigations, financed by the Argentine National Institute
of Agricultural Technology (INTA) at Famailld, were undertaken by Bean
Virology in the Provinces of Tucumidn and Santiago del Estero. These
field surveys led to the conclusion that the problem was primarily the
disease bean chlorotic mottle, caused by a virus transmitted by
whiteflies from wild hosts. The epidemics of the disease coincided with
the expansion of soybean plantings in the area, which brought about a
large increase of the whitefly population.

Due to the high demand for soybeans in the international market,
only two control measures were compatible with the bean-soybean cropping
systems: the introduction of chlorotic mottle-resistant varieties, and
chemical control of the whitefly vector. Among the black-seeded
materials sent by CIAT to Argentina, several lines, such as DOR 41, BAT
7, 304, 15, 58, and 64, have shown to possess varying degrees of
resistance to chlorotic mottle. One line in particular, DOR 41 (ICTA
Quetzal), has been found to be far superior in disease resistance, grain
quality and yield when compared with the traditional "Negro Comin", a
varietal mixture planted in the affected areas. It is expected that DOR
4] will be adopted as a commercial variety soon after the current seed
multiplication phase,.

As for the large white-seeded type known as "Alubia" in Argentina,
an active breeding project for chlorotic mottle resistance has been
operating between CIAT, and the "Obispo Colombres" Experiment Station,
and INTA. This year, a number of promising selections, such as Tucumana
4, 8, 16, and 20, were made in Argentina under heavy disease pressure.

In the meantime, the abandonment of "Alubia" bean production in areas
with estimated yield losses of 100%, has been prevented with the
application of systemic insecticides, applied at planting time,
supplemented with foliar insecticide sprays according to whitefly
population dynamics. The high price of "Alubia" in the market justifies
the added cost of the chemical treatment.

Bean yellow mosaic

The significant process achieved by the Chilean National Institute
of Agricultural Research (INIA) in the development of common
mosaic-resistant cultivars, has been partially shaded by the increasing
incidence of bean yellow mosaic virus (BYMV) in most bean growing areas
of Chile.

The Bean Program is joining INIA in the fight against yellow mosaic
by providing the national program with segregating populations derived
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from crosses made between selected Chilean cultivars and BYMV-resistant
lines developed by the Plant Breeding Institute (IVT) in Wageningen,
Holland. The crosses and resulting segregating populations sent to INIA
can be observed in Table 3.

Table 3. Crosses made at CIAT between Chilean cultivars and bean common
and yellow mosaic resistant experimental lines, and generations
of segregating progenies sent to Chile for early evaluation.

" Limiting
Chilean Parental IVT lines virus
cultivar 7214 7233 80377 80338 80415 BCMV BYMY

b

Negro Argel Fz, F3 F2 X
Orfeo-INIA F2
Arroz~3 F2, F3 X X
Seaway : F2 F2 X
Gratiot F2 F2 X
Cristal Blanco F2’ F3 X X
Tortola Diana Fl’ Fz, F3 F2, F3 X
Cristal-Bayo F2 F2 X X
Bayos Titan F1 Fl’ F2
Apolo F2 Fl X
Hallados Dorados F2, F3 Fz, F3 X%

a. IVT = Horticultural Plant Breeding Institute, Wageningen, Holland.
b. Generation sent to Chile.

The progenies of these specific crosses will also be evaluated for
their resistance to necrosis-inducing strains of bean common mosaic
virus, a potential problem in Chile, since some IVT experimental lines
also possess resistance to these BCMV strains.

Continuing and Future Projects

The screening of selected grain types, such as '"Calima" and other
large reds, will continue in search of more and higher-yielding lines
with resistance to common mosaic. Two grain types which will receive
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full attention next year will be the "Canario" for Peru, and
"Cargamanto'", the preferred cream-mottled climbing type in Colombia.

The incorporation of recessive genes which protect the dominant I
gene presently exploited by the Program, against necrosis-inducing
strains of BCMV, is the second most important project to be accelerated
next year. Besides the IVT lines currently used, other recessive genes
present in varieties such as "Great Northern 31" and "Red Mexican 35"
will be selectively incorporated into I-gene-improved lines recently
generated by the Program.

In the field of international cooperation, Bean Virology will
assist the Chilean Natural Legume Program in the field evaluation of the
segregating populations generated at CIAT, for their simultaneous
resistance to bean common and yellow mosaic virus.

A golden mosaic project, pending approval, has also been advanced
by the Agricultural Research Agency for Minas Gerais (EPAMIG) in Brazil,
to recover important bean-growing areas of the State lost to bean golden
mosaic virus (BGMV) in past years. CIAT is considered in this project
proposal as source of BGMV-tolerant germplasm and technical assistance
in the evaluation of nurseries. The project contemplates, primarily,
the development of BGMV-tolerant cultivars other than the existing
black-seeded grain types.
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Resistance to Insect Pests

Evaluations for plant resistance to Empoasca kraemeri, bruchids,
and Apion godmani were continued. Germplasm evaluations for resistance
to the desert spider mite were discontinued as largely empirical
evidence suggested that the mite was not an economic pest.

Empoasca kraemeri

Breeding for resistance to E. kraemeri continued into the sixth and
seventh cycles of crossing. A total of 183 F, populations were
evaluated in 1982, and individual plant selections were made.

Selections were made on the basis of apparent yield, seed color and
size, architectural traits, plant growth habit, and maturity, as well as
E. kraemeri resistance. Particular attention was paid to selecting
plants with the type I growth habit (determinate), medium to large seed
size, and red seeds as it has been difficult to incorporate resistance
into these types of beans. In 1982, 21 additional EMP lines were coded
bringing the total to 142,

Five-hundred accessions from the bean germplasm bank were evaluated
for E. kraemeri resistance in 1982. About 11,000 of the 15,500 bank
accessions which have been seed-increased have been evaluated for
resistance so far. Germplasm evaluations will be accelerated to rapidly
include more potential sources of resistance into the breeding program.

Mechanisms of Resistance to E. kraemeri

In the 1981 Annual Report it was reported that mechanisms other
than tolerance might be partly responsible for the resistance of some
lines to E. kraemeri. Further studies were conducted in 1982. TIn the
greenhouse, it was found that although there were differences in
preference for oviposition on bean plants seven days old when E.
kraemeri was presented with a choice, these differences were not
maintained when the pest was obligated to feed on any one line (Table
1).

However, paired tests with plants that were 20 days old showed that
a difference in the number of eggs laid (measured as number of nymphs
emerged) existed when the leafhopper was obligated to feed on one or
another line (Table 2).

It is possible that E. kraemeri resistant lines contain different
genes for resistance. A partial diallel study was conducted using five
leafhopper-resistant lines as parents. The study was conducted in the
field using natural populations of E. kraemeri. It was found that
significant general combining ability existed for number of nymphs,
total number of E. kraemeri, and the visual rating of damage (Table 3).
Specific combining ability was not significant for any trait measured.
These results indicated that resistance is additive.
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Table 1. Preferences in oviposition of E. kraemeri

on six bean lines

No. of E. kraemeri eggs
per seedling

Line Choice Obligate
EMP 81 14 a 20 A
EMP 82 10 ab 26 a
BAT 41 (control) 9 be 25 a
EMP 94 9 bc 17 a
EMP 97 5 icd 26 a
EMP 89 4 a 24 a

Table 2. Preferences in oviposition of
E. kraemeri on five resistant
bean lines tested against

BAT 41.
Resistant Number of nymphs on
lines resistant line vs. BAT 41
EMP 94 9 vs, 22%%
EMP 82 23 vs. 36%%
EMP 97 12 vs. 32%%
EMP 89 11 vs., 17%
EMP 81 15/ ~8. 17

* Significant at 5% level,
*% Significant at 1% level.

Table 3. Analysis of variance of a partial diallel genetic study using

five Empoasca resistant bean lines as parental lines.

Resistance traits were measured in the field under natural

leafhopper infestations.

Mean squares

Source of Total Visual

variation dof. leafhoppers Adult Nymphs damage

Replications 2 36.53 ns 11.99 ns 2.54 ns 1.11%*

Crosses 9 28.04%* 12.68 ns 5.80 ns 0.25 ns
G.C.A. 4 56.35%% 19.03 ns 12.10%%* 0.68 *=*
SoCaAs 5 5.40 ns 7.59 ns 0.75 ns 0.22 ns
Error 18 10.98 7.88 3.33 0.14

* Significance at 5% level.
*% Significance at 1% level.
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Bruchids

In the Annual Report of 1981 data on resistance of wild bean
accessions to the Mexican bean weevil, Zabrotes subfasciatus, were
presented. In 1982 even higher levels of resistance were found to the
common bean weevil, Acanthoscelides obtectus (Table 4). Two accessions,
G 12953 and G 12952 were resistant to both bruchids. Resistance
consisted of increased life cycle of the pests, increased mortality,
lower adult weight, and reduced oviposition. Under continuous rearing
of the pests for successive generations on resistant accessions,

A. obtectus died out on accession G 12866 after one generation and on G
12949 and G 12952 after two generations (Table 5).

Small seed size was geperally associated with resistance. The
correlation coefficients (r") between seed size versus number of eggs,
number of adults emerged, adult weight and length of development period
for Z. subfasciatus were 0.64, 0.69, 0.63, and -0.42, all significant.
For A. obtectus the r" values between seed size versus number of adults
emerged, adult weight, and length of development period were 0.56, 0.64,
and -0.42, all significant.

A. obtectus is capable of infesting seed in the field before it is
harvested. The adult female perforates the dry pod walls and deposits
eggs inside. In tests where adults had no choice between accessions,
less eggs were laid in the resistant accessions than in the control,
Diacol Calima (Table 6). Less seeds per pod were perforated by the
larvae in resistant accessions (Table 6).

Table 4. Levels of resistance to A. obtectus in nine resistant wild
types of beans as compared to susceptible cultivated varieties
(average of 5 replicates 50 seeds each infested with 50 eggs).

Dry weight/ Weight

No. adults/ Days until Emergence adult 100 seeds

Accession replications emergence (%) (mg) (g)
G 12862B 1.0 a 36.7 de 2.0 a 1.5 .ab 5
G 12866 1.0 a 42.0 cd 2.0 a 2.0 bed 5
G 10019 1.8 a 36.1 e 3.6 a 1.3 a 5
G 12949 2.0 a 62.5 a 4.0 a 2.0. cde 7
G 12952 5.6 a 61.5 a 11.2 a 1.6 ab 6
G 12953 8.6 a 63.0 a 1742 3 1.6 ab 6
G 12891 15.8 b 52.1 b 31.6 b 1.8 be 8
G 12942 17.8 be 40.4 cd 35.6 bc 2.4 def 17
G 12929 23.0 cd 42.6 c 46.0 cd 2.1 cde 12
ICA-Bunsi 30.2 de 35.5 e 60.4 defg 2.9 gh 18
Diacol

Calima 29.2 de 36.6 e 58.4 defg 2.6 fg 50
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Table 5. Number of progeny adults emerged in continuous rearing of
Zabrotes subfasciatus and A. obtectus on selected resistant
wild bean accessions and a susceptible variety. Each
successive infestation was made with the first seven emerged
pairs of Z. subfasciatus or first 50 eggs of A. obtectus of
the previous generation in five replicates.

CIAT Generation No.
accession 1 2 3 4 5

Z. subfasciatus

G 12953 20.8 a 31.2 a 16.2 a 18.2 a 21.8 a
G 12952 23.4& a 28.6 a 27.6 a 29.2 a 30.0 a
G 10019 93.4 a 116.8 ab 110.6 ab 139.8 b 146.0 b
G 12891 137 .8 .a 152.0 a 162.6 a 145.6 a 160.6 a
G 12939 150.4 a 238.8 b 2310 b 236.8 b 246.0 b
Diacol Calima 247.8 a 348.2 b 3314 b 341.4 b 349.0 b
A. obtectus
G 12866 3.0 0 -
G 12891 11.0 16.6 18.0
G 12942 13.2 14.4 I6.2
G 12949 3.4 1.0 -
G 12952 5.6 1 i3 -
Diacol Calima 37.4 19.8 44 .6

* Data followed by the same letter in horizontal columns are not
significantly different (p < 0.01).

Table 6. Adult A. obtectus oviposition and larval penetration in pods of
resistant and susceptible bean lines.

Adult penetrationa Larval penetrationb
No. holes/ No. eggs No. perforated
Line pod inside pod seeds/pod
G 10011 2.5 bed 60.4 b 0.5 :a
G 11056 2.3 cd 32,6 b 2.0 ab
G 12949 1.9 d 36.8 b 0.6 a
G 12952 3.8 abe 57.1 b 0.5 @
G 12953 4.0 ab h2ad b 0.6 a
Diacol Calima 5.0 a 136.4 a 3.4 b

a. Four pairs of adults per six pods.
b. 50 eggs per six pods.
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F, seed from crosses using sources with high levels of resistance
to bot% bruchids are presently being evaluated and selected (Table 7).
Additional crosses are currently being made to include other seed and
plant types.

Apion godmani

In 1982 A. godmani nurseries comprised of 40 materials each were
sent to eight sites in Central America. As of this date, data on one of
the nurseries in Honduras has been reported. As in 1981, several of the
materials demonstrated high levels of resistance-compared to the
control, Desarrural (Table 8). Data from Honduras, Guatemala, and
Mexico are in general agreement, indicating that there is little
genotype by environment interaction.

The target area for A. godmani resistance is from northern
wwlNicaragua to Central Mexico and in altitudes from 500 to 2000 masl.
Resistance is needed in small black opaque and small red brilliant beans
of plant growth habits 1I, III, and IVa.

Table 7. Crosses made in breeding for resistance in beans to bruchids.

Weight of
A. b Z. 100 seeds
Crosses” obtectus subfasciatus (g)
1) BAT 1225 (S) x G 10019 (R) R S 14
2) BAT 1225 (S) x G 12952 (R) R R 14
3) BAT 1235 (S) x G 10019 (R) R S 10
4) BAT 1235 (S) x G 12891 (R) R 1 15
5) BAT 1235 (S) x G 12952 (R) R R 19
6) V 7920 (S) x G 12891 (R) R I 15
7) V 7920 (S) x G 12952 (R) R R 14
8) V 8030 (S) x G 10019 (R) R S 14
9) V 8030 (S) x G 12891 (R) R I 14
10) G 10019 (S) x G 12891 (R) R I 9
11) G 12952 (R) x G 12891 (R) R I 9
12) G 12597 (S) x G 12952 (R) R R 13
13) G 12722 (S) x G 10019 (R) R S 22
14) G 10019 (R) x Carioca (8S) R S 10
15) G 12891 (R) x G 4017 (S) R I 10
16) G 12891 (R) x Cargamanto (S) R iF 19
17) G 12891 (R) x G 12952 (R) R i 5
a. S = susceptible to both bruchids; R = resistant to at least one
bruchids.
b. R = resistant to the mentioned bruchid; I = intermediate;
S = susceptible.
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Table 8. Damaged caused by Apion godmani in selected
lines (Honduras, 1982).

Damaged pods Damaged seeds
Line (%) (%)

BAT 947

EMP 87

EMP 86

APN 71

APN 70

APN 38

APN 42

G 11506

Desarrural (control)
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Plant Architecture and Yield

Component Analysis

Recently, CIAT bean breeders have become increasingly interested in
the exploitation of architectural traits as a source of variation for
improved disease avoidance, grain quality, lodging resistance and yield.
However, knowledge of how the environment can alter both plant
morphology and its relationship to yield is a necessary prerequisite to
the development of effective breeding strategies. Thus, concurrent with
the development of individual lines with specific architectural
amendments, we initiated several experiments to study the strength and
stability of the relationships between architectural components and
yield. A brief summary of the first of these studies is presented here.
The objective of this experiment was to study the response of yield and
architectural components to environments and planting densities.

The cultivars chosen to represent each bush bean growth habit (I,
IT, and III) included traditional cultivars as well as lines which had
been recently developed to exploit one or more architectural components.
For example, A 132 was included because it possesses multiple branching
and short internodes, A 57 has upright branching, and A 55 has reduced
lateral branching. All cultivars were grown in replicated trials at
Quilichao, Popayan and in twyo seasons at Palmira. Plant densities of 5,
13.3, 21.6, and 30 plants/m~ were achieved by varying the within-row
spacing. The between row spacing was 60 cm. In all locations regular
applications of chemicals were used to control insects and diseases.

Considerable variation for yield and architectural components was
observed among cultivars within growth habits; and in addition, habit
means were significantly different for all traits, except for the number
of lateral branches/plant between habits II and III (Table 1).

Moreover, there were consistent trends towards increased habit mean
performance for all traits except for the number of lateral branches per
plant, with increasing indeterminancy. Type I determinate varieties had
relatively higher number of lateral branches than indeterminate types II
and III.

Significant differences among locations and between planting dates
within the Palmira location were observed for yield and architectural
components (Table 2). 1In addition, cultivar x location interactions
were significant for yield &nd all architectural components, indicating
that some cultivars were better adapted to specific locations; however,
3 of the 4 habit III cultivars, A 70, A 231, and Carioca, were among the
highest yielders across all locations. These three cultivars also
tended to have among the highest values for most architectural
components, except for lateral branches/plant. These results suggest
that the balance of architectural characteristics of some habit III
cultivars may provide enhanced "buffering" against environmental
fluctuations resulting in broader adaptation.
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Table 1. Cultivar means over locations and planting densities for grain
yield and several architectural components.

a Lateral Nodes/ Nodes on Main stem
Yielg Noges/ branches/ 1lateral main internode
Cultivar (g/m") m plant branch stem  length (cm)
Habit 1
A 57 147 343 ] 2.6 9.6 4.1
A 132 129 394 5.4 2.9 9.2 2T,
A 475 141 478 Sl 3.8 11.0 3.4
ICA L-24 166 321 4,2 25 8.9 3.8
Mean 146 383 4.8 3.0 9.7 © g
Habit II
A 55 149 272 245 2.1 117 4.3
A 156 176 127 6.8 4.6 16.1 2.9
BAC 43 153 343 3.2 3.5 10.1 5.0
ICA-Pijao 167 415 3.4 3.6 13.9 4.7
Mean 161 439 4.0 3D 12.9 4.2
Habit III
A 22 148 518 3.9 4.7 14.0 6.4
A 70 192 400 326 3.6 12.4 6.1
A 231 178 518 4.3 4.5 14.9 3.8
Carioca 215 483 4.0 &s3 3.5 652
Mean 183 480 3.9 4.3 13.7 5.7
Cult%var
LSD 14.0 30.0 0.3 0.3 0.4 0.8
Habit mean
LSD 7.0 16.0 0.2 0.2 0.2 0.5

a. Corrected for 14% moisture.
b. Waller-"Duncan K-ratio T-test within columns (K = 100).

The average response curves for grain yield with increasing plant
density were parabolic in nature for indeterminate habit II and JII
cultivars, i.e., they rose to maximums at 22.4 and 24.0 plants/m~ for
habit II and III respectively, and then declined (Figure 1). 1Imn
contrast, the average response curve for determinate habit I cultivars
was asymtotic in nature, i.e., it rose to a maximum and then remained
relatively constant (Figure 1).
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Table 2. Means over cultivars and planting densities for grain yield
and several architectural components at the test environments

used.

Lateral Nodes/ Nodes on Main stem

vield? Noges/ branches/ 1lateral main internode

Environment (g/m") plant branch stem length (cm)
Palmira I° 89 295 2.9 2.2 11.7 4.0
Palmira 11 137 484 4.5 359 12.9 4.9
Popayan 204 430 4.0 4,0 11.2 4.5
Quilichao 224 529 5.5 4,2 1207 -
LsD® 82 131 1.5 1.2 0.9 0.8

a. Planted March 25, 1982.
b. Planted June 24, 1982.
c. Waller-Duncan K-ratio T-test (K = 100).
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Figure 1. Effect of increasing plant density on the mean yield of four
cultivars within each of three bush bean growth habits.
(Sy = 5.4).
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Significant linear increases in nodes/m2 with increasing plant
density were observed for all three growth habits (Figure 2). The
continued increases in nodes/m” at densities beyond the yield maximums
indicates that a decreasing percentage of nodes were productive at
higher plant densities.

The average linear reductions in lateral branches/plant and the
shape of the curvilinear reductions in nodes/lateral branch with
increasing plant density were similar for indeterminate habit II and III
cultivars, which in turn were different from the response curve for
determinate habit I cultivars (Figures 3 and 4).

Contrasting response to increased plant density were also observed
between determinate and indeterminate cultivars for nodes on the main
stem and main stem internode length (Figures 5 and 6). Linear
reductions in nodes on the main stem were similar for habit II and III
cultivars, whereas no reduction was observed in habit I cultivars. In
contrast, main stem internode length increased in habit I cultivars with
increasing plant density, but was unchanged in habit II and ITI
cultivars. The combined effect of the differing responses to these two
traits results in determinate plants becoming taller and indeterminate
plants shorter with increasing plant density.
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Figure 2. Effect gf increasing plant density on the mean number of

nodes/m” of four cultivars within each of three bush bean
growth habits. (Sy = 12.8).
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Phenotypic correlations between architectural components and grain
yield within growth habits ranged from medium to low, suggesting that
the addition of no one architectural component alone will result in
significantly increased yields (Table 3). Furthermore, the correlation
between yield and days to flower in habit I, and nodes on the main stem
in habit IT, and main stem internode length in habit III were altered in
response to plant density. Similarly, the correlation between yield and
nodes/lateral branch and main stem internode length were altered in
response to location (Table 4). The failure of these traits to maintain
consistent relationships with yield over given densities or environments
suggests that environmental rather than genetic effects prevail in the
expression of their phenotypic correlations. This has important
implications for breeding strategies because it suggests that indirect
selection for increased levels of these architectural components will
not necessarily result in increased yield across environments.

In conclusion, the results of this study indicate that both
environments and planting densities have significant effects on yield
performance and on the expression of architectural components. Thus,
plant breeders choosing to exploit architectural variation must be
cautious of selection under conditions of variable inter-plant
competition. In addition, selection of broadly adapted cultivars which
maximize yield or architectural component expression must be done over a
wide range of target environments. The questions still remain as to
which set of architectural components will most contribute to yield, and
how to best combine those traits in commercially acceptable cultivars.
Notable is the ability of some habit III cultivars to have consistently
higher yields regardless of the environment, and their enhanced ability
to compensate for reduced plant density. Greater emphasis has already
been directed towards exploiting the architectural characteristics of
this habit; however, the major limiting factor has been the slow
progress in combining habit IIT architecture and yielding ability with
the more desirable large grain sizes.

The products of the next series of experiments should provide us
with greater knowledge of how the components of plant architecture shift
towards optimum levels during the expression of maximum yield. However,
the challenge in future breeding efforts is to develop strategies for
increasing yield combining optimum architectural expression in currently
available habit III cultivars as well as raise the yield potential of
large seeded cultivars to the level of small seeded indeterminate
varieties,

Breeding

The second cycle of breeding for architectural and yield
improvement is well underway. The best lines selected from the first
cycle were crossed among themselves and to the highest vielding and
disease resistant lines from various other sources. Several hundred F
progenies were tested at CIAT-Palmira, Quilichao and Popayan farms. .
There is strong indication that the lines coming out of the second cycle
while maintaining their level of architectural traits may outyield their
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parents, especially in type I.

However, in order to assess their yield

quantitatively about 130 F, families, rather uniferm for growth habit,

grain type, etc., were bulk harvested.

be conducted in the March planting of 1983.

The replicated yield trial will

Table 3. Phenotypic correlations between various architectural
components and grain yield for three growth habits of beans
grown at two within row densities,

Growth habit

I . i A 111
Architectural plants/m~ plants/m" plants/m~
component 5 30 5 30 = 30
Days to,flower .00 L2k% .04 .18 .01 .00
Nodes/m 2 .38%% L31% 4 2%% .34% O7%% S5T7*%
Lateral branches/m .35%% 15 Sl*% .33% AS5E% L60%*
Nodes on main stem -.04 .08 .01 L37%% - 11 el
Nodes/lateral branch J37%% . 38** «50%% 31%* o7k . 50%*
Main stem internode
length L61E* L62%% LS51%% AL v 21 .38%

* Significant at .05 level.
*% Significant at .01 level.

Table 4. Phenotypic correlations between various architectural and
grain yield in four environments.

Architectural component CIAT 1 CIAT 2 Popayan Quilichao
Days to,flower .06 ~.17% .07 -.06
Nodes/m 9 L60%% AL bk .30%*
Lateral branches/m L31%* L25%% C3T7k* L23%%
Nodes on main stem L17% =l o] .20% «15
Nodes/lateral branch -.10 L34%% .05 -.09
Main stem internode length - 33%% L66%*% 10 J49%%

* Significant at .05 level.
*% Significant at .0l level.
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017 Tolerance to Drought Stress
o

X

Drought trials were sown in CIAT during both the January/February
and July/August dry periods in 1982. However, as happened before, the
early dry period was not to be relied upon and the trials of that season
were discarded as receiving insufficient stress to discriminate the
materials.

As from this year the screenings have been divided into two stages.
Stage one is a preliminary screening using a check variety sown in
strips across the experimental lot as a comparison for each plot.

Canopy temperature differential was taken between each plot and the
adjacent check strip using an infrared thermometer. Ninety six lines
from 1981 EP were screened in this preliminary stress screening. The
experiment is designed to handle large numbers of materials and it is
hoped in the future to include all of the EP and new materials coming
from the drought tolerance breeding program. No irrigation control
plots were used. The second stage screening was a trial using irrigated
control plots adjacent to each stress plot as in previous years but with
the number of materials reduced to increase the precision of the trial.
Seventy two promising materials were included in stage 2. Thirteen
materials were common between the two trials, which were sown at the
same time adjacent to each other in the same lot in CIAT.

The best entries in each growth habit group for the stage 1
screening are summarized in Table 1. There is a striking relationship
between the yields of the best lines in each group and the growth habit.
This is also the case for the group mean yields. These are 417, 482,
695, and 1152 kg/ha =~ for the mean yields of habits I, II, III, and IV
respectively. All are significantly different from the other three
except between habits I and II (see Table 2). This would appear to
indicate a strong relationship between yield under stress and plant size
and vigor, which generally increase in the same sequence.

Canopy temperature differential appears to follow the inverse
trend, being highest in type I materials while lines of climbing type IV
habit in some instances showed cooler canopies than the check variety
G 5059. This is not due to different canopy structure in the climbers
as for this trial they were not grown on supports, but left to trail on
the ground, producing a canopy much like a type I11I. The relationship
between canopy temperature (At) and yield is marked (Figure 1), the
type IV materials are clustered in the top left corner. This would
indicate that those plants which yielded best were able to maintain
their transpirational water flow. It is conjectured that the rooting
depth is a major factor in this effect and that plant size and vigor
have considerable bearing on this.

An illustration of the possible effect of rooting depth is given in
Figure 2 in which the water budget for the experiment was calculated
assuming two distinct rooting patterns. The first to a depth of about
1.2 m yielding an available soil water capacity of 200 mm, the second
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with an effective rooting depth of 0.5 m giving approximately 80 mm of
available water. It is clear from the plot of Ep/E¢, (Figure 3) (actual
evapotranspiration over potential evapotranspiration: a commonly used
index of plant stress) that the deep rooted plants could grow through
the experimental period with little serious stress, whereas restricted
rooting depth brought on severe stress. The extreme rooting patterns
assumed have been observed in beans sown in the CIAT station.

Table 1. Stage 1 Screening. The four most drought
tolerant lines per growth habit, and lines
outperforming the check G 5059.

Yield T Color

Type I (20 entries)

A 195 1060 1.54 Cream
BAT 1251 872 2.37 Purple
BAT 1274 855 2.23 Brown
A 186 740 3.74 Cream
Group range 69-1060 1.54-4.16

Type II (41 entries)

BAC 63 1377 0.87 Cream
BAT 1217 1316 0.28 Red
A 59 1273 1,26 Coffee
BAT 1155 1147 1.98 Red

Group range 71-1377 .28-3.94

Type III (15 entries)

A 147 1501 1.34 Cream
BAT 1198 1490 0.59 White
A 162 1327 0.71 Cream
BAC 38 1081 1.30 White
Group range 116-1501 .40-3.30

Type IV (20 entries)

vV 8024 1757 011 Coffee
vV 7918 1518 -0.29 Purple
vV 8017 1512 0.73 Black
vV 8025 1506 0.05 Black
vV 8010 1466 0.30 Black
vV 8014 1459 -0.49 Black
vV 8016 1380 0.55 Black
vV 8030 1278 -0.91 Black
vV 79119 1272 -0.33 Red

vV 8012 1259 1.06 Black
Group range 791-1757 -0.9-1.06

SE 224 .96

cv 32.8 50.0

G 5059 (check) 1253 - Cream
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Table 2. Mean yields under stress EP 81, by growth

habit.
Habit Mean yield No. obs. LSD (5%)
I 417 20
795
I1 482 41
83.7
111 695 15
105.0
v 1152 20
G 5059 1253
(check)
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The verification of this conjecture would greatly help in the early
selection of candidates for drought tolerance by vegetative
characteristics. This must however wait until a full time physiologist
is employed by the program.

Stage 2 screening employed the chain block design as in previous
years and included an irrigated control. Thirty three of the 72
materials tested were kept over from the previous screening trials. Of
these, 14 were present in the top twenty varieties (see Table 3), six
only were new entries. With the exception of the very good new
material EMP 105, red seeded materials are poorly represented in the
better lines. BAT 258 occupies exactly the same position as in the
previous year trial with no others in near reach of the leaders.
However, a few new materials have entered the list with respectable
yields, albeit at much lower levels than the leading cream and black
lines; Table 4 lists the five best. Apart from EMP 105 none are
significantly above the experimental mean, but are the best in their
group.

The relationship between stress yield and control yield is
generally positive and strong, however, the degree of correlation
depends on the degree of stress. In lightly stressed trials, the
correlation may be very high, for this reason such trials are discarded.
In well stressed trials such as those under discussion there still
exists a positive relationship because of the asymmetry of the response.
A poor yielder in control cannot by definition give a good yield under
stress. Figure 4 shows however that given sufficient stress a fair
number of very high yielding lines may fall to unacceptable yield levels
under stress.

Comparison of the stages 1 and 2 trials can be made with
confidence. The two trials ran concurrently in the same experiment lot
and the 13 joint materials yielded very similar stress yields in both.
The comparison leads to a disappointing conclusion. There is only one
EP 81 entry which approximates the performance of the previously
identified tolerant materials tested in stage 2. Figure 5 shows the
relative distribution of lines in the two trials. This observation is
based on only one pair of trials and so much be viewed with caution. It
is rather unfair to blame the EP 81 for not producing additional drought
tolerant material since none of the materials tested therein have been
purposely screened for drought. The situation will undoubtedly improve
when the breeding lines from the first crosses of the drought tolerance
project start to enter the testing system, but this will do nothing to
widen the genetic base of the breeding project which must relay on new
materials coming in from EP.
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Table 3. Performance of best lines in stage 2 drought screening

1982,
Stable Control Stress

cv yield®  yield yield At Habit Color
BAT 322 2782 2904 2665 1.45 11 Cream
BAT 868 2720 3126 2383 1.29 1I Coffee
BAT 85 2684 3115 2321 2.21 11 Cream
BAT 336b 2672 3611 2008 4.91 IT Cream
BAT 256 2659 3106 2288 2.34 II Cream
BAT 1210 2657 3510 2004 2.82 T Cream
EMP 847 2589 3699 1816 2.47 II Black
G 4525 b 2587 3336 2006 3.96 11 Black
EMP 105 2587 3122 2165 2.03 1% Red
BAT 125 2556 2958 2211 L2 03 II Cream
G 4446 2517 2907 2188 1.88 65 8 Coffee
G 5201 2516 2986 2126 3.07 I Black
BAT 4%7 2495 2875 2187 2.65 111 Cream
A 114 b 2469 3484 1747 1.90 111 Cream/mottled
EMP 86 2393 3099 1904 3.37 11 Cream
A 170 b 2384 3353 1700 2.89 I1 Cream
BAT 1257 2380 3212 1765 2.82 III  White
G 4454 2340 3151 1756 3.50 i § Black
BAT 258 2289 3073 1741 1.82 TI Red
Mean 1970 2812 1451 3.17
SD 325 400 348 0.83
CY (%) 16.5 14,2 24.0 26.2
G 5059 2213 2814 1755 2.41 50 Cream
(check)
a. Geometric mean of stress and control yield (in kg/ha).
b. Indicated new entry.
c. Cutoff at mean + 2 standard deviations.
d. Cutoff at mean + 1 standard deviation.

Table 4. The best red seeded materials in stage 2

drought trials, 1982.

Stable Control Stress

yield yield yield At Habit
EMP 105 2587 3122 2165 2..03 )y
BAT 258 2289 3073 1741 1.82 I1
BAT 1232 2280 3077 1703 1.91 LT
BAT 1289 2199 3106 1560 4.23 i 1 B
BAT 1102 2193 3385 1424 4,41 TIT
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Wide Adaptability to Photoperiod and Temperature

While response to photoperiod has been widely recognized as an
important determinant of varietal adaptation in bean growing regions at
higher latitudes, the development of CIAT lines is largely carried out
under nearly constant equatorial daylengths in which sensitivity to
photoperiod is not expressed. Relatively few of the Germplasm Bank
accessions, or parent materials used in the bean breeding program have
been evaluated for their response to long photoperiods, and
international trials at higher latitudes have consequently included some
lines which were unacceptably delayed in maturity.

A structure of incandescent lights in the field at CIAT has
permitted the evaluation of response to daylength of parental materials,
advanced progenies and, to some extent, early generation segregating
populations, in order to produce materials with a greater likelihood of
suitable adaptation in growing areas more distant from the equator.
Smaller light structures have also been erected at the CIAT station in
Popayan (1850 m), and the ICA station at Obonuco (2710 m) and are being
employed in a project to study the interaction between photoperiod and
temperature.

Over the past year, more than 400 parental lines and 750 advanced
lines, including the EP 82, have been evaluated for photoperiod
sensitivity. Results from international trials, particularly in the
higher latitudes, will be examined against these results to evaluate the
importance of photoperiod adaptation in making progeny selections. In
the mean time, crosses with photoperiod insensitive lines are being
made, particularly in climbing materials, to increase the range of
progenies available which incorporate this character. An F, population
of the cross Rojo 70 x P.I. 310 668 was screened under the %ights, and
indicated genetic control of photoperiod insensitivity by two major
genes. Photoperiod insensitive F, progenies have been included in the
breeding nurseries for additional evaluation and selection for disease
resistances, seed characters and yield.

When day neutral parents are broadly available, as in the case with
most classes of bush beans, selection of an advanced generation for
day-neutrality may be the most efficient approach, given the oligogenic
control of this trait. Intermediate levels of sensitivity may produce a
yield advantage under certain cropping systems in some areas. When
insensitive parents are few or unknown, as among climbing types, early
generation screening may be best. O0f 350 advanced climbing lines
evaluated in the past year, only 14 day-neutral lines were found, and
half of them were genetically mixed. Of all the progenies tested (45)
which included an insensitive parent about 1/3 were day-neutral. If
attention is paid in parental selection, advanced genetic progeny
selection is quite feasible.

Warmer growing temperatures tend to accelerate flowering and
maturity, while longer daylengths generally delay flowering in sensitive
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varieties. However, rather than reducing the effect of long days,
higher temperatures actually increase the delay in flowering. Thus
photoperiod response is a more critical factor in warm locations than
cool, and particularly when the summer growing season combines both the
longest and warmest days experienced by the crop. A thesis project, in
cooperation with Cornell University and ICTA (Guatemala) is attempting
to identify varietal differences in adaptation through a three
temperature x two photoperiod factorial study involving 60 varieties of
diverse growth habit and origin. Flowering responses are being studied
under natural (12.35 hrs) and artificially extended (18 hrs)
photoperiods at the three locations previously described (12.5, 18, and
23.5°C mean temperatures). This design combines the stable treatment
conditions of growth chamber studies with the larger working area and
agricultural relevances of field trials. Varieties are being classified
separately into distinct temperature and photoperiod response types, and
interaction patterns characterized. Eventually, through the study of
strategic segregating populations, a genetic basis for breeding for
broad and/or specific adaptation can be formulated and an efficient,
reliable screening procedure developed.

Screening EP 82 for Photoperiod Response

The lines in the 1982 EP were evaluated for sensitivity to
photoperiod in Palmira through paired comparisons of time from sowing to
flowering under natural daylength (12.35 hrs) and under daylength
extended to 18 hrs with incandescent lamps (Table 1). Photoperiod
insensitive lines were identified among all grain types among the bush
habit materials, but only two insensitive climbing lines were found
(Table 2). Small seeded lines provided the largest proportions of
insensitive lines, reflecting the availability of insensitive parent
materials and the importance of day-neutral response especially in
Mexico, Central America, and Brazil, regions where small seeded beans
are important. Few climbing beans were insensitive, largely because the
parental lines originated in the equatorial Andes, where photoperiod
hardly varies; the two insensitive lines were derived from crosses with
a photoperiod insensitive line from Guatemala. About 7% of the lines in
the EP were mixed for their photoperiod response. Single plant
selections within these lines are being increased to study the effect of
photoperiod response on yield.
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Table 1. Distribution of photoperiod sensitivity in 1982 EP materials,
by grain type and growth habit.

Photoperiod response

class® Total number

Group Grain type 1 2 3 4 5 of lines
10000 Small black I5 2 5 &8 0 30
20000 Small yed 10 3 3 16 1 33
20500 Medium/large red 5 1 2 20 23 51
30000 Small white i 0 1 2 1 11
30500 Medium/large white § 1 2 & 1 12
40000 Medium/large Pacific South 7 1 3 b5 5 21
40500 Medium/large Mexican 3 0 0 4 10 17
50000 Small/medium Brazil 25 2 9 100 9 55
60000 Black, high altitude 0O 0 O i 4 5
60500 Black, low altitude o o o0 o 2 2
70000 Small red, high altitude 0 1 I 3 15 20
70500 Medium/large, high altitude 2 0 0 2 9 13
80000 Med/large colored, high altitude 0 0 O L 5 6
80500 Med/large colored, low altitude 0 0 1 2 5 8

Total 78 11 27 78 90 284

Not classified 20

a. 1 = insensitive; 5 = extremely sensitive.

Table 2. Selected lines from EP 82 representative of the insensitive and
intermediate classes of photoperiod reaction.

Photoperiod class®

Grain type and/or region 1 2 3
Bush
Small black BAC 93 BAC 112 Moruna 80
Small red : BAT 1670 BAT 1489 BAT 1516
Medium/large red BAT 1297 BAT 1620 A 465
Small white BAC 125 = EMP 111
Medium/large white A 491 A 497 A 492
Medium/large Pacific
South BAT 1425 BAT 1322 BAT 1456
Medium/large Mexican A 407 - -
Small/medium Brazil A 386 Carioca 80 A 321
Climbing
Red VRB 81047 VRA 81072 VRA 81027
Light colors - - VCB 81004

a. Photoperiod class on a 1-5 scale, where 1 = insensitive; 2 = slightly
sensitive; 3 = moderately sensitive; (classes 4 and 5, corresponding
to sensitive types, are not shown).
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Increased N, Fixation

The microbiologist and plant breeder initiated in 1978 an
intermating and selection program designed to improve the bean plant's
genetic capacity to fix nitrogen. 1In 1982 the fifth cycle of recurrent
selection and intermating was completed, adding a number of new parents
for combination of factors such as grain type, anthracnose resistance,
and high yield potential, as well as capacity to fix nitrogen. Two
hundred and seventy F, progenies resulted from crosses of these new
parents with superior lines from earlier cycles. F. hybrids are
currently being advanced to the F2 under field cond{tions in Popayan.

A disappointing correlation between F, single plant yield under
Palmira glasshouse conditions and the mean yield per plant of the F
progenies observed under field conditions at Popayan, suggested a
revision of some aspects of project management. As a result,
intermating of glasshouse-selected F,'s has been abandoned in favor of
using reserve F, seed. This also generates larger F, populations, which
are selected unaer field conditions at Popayan. Preliminary yield
evaluations and disease ratings are made in the F, progeny test, and
replicated, and acetylene reduction data are obtained in the Fa.

Improved levels of anthracnose resistance were selected among the

17 coded lines originating from the fourth cycle of intermating, and
more attractive grain types were obtained.
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Variability from Interspecific Hybridization

Selection at CIAT-Popayan

F, generations from different interspecific crosses between
Phaseolus vulgaris L. and P. coccineus subsp. coccineus and polyanthus,
were planted for individual plant selection. These crosses were made to
improve the resistance of P. vulgaris or to include new sources of
resistance to the foliar diseases such as anthracnose and ascochyta that
prevail in cool climates. Because of the heterogenicity of the P.
coccineus parent and consequently that of the F, generation, each F
plant was harvested separately and considered as an individual entry.
The F2 nursery included 10 different parental combinations.

Eight percent of the plants were selected for their good sanitary
aspect and other interesting characteristics such as long racemes and
erect stems were observed (Table 1). Previous results from the F
nursery coupled with observations in the F, show that the best results
were obtained by the combination of bush bean lines BAT 338, 788, and
456 with Guate 909 and Piloy (both are P. coccineus subsp. polyanthus).

Selection at ICA La Selva

Four F, populations were planted for selection of multiple disease
resistant hybrids (Table 2). In general, interspecific crosses appeared
to be much healthier than the P. vulgaris planted on the same date and
under severe disease pressure of ascochyta leaf spot, anthracnose,
oidium and rust. Resistance was observed especially for ascochyta leaf
spot and anthracnose, although this disease devastated a P. vulgaris
population adjacent to the interspecific field.

Table 2 summarizes the reaction of the interspecific crosses to
ascochyta leaf spot, a foliar disease that can seriously affect bean
crops in the highlands of Central and South America.

Bumble bee (Xylocopa sp.) and bee (Apis sp.) populations were high
and very active in the interspecific trials, especially in the morning.
The bumble bees visited far more red flowers (typical of P. coccineus)
than white or pink ones. It is very likely that the activity of the
bees and bumble bees maintains outcrossing and variability in the
interspecific hybrid populations. Selection for the P. vulgaris plant
type but with red flowers might provide the means to introduce open
pollination into P. vulgaris, for the purpose of recurrent selection.
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Table 1. Single plant selection in two different Phaseolus vulgaris x P. coccineus
subsp. coccineus population.

Number of plants selected
Production

Parent n’ seeds % plants Sanitary criteria® criteria® No. seeds
identification sown selected Ss S«P. S.C, 8. Ler. Lgr. harvested
BAT 450 x Patzun 1 20 30 3 1 1 1 4
Cargamanto x 88-1 70 2.9 2 0

70 10 6 1 151

Total 160 9.4 11 2 1 1

a. S = sanitary aspect; P = precocity; C = pod load; A = erect stem; Lgr. = long
raceme.
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Table 2. Single plant selection in eight different P. wvulgaris x P. coccineus subsp. polyanthus populations.

Number of plants selected

Parent n" seeds % plants Sanitary criteria” Production criteria No. seeds
identification sown selected S. S.P. S5.C. S.Lgr. S.A. S8.P.C. C. Lpr. P. Lgr. P.C. Lgr. harvested
BAT 338 x Guate 909 20 20 1 1 1 1 1125
BAT 788 x Guate 909 10 30 1 1 1 863
BAT 788 x Guate 909 50 30 2 i 2 2 1 1 2242
BAT 788 x Guate 909 30 6.7 2 166
BAT 788 x Guate 909 20 25 2 3 b 415
BAT 450 x Piloy 90 11 1 9 2064
BAT 450 x Piloy 100 3 3 229
BAT 450 x Piloy 80 5 4 55
P 566 x Piloy 10 1 1 285
P 566 x Piloy 20 5 1 28
P 566 x Piloy 70 2.9 2 135
P 566 x Piloy 40 2.5 1 69
P 566 x Piloy 60 5 2 1 194
P 566 x Piloy 100 6 2 3 1 210
Ecuador 299 x Guate

909° 70 1.4 1 0
Ecuador 299 x Piloy 70 11.4 3 2 1 1 1 1 524
Ecuador 299 deiloy 60 L. 7 4 1 2 132
Rifidn x Piloy 10 1 1 5
Rindén x Piloy 10 3 1 2 135

(Continued)
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Table 2. (Continued)
Number of plants selected

Parent n seeds % plants Sanitary criteria Production criteria’ No. seeds
identification sown selected S. S.P. S.C. S.Lgr. S.A, 8.,P.C. C. Lgr. P. Lgr. P.C. Lgr. harvested
San Martin x Piloy 60 5 3 303
San Martin x Piloy 40 10 1 3 297
San Martin x Piloy 70 0 0
San MartIn x Piloy 100 10 1 6 3 630
San Martin x Piloy 70 12.9 4 4 1 407
San Martin x Piloy 100 7 3 2 2 851
Guate 1240 x Piloy 20 15 3 0
Guate 1240 x Piloy 30 6.7 1 1 0
Guate 1008 x Piloy 10 20 2 166
Guate 1008 x Piloy 60 5 1 1 1 393
Total for all entries
and selections 1560° 38 40 1 5 1 31 1 1

a. S = sanitary aspect; P = precocity; C = pod load; A = erect stem; Lgr. = long raceme.

b. One plant presenting additionally long racemes.

c. Two entries did not produce any acceptable combination of parental characters for selection.
d. Four entries did not produce any acceptable combination of parental characters for selection.
e. Including entries that did not produce any selection.
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Nutritional and Quality Factors

Although the number one priority of the Bean Program is to obtain
high and stable yields, improved varieties must also have at least the
same level of nutritional factors as their traditional cultivars.
Nutritional factors can be broadly classified as those factors
influencing the consumption and acceptability of a food, and factors
present in a food which determine its chemical and biological value.

The main objective of the food quality and nutritiomal laboratory
is to evaluate whether improved varieties have a good chance of being
accepted by the consumer in the target area. Activities in the
laboratory during 1982 have focused on the analysis of prior years EP
data and the evaluation of the test methodology used in the annual
screening of improved varieties. Research was also initiated to
investigate color and quality stability over harvest, location, and
storage.

EP Screening Procedure

The screening of nutritional factors is integrated into the Bean
Program's overall evaluation scheme at the preliminary trial (EP) stage,
evaluating annually approximately 300 entries. The procedure summarized
in Figure 1 will be followed in the analysis of the 1982 EP and is in
accordance with the IDRC Legume Nutritionmal Standards (Hulse, J. H.;
Rachie, K. 0.; and L. W. Billingsley).

Equilibration of Seed Moisture Content

Because of observations in the 1979, 1980, and 1981 EP data, it was
determined that all seed moisture contents should be equilibrated. A
strong, negative correlation has been observed between cooking time and
percent water absorption over the last three years (Table 1).

In the 1979, 1980, and 1981 EP screening, one sample of each EP
entry was evaluated for nutritiomal factors. The seed characteristics
were evaluated, and the seed was analyzed for protein, moisutre, percent

"water absorption, cooking time, and broth thickness. Results were
expressed in a general sense across all the EP entries. Beginning with
the 1982 EP, 100 seeds of freshly harvested improved lines, and 100
seeds of a freshly harvested traditional cultivar within each seed group
will be evaluated over two harvest dates grown in Palmira. The seed
will be stored in an incubator for a period of 10-30 days to equilibrate
seed moisture content. Then, as in previous years, seed
characteristics, and the same nutritional factors will be evaluated.

The test methodology has been changed for evaluating percent water
absorption and cooking time. All data will be evaluated in a
comparative sense to the traditional cultivar within each seed group.
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I00 SEEDS OF FRESHLY HARVESTED IMPROVED LINES
100 SEEDS OF FRESHLY HARVESTED CONTROL

EQUILIBRATE SEED MOISTURE CONTENT

!

EVALUATION OF SEED CHARACTERISTICS

75 SEEDS 25 SEEDS
GROUND FOR: CONSUMER ACCEPTANCE FACTORS:
— MOISTURE DETERMINATION — WATER ABSORPTION

(AOAC INDIRECT OVER METHOD) — COOKING TIME

— PROTEIN ANALYSIS — BROTH THICKNESS
(MICRO - KJELDAH) (TOTAL SOLIDS)

Figure 1. Overview of the routine screening procedure for EP entries.

Table 1. Correlation of cooking time
with water absorption.

Year r of value
1979 - .76 *%
1980 - .40 *=%
1981 - 77 *%
*% p 2 .01,

This correlation in our data could be explained due to either the
presence of hardshell or our test methodology used to determine water
absorption and cooking time. Hardshell is a reversible type of seed
dormancy associated with low seed moisture content and may occur in
either fresh or stored seed. Seeds with hardshell have markedly reduced
water imbibition and increased cooking time. Mean cooking time and
percent water absorption was substantially different in 1981 compared to
1979 and 1980 (Table 2). It is quite possible that the seed analyzed in
1981 contained a lot of hardsehll. Equilibrating seed moisture content
will eliminate any effect of hardshell.
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Table 2. Cooking time and percent water absorption
over 1979, 1980, and 1981 EP entries.

Standard
Factor Year Mean deviation
Cooking time 1979 33.64 8.30
minutes 1980 35.45 6.89
1981 65.74 18.86
% water 1979 70.84 15.87
absorption 1980 60.07 27.49
1981 47 .30 28.66

Consumer Acceptance Factors

Consumer acceptance factors are not well established and vary
throughout Latin America. A continual reassessment of important quality
factors and evaluation of their regional importance is necessary to
properly evaluate improved varieties and laboratory methodology. The
consumer acceptance factors considered in the screening program are seed
size, color, brilliance, shape, condition, percent water absorption,
cooking time, and broth thickness.

The 1980 and 1981 EP entries indicated that nutritional factors
were significantly different among regionally preferred seed groups
(Table 3). The negative correlation between percent water absorption
and cooking time was observed again with small, determinate whites
having significantly greater water absorption and shorter cooking times
than light color, indeterminate beans. Growth habit tended to influence
both broth thickness and protein content. Determinates, regardless of
seed type, tended to have thicker broths than indeterminates. In 1980,
determinates had higher percent protein content, but in 1981
indeterminates were higher.

Percent water absorption. Water absorption was previously
determined by soaking the beans for four hours in a 2% NaCl, NaHCO
solution. Since this is not a standard method and does not reflecg
traditional preparation methods, water absorption will be determined by
soaking the seeds for eight hours in deionized water at room
temperature.

Cooking time. Cooking time of beans has been observed to proceed
along a sigmoidal time course with very little variation (Jackson, M.G.
and Varriano-Marston, E.). Until this year cooking time was determined
by squeezing a bean between the thumb and forefinger at periodic time
intervals, and subjectively evaluating the bean's resistance. This
technique is inadequate due to not only possible sampling error, but
especially its subjectivity. 1In search of a more objective and accurate
measurement, a modified-mattson cooker modelled after Michael Jackson at
Kansas State has been constructed (Figure 2).
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Table 3. Difference in nutritional factors between
seed groups by region in 1980 and 1981 EP

entries.

Nutritional factor Year F value
Seed group % water absorption 1980 1.03 Ns?
by region 1981 3.23 %%
Cooking time 1980 3.81 **

1981 4,21 *%

Broth thickness 1980 3.82 *=*

1981 2,10 **

% protein content 1980 5.12 %%

1981 2.30 **

a. NS = nonsignificant.
% p 2,01
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To determine cooking time, the beans are placed in each of the 25
depressions in the bottom plate of the cooker so that the piercing tip
of each 89 gram rod is in contact with the surface of the bean. The
cooker is then lowered into boiling water inside a 2 liter glass beaker.
A cooked condition is measured when the tip of the bar perforates the
bean. The cooking rate for four replications of one variety using the
experimental cooker is shown in Figure 3. The coefficient of variation
for the four replications was 87%.

Chemical and Biological Value

The only factor influencing chemical and biological value being
routinely evaluated is percent protein content. Protein content in
Phaseolus vulgaris has been found to vary between 17 to 35%. Cooked
P. vulgaris has the poorest digestibilities of all the legume species.
Its protein digestibility determined by rat feeding trials is between 69
to 74%. 1f rapid screening tests become available in the future we will
screen all our new lines for sulfur amino acid content and digestibility
to make sure improved lines have the same or better protein quality as
their traditional cultivar.

Correlations between protein content and yield ranged from 0 to
-.21 (Table 4). The failure of this correlation to be consistent over
year and location indicates that an important environmental interaction
exists. This low correlation indicates it may be possible to select for
high yield and high protein content.

25—
i = — Replication |
: -------- Replication 2
20 L Replication 3
L = Replication 4
IS
10
5 yauaaw
i
A il
L =
L L 1L 1 | I

Minutes

Figure 3. Cooking rate over four replications for one variety using the
experimental cooker.
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Table 4. Correlations of protein content with yield.

Year Location r value
1979 Palmira ~-0.00 NS
Popayan - .21 %%
Average yield of both locations - .16 *
1980 Palmira .04 NS
Popayan - .16 NS
Average yield of both locations .05 NS
1981 Palmira - .21 *%
Popayan - .13 NS
Average yield of both locations - .20 *=*
¥ p 2 05
k& p. 2 01

Research Activities

Color and cooking quality have been observed to vary within a
variety over harvest date, location, and storage. It has been observed
that some traditional varieties maintain good color stability under
adverse conditions, whereas some breeding lines tend to be very
variable. For this reason, we are evaluating color and quality
stability of breeding lines and commercial cultivars grown over two
harvest dates in Popayan and Palmira. Color evaluation will be made by
comparing seed color to Munsell color charts.
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Cultivar Improvement

The number of crosses made in 1981 for cultivar improvement are
listed in Table 1.

Genetic Improvement for Central America, Coastal Mexico, and Peru, and
the Black Grain Types

Small red and small black grain types for Central America

The evolution of bean breeding activities in Central America, and
especially with the regional outreach program represents an interesting
study of technology transfer (at the research level) and increasing
self-sufficiency in research at the national program level. Until 1977,
no small-seeded red materials resistant to BCMV were available for
testing and use in crosses, which greatly slowed breeding work for all
other objectives. The recovery of BCMV resistant reds opened new
opportunities to move ahead rapidly, especially for Empoasca, CBB, and
BGMV resistance breeding. Similarly, not a single red-seeded germplasm
accession merited inclusion in the first IBYAN's. Almost all screening
and selection was performed in Palmira, especially where diseases like
BCMV and CBB were artificially inoculated.

As the genetic quality of red breeding lines improved, and as
well-trained national program scientists became more involved in
screening and selection activities, emphasis in evaluation and selection
of populations, early generation families, and advanced lines has
shifted away from Palmira towards Central America and the national
programs (Table 2). Evaluations such as BCMV, CBB, and Empoasca can
still be most efficiently performed at CIAT, but testing for BGMV,
Mustia, Apion, rust races, and adaptation to the relay cropping system,
are all best conducted at the national program level.

Several factors contributed to the rapid shift: a) development and
utilization as parents, of multiple disease and insect resistant lines,
greatly increased the frequency of segregants of interest to national
programs; b) the enthusiasm and technical capabilities of ex-trainees
to work with improved materials at the national program level; c) active
participation of regionally outposted staff in the national programs to
catalyze the process; and d) recognition of the fact that components of
local adaptation must be selected by each national program. In
particular, workshops at the regional level pointed out how diverse
local growing conditions really are in Central America and suggested
that CIAT reshape its delivery system to accommodate this fact.

As has been shown in earlier sections, work in the BGMV, Mustia,
and Apion projects has been largely at the national program level since
its initiation. Some F, and F, populations for multiple factor crosses
were taken to Costa Rica and N%caragua, as early as 1979 and selections
from those crosses are currently being tested as varieties and advanced
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Table 1.

Responsibilities for character and cultivar improvement

project of the three breeders of the Bean Program.

Responsible breeding

No. of

Research area program crosses made
Character improvement
Bean common mosaic virus g 127
Bean golden mosaic virus I 221
Rust T 21
Common bacterial blight I 101
Halo blight ITI 2
Web blight I 12
Anthracnose II 36
Angular leaf spot 11 21
Ascochyta leaf spot III 76
Mildew I11
Bean scab IIT
Empoasca leafhoppers i § 183
Apion pod weevil I 29
Storage insects I1T 28
Beanfly I11
Mexican bean beetle ET 17
Nematodes LTI
Drought T1 34
Low temperature ITI
Low P II 20
Maturity 11 20
N, fixation I
Architecture LI 21
Snap beans LI 56
1025
National cultivar improvement
Black beans I 12
Central America I 105
Caribbean T 40
Coastal Mexico, Peru I 186
Other studies I 307
Brazil (non-black) II 70
Mexican highlands II 162
Argentina T 119
Andean Zone ITT 274
Africa TET: 308
1692 2717

a.

Breeding program: I = S. Temple; II = S. Singh;

ITI = J. Davis.



Table 2.

Adaptation nurseries planted in Central America.

Season Number Color Location Factors evaluated
1981A 270 Red Honduras Grain type, adaptation
281 Red El Salvador Nematodes, BGMV, mites,
grain type
246 Red Nicaragua Grain color and size,
adaptation
30 Red Costa Rica Grain type, rust,
(mustia, excess water)
1982A 73 Red Honduras Grain quality, maturity
E1l Salvador Rust, yield, flowering,
maturity
46 Red Nicaragua Grain type, adaptation
(excess water)
1982B 50 Red Nicaragua (From best 1982A in
El Salvador)
229 Red Honduras
Costa Rica Rust, als, maturity
E1l Salvador BGMV, relay with maize
1982B 84 Black Costa Rica Rust, als
Guatemala
lines. In 198l the first nursery of advanced and early generation lines

(uncoded and pre-VEF) was planted in El1 Salvador (281 entries),
Nicaragua (246), Costa Rica (30), and Honduras (270). This adaptation
nursery was neither uniform nor replicated, but observations assisted in
the choice of advanced lines for coding and submission to the VEF, as
well as to identify the best-adapted materials for use in the crossing
As a result of this nursery, Honduran scientists have
identified two superior lines that are currently in regional yield
trials, El Salvador selected lines resistant to severe nematode attack
and with good adaptation, and Nicaragua, after three seasons of testing,
has identified several promising good lines.

program.

In 1982, groups of early generation families and advanced
(parental) lines were distributed in Central America in both the first

and the second semesters.

Two hundred and fifty red materials were

tested in single row observation plots in Honduras and El1 Salvador, and
84 black-seeded lines from the crossing block were planted in Guatemala

and Costa Rica, in 1982A.

Non-replicated, 10 plant yield samples were

taken for red lines in El Salvador, and for black lines in Guatemala.
Valuable data was also obtained for field response to CBB, BGMV, and
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root rots (for the black nursery), and for rust, grain type, grain
quality, maturity, and response to excess moisture in the red-seeded
nurseries.

From the 1982A nurseries, the following conclusions were drawn:

- More emphasis is now placed on earliness for both red and
black-seed selections for Central America.

- For red progenies, acceptable tones are emerging from persistent
intermating and backcrossing, but more care must be given to colors
that do not "wash out" and to larger grain size.

- The adaptation of progenies selected in Colombia to Central
American growing conditions, is much better than that of Central
American commercial varieties evaluated in Colombia. This fact is
most apparent among red genotypes, and remains unexplained.

- The identification and use of appropriate check varieties at
regular intervals facilitated the evaluation of the nurseries,
especially for the small yield sample.

- Few entries were immune to rust, but few materials were highly
susceptible. Lines with known levels of resistance to CBB retained
that reaction under field conditions.

- Valuable information was obtained on parental combinations to be
used in future crosses. The best 50 selections were identified for
testing in Nicaragua in 1982B.

- There is great interest in and need for testing this type of
introduction nursery in the second semester, and especially in the
relay system with maize,

A number of progenies appear to express guide development useful
for the relay cropping system, while others demonstrate growth habit and
branching patterns valuable to minimize weed control problems. The
relationship of plant growth habit and guide development between
Colombia and Central America is being evaluated more intensively. An
additional important observation was made upon the importance of
determining "percent saleable seed". Regardless of whether the farmer
sells his crop for purpose of replanting (seed multiplication) or for
domestic consumption, he is concerned about the cost of hand-selecting
the harvested seed to eliminate those which are small, rotten, or washed
out in tone. Environmental conditions prior to harvest frequency lead
to sizeable losses to these problems in Central America, so that more
attention is being placed on genetic response to such factors.

In the 1982B semester, 229 red lines were planted in Costa Rica and
Honduras, and 84 black lines were planted in Costa Rica and Guatemala.
Preference was given to progenies with soft red tones, which is the most
preferred grain type.
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Most significant among results of the 1981 VEF-1982 EP evaluations
and from testing the red crossing block in Honduras and El Salvador in
the 1982A season, is the fact that several red lines combining multiple
factor resistance were well adapted in Palmira and Popayan. The same
lines demonstrated excellent adaptation and commercially acceptable
grain quality under growing conditions in Central America (Table 3).
Thus we have combined the rusticity of noncommercial BAT 93 with the
adaptation of BAT 41 and A 40 and the grain color of locally-grown
commercial cultivars.
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New crosses and selections of Central American grain types were
made in CIAT nurseries. Ninety-nine crosses of interest to specific
Central American countries were made, while 102 multiple factor hybrids
of general interest for the region were generated. An extensive group
of red and black seeded commercial cultivars are being evaluated
repeatedly in the crossing block, the early generation adaptation
nursery (locally and regionally), and as check varieties in the routine
evaluation for rust, CBB, anthracnose, and general adaptation.

Genetic Improvement of Red and Red Mottled Grain Types for Caribbean
Countries

Breeding efforts for the region have focused upon the recombination
of resistance to BCMV, BGMV, CBB, and Empoasca, in high yielding
genotypes of the preferred grain types (medium sized red mottled).
Progress for several years was slowed by adverse character association
of BCMV susceptibility with the soft red mottled tones. This difficulty
appears to be resolved, and breeding work is advancing more rapidly on
all the above traits. An early-generation adaptation nursery containing
187 lines was evaluated in the Dominican Republic in 1981-1982, and
several materials are being tested more extensively. A set of 362 lines
from more recent crosses and parents from the mottled crossing block
were sent to Haiti, Jamaica, and the Dominican Republic in 1982. Some
indeterminate progenies with attractive grain colors have been obtained.
Seed size must still be increased.

A total of 31 new mottled lines were coded, and 40 new crosses were
made. Additionally, many of the specific character or project crosses
for BCMV, BGMV, and Empoasca continue to emphasize mottled grain types.
A detailed proposal for introduction and evaluation of germplasm was
developed in collaboration with Dominican bean scientists and other
international assistance programs active in the country.

Genetic Improvement of Grainm Types Commercial in the Pacific Coasts of
Peru and Mexico

These two production regions, so widely separated geographically,
have much in common with respect to preferred grain types, production
systems, ecological conditions, and production-limiting factors. The
soft yellow and cream tones of the Canario and Bayo classes have been
difficult to recombine with dominant resistance to BCMV. A large number
of progenies with tones slightly different than those
commercially-preferred types are being retested for BCMV reaction.

Grain size 1s still inadequate.

As in the Caribbean mottled class, progress in reselecting
resistance to Empoasca, BGMV, and rust among Canarios has been limited
by the association of preferred grain types with BCMV susceptibility.
Additional crosses have been made to incorporate resistance from the
multiple recessive gene series.
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The second factor which has impeded progress in the Canario and
Bayo grain types is the relatively narrow range of physiological
adaptation expressed by commercial cultivars. No CIAT research station
in Colombia has been identified in which Canario grain type and plant
type are faithfully expressed, even when large quantities of pesticides
are used to counteract their susceptibility to BCMV, CBB, Empoasca,
anthracnose, and ascochyta. As a result, progenies must be evaluated by
the national program as soon as reselection for BCMV and Empoasca have
been realized in Colombia, and little or no selection pressure may be
applied in Colombia for traits such as yield and plant architecture.

For Canario and Bayo colors, a total of 56 and 130 crosses were
made for Mexican and Peruvian types, respectively. The Peru crosses
include a limited number for the small white ("navy" bean) class, which
is grown as a summer crop in parts of the coast, and to a lesser extent
in the lower mountain valleys. Twenty-five white and 91 Canario and
Bayo lines were coded in 1982.

In Peru an active introduction and testing program was initiated
betweenn CIAT and INIPA in 1981, through the specially-funded outreach
activity. In the 1982A semester a total of 690 materials were evaluated
in different nurseries in Coastal Peru, and in 1982B, 553 materials were
planted. Bean production conditions in Peru vary with planting season
and location. As a result, germplasm from several programs and covering
a wide range of adaptation and characters was introduced. Germplasm
delivered to Peru for evaluation in 1982 included introductions from the
United States, populations and early generation families from crosses to
IVT recessive to BCMV, and hybrid and germplasm bank sources of
resistance to rust and Empoasca.

Following trips to Peru in 1981 and 1982 to evaluate the large
number of introduced materials, it appears that careful choice of
planting date and location will permit increased local activity in the
selection for resistance to BCMV and root rot pathogens. This is
significant because of the adaptation problem discussed above. A
comprehensive plan for the introduction and evaluation of germplasm was
developed with INIPA scientists.

Genetic Improvement of Materials for Cuba and Panama

Cuban varieties are comparable to Central American and Mexican Gulf
Coast black opaques in grain type and adaptation, and most of the same
factors are of highest priority (e.g., BGMV, CBB, rust). Thus most of
Cuba's needs are satisfied by selections from the IBGMVN and advanced
lines from the EP-IBYAN scheme.

Web blight is the most important limiting factor for bean
production in Panama, but plant growth habit and grain types are more
similar to Caribbean varieties than to Central American types. Until
better donors of web blight resistance are available, evaluation of
progenies from the web blight program and advanced kidney and mottled
grain types from the EP and IBYAN nurseries will be used.
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Genetic Improvement of Materials for Chile

The Chilean national program and commercial companies have
successfully introduced navy bean germplasm from the United States into
commercial production. Most of the important commercial varieties in
other grain types are locally well adapted genotypes from previous
breeding efforts. The national program requested and received from CIAT
In 1982 a total of 904 materials, including F, populations, F.,-F
families, and advanced, coded lines from CIAT, the germplasm 8anﬁ, and
from other breeding programs.

Principal objectives for increasing bean production in Chile
include resistance to bean yellow mosaic virus (BYMV), resistance to
necrosis-inducing strains of BCMV, and improved plant architecture and
yield. Most of the introduced material carries genes for one or more of
these factors. All hybrid materials must be selected locally beginning
with the F,, especially since there is such a poor correlation between
yields in éolombia and yields in Chile.
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Genetic Improvement for Brazil, Mexico, and Argentina

Brazil (non-blacks)

Among the non-black beans, cream (Mulatinho and Bico de Oro), pink
(Roxo and Rosinha), brown (Pardo or Chumbinho), and beige (Baio and
Enxofre), listed here in an approximate order of importance, have
traditionally been the principal grain types. Within the last 10 years
or so, however, the variety Carioca of cream striped grain type became
very popular all over Brazil due to its relatively higher and stable
yield. In certain areas, Jalo (similar to Mexican Canarios), Gordo
(similar to Ecuadorian and Peruvian Bayos), and Chita Fina or Cavalo
Claro (medium and large cream mottled), are grown on small scale.
Genetic improvement of these latter commercial types will not be
undertaken, instead, experimental lines of similar grain types will be
introduced when encountered in improvement programs.

The breeding at CIAT of Mulatinho and Pardo began in 1976, Carioca
in 1978, Roxo and Rosinha in 1980, and of Enxofre only this year. Table
1 indicates responsibilities for the project and Tables 2 and 3 indicate
the major production regions of Brazil where non-black beans are grown
and their production limiting factors. A summary of experimental lines
developed, thus far, is given in Table 4. A few of these lines were
introduced in Brazil through the IBYAN in previous years, but the
majority were sent in special nurseries in the later part of 1981 and
early 1982. As a result, their true agronomic potential in Brazil is
not yet known. However, in Table 5, some characteristics under CIAT
conditions of few promising lines of Mulatinho grain types are given.
The traditional commercial varieties, e.g., Mulatinho Vagem Roxa,
Favinha, and Rim de Porco, are not included in the Table, due to their
high susceptibility to BCMV, CBB, rust, anthracnose, and angular leaf
spot; and subsequently very little or zero yield. In comparison to
these, the yield of new experimental lines bred in Brazil or CIAT seems
to have increased by 3 to 4 folds. Also, over a dozen CIAT lines
outyielded the best lines bred in Brazil. While all CIAT bred lines
carry resistance to BCMV, a great majority of them also exhibit
resistant or intermediate reaction to anthracnose. The third cycle of
hybridization and selection for Mulatinho was initiated this year with
major emphasis to combine resistance to CBB and angular leaf spot with
that of BCMV and anthracnose. The breeding work and progress for
Carioca and Pardo grain types is following similar patterns.

The breeding nursery for drought tolerance was sent to Dr. Paulo
Miranda of IPA, Pernambuco, who had received a similar but smaller
nursery in 1980. This year's nursery included 144 experimental lines of
Mulatinho grain types, 77 germplasm bank accessions, 44 sources of
tolerance to drought and other production limiting factors, and 51
segregating hybrid populations. Drought, root rots and the attack of
angular leaf spot in the nursery were very severe. The Brazilian
pathogen populations of Isariopsis overcame the resistance of all but
G 2335 and G 5653. This and the absence of BGMV in Colombia and the
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fact that the Brazilian populations of anthracnose pathogen in the past
have broken down the resistance of several lines identified in Colombia,
further emphasize the need for early generation screening and selection
within Brazil. The increasing collaboration between CNPAF (National
Centre for Rice and Bean Research) and CIAT is instrumental.

Table 1. Responsibilities for character and cultivar improvement
project of the three breeders of the Bean Program.

Responsible breeding No. of
Research area program crosses made
Character improvement
Bean common mosaic virus T 127
Bean golden mosaic virus I 221
Rust I 21
Common bacterial blight I 101
Halo blight III 2
Web blight I 12
Anthracnose LI 36
Angular leaf spot i 3 |
Ascochyta leaf spot I11 76
Mildew IT11
Bean scab 111
Empoasca leafhoppers I 183
Apion pod weevil 1 29
Storage insects III 28
Beanfly IIT
Mexican bean beetle 538 17
Nematodes II1
Drought e 34
Low temperature IT1
Low P Tl 20
Maturity LI 20
N, fixation I
Afchitecture ki 21
Snap beans I11 56
1025
National cultivar improvement
Black beans 1 121
Central America I 105
Caribbean I 40
Coastal Mexico, Peru 1 186
Other studies I 307
Brazil (non-black) II 70
Mexican highlands 11 162
Argentina i 119
Andean Zone 11T 274
Africa I1I 308
1692 2717

a. Breeding program: I = S. Temple; II = S. Singh; TIII = J. Davis.
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Table 2. Bean production regions of Brazil (1978-79).

Region States Area (ha)a Productiona
1. South RS, SC€,. PR 1.156,356 831,971
2. South-east MG, SP, RJ, ES 940,044 513,352
3. Central-west GO, MTS, MIN 276,141 127,325
4. North-east BA, PE, SE, AL, 1.792,829 683,083
PB, RN, PI, CE
5. North AC, AM, AP, PA, 0,491 27,443
RO, PR
Total 4,205,861 2.184,940
o 5-10% cowpea

25% black beans

Table 3. Production regions of non-black beans in Brazil, commercial
varieties and their problems.

Region Grain type Varieties Year® Problems
South-east Cream Mulatinho Paulista 1976 BGMV, common
and Cream striped Carioca 1978 bacterial

Central-west Pink Rosinha 1980 blight,
Purple Roxao 1980 anthracnose,
Brown Aroana 1976 angular leaf
Beige Rico Baijo 1982 spot,
leafhoppers,
rust, low soil
phosphorus
North-east Cream Mulatinho Vagem 1976  Drought, root
Roxa, Favinha rots,
Rim de Porco; Leafhoppers,
IPA 74-19 Angular leaf
spot, rust,
anthracnose,
common
bacterial
blight

a. The year breeding was initiated at CIAT.
Cropping season: February-May, October-January, April-August
Cropping system: Monoculture and intercropping
Institutions dedicated to bean improvement: CNPAF, EPAMIG/UFV, IAC,
TAPAR, IPA.
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Hybridization and selection of Roxo and Rosinha varieties received
maximum attention this year. All crosses made in the latter part of
1981, were quickly advanced to the F, for evaluation and selection.
Several hundred of the F, and F, families are being progeny tested
simultaneously at CIAT-Palmira, Quilichao and Popayan farms.

Table 4. Number of experimental lines of non-black
Brazilian bean types developed in CIAT.

Year
Grain type 1978 1979 1980 1981 Total

Mulatinho 13 6 28 107 152
Pardo 28 17 4 29 78
Carioca - - 12 48 60

Total 39 23 44 184 290

Table 5. Reaction to diseases and Empoasca, and grain yield (kg/ha) of some experimental
lines of Mulatinho grain types, as compared to some Brazilian improved lines
evaluated at CIAT.

Growth Angular Yield®
Identification habit BCMV Anthracnose leaf spot Rust CBB EMP (CIAT 1982B)
1. A 305 I1lla R R S S S S 2121
2. A 140 TIT R R I S I - 2008
3. A 360 I R R S S S - 1992
4. A 319 II1 R R S S S - 1889
5. A 359 1la R R 1 I S I 1857
6. BAT 336 Ila R 1 S 1 S S 1807
o B 161 IIb R 1 S S S - 1769
8. A 354 IT R I R S S I 1765
9. A 101 11b R S S S S S 1758
10. A 162 I1la R 1 S S 1 - 1741
Mean 1870
Brazilian improved varieties
AETE 1/37 111 R S S S 1 - 1600
CATU TI R R I S P - 1536
AETE 3 IT R i ¢ S S 1 - 1298
Mean 1478

a. Grown under moderate moisture stress.
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Mexican Highlands

Bean production in the highlands of Mexico is characterized by
scarce and erratic rainfall. Usually the frost-free effective growing
season is less than 150 days. Some useful information related to bean
production characteristics of the region are summarized in Table 6. As
a priority, early maturing (bush and climbing beans of 85 and 120 days,
respectively) and stable yielding varieties resistant to principal
production limiting factors are being sought for cultivation in temporal
conditions. Erect and upright type I and II varieties of Flor de Mayo
will be developed for irrigated system.

The first few crosses for the genetic improvement of Flor de Mayo,
Pinto and Ojo de Cabra grain types were initiated at CIAT in October of
1978. However, our trip to Mexico in September of 1980 clarified the
importance of the Bayo and pink varieties, in addition to that of Flor
de Mayo, Pinto, and Ojo de Cabra types, their limiting factors, research
needs, etc. As a result, intensive and more directed breeding efforts
could be undertaken.

Table 6. Bean production regions of Mexican highlands, varieties and

problems.
Production region Varieties Problems Year®
1. Semi-arid (850,000 ha) Bayo Rio Grande Drought, 1980
Zacatecas Pinto Fresnillo Epilachna
Durango Apion
Chihuahua Delicias 71 Anthracnose,
SLP, Aguas Calientes angular leaf
Hidalgo 0jo de Cabra 400 spot, common
bacterial
blight, rust,
Empoasca
2. Humid (400,000 ha) Garbancillo Zarco Anthracnose, 1982
Jalisco angular leaf
Michoacan Flor de Mayo spot, common
Guanajuato bacterial
Puebla Rosa de Castilla blight, rust,
Cejita Apion,
Epilachna,
Halo blight
3. Irrigated (75,000 ha) Flor de Mayo BCMV, rust 1982
El Bajio

a. The year breeding was initiated at CIAT.
National institutions: INIA regional stations of CIAMEC, CIAB,
CIANOC, and CIAN.
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All commercial varieties and germplasm bank accessions from Mexican
highlands evaluated, thus far, have been found highly susceptible to the
bean common mosaic virus. Most seem to be rather poorly adapted to
Colombian conditions. 1In the initial cycle of hybridization, therefore,
greater emphasis is being given to the incorporation of resistance to
BCMV. Experimental lines bred for Brazil, which although are relatively
smaller in seed size but possess similar growth habit and grain color
and are better adapted, are being used as donor parents for transferring
resistance to BCMV, common bacterial blight, drought, etc. This,
nonetheless, sometimes poses problems for the recovery of certain grain
colors, e.g., Flor de Mayo and Pink, and to some extent, size of the
seed. A large proportion of new genetic recombinants are of
non-commercial grain types which have to be selected out. Top-, back-,
three-way- and modified double~-crosses are being increasingly utilized
to increase the frequency of desirable segregates. Table 7 indicates
the number of experimental lines with resistance to BCMV developed until
now. Some of these are deficient in their grain characteristics.

The first breeding nursery from CIAT, comprising the parental
crossing block, i.e., 290 germplasm bank accessions including commercial
varieties and 44 sources of resistance to the major production limiting
factors, 39 segregating hybrid populations and 89 bred lines, was grown
at four Mexican highland research stations of INIA: CIAB-CAEJAL,
Tepatitlan, CIANOC-CAEZAC, Caleras; CIANOC-CAEVAG, San Francisco I
Madero; and CIAN-CAESICH, Sierra de Chihuahua. Two and a half months
after planting materials were evaluated at the former three locations
for general adaptation, growth habit, response to drought, common
bacterial blight, anthracnose, halo blight, etc. Marked and useful
differences were observed within each group of materials. Variation in
performance across locations were obviously large and only very few
materials were good at all sites. Bush bean lines selected primarily at
CIAT-Palmira, had in general, stunted growth. The majority of climbing
bean accessions from the germplasm bank were sensitive to longer days
and either did not flower or failed to climb on maize. Also, the
pathogen populations of anthracnose at CIAB-CAEJAL, Tepatitlan, overcame
the resistance of some bank accessions and experimental lines identified
in Colombia. In spite of these factors, some lines bred at CIAT
performed well (Table 8). All information gathered so far will be
utilized in the next cycles of hybridization and selection of progenies.

Breeding of semi-climbing and climbing beans for humid highland
regions has received increasing attention this year. Climbing bean
varieties Garbancillo Zarco, Rosa de Castilla, and Flor de Mayo, have
been utilized in over 30 crosses. Also, in order to minimize management
cost of the breeding nurseries and to facilitate selection process,
segregating F, populations of climbing beans were space-planted in
monoculture, Similar to bush beans. Selections were made for BCMV and
common bacterial blight resistance at CIAT-Palmira and anthracnose and
angular leaf spot at CIAT-Popayan. Desirable plants with weak stem and
branches also possessing long guide were selected for the progeny test
and preliminary yield evaluations in the F, and F, generations,
respectively, in association with maize. %his seiection procedure will
be used on a trial basis until its real merits are known at later dates.
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Table 7. Number of experimental lines
of beans available for
Mexican highlands.

Year
Grain type 1980 1981 Total
Bayo 3 1 4
Flor de Mayo 5 10 i
Pinto 12 30 42
0jo de Cabra 2 26 28
Total 22 67 89

Table 8. Characteristics of some CIAT improved bean lines for Mexican highlands.

Identification Grain yield
(Comm. var./ Growth Common Angular (kg/ha)
improved line) habit  BCMV Anthracnose Rust blight leaf spot CIAT 1982B
Flor de Mayo IT1 S Sa S S S -

A ll4 I11 R 1 S S R 623

A 406 III R I S S S 1293

A 409 111 R 7" s® 1 s 1397
Bayo Rio Grande TIL S S S S S -

A 157 II R I R S R -

A 177 ) R R 1 S R 1840

A 410 III R R S g i S 1299
Pinto Fresnillo ITI S S S S S =

A 416 111 R R? s s s 961

A 424 LIT R R S S S 872

A 426 III R S S S L) 1052
0jo de Cabra 400 IIT = r? s s s -

A 69 L R 1 S S R 2549

A 440 ITL R R S S R 2308

A 457 T R 1 S S R 2746

a. Reaction in Mexico in 1982 changed from I or R to S and vice versa.

In the future, much greater emphasis will be given for improvement
and recovery of Flor de Mayo, Rosa de Castilla, and Bayo varieties.
Early generation screening and selection for anthracnose and drought in
Mexico will be intensified in close: collaboration with INIA. Similar
procedures will be followed for incorporation of resistance to Epilachna
and Apion, neither of which can be gcreened for within Colombia.
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Argentina

Bean cultivation in Argentina has increased substantially within
the last 15 years. Nearly 200,000 ha were planted under beans in 1981.
0f this, over 75% of the area was occupied by one traditional variety
called Alubia, which is of determinate growth habit type I with large
white seeds. The remainder is dedicated to the culture of varieties of
black beans, chaucha colorada, etc. Major production regions and
problems of Alubia are given in Table 9.

Table 9. Production regions of Alubia beans in Argentina
and its problems.

Regionsa Problems

Salta BCMV, chlorotic mottled virus,
Santiago de Estero anthracnose, angular leaf spot,
Tucuman common bacterial blight, web blight,
Jujuy leafhoppers, mechanization

a. Divided into: humid-temperate (25,000 ha), sub-humid
temperate and warm (125,000 ha), semiarid (50,000 ha).
Cropping system: Monoculture from January to May.
Institutions: INTA and EEAIOC
Breeding initiated at CIAT in 1979.

For convenience and to facilitate breeding process, the bean
production regiens of north-west Argentina have been divided into four:
humid-temperate, sub-humid temperate, sub-humid warm, and semi-arid.
Until now, bean chlorotic mottle virus has not become a problem in the
humid-temperate areas. Other production limiting factors are more or
less similar, only their order of priority changes from one region to
another.

It is worth noting that the large seeded Alubia grain type is
probably extensively grown and consumed in some North African, West
Asian, and European countries, its cultivation in Latin America at the
moment is only restricted to Argentina. Since genetic improvement of
Alubia, both in Argentina and at CIAT, only started in 1979-80 crop
season, no improved germplasm exists at the moment. Due to all of these
facts and the high demand by the National Program scientists for
improved Alubia germplasm, up to four crops/year have been taken at CIAT
for the improvement of Alubia.

Over 100 crosses of Alubia were made in 1982 in order to transfer
desirable genes for resistance to the BCMV, common bacterial blight,
anthracnose, angular leaf spot, bean chlorotic mottled virus, and
leafhoppers. Also, nearly 2000 individual plant selections from several
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dozens of F and F, populations were progeny tested for agronomic
performance, resis%ance to BCMV, common bacterial blight, anthracnose
and angular leaf spot. Relatively uniform and outstanding families will
be bulk harvested for preliminary adaptation observation at 4-6 key
sites in north-western Argentina in 1983 cropping season.

After having made over 200 crosses over the past years for
transferring resistance to different production limiting factors into
variety Alubia more emphasis is now being given towards improvement of
its plant architecture and yielding ability per se. High and stable
yielding varieties of relatively long growing season, 100 days or more,
with strong upright stem resistant to lodging are being sought.
Unfortunately, like resistance to diseases and insect pests, the
desirable architectural traits, at the moment, are all found only in
small seeded lines, e.g., A 56, A 57, A 126, A 132, A 156, A 199, A 207,
A 208, A 209, etc. Genetic gains from selection in recovering Alubia
grain types with desirable traits from these donor parents is expected
to be small and gradual. In an attempt to transfer resistance to
anthracnose and angular leaf spot from small seeded lines A 140 and BAT
332, respectively, into large white seeded accessions G 13257 and
Fabada, the F, hybrids G 13257 x A 140 and Fabada x BAT 332 showed
hybrid dwarfism and subsequent death. Apparently this phenomenon which
has been recorded in over 80 such hybrid combinations so far, was a
manifestation of a genetic barrier or incompatibility between the two
classes of germplasm. Also, large seeded upright F, and F, families
seem to be more susceptible to stem breakage at posé flowering stage.

Similar to 1981, a breeding nursery comprising the crossing block
of germplasm bank accessions and sources of resistance, segregating
hybrid populations, bulks of early generation families, and experimental
lines, were grown and evaluated at a half dozen sites in north-western
Argentina in collaboration with bean scientists of EEAIOC and INTA.
This in-country evaluation, among other things, has permitted us to
identify locally adapted parents, hybrid populations, and families.
Moreover, through these collaborative nurseries it was possible to
evaluate for resistance to the bean chlorotic mottle virus,
which is of great economic importance in Argentina. We were very
pleased to learn that sources of resistance to CBB, BCMV, anthracnose,
angular leaf spot, Empoasca, etc., identified in Colombia, have held up
at all sites against local Argentinian populations over the last two
years. Moreover, experimental lines of black beans, e.g., DOR 41
(ICTA-Quetzal) and DOR 60 (Negro Huasteco 81), carrying tolerance to
BGMV in Central America and Mexico, wer