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THE BEAN PROGRAM

The principal bean producer is a small farmer with limited capi-~
tal and little access to credit and extension information. Bean
yilelds are low. The main factors responsible for the low yields are:
the high disease and insect pressure from which the crop suffers;
drought; low plant density (to reduce disease pressure); and farmers'
reluctance to use Inputs to avold risk or due to lack of access to
these inputs, The strategy followed by the Bean Program to increase
yields and production is based upon three main activities
+ Genetic improvement
. Strengthening national programs
. Bagic research directed to problems of hean producers

Wl Pl s

Genetic improvement

Priority iIin genetic improvement is given to selection for more
stable, higher-vielding beans, by developing multiple disease and pest
resistant germplasm with increased tolerance to drought. Longer term
objectives include:! tolerance to moderately acid soils; improved
genetic abilicy for symbiotie nitrogen fixation; and to increase vield
potential. In summary, the bean program considers that the optimum
way it ean support mnational programs to achieve improved bean
production 1s to assist them in developing Improved varieties. Once
superior, more stable yielding varieties are avallable, farmers are
expected to vespond with dimproved agronomy. The use of multiple
disease rvresistant varieties with increased yleld potential may form
the third level of yield increase. The program develops scale neutral
technology., with a bilas toward small farmers.

New bean varieties not only must be superior yielders at the farm
level, they must also have the proper seed sizej seed coat coler; and
they must fit inte farmers’production svstems, which often include
maize in direct association or relay cropping.

The Bean Program, therefore, must genetically improve beans of
different seed characteristics, for many cropping systems and eco-
logical zones. Experience has shown that a decentralized breeding
program, in which CIAT develops base populations with the national
programs taking over the final development and prometion of new
varieties, is the best strategy.

Genetic improvement activities are divided by production region
{which automatically includes a separation by color and seed size
groups, priority disease complexes, and often by cropping system).
Therefore, while the Program breeds for a complex set of requirements
as a whole, only a subset of production constraints is attended teo for
each production region.

Genetic wvariability in beans 1s obtained from the 35,000 ac-
cessions in the germplasm bank held by the Genetic Resources Unit,
Despite the size and representativeness of this collection, genetic
variability for specific traits is often not expressed at sufficiently
high levels to solve production constraints. Therefore, sach breeder
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not only develops cultivars, but also cooperates with particular
disciplines to develop maximum levels of character improvement (e.g.,
for bean golden mosaic virus (BGMV) resistance, drought tolerance,
bacterial blight resistance, leafhopper tolerance, Ascochyta leafspot
resistance, ability to fix nitrogen, high vyield potential and,
architectural traits}, Tines with high levelz of specific trailt
expressions are used te obtain mulriple factor recombinants In the
cultivar improvement activities.

National programs first relied primarily upen international yield
trials (TRY&Ns) as sources of potential new cultivars. Bowever, with
increased ability to manage nurseries for selection at earlier stages,
and with the recognition that local adaptation is highly desirable,
most national programs now prefer to receive materials from the main
CIAT nurseries (VEFs) or earlier generaticn materials (¥, and onward)
derived from crosses planned jointly by national progrims and CIAT
scientists,

Before international shipment, the seed health laboratery in the
Genetic Resources Unit samples germplasm to ensure that it is free of
seed-borne pathogens and viruses.

From the sbove philosophy and practice, it is clear that the BRean
Program strongly emphasizes wvarietal improvement, and considers that
improved agronomic practices are best researched at the national pro-
gram level and should be implemented when new varieties are available.
Instrumental in this concept are the cropping systems agronomist
{conducting on~farm research} and the economist, who together insure
that breeders are familiar with the svstems into which new varieties
must fit, and that the necessary communication is maintained among
farmers, extensionists and researchers. In addition, the cropping
systems agronomlst and economist develop methodologies of on—farm
research which will  thelp national programs identifyv agrovomic
practices suitable for new varieties in a given region.

Strengthening naticenal programs

In conjunction with efforts in genetic improvement, the program
has given high priority to helping bean producing countries develop
strong bean programs. Greater self~reliance 1n research at the
national program level is the eventual goal, since the diversity of
cropping systems, production constraints and consumer requirements
make it impossible for CIAT to attend all concerns.

Treining offered by CIAT is either in research courses or in
specialized scientist to scientist training through execution of joint
research programs at CIAT., Inecreasingly, training is conducted in the
national programs, with backup support from CIAT, The audiotutorial
units, which pack information din cassette and slide sghows, are
particularly helpful in such efforts. Besides discipline oriented
training, CIAT offers the option of conducting thesis research for
advanced university degrees at headquarters. The results of training
for sgelf-reliance 1In research are becoming wvisible and show an
evolution in the program's training strategy:
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(1) Decentralized selection from the Fz generation on is becoming
increasingly important.

(2} CIAT-hosted courses are being replaced by in-country courses.

{3) The on~farm research concept is being developed through an inten-
sive training effort, to emnsure feedback to the research program
and promote new technology vila extemnsion programs,

The Bean PFrogram expects that through increased postgraduate
training; growing experilence; and developing research leadership, the
national programs will develop to such a level that the bean research
network becomes a mutually dependent collaborative research program.
Such networks are composed of national programs which share similar
ecological zones, wherein each national program specializes in certain
research areas. Horlzontal tramsfer among participating countries will
ensure a complete research program, which can not be formed by each
individual small program. This principle has proven most effective
when many small national bean programs are involved. The network has
traditionally been limited to Latin America, but network expansion to
Africa has become an important activity since the first bean sclentist
was sent there in 1983, The formation of the integrated research
network is enhanced by staticoning CIAT staff in national programs to
strengthen national regearch and sgtimulate regional collaboration.
Four such networks are being formed: (1) Central America and the
Caribbean; {2} the central African countries forming the Great Lakes
Economic Community: (3} Bastern Africa; and, {4) Southern Africa,

Basic research applicable to bean production problems

As genetic dmprovement is being accomplished more and more at the
national program level, CIAT has been giving greater emphasis to basic
research activities aimed atr facilitating genetic or agronomic
improvement., Examples are the determination of mechanism and
inheritance of observed resistances, improvements in vresearch
methodologies, and cropping system interaction studies. Such basic
research is often conducted at CIAT with the help of graduate theses
research, or in close collsboration with universities and other basic
research centers, preferably in the developing world.

Thege strategies have proven to be effective in increasing bean
production, Marked increases in bean production have taken place in
certain regions and countries. Examples can be cited from Guatemala,
Cuba, Costa Rica, Argentina, states of Brazil, and departments in
Peru. These successes have strengthened ‘the Bean Program’s
determination te continue to decentralize bean rvesearch and to
increasingly assume a backup role to national research. Our role is
shifting to the development and provision of genetic wvariability for
local improvement programs; to provide training, develop merhodology,
and to offer basic research infoermation.
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HIGHLIGHTS 1986

The year 1986 has been again a very active year. In trying to
summarize this, the best term may be "finetuning”. Our objective of
increased bean production was facilitated through our stress tolerance
breeding strategy. Our decentralized system of genetic improvement
places emphasis on training of national program staff. Finetuning of
our research efforts was directed towards Incorporating lacking
resistance into superior lines while increasing our training efforts
in the on~farm testing of new technology.

Program developments

Some changes in senior staffing took place during the year. Dr,
Roger Kirkby (agronomist} joined CIAT as Coordinator of the Eastern
Africa Project. He is based in Addis Ababa, Ethiopia. Dr. Joseph
Thome {plant breeder} jolned wus as postdoctoral scientist to
strengthen our effort in breeding for increased yield potential in
beans.

Dr. Ceorge Abawi (Visiting Scientist in plant pathology, from
Cornell University); TLeif Youngdahl (Visiting Scientist in soil
science, from the International Fertilizer Research and Development
Center), Guillermo Hernandez Brave (plant breeder, World Bank/INIPA
Collaborative Bean Project, Peru} and Nigel R. Sackville-Hamilton
(Senior Research Associate in plant breeding, Data Management Systems)
left during the vear,

Outposted staff and special proiects

During 1986 the second of our three regional projects in Africa
received funding and started formally. This project, the Eastern
Africa Project, 1is funded jointly by USAID and CIDA for four
selentists, and the agronomist-project leader is now installed in
Ethiopia, 8till to be recruited are a breedsr and agronomist in
Uganda and an economist to serve the African projects in general.
Somalia also forms part of this project. A project establishment
grant was provided by CIDA for the Southern African Project. The
coordinator for this project 1is in place in 1its headquarters in
Arusha, Tanzania. The additional staff is being recruited, The
project covers the countries grouped in the SACAR agreement. The
above three projects, including the already established Great Lakes
project, form the CIAT outreach strategy for Africa for beans. An
African~wide coordinator will be appointed.

The &Great Lakes project and the Central American project were
evalusted during 1936, Both evaluations were very positive. Research
scientists and administrators of the Great Lakes project countries
agreed that the project’s main contribution was the additional genetic
variability it had brought as well as the establishment of research
links with neighboring countries,

During the evaluation of the Central American project it was
agreed that the success of this project and the evolution of national
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programs warranted the establishment of a steering committee with wide
administrative and managerial responsibilities. The management of
this project will in the coming years be handed over to this committee
composed of national bean team leaders. The impact the project has
made on production of beans in Guatemala, Costa Rica and Cuba was doc-
umented.

A grant was obtained frem DEGIS, Netherlands, to execute a study
on snap beans, assessing consumption, demand, production problems and
the social benefits of research., This follows a recommendation of the
External Review Panel of CIAT. This two year study will be concluded
by & large international snap bean conference,

The World Bank loan to finance a bean liaison scientist in Brazil
was terminated. CTAT may absorb the costs in its core budget, by
reducing its headquarters agronomy program and transferring the freed
resources to finance this position in Brazil.

Several collaborative research projects were financed {to the
cutaside collaborator) with institutions in the United States, England,
Germany and Ttaly., Such projects help resolve basic research prob-
lems, which limit progress in our applied research task. Included in
these projects is the third country quarantine service established
with NVRS, England, to bring African bean germplasm to Colombia.

Research highlights

Germplasm Improvement

The high susceptibility of landraces to BCMV (especially red
seeded early Central American criollos), has prevented theilr wide use
in genetic improvement and production promotion., With the linkage
broken between the I gene and unstable "off-color" reds, the I gene is
now being incorporated In a wide range of landraces through
backcrossing or a modified backcrossing scheme, The true red BCMV
resistant landraces will be available for wide testing and use in
breeding programs in early 1987,

Another aspect of "fipetuning” of our genetic improvement ac-
tivity is the improvement of newly released and successful varieties
for deficiencies encountered, Some of these activities are the incor-
peration of anthracnose resistance in Talamanca, and CBB resistance in
EMGOPA - Ouro; and in other lines, seed size has been increased (and
CBB resistance incorporated) in excellent small seeded lines such as
BAT -1297, The genetic improvement activities of the Bean Program
emphasize both the development of entirely new germplasm, and also the
improvement of superior new germplasm for specific weaknesses.

The External Review Panel recommended a further effort in
increasing vyield potential of beans. While a genetic improvement
program is underway, agronomic studies were undertaken to accompany
superior ylelding germplasm by appropriste agronomic practices, such
as split nitrogen applications and changes in plant density and
rowspacings. Both increased plant density, and decreased row spacing,
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increased yields, but split W application in the first trial conducted
did not dncrease yield.

In mutated populations, plants were selected which lacked the

ability to fix nitrogen 1In W-free medium with high Rhizobium

populations. WNon-nodulating plants were identified which can serve as
a zero level check for nitrogen fixation thereby eliminating the need
to use non~-fixing specles such as sorghum as a check in bean trials.
Also, plants from these same populations were selected with effective
nodules under high nitrogen levels, to develop plants able to fix
nitrogen in the presence of soll nitrogen., The presence of moderate
levels o©of so0il nitrogen dinhibits nodulation, even when the soil
nitrogen level is inadequate for normal plant development,.

The high rasistance in wild accessions of the common bean to the
bruchid Zabrotes subfasciatus is due to the substitution of part of
the phaseolin protein by a new protein, called arcelin. The presence
of this protein is now being used as a rapld screening technique for
Zabrotes subsfasciatus resistance. This research finding was obtained
in a collaborative project with the University of Wiscomsin. Other
compounds that may be associsted with resistance to Acanthosgelides
obtectus were found by TDRC, England.

The major part of the collectlion of Phaseolus coccineus has been
eveluated and multiplied and an dinternational coccineus trial was
distributed to several countries, This germplasm may be used
directly, besides as a donor parent to the common bean for breeding
registance, The multiplication of the collection of Phaseolus lunatus
has been initiated.

The previously identified superior resistance to BGMV has been
further exploited. TLines resulting from crosses involving these re-
sistance sources (e.g. Garapato, A 429, DOR 303 and others) show high
levels of BGMV resistance and good performance under high BGMV stress.
However, such lines appear not to maintaln their resistance to the
Brazilian isolates of BGMV,

The race variability and dits distribution for hale blight has
been c¢larified through collaborative research with NVRE, FEngland.
Four races have been found, and parents have been identified ro breed
for resistance to this fmportant African disease problem.

Training and workshops

Training remains our maln activity after germplasm development,

A ghift from CIAT~hosted courses to in-country courses has been
reported before. Current emphasis in training is on on-farwm research.
The objective of this focus is to link research and extension, to test
new technology on-farm prior to release and to increase perception of
farmers' real problems by research staff. Of the 10 courses conducted
{or CIAT supported) during 1986, seven concerned on-farm research, Aan
important aspect of these courses is their three phases of execution.
In each successive phase each of the participants reports the progress
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they made in their region, followed by a genaral discussion involving
all participants. This follow-up of presentation of results by each
participant has proven to be most useful,

One of the workshops conducted in CIAT involved breeders from
various research stations in Mexico and their respeactive directors.
Results of this workshop indicate that both researchers and research
management gained a much better understanding of the possibilities and
limitations of bean research. Researchers and administrators jointly
evaluated research progresz and methods and how to share this with
farmers, Continued "finetuning"” of training methodologies is under
investigation to f{further improve the efficiency of opur training
efforts.

Varietal release and adoption

New wvarieties were released by national programs during 1986,
ICTA-Ostua (JU 81-33) was released as a BCMY tolerant line in
Guatemala. The purpose of its development and release was to provide
earlier maturing, BGMV tolerant lines better than the previcus I{TA
releases.

Costa Rica released the locally developed 1ine HT-7719 as
Cariari. The line was released for its tolerance to web blight,
Brazil released BAT-48 as Sobradinhe. Peru released Panamita Molimero
(line W 126 from MITA, Tuerto Rico). Rwanda released A 197 as
Ikinyange.

Based on farm surveys it is estimated that the ICTA varieties
have contributed to an increased production valued in 1985 ac
SUS 2,06 million in Guatemala, while new varieties have increased
production in Costa Rica about $US 2.7 wmillion and far more in
Argentina.

Lack of seed of new varieties has been shown to often be 2 major
bottle neck to increased adoption of new varieties. On-farm seed
production methods are being promoted, in collaboration with the Seed
Unit. Some wvery promlsing developments are taking place in Colombia,
where small local cooperatives are involved in seed production for its
members. One such cooperative in San Gil, Santander, produced over 20
tons of seed. A similar program is being initlated in Guatemala,

Bean propram impact

National programs have released over 100 improved bean varieties
obtained through the CIAT network, and in several countries new Dbean
varieties have been widely adopted. Surveys of bean farmers have been
conducted to measure the adoption and impact of new varieties in
Argentina, Costa Rica, Guatemala and WNilcaragua. These results are
summarized in Table 1. {details on survey results are contained in
this year's and previous Annual Reports as well as in outside
publications).
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In 1986 an estimated 154,000 ha were sown to new hean varieties
derived from CIAT germplasm. The total production of these varieties
was 186,800 tons, and the increased output due to the new
varieties'greater productivity than traditional materials was 49,400
tons. The gross value of production of the improved varieties was
$93,400,000 (5U.S5. 1985), while the value of the additional output due
te the new varieties over what could have been produced with
traditional varieties in 1986 was $24,700,000.

This sum is nearly four times the 1986 CIAT expenditures on bean
research, including both direct program costs and a prorated share of
nop—-program costs, OF course, national program efforts are a vital
part of the success acheved so far with new bean varieties.
Arbitrarily assigning to CIAT and national programs an egual share of
the gross benefits due to the dimproved bean wvarieties, the net
benefits {gross benefits - investment costs) of CIAT bean research are
presented in Figure 1. This shows a period of increasing real net
investment from 1973 to 1979, ¥From 1979 onwards the benefits of the
new varieties begin to acerue, and from 1983 onwards the program
entered a period of substantial and increasing positive net benefits,
reaching 55.9 million in 1986.

Table 1. Tmpact of improved bean varieties, 1986,

Production of Production
Area in improved  Per cent area improved increase due to
varisties in improved varieties

{(ha) varieties (tons) varieties (tons)
Costa Rica 21,700 62 18,950 5,300
Guatemala 12,300 13 11,780 4,100
Nicaragua 14,000 17 11,200 2,800
Cuba 16,000 80 25,000 11,200
Arpentina 90,000 40 120,000 26,000
TOTAL 154,000 186,800 49,400

Source : Farm surveys in Argentina, Costa Rica, Guatemala, Wicaraga; Netional program
estimates in Cuba and Nicaragua,
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TRAINING

Introduction

Training of scientists and extensionists at CTAT headquarters in
the development, testing and promotion of new breeding lines and
agronomic practices continued to receive high prierity in the Bean
Program. Emphasis in 1986, however concentrated on providing scien-
tists with training in on-farm research, both at headquarters and in
participating countries.

Un—-farm research is a basic step in the accurate identification
of specific local production problems. Research accomplished on-farm
in each region within the Bean Program's mandate will continue to pro-
vide crucial information on existent constraints; the availability of
alternative technologies) and on which available or new technologies
need more testing or validation. On-farm research helps determine what
germplasm improvement strategy to employ, as well as to discover what
technical training would most appropriately meet local needs.

Germplasm developed on experimental stations is not ready for
release wuntil ite adaptability and vield potential for a target area
has been proved through on-farm trials in existing cropping systems.
If new material fulfills these basic requirements, and the farmers
feel it is better material than that currvently used, the new technolo-
gy is released by that country's national program.

The manner In which new germplasm is carefully tested prior to
release is paralleled by the equsl careful training provided to scien-
rists from around the world,

Courses

Ten in-country courses were conducted with the collaboration of
national programs in 1986, and seven of these concentrated on on-farm
research methologies. These courses provided training for 157 scien-
tists from E1 Salvador, Costa Rica, MNicarapgua, Peru and Honduras {(Ta-
ble 1}. Another 23 scientists or extensionists from various countries
received training in on-farm research at CIAT headquarters in Palmira,
Colombia (Table 2). A total of 180 persons were trained this year by
CIAT and collaborating institutions in on—farm research.

Courses are designed to prepare the trainees in the following
manner !

a. The varying backgrounds of the trainees are used to divide them
into four groups:a) Focused - those who are alveady intevested in
the stated objectives of the course; 2) Ambitious - those who
have interest but lack background preparation; 3} Won-focused -~
those who have little interest in the course objectives; &)
Non-motivated - those who have little interest and no background
preparaticen.

bl

R

n o b

e

S .

A e

g S I P e g A R e

P ——



b. Initial evaluations are given to help the participants identify
these areas in which they most need training. The trainees can
then concentrate on these themes during the course.

c. Intermediate evaluations are given to maintain adequate academic
levels in the courses, and are used to derermine the level of
participation and understanding given to or received From the
Courses,

d. Courses are oriented towards providing continuity with future
activities. These activities mayvy include further training in
courses or actwal research ar CIAT headquarters or in the
trainees' own countries.

&, Participants evaluate the courses as ta whether or not they met
their expectations. Their nepgative and positive criticisms are
invaluable to course designers for the planning of future
courses.

Training in specific disciplines

Training in specific disciplines 1is conducted at CIAT headgquar-
ters., In 1986, 76 scientists from the Americas, Europe, Asia and
Africa rvecelved training in various disciplines (Tables 2, 3 and 4).
The discipline attracting the greatest number of participants (22) was
on~farm research.

CIAT also hosted the XIII Intensive Multidisciplinary Course for
Bean Research and Production, with 23 participants {(Table 1.

Workshogs

A workshop was held April 21-25 on Routine Evaluation Method-
alogies for BRean Acceptabllity Characteristics. Representatives from
El Salvador {CENTA), Cuba {(Ministerio de la Agricultura), Guatemala
(INCAPY, and Costa Rica (INCIENSA) attended this workshop.

A Bean Breeding Workshop was held %-17 June, and was attended by
17 scientist from INIFAP in Mexico.

An On~Farm Research Workshop was held 15-19 September, with 20
seientists and extensionists from ICA~Colombia In attendance.

Other training

The training provided by CIAT and participating national programs
in 1986 has contributed greatly to the strengthening of the bean re~
search network in several ways. The level of scientific expertise in
national institutlons is further improved by the assistance offered by
CIAT to staff members from various countries in their Masters and PhD
research projects. (Table 2}, CIAT gives support to national training
effores by assisting at in-country courses - 204 persons received
training Iin their own countries thls year.
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The emphasis placed on on-farm_research in 198& resulted in the

training of 179 sclentists and extensionists.

The strong addition of

trained on-farm iInvestigators will strengthen the bean research net-
work in all participating institutions,

Table 1, Courses given in 1986

Course Type Country Collaborating Number of
Institution Participants

Research and Cuba Min. of 30

production Agriculture

On—-farm research El Balvador CENTA 13

(I phase)

On-farm research Costa Rica 7. of C. R. 28

{I phase) MAG, CNP, ONS

(n-farm research Nicaragua MIDINRA 23

{I phase)

On~farm research Peru INIPA 26

(111 phase)

Or-~farm research Honduras Sec. Natural 29

{I phase) Resources

Eesearch Mexico INITFAP 17

On~farm research El Salvador CENTA 10

{IT phase)

On—farm research Nicaragua MIDINRA 28

{I1 phase}

REesearch and Celewbia International 23

production {XI11

{Intensive phase) B
TOTAT 227
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Table 2. Training provided at CIAT in specific disciplines.

Training €Category

Visiting
Associate Visiting Scientist Student:
Training in  Special Train—
THESTS NO THESIS Special ing + Multidis—

Program : Pesn PHD THESIS b 3] Decipline  ciplirary Course SUBTOTALS

No, Months No. Momths Wo. Months No, Months  No. Months No. Months Ne. Months No. Months
Discipline:
Agronomy 5 (16.3) 6 (28.8) 1 (L2 12 (56.3)
Economics 1 8.1y 2 {158 3 (24.9)
Entamology 3 0.9 1 (5.0 4 (15,2}
Farming Svstems 19 (33.0) 3 6.9 22 (41D
Physiology 1 (1.8 I (1.6}
Breeding 1 {12.0) 1 (12.09 1 (5.8 1 3.0 4 (32.%
Phytopathology 3 (2.8 3 (12.8)
Germplasm IO 14D
Lahoratory 1 0.3 I (€0
Breeding 4 12,25 4 (12,2
Micorrhiza 1 ., 1 (L0
Pathology 6 (10.8) 4 (14.5) I 4.9 11 (30.2}
Production 8 8.9 8 (B9
Virology 1 (1.6) I {(1.&)
Program total {203 (12,0} 2 (14.9) 47 (120.2) 15 (38.1) 2 (le.1Y 8 (8.9 76 (42,5
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Table 3. Mumber of man—months of training provided bw CIAT, by comtry, in 1986,
Traldning Category
Visiting
Assoclate Visiting Sclentist Student
Training in  Special Train-

THESIS NO THESIS Special ing + Maleddig-

Program : Bean i THESIS MS Discipline  ciplinary Course SUBTOTALS
No. Months No, Months No, Months No, ?ﬁonths ¥o. Months ¥o. Months Yo, Months No. Months

Tatin Americn and the Caribbean
Argentina 2 (5.0 2 5.0%
Bolivia (5.1 1 5.1)
Brazil L GG 1 &.Qg
Colowbda 14 824.0) 4 (4,4 18 E 8.6
Costa Riea 2 56,9) 3 (10.3) 5 (17.4)
Orba 2 5.9 2 5.9)
Feuador 1 2.8 1 1D 2 3.9
El Salvador 2 g&.ﬁ‘) 2 5.8)
Guatemala 1 (5.8 3 7.7 3 {15.0% 1 (4.9 g (33.4)
Haiti 1 (3.9 1 3.9)
Honduras 2 6.8) 2 6,83
Moxdco 1 1.7 3 (5.9 2 52.3) 6 G.9
Nicaragua 1 5.2y 1 (4.8 1.1 3 (10,11
Panama 1 (11,2 1 glh?)
Peru 6 {12.9 1 55,1) 7 18.6%
Dondndcan 1ic 3 (2.3 ! 5.00 4 (1.3
Other Coumntries
Asia
FPRTippines [ 6 T I 3.8
Africa
EffiGpia 1 1.9 1 1.9
Tanzania 1 1.9 i 1.9
Uganda 1 3.3 1 3.0
Zaire 2 5.5} 2 5.5)
Developed Comtries
Carmany - 1 (12.% 1 g 12,0%
Belgium I(12.m 1 (2.0
Carada (9.1) 3 £9.1)
IS A L (a5 1 5.5)
Holland 1 {12.0 Io{12.0v
¥rogram totsl 1o(1z.n Toem 2 (14,9 47 (120,20 15 {58.1) 7 (161 B (B 76 (242.D
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Table 4. Bean Program

NAME COONIRY INSTITUTION DISCIPLINE SUPERVISOR MAN -~ MINTHS
AT CIAT
Visiting Research Associates, No Thesis
Schmit Veronigque Belglum Urdv, of Gemblowe Breeding Davis J. iz
Visiting Research Associates, PhD Thesis
Panse Axzel Germamy Univ, Friedrich Wilhelm Breeding Davis J. 12
Participants in Phase 1 of Intensive Multidisciplinery Course
Alacaraz M. Sandra Colombia CIAT Production Lapez M. i.1
Aragon C Jose Javier Colombia ICA Production Topez M, 1.1
Camacho Alberto Nicaragua Mindinra Production Lopez M, 1.1
Cazares E. Benito Mexico TNIFAP Production Topez M. 1.1
Gonzales M. Alonso Colombia CIAT Production Topez M, 1.1
Ligarvete M. Gustavo A {olonbia TNCA Production Topez M, L.l
Salgado S. Ernesto Mexico INIFAP Production Loper M, 1.2
Zambrano M Ely Eevador INTAP Production Topez M, 1.1,

Continued
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Table 4, {Continuation}

NAME {COUNTRY INSTITUTION DISCIPLINE SUPERVISOR MAI:-;Z’E&D?YHS
Visiting Scilentists

Adames M, Cristébal Domindcan Rep, SEA Pathology Galvez G. !
Amaro G. Carmen Cuba Ministerio de Agricultura Phytopathology Pastor C. M, 3.3
Arayva F Carlos Manuel Costa Rica Universidad Nacional Pathology Pastos C. M, 4.9
Ardas R, Jesus H, Colombia 1A Farming Systems Woolley J. 1.7
Assefa Habtu Ethiopia Inst. of Apricultural Besearch Pathology Pastor C, M, 1.9
Benavides M Rolando Nicaragua Mindira Agronomy Voysest. O, 4.8
Camacho B Willy Costa Rica Consejo Nacional de Produccidn  Agroromy VYoysest O, 3.8
Chumbiacua R Tuis Alberto Peru INTPA Virology Morales F, 1.6
Cucalén §  Hermando Colombia Ve Farming Systems Woolley J. 1.7
Diaz A Oowaldo Fidel Honduras Secretaria de Recurscs Naturales Fntomology Cardona C. 3.1
Diaz Acosta Jose Manuel Cuba Fmpresa Arrocera Tos Palacios  Agronomy Voysest 0. 2.6
Diaz C Hector A Guatemala ICTA Entoeslogy Cardona C, 5
Garcia M. Awrora S, Argentina INTA Breeding Singh §. 2,9
Garcia P.  Eddy A, Nicaragua Midinra Entomology Cardona C. 4.2
Gorden G, Judn José Guatemalsa ICTA Agronomy Vovsest O 5
Hermmandez  Fugo Costa Rica Universidad de Costa Rica Farming Systers Woolley J. 2.8
Herrera R, Miguel Amaury Dominicam Rep, SEA Pathology Galvez G. 1
Insussty B Orlando T Colombla ICA Farming Systems Woolley J. 1.7
Jimenez de  Nelly Peru U. Nal, Pedro Ruiz Gallo Micorrhiza Sisverding E, 1
Jimenez T.  Jose A, Hondurag Secretaria de Recursos Naturales Breeding Beebe S, 3.7
lanter J.  Marie USaA Uiy, of California Phytopathology Fastor CM 3.5

Continued
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MAN-—MONTHS

NAME COUNTRY INSTITUTION DISCIPLINE SUPERVISOR AT CIAT
Tilian J.  Jorge Hernan Peru INIPA Germplasm Wodd D. 3.1
Toayza €. Romlo F. Peru INTPA Agroncmy Voysest 0. 3.8
Topez A, Beatriz Mexdico INTFAP Pathology Pastor C, M. 1.7
Tugo C. Jalme Colobla TCA Farming Systems  Woolley J. 1.7
Tama de P,  Tuz alba Colombia ICA Farming Svstems Woolley JJ. 1.7
M'Vita Rennbi. Zaire R. A. V./Prog. Natiomal Teg.  Breeding Davis J. 2.6
Maghiramg  Rodel Philippines Inst. of Breeding Agronoay Voysest . 3.2
Male Kayima Beatrice Uganda Kawanda Research Statdicon Breeding Lavis J. 3
Medina G, Jum A, Guatemala ICTA Pathology Pastor C. M, 3.8
Merendez C  Raul Guatemala ICTA Pathology Galvez G. 1}
Merino P Fausto Ivan Ecuador INIAP Farming Systems Woolley J. 2.8
Meza Q. Jorge Hernan Colonbia ICA Farming Systems Woolley J, 1.7
Milfort Brefous Haiti Fac, Agron. v Med. Veterinaria Agronomy Voysest O, 3.9
Miranda L.  Diego Colambia IcA Farming Systems Woolley J. 1.7
Molina 0.  Juan Pablo Peru INIPA Farming Systems Woolley J, 1.8
Monsalve U, Orlando Colonbia ICA Farming Systems  Woolley J. 1.8
Montenegro M Tito El Salvador CENTA Economics Pachico 1, 3.8
Monzon . Felicito Amado Goatemala ICTA ¥ntomology Cardona C, 2.9
Navarre Willy {osta Rica Universidad Nacional Breeding Roca-Davis 3.1
Nin Julic Cesar Domindcsn Rep. SFA Agroneey Voysest. O, 5
Ochoa 0. Hector E. Cuaterala ICTA Agronooty Voysest. 0. 5
Oliveira ¥, $ilva leandro Brazil BOOPA Phytopathology Singh S. 4
Orube F. Juan B. Bolivia Univ. Gabriel R. Moreno Agronomy Voysest O, 5.1
Pajarito R. Armulfo Mexico INIFAP Physiology White J. 1.6
Perez §. Mariiyn Amelia Domivicsn Rep. Laboratories Schoonhoven 0.3

Secretaria de Estado de Agr.

Continued
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Table 4. {Continuation)
NAME COUNTRY INSTITUTION DISCIPLINE SUPERVISOR Mﬁbi?%g?:?‘“s
Pibaya O, Stephen Tanzania Agricul. Research Organization Farming Systems Woolley 3. 1.9
Prada L. Pedro Cesar Colambia ICA Farming Systems Woolley J. 1.7
Rios G. Germén Colombia TCA Farming Systems  Woolley J, 1.8
Rojas J. Maria del R. Costa Rica TIcA Pathology Abzl G. 2.8
Segovia 8, José Rafael Colonbia ICA Farming Systems Woolley J. 1,7
Serrsbi G.  Frnesto Colombia ICA Famming Systems  Woolley J. 1.7
Sosa Moran  Jose H. El Salvador CENTA Farming Systems Woolley ., 1.8
Terrones C. Segundo Peru INIPA Pathology Pastor €. M. 5.1
Van Herpen Catharina Holland Undversity of Wageningen Economics Pachico D. 12
Velasquez C. Ricardo Coloubia ICA Farming Systems  Woolley J. 1.8
Vidal P, Alberto Peru Centro de Trvest. y Promoc. Agr. Parming Systems Woolley J. 1.6
Villamizar Jaime Colombia IcA Farming Systems Woolley J, 1.8
Viltlar S.  Bermarde Mexdco TNLFAP Farming Systews Woolley J, 2.6
Vizgarra Oscar N Argentina Estacion Experimental Obispo C. Pathology Pastor C. M. 2.1
Wa Nyenbo  Meyurba Zaire Project de Rech, Agron. Ap.Et V. Agronomy Voysest O, 2.9
Vigiting Scientists, M5 Thesis
Acogta N, Miguel A, Panama IOTAP Agronomy Voysest 0O, 11.2
Andlerson Marina Canada Undv, of Alberta Feonomics Pachico D. 9.1 ¢C
Guzman A, Marcial E, Cuatemsla ICIA Pathology Pastor CM. 4,9
Rodriguwez  Rafael Guatemala ICTA Breeding Beebe 5. 5,8 C

ir AR I . e e R S5 L ey




PR

aebewTe AT i e kR

11 s e e e o

A2 b ms b b

Nt itthes

IERTR PR W TR

o bt s g gl

b b VR B b b BB A1 im0

o

st e e

PRI

I. BEAN GERMPLASM ACTIVITIES

A. Germplasm Collection, Multiplication and Distribution

Acquisition

Emphasis on the acquisition of Phaseclus germplasm has continued
to be directed to land races and wild specles. In addition to
intensive expeditionary work in Latin America, several interesting
materials from Eurcope, Asia, and Africa were received wainly from
multicrop collecting expeditions funded by IBPGR, and alse through
donations from national banks.

Worth special mention were domations from several European coun-
tries, The Democratic Republic of Germany sent a set of about 100
traditionzl landraces collected in the Republic of Georgia (Soviet
Union}. Bulgaria also sent more than 60 accessions comprised mostly
of mative landraces. Ttaly donated gbout 250 accessions from its
national bank at Bari., Finally, Turkey sent 117 accessions of their
national collection at Izmir, complementing Turkish germplasm already
received by CIAT from other banks, Also of special interest 1is
germplasm recelved from Rwanda (270 accessions) via Belgium, which
gserved as a third country quarantine. These accessions make up the
traditional germplasm collected in 1985-86. TIn addition, a number of
different species collected in Mexiceo, Guatemala, and Argentina has
widened the spectrum of germplasm variability now represented in the
bark for the genus,

Excluding the germplasm collected by the CIAT-IBPGR specialized
collector, the bank received through donations a total of 1498
materials distributed as follows: 1077 accessions of P. vulgaris; 174
of P. lunatus; 16 of P. cocecineus; 4 of P, acutifolius; 46 of wild
Phageolus species; and, 181 accessions of other genera mainly
consisting of Vigna sp. (Table 1}. The CIAT collector obtained a total
of 474 materials from Guatemala, Argentina and Mexico. A total of
1972 accesslons from donations and collecting expeditions were
introduced to the germplasm bank in 1986 (Table 2).

Increase~-Multiplication

0f the last batch of 6000 new accessions approved by ICA for
multiplication in CIAT greenhouses and isclated fields, about 11060
materials were multiplied from 23 countries; the highest percentage of
these came from USA, Peru, and Rwanda (Table 3). 1278 materials were
rejuvenated.

These additions included, the germplasm currently available for
distribution is as follows: 19,905 accessions of P, vulgaris and wild
ancestral species; 842 accessions of P. lunatusi 644 accessions of P,
coccineus and 168 accessions of P. acutifolius.
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Table 1. Phaseclus introduction: bean germplasm introduced during

1986,
P. vulg P. lun. P, coc., P. acut Wild sp, Others

Region/Country
North America

USA 3 - - - - -
Central America

Mexico (&) 30 - 15 - 57 -

Guatemala {(a) 12 - 45 - 34 -

Nicaragua 8 - - 1 - -

Costa Rica 69 - - 2 - -
Caribbesan

Belize - - - - 3 -

Rominican Rep, 4 - - - - -

Puerto Riceo & - - - - -

Andean South

America
Colombia 15 1 1 - 3 -
Ecuador 3 - - - - -
Peru {a}) 174 46 7 - g 2
Chile - 1 1 - - -
Non-Andean
SGULh Aéfica
Brazil 19 152 - - - -
Argentina{a) 95 - - - 16 -
Europe
England 41 - - - - -
Ital 224 - 13 - - 15
Bel ¥um - - - ! 40 -
Netherlands 3 - - - - -
Bulgaria 63 - - - - -
Austria 28 - 1 - - 1
Germany Dem. 97 - - - - -
Africa
Ghana (b} - 19 - - - -
Zambia (b) 28 - - - - -
HMadagascar {b) 15 - - - - -
Mauritius Isl. (b) 1 - - - - -
Rwanda 270 - - - - -
Asia Oceania
Bangladesh - - - - - 163
Turkey 117 - - - - -
Philippines - 1 - - - -
Total 1323 220 83 4 161 181

Ea) Co-sponsored by CTAT-IBPGR
b} IBPGR collecting expeditions
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Table 2. Status of the bean collection held at the CIAT Genetic

Resources Unit as of December 1986,

Species

No. of accessions

Introduced Increassd

- 1] »

-

. % «

|WIMiwiwi?;mzm:wpw

vulgaris

vulgaris wild ancestors
Junatus

lunatus wild ancestors
coccineus subsp. cocclneus
coccineus subsp. polyanthus
coccineus wild ancestors
acutifolius

acutifolius wild ancestors

=
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|uul
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angustissimus, E. anisotrichus,
esperanzae, P. filiformis,
&laucocargusr P. palactoides,
glabellus, P. gravanus,
jaliscanus, P. macrocarpus,
metcalfei, P. pedicellatus,
polystachius, P. pluriflorus,
pachirrhizoides, P. parvulus,
ritensis, P. tuerckheimii,

wrightii, P. anshuacensis,

floribundus, P. neglectus,

glaucocarpus, P. escabrellus,

¥anthotrichus

3
-]
;
[

32942 19505
383 346
2715 842
63 40
838 387
416 238
68 13
138 116
50 50

248 41

37861 21984
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Table 3. Country distribution of new Phaseolus germplasm multiplied
and/or regenerated in CIAT's greenhouse during 1986,

Ko. of
Region and Country accessions

North America
U.5.4. 891
Central America
Costa Rica 2
El Salvador 7
Guatemala a7
Honduras 2
Mexico 87
Nicaragua 11
Panama &
Caribbean
Cuba il
Dominican Republice 7
Puerto Rico 19
Andean South America
Chile 78
Perun 688
Venezuela 5
Non~-Andean South America
Argentina 19
Brazil 34
Euroge
Austria 28
Belgium 25
Bulgaria 17
England 92
France 2
Netherlands 12
Africa
Rwanda 270
Total 2378
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Characterization

Characterization of germplasm using the desecriptors preposed by
CIAT has continued in 1986, Hedium seeded types of growth habits I,
I, and IIl were characterized with the gosl of detecting similar
groups of germplasm. The first analysis of 752 accessions of large
seeded types with uniform color and growth habit I showed that the
quantity of materials can be reduced by characterization to 290 groups
(Table 4)}. The components of each group are very similar based on 14
field descriptors and 4 seed descriptors. It was obgerved that if seed
descriptors are preclsély defined, the groups chosen on these seed
descriptor bases, correlate very well with the groups subsequently
chogen by field descriptors. The next step will be to compare the
comporients of each group using seed protein electrophoretic banding.
Complete characterization 1is expected to provide a  better
comprehensive view of the true variability of the world FPhaseolus
vulgaris collection, and to establish grounds for tracing the path of
germplasm exchanges among national collections.

Table 4. Grouping of similar P, vulgaris germplasm of growth habit T
and large seeded type.

Seedcoat No, of Ho, of gimilar
coelor accessions groups
White 209 41
Cream-beige 67 51
Yellow 167 56
Brown 27 12
Pink 60 20
Red 82 40
Purple 109 46
Black 3t 24
TOTAL 752 290
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Table 5. Bean seed distribution outside CIAT (1988)

Neo. of HNo. of Ho, of
Region countries requests accessionsg
Korth America 2 12 408
Central America 2 7 1127
Caribbean 1 1 6
Andean Scuth America % i8 1139
Non-Andean South America 2 10 1479
Europe B 10 425
Africa 5 7 1702
Asia~Oceania 2 2 423
Teotal 23 67 6709
Table 6. Bean seed distributlon within CIAT (1986}

No. of Ng. of

Program Tequests accessions
Breeding T 11 57
Breeding 11 14 206
Breeding II1 24 1757
Agronomy t 1
Entomology 31 4917
Physiology 18 2742
Fathology 10 447
Virology 16 1530
Nutrition 3 157
Biotechnology B 355
Others 3 5
Total 139 12174
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Storage

As part of the agreement with EMBRAPA, a duplicate of the base
collection for preservation in long term storage {2000 accessions),
was sent to CENARGEN this year. Fach sample comsisted of 400 grs of
fresh and high quality geed which had been previously dried down to
6-8% moisture content before being packaged in laminated foil bage and
heat sealed,

Ten percent of this batch was tested for germination as well as
for seed moisture content before packing; the results showed an aver-
age 6.8% seed moisture content and 94% germinatioem for 220 accegsions.
Besides the 2000 accessions for storage, four additional replicates of
the 220 tested accessions were algo sent in order to monitor
germination and seed moisture content at least every five vyears,
Shipments of about 4000 accessions per year will be sent until an
entire duplicate of the collection is stored in CENARGEN's bank.

Funding was approved this vear for the expansion of the present
storing facilities. A new building capable of storing 100,000
accessions for short to medium-term storage, and 100,000 accessions
for long term storage, will be constructed during 1987. This building
will be able to hold the Phaseolus beans collection, as well ag the
tropical pastures collection, and the in vitro cassava collection.

Seed distribution service

During 1986 a total of 6709 accessions of Phaseclus beans were
distributed to 23 countries In 67 shipments., Most of this germplasm
consisted of P. vulgaris (80%Z), followed by P. coccineus (7%}, P.
acutifolius (3.5%), P, lunatus (1%) and the rest of other species (Ta-
ble 5). In addition, the Bean Program in 1986 requested 14,546
accessions of which 91% were domesticated forms of P. wvulgaris, 5% of
wild ancestral forms of P. vulgaris, 3% of P. coccineus and almost 1%
of P. acutifolius (Table 6).

Collection

The Genetic Resources Unit continued its program of germplasm
collection and study of genetic diversity iIn the three American
centers of diversification of Phasecolus. In order to provide a
service to breeders and agronumists on a worldwide basis, germplasm
collection comcentrated on old native varieties of the five cultivated
species developed by the American Indisn cultures, the wild ancestors
of the five cultivated species, and the true wild species.

Four collection trips were carried out during 1986, of which the

results and outstanding conclusions are presented, This azctivity ig a
collaborative CIAT~IBPGR program.
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GUATEMALA

A collection trip was made in the western part of Guatemala to
collect germplasm of cultivated P. coccineus and P. polyanthus.
Materials collected are listed in Table 7.

0f the 88 materials, P. macrolepis and P. xanthotrichus were col-
lected for the first time, P polyanthus was “found as a wild ancestor,
indicating that the cultigen is the fifth true cultivated species. P,
tuerckheimii was also found during this trip and germplasm collected
subsequently.

ARGENTINA

A collection trip was carried ocut ip the northwestern part of
Argentina to establish the representation of that region in CIAT's
common bean collection (Table 7}. Four collections of P. augusti has
made this germplasm available for the first time.

FERU

A morpho-agronomic evaluation was performed on the 573 landraces
of P. vulgaris collected in 1985, to establish where variability was
concentrated. A complementary collection trip was carried out in
northern Peru, where both cultivated and wild species were collected
(Table 7), as well as native varieties of lima bhean.

This second explovation confirms Cajamarca and Amazonas as a
transition area between the North Andean Center and the South Andean
Center, as shown especially by the distribution of fudas, P.
polyanthus and P. pachyrrhizoides. The presence of wild forms of P.
vulgaris and P, lunatus in intermontane valleys close to the Peruvian
coast, as well as the presence of weedy types, shed new light on the
domestication of beans 1in Peru, and on the use of this germplasm in
breeding.

MEXICO

Germplasm of the P, pedicellatus group was almost non-existant in
germplasm banks, limiting study and use of this group in breeding. An
exploration was carried out in northeastern Mexico te improve this
situation, and to cellect other wild species {Table 7).

These 73 samples include the type specimens for P. floribundus,
polymorphus and P. zanthotrichus v. zimapanensis. The presence of
wilé P. vulgaris in “the Sierra Madre Oriental, not previously report-
ed, opens new prospects for further exploration, use in breeding and a
better understanding of the evolution of this c¢rop. Germplasm is now
available for the very poorly known speciles of the F. neglectus group.

Conclusions

1) 467 samples were collected this year, resulting in the availabil-
ity of germplasm for 24 different taxa. For 12 taxa, germplasm
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was collected for the first time. As a consequence of these ex~
plorations, germplasm is now available for 31 out of 56 species
belonging to Phaseolus (although sometimes just a very few
samples}.

2) Genetic erosion 1s severe in several places of western and cen—
tral Guatemala, central and northern Mexlco, northern Peru, and
northwestern Argentina, due to overgrazing and/or urban growth.
A list of sites can be drawn up for in situ conservation for the
type or most representative specimens,

3 The present list of species is still a provisional one! new ma-
terials were found in Mexico and in Guatemala., Our knowledge
about the distribution of each species has lwproved considerably
because of samples found this vear, For iInstance, information on
the distribution of wild P. wvulparis in Mexice and Peru, should
help indicate how these regions contribute to the different gene
pools.

Future plans: collection and research

A tentative schedule for specific and complementary germplasm
exploration and collection in 1987 will emphasize the following:

- Costa Rica ! mainly for bean germplasm grown on acid goils and in
zones of high web blight pressure, plus wild ancestors.

- Guatemala: Mayan varieties of lima beans, tropical tepary
germplasm, and wild species,

- Peru: wild forms of P. vulgaris and P. luratus and wild species.
- Hexico: wild ancestral forms of the cultigens and wild species.

in addition, a revision of the status of the Phaseolus germplasm
for several African countries wiil be carried out to facilitate
planning future fleld work.

The c¢ollaborative project between CIAT and the Faculty of
Gembloux ({Belgium}, was expanded to include the evaluation and mul-
tiplication of the P. lunatus collection held at CIAT., Planned future
activities within this project are:

- Seed multiplication of the entire collection, while avolding out-
crossing.

- Morpho—~agronomic evaluation especially for vield and adaptation.
- Production of a catalogue.

Priority was given to seed multiplication of accessions with very
old seeds or seeds which have not been multiplied. Also of particular

importance were studles to estimate the outcrossing rate of P. lunatus
in different environments.
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Pagsport data are urgently  neaded to evaluate the
representativeness of our collection, to eliminate duplicates and to
identify areas for f{uture collection. The 966 accessions githout
origin (39% of the collection) obtained principally from IITA in
Nigeria, will receive priority in this undertaking.

Seed multiplication of the accessions is done principally in a
meshhouse at CIAT/Palmira. This wmeshhouse permits a maximum
multiplication of 400 accessions per vear. A total of 448 accessions
are currently in multiplication (306 ar Palmira and 142 at Popayan in
the field}.

During the seed increase, a preliminary morphological evaluation
is conducted. Data include pilosity of the outer face of the
standard, degree of the opening of the wing, and color pattern of
flowers, pods and seeds. These data describe the variability of the
germplasm, and should help identify the presence of genetic markers.

A wide range of variability has been observed for seed coat
color, pod curvature and flowering time. Most of the accessions in
multiplication have indeterminate growth habit. A base stock of at
least 200 geeds for each accession is desired to lessen the risk of
outcrossing in the field. A total of 38 accessions of the 448
currently in multiplication, possess this base stock of seeds. The
"Big Lima" cultigroup present a particular problem as seeds germinate
even before maturity. A study will be carried out te determine eco-
logical factors causing this problem.

A field trial was set up at three locations (Palmira, Dagua and
Popayan}, to estimate the outcrossing rate of P. lunatus. Two dominant
characters, three varieties, and different planting distances from the
donor parent were used. The cultigroups "Big Lima" and "Sieva" which
are more important in the P. lunatus germplasm were used in this
study. The F. has been sown at Palmira and the first evaluation will
be made on the hypocotyl color (for "Sieva') or on the indeterminate
growth habit (for "Big Lima"). Repeats of this trial are planned for
several seasons.

A preliminary agronomic evaluation will be started in different
locales with already multiplied accessions having clear origins. This
trial may include 100 to 150 accessions and will be planted at Palmira

and Dagua.
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Table 7, Germplasm collections made in 1986 in Guatemala, Argentina,
Peru and Mexico as part of the CIAT-IBPGR collaborative

effort.

Material

Country

Guatemala

Argentina

Peru Mexico Total

Cultivared speciles:

P. vulgaris

coceineus

poelyantus
lunatusg

{rord|
« 2 .

=

ild species:
anahuacensis
anisotrichus
augusti
coccineus
floribundus
glabellus
glaucocarpus
lunatus

macrolepis

neglectus
pachyrrhizoides

pedicellatus

pluriflorus
polyanthus
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B. Data Management

The computer processing of the data generated by the Bean Program
is not a novel concept - CIAT has been doing this for some twelve
years, Data were collected by the sclentists and either processed by
the same sclentist, or more commonly passed on to a bilometrician for
gtatistical analysis, When this work was completed, the data files
were copied to tape and could be recalled if the workers involved in
the original processing could recover the files and remember the
necessary detalls of what was stored. In most cases other workers
requiring the dinformation for further computer processing or
combination with other information would have to re-enter the sum~
marized data from a printed document. When CIAT obtained a computer
with sufficient capacity to handle all its sclentific data a decision
was made to use a database package to centrally organize the manage-
ment of the Bean Program’s data. Cullinet’s IDMS was the system
chosen for this purpose.

Progress in 1986

During the earlier part of the vyear, programs were writtenm to
manage the "experiments" part of the bean database. These components
automate the display, update, and modification of date from any type
of experiment both on-line and in batch., Data services are loading the
data into the database,

The database was loaded with the common names of some fifty
thousands accegsiong of the Genetie Resources Unit, and bred
materials. Series 8 and G coded accessions were updated.

In mid-year the database group was reorganized to better share
responsibilities, and the global scheme was redesigned to integrate
the bean, cassava and agroecological databases, As a conserquence of
this, the programs were somewhat redesigned and recompiled to bhetter
access the data. On the basls of previously established standards of
the sections, crosses made at CIAT and advanced lines were recoded.
Disease resistance, color and growth habit data were added to the da-
tabase, Bean accession data from the Genetic Resources Unit on bril-
liance, primary and secondary color, and shape and weight of the seed
were added to the database, At the express request of the members of
the Bean Program, time was also devoted to the preparation of a-PL/l
batch program to write a report combining basic information on the
pedigree of crosses and advanced lines. This program runs outside
IDMS but uses the informetion contained in the IDMS database. Until
recently the production of fileld notebooks has been done eilther with
S5A% programs on the mainframe or with micreos. Some basic dialogs were
written teo access data in the TDMS database to prepare field notebooks
which will be used for the International Nurseries.

An attempt was made to load 211 of the data from the earlier
yvears of the VEF triale, but many inconsistencies were revealed in the
data, and they have been returned to the preogram scientists for re-
vision,



As scon as this revigion is complete the data will be loaded and
the existing dialogs and programs will be available fer consulting the
information. In all, some 53 new dialogs were written teo facilitate
consultation of the bean database,

Priorities for the coming vear

All of the VEF and IBYAN data will be loaded together with pass-
port and other data provided by the Genetic Resources Unit,

The next IDMS/R release extends the use of ADS (Application De—
velopment System) to inglude batch processing of information in the
database via the IDMS/R Central Version as opposed to the local model
batch processing, previcusly available. Some processes wlll be
rewrltten to take advantage of this new facility. There should also
be an opportunity to Interface some of the bean network database to
the relational part of IDMS5/R so that Cullinet's microcomputer
program, Golden Gate, can be used to transfer parts of the database to
IBM PCs for local processing.
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C. Genetic Variability from Biotechnological Techniques

During 1986, activities with Phaseolus in the Biotechnology Re-
search Unit (BRI focused on: a) developlng tissue culture techniques
for regeneration of bean plants using various organs and tissues and,
b) developing electrophoretic techniques for genotype identification.
Another activity eof the BRU this vyear concentrated on monitoering
research activities din aspects of bean biotechnology in other
ingtitutions, for the establishment of collaborative projects.

Bean tlssue culture

In an earlier work, plant formation took place through
proliferative  "budding” when shoot-tip and nodal explants were
cultured in a low salt medium with low auxin content (BRU Annual
Report, 1985). As was later discovered, the axillary origin of plants
restricts this technique to micropropagation. An  efficient
micropropagation technique, through multiple shoot formation, can be
useful not only as a means to recover and multiply desirable F, or M
plants with problems of sexual reproduction, but alsc to develop in
vitro selection techniques. Work on this subject will corntinue in the
BRU in coliaboration with Bean Program scientists,

Before developing a tissue culture cycle iIn beans 1t is necessary
to  overcome the problem of plant regeneration from the
de-differentiated callus cultures. The bean genotype, type of explant,
and composition of culture medium, are important factors to be con-
gidered. Callus induction using immature embryos has been successful-
1y used for plant regeneration with other recalcitrant species.

This year, we observed the differentiation of scomatic embryo-like
atructures on the surface of callus derived from lumature embryos of a
P. wvulgaris x P. lunatus cross. BSuch structures had an anatomy
reminiscent of somatic embryos (Figure 1). This morphogenic event
occurred in a medium supplemented with glutamine and gibberellic acid.

An experiment was set up to find out whether the age (size) of
the embryos and the compositien of the culture medium would influence
the induction of embryogenic callus in P. vulgaris and P. lunatus.

The size of the embrvos used as explants had a marked effect on
the frequency of embryogenic callus, belng higher as the size of the
explant increased (Table 1), Explant size overrided any detectable
effect of medium composition when the embryos were larger than 2.5 mm,
Only when the explants were 2.0-2,5 me in size, did the medium
containing bhoth glutamine and GA act disadvantageously in both
species, Smaller explants had a2 very low and non—congistent response
in embryogenic callus formation, suggesting a need for culture medium
improvement. P. lunatus showed higher frequency (40-60%) of
embryogenic callus than P. vulgaris (25-30%), especially when large
explants were used (Table 1}. More work is needed to discover if the
embryo~like structures can be taken to higher levels of differ-
entiation.
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Bean embrvo rescue

Collaborative research is in progress with the GRU te use embryo
rescue techniques in interspecific crosses of P. vulgaris with P.
acutifelius and P. lunatus, as well as in crosses of wild with
aborigineus P. vulgaris.

The first phase of the project concentrated on charvacterization
of selected genotypes using worphological descriptors. Suhbsequently,
symptoms conduclve to abortion were established for the crosses: P.

vulgaris x P. acutifolius and reciprocal, and P. vulgaris x P, lunatus
and reciprocal. Abortion was associated to reduction of pod length
and width, pod yellowing, and loss of pod turgldity. Besldes pods,
abortlon also occurred at flower and flower bud stages, with flower
bud abortion being the most common for all crosses. In the cross P.
lunatus x P. vulgaris, flower bud and flower abortion reached 92%,
with the remaining 8% corresponding to pod abortion (initiated pods
which then suffered early abscision), The high incidence of flower
bud abortion has made it difficult te carry out intense embryo rescue
work. However, embryves were rescued after eight days from pollination
of P. vulgaris = P. lunatus; then cultured out, resulting in a few FI
plants. Seed of these plants was obtained for analysis of the F
generation. Research is underway to refine pollination rechniques)
and reduce flower bud abortion.

The possibility of performing pollination In vitro should be ex-
plored and implemented, in future work.

In vitro embryo germination has also been used to recover plants
from wild bean ecrosses with serious germination problems and scarce
seed availability in the GRU, This technlque was recently applied to
the following crosses:

Crosses Neo. plants recovered
1. P. vulgaris wild type x P. vulgaris var. 1
50478 aborigineus
Costz Rica BGD-629
Argentina

2, P. vulgaris var. aborigineus x P. wvulgaris wild type 3
DGD-629 DGD-1610

Argentina Guatemala

3. P. vulgaris var. aborigineus x P. vulgaris wild type 1
DGB-1711 DGD-1961

Argentina Peru
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Genotype identification by electrophoresis

Following one and a half vears of activities at the University of
Manitoba, the IDRC-funded c¢ollaborative project on electrophoresis
moved to CIAT this vyear, to further develop electrophoretic
methodologles and procedures with beans.

Two methodologies based on the acid soluble seed proteins and SDS
soleble residual proteins were developed at the University of
Manitoba,

At CIAT, the acid soluble seed proteins (acid PAGE} procedure has
been applied to about 24 groups of P. wvulgaris which are highly
similar din thelr morphology. We have learned that much chemical
heterogenity exists within a single morphologically identical group;
for example, in morpholegy group 4, all three accessions (G 09207,
G 11127 and G 11890) were different according to their electrophoretic
patterns; similarly in morphology group 7, all the accessions (G 1015,
G 11141, 6 11159, G 11213, G 11260, G 13193 and G 15781) showed chemi~
cal variation in their acid scluble storage proteins while they were
morphologically similar., Group 10 1s represented by accesslons of
"Flor de Mayo" both originated and processed in Mexico with accessions
G WNos. 5897, 10944, 10945, 11015, 13624, 13625, 13638, 13640 and
13645, Out of this group, accession 13624 was very different with re-
gard to the protein pattern; actessions 13625 and 13640 alsc showed
different patterns; the rest of the accessions were similar {(Figure
23,

Groups 18 (Kaboon}, 22 (Canario Divex), 23 (Great Northern} and
24 (10233-M-M~-M-11PM-11-1-M) each having two morphologically identical
accessions, were found to be similar din regard to their
electrophoretic patterns; however in groups 19 (Vermelho), 20
{Constanza) and 21 (Pompadour) each accession showed a different
pattern.

Electrophoresis of the variety "Chimbolito" and its irradiated
mutant "Uneca" from Costa Rica, showed the presence of extra bands in
the irradiated mutant,

This methodology (acid PAGE) is being tested with more accessions
and other problem material to assess chemical variability. Also, sev-
eral samples have been tasted to determine the type of phaseolin
genotype (5,T or C}. The technique could also be applied to establigh
correlations between germplasm collections and their centers of ori-
gin,

Collaborative research

As stated above, the BRU works closely with Bean Progranm
scientists, in pinpointing areas of research with potential high pay-
off in terms of technology development, te be undertaken in the form
of collaborative projects. At this stage two critical areas of
research Thave been Identified £for collaborative projects: a)
development of a tissue culture cycle in Phaseolus, which will allow
regeneration of plants from non-organized cell tissue cultures,
spplication for funding has been submitted to the ltalian government,
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and the project is slated to begin in 1987; 1) development of
molecular markers in P. vulgaris using DNA restriction fragment length
polymorphisms (RFLPs). This project was submitted and recently
approved by AID's scientific peer reviewers; if funds are allocated it
should start in the last quarter of 1987. Some research has already
been initiated at the University of Florida, Gainesville, by Dr. E.
Vallejos. The Ildentification and locating of a large number of
melecular markers, distributed throughout the hean genome, will permit
the tagging of genesg of economic importance. RFLPs could be used to
map qualitative and quantitative traits by linkage analysis and
expedite the recovery of recurrent parent alleles, and thus reduce the
length of breeding proprams.
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Table I,

Effect of culture medium and size of explant {immature
embryos) on frequency of embryogenic callus formation in P.
vulgaris and P. lunatus.

Culture
Medium#*

Embryo (explant) length in mm.

0.5 1.0-1.5 2.0-2.5 2.5

Frequency of embryogenic callus

P. wvulgaris (G04090)

i

. lunatus {G25137)

A 0/8 2/26 2/12 4712
B 172 2/46 3/15 4/16
C 0/1 5/29 8/30 3/13
i 0/5 2/22 1/13 1/4
A - 0/9 479 14/22
B - 8/25 17/38 18/40
c - 0/1 5/14 19/16
D - 0/3 0/2 19/43

*MS (3% sucrose + 100 mg/l inositol + } mg/l thiamine + 5Smg/l

nicotinic acid + 0.5 mg/l pyridoxine) + glutamine and GA (mg/1}:0

and 0 €A); 50 and O (BY; O and 0.035 (€); 50 and 0.035 (D).
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Figure 2-1. Induction of somatic embryc like structures on callus derived fronm

A,

immature sexual embryo of Phaseolus.
Somatic embryo like structures, globular and heart shaped (arrows)
differentiated on callus.
Longitudinal section of an embryo-like structure (heart shaped)

"maternal" callus tissue.

differentiated on
Longitudinal sectior of an embryo~like structure showing pelarity,

provascular strands and sub-apical rib meristem {arrows).
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Figare 2-2.

Acid PAGE patterns of seed storage proteins of morphologically
similar group ("Flor de Mayo") from Mexice P.vulgaris. Nine
slots from left to right contain CIAT accessions G Nos.3B97, 10944,
10945, 11015, 13624, 13625, 13638, 13640 and 13645,

Note that accessionG13624.shows different pattern; accessions G 13625
and 13640 show little differences; the rest of the accessions are

electrophoretically similar,
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D. Variability from Interspecific Hybridization

The main objective of the CIAT-Gembloux project is the genetic
improvement of P. vulgaris through interspecific hybridization. The
major donor parent, P. coccineus, is a species which shows many useful
characteristics not expressed or poorly expressed In the common bean
gene pool. Therefore a breeding program with P. vulgaris requires as
a prerequisite the seed multiplication and complete evaluation of the
P. coccineus collection held by CIAT.

Progress made In 1986 includes:

- The implementation of an International yield trial for P.
coccineus to assess the wvalue of this evop, and make new
germplasm avallable for direct use.

- The identification of new sources of resistance to Ascochyta leaf
spot for which a severe selection pressure exists in Colombia; to
bean fly for which z research collaboration has been set up both
in A.V.R.D.C, Taiwan, and East Africa; and to bean common mosaic
virus.

- The development of new Interspecific lines to be incorporated in
a next VEF trial.

P. coecireus multiplication and evaluation

The seed increase of P. coccineus continued inm 1986 according to
the methodology described In previous reports, to aveid mixing up and
to preserve genetic inteprity of each population. Multciplication is
carried out in meshcages at Popavan and in open fleld at Rio Wegro
with racemes protected by paper bags. The building of 2 new
screenhouse at Popayan has facilitated seed increase,

In 1986, 120 accessions of P. coccineus were planted in Rio Negro
to obtain open pollinated seed for Ffurther evalvation and dis-
tribution. Seeds from controlled pollination are obtained by hand
pollinatlion between plants of the same accession or by gelfing, and
are used to maintain the accession.

Preliminary evaluations are made during seed multiplication on
morphological characteristics: germination, stem pigmentation, growth
habit, flower color, stigma shape, bracteole length and shape.

Y. cocclineus evaluation for Ascochyta.resistance at Rio Negro

Some 33 accessions of the subspecies polyanthus and 16 accessions
of the subspecies coccineus were evaluated in Rio Wegro during the
second semester of 1985 for thelr reaction to Ascochyta and other
fungal diseases. The accessions were planted in a double replicated
trial in relay with maize, using the P. vulgaris cultivar E 1056 as
susceptible check and G 6040 as tolerant one. The P. coccineus subsp.

polyanthus Guate 1076, from Guatemala, was planted as the resistant
check.
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To obtain adequate selection pressure of Ascochyta sp., arti-
ficial inoculstion was done, Reaction to dlseases were visually
observed at flowering, and at the beginning and end of maturity, The
results show that the subspecies polyanthus has a very good resistance
reactlon to the diseases, presenting no lesion or with lesions limited
to the primary leaves. On the other hand, different reactions were ob-
served among the wvarious populations of the subspecies coccineus.
Some of them were resistant with lesions limited to the primary leaves
and others were highly susceptible. The begt accessions were three
populations from Colombia (G 35357, G 353358 and G 35361) and three
populations from Mexico (G 35421, G 35429 and G 35430).

The reactions to anthracuose, angular leaf spot, rust and powdery
mildew were also observed., Results are summarized in Table 1. More
information on these diseases 1is provided in the chapters on disease
under Gepetie Improvement amd Related Activities.

The productivity of P. coccineus subsp. polyanthus was high, with
a yield of 3717 to 5726 kg/ha and a mean of 4722 kg/ha. B. coccineus
subs. coccineus did not produce very well, probably because of its
greater vegetative vigor.

P. coccineus resistance to bean fly (Ophiomyia phaseoli)

In 1985, 202 introductions of subspecies coceineus and polyanthus
were sent to Dr. Talekar at A.V.R.D.C. (Taiwan) to be studied for
their reaction to bean fly, a very important insect pest of bean in
parts of Asia and Africa. The best resistant populations will be used
in crosses with the common bean.

The 1nitial source of resistance  came from a Mexican P. coccineus
accession, G 35023, but during 1983, evaluations identified
populations more resistant than G 35023, which were confirmed by the
evaluations made in 1985. The best resistance sources identified up
to now come from two accessions of the subspecies coccineus (G 35194
and G 35220) and from six populatiomns of the polyanthus subspecles (G
35345, G 35350, G 35432, G 35505, G 35526 and 35547}.

More information on bean fly research can be found in the chapter
titled Resistance to Invertebrate Pests,

Other evaluations

A group of 305 accessions of both coccineus and polyanthus sub-
species were evaluated by the bean virologist to test for resistance
to bean common mosaic virus., MNo reaction at all was observed through
the whole group, so some of these accessions are being retested for
BCMV resistance and also for resistance to BGMV,

Forty-five populations of both subspecies harvested at Rio Negro
in 1985 were analyzed for cooking time, using the Mattson's cooker.
Five samples were cooked from each accession and the mean cocking time
ranged from 25 to 60 minutes. The wvulgaris check cooked in 20
minutes.
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IBYAN (International Bean VYield and Adaptation Nursery) for P,
coccineus

The maln objective of the nursery is to promote the production of
P. coccineus subsp. polyanthus and of P. coccineus subsp. coccineus.

Secondary objectives of the nursery are to evaluate under various
environmental conditions the yield and adaptation of promising ac-
cegsslons of P. coccineus subsp. polyanthus, to compare the accessions
with the best 16cal varieties (climbing P. vulgaris and P. coccineus),
and to show the value of using the species directly and “not only as a
sopurce of interesting characteristics for the ilmprovement of the com—
wont bean by interspecific hybridization,

P. coccineus subsp. polyanthus is a climbing bean cultivated from
Mexicoe to northern Peru, in altitudes ranging from 1600 to 2600 m. It
matures later than the common bean, bur is able to grow again after
cutting. Its pluriannual character can be an advantage by 1its
permanent occupation of the land and continuous production after
cutting, Tts seed is higger and needs a longer cocking time than the
common bean. Neverthelese, the sgpecies i3 interesting for its
adaptation to high altitude and wmore humid regions, especially because
of disease and pest resistance (e.g. to Ascochyta) and potential
productivity,

The trial includes 12 entries: ten P. coccineus subsp. polyanthus
accessions selected during the second semester of 1985 in Rio Wegro
for disease resistance and prodectivity; and two local varieties
planted as checks (P. vulgaris and/or P, coccineus, according to the
region) with three replications in a randomlzed design.

The trial was also planted in Popayan, in Rio Negro and Pasto,
In Popayan, no disease was obgerved except for powdery mildew and pro-
duction was low because of the dry weather. Trilals have been sent to
Guatemala, Peru, Ecuador, Ethiopia and Rwanda in order to compare P.
coceineus subsp. pelyanthus adaptation in different ecologies. The
results will be sent to CIAT by the collaborators.

Interspecific hybridization

The P. vulgaris x P. coccineus populations include many highly
allogamous materials, due to the floral bilology of the scarlet runner
bean, and segregation continues in advanced generations.

The breeding scheme adopted is a method of cumulative sgelection
which involves reselection generation after generation and interbreed-
ing of selected plants, The breeding methodology includes the follow-
ing steps: selection of the best iIndividual plants for vield and
disease resistance, and the favoring of interbreeding of the advanced
lines. The ultlimate goal is to provide advanced lines to the bean
breeders for the VEF,

45

[E—

e e A e A 6 AL 14 TS SRS S e 8 SR 8 e



Results of the P. vulgaris x P. coccineus trials

PALMIRA

During 1986, F, and ¥ interspecific hybrids between P. vulgaris
and P. coccineus selected in Taiwan for resistance tou bean fly were
planted in Palmira for multiplication, agrenomic evaluation and
backcrossing with P. vulgaris elite, A total of 213 ocut of 2304 plants
was selected and the seed was sent to Talwan. Seed from 25 backerosses
made with six P, vulgaris elite varieties was algo sent.

RIO NEGRO 1985 B

In Ric WNegro, 143 F_. to ¥, populations of interspecific direct
hybrids (g. vulgarie x " P. coccineus subsp. coccineus or subsp.
Roizanthus} were planted for Ascochyta resistance evaluation. Artifi-
¢ial inoculation was made one month after planting to insure an ade-
quate selection pressure. Architecture and adaptation of the plants
were also observed and 74 plants from 54 different populations were
selected. The disease reactions of the best plants are presented in
Table 2, Seeds of those hybrids were given to the breeding program to
be integrated in thelr selection and crossing program. Part of the
harvested seeds were planted in Popavan (1986 A) and part in Rio WNegro
{1986 B) where the selection for disease resistance was continued.

POPAYAN 1985 B

In Popayan, the plantings in the second semester of 1985 con-
cerned F, to F. direct and complex hybrid populations as well as some
hybrids %rom backerosses and the constitution of a crossing block.

The F, populations were made up of 13 direct hybrids of P.
vulgaris x %, cocgcineus subsp. coccineus {(made to introduce resistance
to BGMV into P. wvulgaris), 18 P. wvulgaris x P. coccineus subsp.
polyanthus and 13 complex hybrids populations (for Ascochyta), and 7
P, vulgaris x P. coccineus subsp. coccineus and 9 complex hybrids {for
bean fly resistance). The direct hybrid plants were selfed tec multiply
the seeds.

In advanced progenies, individual selection was made for disease
resistance (mainly Ascochyta), and for other characters like
architecture adaptation. The seeds harvested on the selected plants
were planted in 1986 A for the next cycle of selection, The best hy-
brids of the F, and F5 progenies are listed in Table 3.

POPAYAN 1986 A

During the first semester of 1986, the weather was dry and no
Ascochyta was observed in the field, THowever, in the advanced
progenies F , F, and ¥, coming from selectlons from Rio Negro 1985 B,
individual plants were selected for architecture and production. Table
4 gives the best hybrid combinations which have been planted in
Popayan in the second semester of 1986.
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As in 1985 B, some 57 F, hybrid populations made for Ascochyta
resigtance, 31 populations for bean fly resistance and four
populations for architectural traits, were multiplied to obtaln enough
seed for further selection,

The F, nursery was composed of two P, vulgaris x P. coccineus
subsp. pol¥anthus populations, and seven ccmylex hybrid populations
(one [PC F % PV] x ?G? and six [(PC, x PV}] x PC_ populationsg),
planted for Ascochyta resistance. ﬁll‘ihe plants werk harvested and
the F3 seeds planted for evaluation during 1986 B at Popayan.

VEF 1986

Five advanced lines of the direct P. wvulgaris x P. coccineus
aubsp. coccineus cross were included in the VEF this year. All of
them are indeterminate ¢limbing types and came from an adaptation tri-
al In Palmira during 1985. They include two ICTA-Quetzal x M 7285
lines (black and browm seeds), two Aete 1/38 x M 7688A lines (Red and
Cream), and one Cena 164 x M 76894 line {Cream}.

Future activities of the project

In addition to the on-going activities, 103 P. coccineus ac-
cessions were given to the bean breeding program to “be evaluated for
Mustia and common bacterial blight resistance. The evaluation of the
P. coccineus germplasm for BCMV and BGMV begun in 1986 will continue
in 1987, TInterspecific hybrid Iines will be sent to Guatemala, to be
evaluated for resistance to the bean weevil, Apion godmani.
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Table 2. Reaction of the best plants selected in Ric Negro 1985 B to disease.
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Reaction toz

Days to
€r0551 Identification Progeny Asc  Rust Ant  ALS PM flowering
?VXPCP Mortifio x X7 F6 1 9 7 5 1 58

Ecuador 299 x Piloy FS 2 2 1 1 2 61
Guate 1008 x Piloy F, 1 2 2 2 1 68
PV x PCC NI 141 x ¢ 353174 F? 1 2 2 2 1 65
NI 141 x G 35174 F, 1 2 2 2 1 61
Guate 467 x CGuate 1259 F5 2 2 2 2 1 66
Pasto x Guate 1259 Fe 2 2 2 2 2 71
Pasto x Guate 1259 FS 2 i 2 2 2 63
Checks E 1056 8 5 5 4 5 63
G 6040 5 3 2 3 7 71

1. P¥ = P. vulgaris; Psp

coccineus

2. Asc = Ascochyta; Ant=
PM = Powdery Mildew;

Anthracnose; ALS = Angular leaf spot;

Evaluation based on a 1=9 gcale of intensity

= P. coccineus subsp. polyanthus; Pﬂcw P. cocclneus subsp.
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Table 3. Best selections for Ascochyta resistance in the advanced progenies at Popayan

1985 B.
1 Days to
Cross Identification Progeny Flowering Reaction Characteristics
{1-9 scale)
PV x PCC Cargamanto x 88-1 F5 56 2 long racemes
Cargamanto x 88-1 FS 50 2 long racemes
{?wa}“’v)x]?cc (NI889YxBATIZ74)YxDGR78/045 F, 49 2 long racemes,
productivity
(NIB89xBAT1274)xDGD78/045 P, 50 2 terminal stigma,
productivity
(NIBB9xBAT1274)xDGD78/045 F, 54 2 productivity
{NIBBIxBAT1274)xDGDT78/045 F4 67 2 long racemes
(NI889xBAT1274)xDGD78/045 F, 48 2 good disease
resistance
[NIE&89 x D145) = NI 15 F4 65 2
(NIB8% x D145) x NI 15 F, 55 2 extrorse stigmsg
long racemes,
productivity
[(PcwxPV}xPV}xPCC [(NI8B9xG3807IxAIZ3[xG35145 Fa 59 2 growth habit
Check E 1056 8
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Table 4. Best F?, F

and F
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selected for adaptation at Popayan 1986 A,

interspecific P. vulgaris x P. coccineus hybrids

Progeny Identification Cmss2 HNumber of populations
F, Ecuador 299 x Piloy PV x PCp 8
Guate 467 x Guate 1259 PV x Pﬂn 9
Pasto x Guate 1259 PV x PCC 2
F Mortine x X PV x PC 17
8 7 P
Guate 1008 x Piloy PV % PCp it
Fg NI 141 x ¢ 35174 PV¥ x PCC A

I. PV = P, vulgariss

polyanthus;

PCW = P. coccineus wild forms.

PCC = P. coccineus subsp.

coccineus; PCp

= ¥, coccinevs subsp
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II. GENETIC IMPROVEMENT AND RELATED
ACTIVITIES

A Introduction

Germplasm improvement activities of the Bean Program are based
upon the large variability in the germplasm collection stored at CIAT,
In the evaluation of the germplasm bank useful traite are identified
as having the potential to solve or reduce the effect of preduc-
tion-limiting factors., However, Iin many iIinstances the level of ex—
pregsion of desirable trailts In germplasm bank accessions i1s insuffi-
cient to solve particular production constraints (e.g.the level of
resistance to BCMV, Agcochyta leaf spot, drought tolerance, resistance
to storage insects, and ability to fix atmospheric nitrogen). Also,
such variability often occurs in unadapted material, or in undesirable
colora. For the improvement of commercial varieties, combinations of
desirable characters based on production problems and consumer re-
quirements for each ecological zone are needed. Therefore genetic
improvement activities of the Bean Program can be divided into two
aspects: a)} character improvement ~ the development of maximal ex-
pression of a character in a diversity of genotypes by accumulation of
different genes for resistance mechanisms or other desirable charac-
teristics; and, b) character deployment or varietal improvement - the
recombination or use of these characters in commercial cultivars ac-
cording to the needs of the particular production region for which the
material 1s intended. In the latter activity, local commercial

cultivarsg are used heavily in crossing to assure appropriate adapta-
tion in progenies.

Table 1 lists the specific responsibilities of the three breeding
groups in the Bean Program in these two activities, with the number of
crosses made during 1986, and the number of coded lines developed and
submitted to the VEF in 1986,

Section D of this sanrual report, REGIOWAT ACTIVITIES, summarizes
character deployment or varietal improvement activities carried out in
the specific production regions. The section following this introduc—
tion reports on the genetic improvement activities carried out at CIAT
headquarters to back up regional activities, as well as on various

activities In genetic Improvement done within regional projects or
vroduction regions,
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Table 1. Specific responsibilities, number of crosses made, and lines coded by
the three breeders in the CIAT Bean Program for character
improvement and deployment projects in 1986,

No. of
coded lines
submitted ¥o, of
Regponsible breeding No. of to populations

Research area program crosses VEF 86 shipped
Character improvement
Bean common mosalc virus 111 159 13 175
Bean golden mosaic virus 1 128 7
Rust 1 10
Common bacterial blight I 115 54
Halo blight 111 34 4
Web blight I 37 58
Anthracnose II i4
Angular leaf spot il 3
Ascochyta i1 138 23 54
Bean scab III
Empoasca leafhoppers 11T 122 27
Apion pod weevil I 4
Storage insects I1I 23 16
Bean fly ITI 13
Nematodes I11 20
Drought 1I 19
Temperature/photoperiod 111 28
Low P Il 40 11
Maturity 11 152
N, fixation I 13
A¥chitecture T1
Yield potential It 211
Snap beans I1Y 90
Character deployment
Africa 1711 314 87 644
Central America 1 256 130 43
Caribbean 1 28 32 17
Coastal Mexico, Peru I 119 20 83
Bragil black beans 1 132
Brazil (non-black) Il 105 343 197
Mexican highlands 11 229 196 90
Argentina {(black) I 12 12
Argentina/W, Asia 11 169 55
Andean Zone I1% 319 536 288
Peru/Chile I 162
TOTAL 3019 1684 1727
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B. Improvement of Individual Characters

1. Resistance to Fungal and Bacterial Diseases

Introduction

Bean pathogens are Ilmpbrtant constraints to production in wmost
bean growing reglons of the world., The principal strategy used by the
Bean Program to wmanage the majority of these pathogens 1is disease
registance., For some diseages, studies are also conducted on the
influence of cropping system and agronomle practices on the initiation
of Infection, disease progress, and final disease severity. The wain
bacterial and fungal diseases studied by the Bean Program are
anthracnose, rust, common bacterial biight, angular leaf spot, root
rots, halo blight, and Ascochyta blight. Regearch conducted during
1986 concentrated on rust, angular leaf spot, anthracnose, common
bacterial blight and halo blight as well as on developing
methodologies to better determine disease resistance mechanisms,

Principle activities this year comprised the evaluation of
several advanced and segregating bean nurserles for their reactions
under field conditions to the major bean pathogens. The results of
these evaluations are summarized in Section € of this report,
Evalvation of Uniform Wurseries. While the majority of field
evaluations were conducted whithin Colombia, many mnurseries were
evaluated under local conditions by sclentists from national programs.

Studies crucial to the development of an appropriate breeding
strategy were conducted this year on the existing pathogenic variation
of many bean pathogens known to possess races. Research inte disease
resistance mechanisms that may exist in the bean accesgions presently
available was alsc conducted, with the objective of learning more

about the poasible types of vresistance that can be utilized In
breeding beans for disease resistance,
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RUST

This disease, caused by the highly wvariable pathogen Uromyces
appendiculatus var. appendiculatus (= U, Ehgseoli) is of economic
importance in many areas of Latin America and Africa, The mnost
resistant entries evaluated in the International Bean Rust Nursery
{(IBR¥} in many locations of the world, are shown in Table 1, All of
the cultivars evaluated are susceptible in at least one locatiom
supgesting bdbroad variability for the rust pathogen. The cultivars
Redlands Ploneer, Redlands Greenleaf B, and Redlands Greenleaf C were
susceptible at the least number of locations.

During 1986, several bean nurseries were evaluated under field

conditions for their reaction to the rust pathogen. The majority of
rust resistant and intermediate entries from the VEF 1985 were
reevaluated in 1986, Of 201 entries, 38 (43.78%) were resistant,
106 (52.74%) were intermediate and only six (3.48%) were susceptible,
S8imilarly, 83 entries from the 1985 EP were evaluated and 53 (63.8%)
were resistant, 22 (26.6%) intermediate and eight (9.6%Z) were
susceptible. In all cases the reslstant cheek, BAT 308, had an
average reaction of 3, in a scale of 1 to 9, and the susceptible check
BAT 83, had a susceptible reaction that fluctuated between 7 and 8.
The most promising lines will be evaluated elsewhere.

From rust evaluaticns conducted in Cuba during a severe rust
epidemic ocecurring in 1985, 35 bean lines were selected for their rust
resistance and evaluated under field conditions in Palmira. Of these,
only three lines had a resistant reaction, 27 an Intermediate and 25 a
susceptible reaction. These results suggest that the isclates of the
rust pathogen from Cuba are different from those found in Palmira and
that the pathogenic variation in Cuba is less extensive than that
found in Palmira. Therefore, lines that are rust resistant or having
intermediate reactioms in both locations, are most easily selected
from evaluations conducted in Palmira,.

Similar evaluations were conducted for 55 bean lines with commer-
cial grain color for the Mexican highlands which had been evaluated as
having resistant or Intermediate rust reaction in Texcoce, Mexico.
Some of these lines were evaluated twice in Mexico before they were
evaluated in Colombia. Agaln some lines resistant in one Iocation
were susceptible in the other (such as A 293 and MAN 11), but several
lines were evaluated as resistant in both locations in more than one
year (Table 2). Those rust registant lines at both locations are
utilized as sources of rust resistance for the Mexican highlands.

ANGULAR TEAF SPOT

Ir the search for bean lines with broad resistance to the ALS
pathogen, 422 bean lines from advanced CIAT bean nurseries previously
evaluated as ALS resistant eor intermediate In Popavan, were also
evaluated in Santander de Quilichao, Celombia. From previous
work conducted in the field and greenhouse, 1t is known that the
isolates of the ALS pathogen from Quilichao are different from those
found in Popayan (see Bean Program Annual Report 1985). From these,

56



i

emdane v

e g

S s AR

e, M

At M e

PR —

77 lines were selected for their intermediate or vesistant ALS re~
action in Quilichao. These (along with 1066 bean lines previously
selected in Quilichao for their ALS reaction), were planted during
both seasons a&f 1986, The materials were interspersed among
gusceptible disease spreaders planted in advance. Bean lines knowm to
be good disease checks were distributed throughout the field. 249
entries were selected from the first planting of 1986. In the second
semester, & row plots, each 4 meters long were utilized with the
objective of evaluating their ALS reaction, adaptation and reaction o
other diseases. Several evaluations of the follage and pods were
conducted during the semester.

None of the lines evaluated had an immune reaction, but several
had either a resistant or intermediate reaction under a very adequate
disease pressure corrocborated by the severe ALS attack obszerved on the
susceptible checks (Table 3). Characteristically, these lines
generally have a low number of small lesionsz, and rhey do not senesce
or defoliate prematurely as do susceptible lines, where senescence is
caused by large lesions that coalesce both on the foliage and on the
pods, Many of the lines which have been evaluated as intermediate or
resistant iIn Colombia have commercial grain color, These will be
included in the Tnternational Bean Angular Leaf Spot Resistant Nursery
(BALSIT), The BALSIT is distributed for evaluation tc several areas
of the world where ALS is a major problem. Those bean lines shown to
have very broad ALS resistance are subsequently used as sources of
resistance in the breeding program.

ANTHRACNOSE

Bean anthracnose is one of the most important diseases of beans
in Tatin America and Africa. The causal agent, Colletotrichum
lindemuthianum, is seed-borne and has extensive pathogenic variation,
explaining why many bean varleties exhibit a differential reaction
across locations,

Despite the importance of anthracnose in many large bean produc-
irg areas of these two continents, little was known about the extent
of the pathogenic variation of C. lindemuthianum as the reaction and
value of many anthracnose resistant varieties in these regions were
unknown., During the past few years, (see CIAT Bean Program Annual
Reports, 1981, 14982, 1983 and 19843, the emphasis of the anthracnose
regsearch conducted at CIAT has included the identification of new and
broad anthracnose resistant sources; the study of the existing
pathogenic wvariation of €. lindemuthianum where anthracnose is an
important problem; and, local evaluation under field and greenhouse
conditions of the most promising bean resistant sources and lines and
varietles with commercial grain color and good local adaptation. Much
of this pathology work, particularly that related to the evaluations
of bean germplasm, was conducted iIn collaboration with the breeding
sections of the bean program at CIAT.

During 1986, and in close collaboration with bean scientists from
the mnational research programs, studies were conducted on the
pathogenic variation and reaction of the anthracnose resistant sources
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to 1isolates of (. lindemuthlianum from Costa Rica, Colombia, and
various African countries.

$ix isoclates of C. lindemuthianum (from Kenya, Zaire, Tanzania
and Burundi), were inoculated on a set of 13 bean anthracnose
differential varieties (Table 4). The isolates were characterized
according to the reactions they elicited on the differential
varieties, into three distinct pathogenicity groups. Three isolates:
Cl-1 AFR, CL-3 AFR and CL-5 AFR {from Kenva, Tanzanla and Zaire,
respectively), elicited almost identical reaction on the differential
varieties, and, accerding to the reactlon of the first four varleties
{Michelite, Michigan Dark Red Kidney, Perry Marrow and Cornell 49242)
they belong to the beta race group. Two isolates, CL-2 AFR and CL-4
AFR from Zaire and Burundi, respectively, belong to the Brazil ¥ race
group and one {solate frem Kenya, Cl-6 AF, to the Mexice IT race
group. It 1is worth woting that none of the African isolates
characterized, attacked the Cornell 49242 source of the ARE
anthracnose reslstance gene.

Bean lines and wvarieties utilized as parents for breeding
anthracnose resistance for Africa were also incculated with the same
isolates (Table 5). The Mexican bean germplasm accession G 2333 had a
resistant reaction te all the African isolates, This accession also
has a resistant reaction to a very wide range of isclates from other
areas of the world. Similarly, BAT 1386, as well as AB 136, A 475 and
G 2338 utilized as differential varieties, had a resistant reaction teo
all African isolates studlied, Three of the African cultivars inoc-
ulated, Habyalimana, Cyanuyu and C 10 (all from Rwanda) also had
resistant reactions to all isolates. Urobonobomo, a cultivar from
Burundi which has a susceptible anthracnose reaction under field
conditions 4in that country, was also susceptible to the C.
lindemuthianum 1solate from Burundil, as well as to isoclates of the
race group Brazil 1 from Zaire and Kenya, but it had a resistant
reaction to all of the other isolates, Similarly, cultivars Mutiki 2
from Uganda, and Kibungo 2 from Rwanda, were susceptible to all of the
isolates except to those belonging to race group Brazil I. These
results clearly suggest that it will be possible to combine
anthracnose resistance genes by crossing different cultivars with
race specific resistance. This gene pyramiding strategy will be
combined with the use of widely resistant sources in order to broaden
and to diversify the genetic base of the anthracnose resistance for
Africa,

Hybrid populations in F, were also screened against selected
isolates, according to the résistance found in the parents, as de-
seribed above. In Figure 1, the segregation of F, plants, in four
crosses of BAT 1386 with susceptible African calgivars, follows a
bimodal distribution. This suggests that a single dominant gene
controls resistance in BAT 1386 to the race group beta isolates, and
there is evidence in the same filgure for some quantitative effects as
well. 1In similar crosses using A 240 as the resistance source, the
same type of segregation occurred, suggesting the presence of the zame
dominant gerne. Resistant single plants have been backcrossed onto the
African cultivars, and this procedure will be continued for a second
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generation in order to incorporate the gene for resistance Into these
important cultivars., In crosses of resistant by resistant parents
there was evidence (from the lack of susceptible segregants) that the
following parents have the same gene for resistance: A 30, A 252, PVMX
1535, Urubonobono and €Carolina. In crosses with the African sources
showing resistance to all isclates, {Cyunyu, Habyalimana and C 10},
the sepregation suggested that more than one gene was controlling the
resistance in these cultivarg.

In crosses screened with iscolates belonging to the race group
Brazil 1, an almost perfect segregation for a single dominant gene for
resistance was obtained in crosses using A 483 and A 48B4 as the
resigtance source {Figure 2}. As hefore, the crosses with Cyunyu and
C 10 showed a more quantitative distribution, suggesting that these
cultivars may have a quantitatively inherited race-non-specific
resistance (Figure 3).

Anthracnose has been reported for years from Costa Rica, but
rarely has the disease caused sgevere damage. However, with the
introduction of new varlettes, some of which are anthracnose
susceptible, the disease has become a production problem in certain
areas. Therefore, a study was c¢onducted in collaboration with a
sclentist from the University of Costa Rica toe determine the
pathogenic variation awong populations of C. lindemuthianum in that
country and to evaluate the reaction of several anthracnose resistance
sources and new varieties with commercial grain color for Costa Riea.

8ix igolates, three from the central region, and three from the
northern region of Costa Rica, were inocculated on twelve bean
anthracnoge differential varieties. An isolate of the race kappa from
Europe was used for comparison, Based on the reaction of the
differential varieties, two isolates from the central region (one from
Alajuela and the other from Grecia), belong to the same race., The
cther isolate from this region, Quepos, was different. All three
isolates from the northern region elicited didentical reaction on the
gix first differential varieties but not on the rest (Table 6). Based
on the reaction of the first four differential varieties {(Michilite,
MDRK, Perry Marrow and Cornell 49242), the Alajuela and Grecia
isclates from the central reglion, belong to the race group Brazil I,
similar to that for the African isclates CL-2 from Zaire and Cl-4 from
Burundi (see Tables 4 and 5)., However, while the African isclates did
not attack Cornell 49242, the source of the ARE gene of anthracnose
resistance, twe isolates from Costa Rica attacked Cornell 49242
severely. The other isolate from the central region, originating from
Grecia, was ldentical to the European kappa race and both did attack
Cornell 49242, based also on the reaction of the first four
differentials. The three isolateg from the northern region beleng to
the same race group, denominated Alpha Brazil, which also attacks
Cornell 49242, However, two of these isolates attacked the

differential variety and resistance source To and one isolate attacked
Tu.

Based on the characterization of the Costa Rican 1sgolates, 56
bean lines and varieties (some with commercial grain celer for Costa
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Rica and others used as sources of anthracnose resistance), were alse
evaluated for their reaction to the existing pathogenic wariation
found, One isolate representative of each race group was utilized :
Alajuela for race group Brazil I, Quepos for kappa and Esparza for
Alpha Brazil. Most of the commercial varieties were susceptible to
one or more races of the pathogen (Table 7), but many of the sources
of anthracnose resistance used were resistant to zll the pathogenic
races found in this study, Therefore, it is possible to select
anthracnose resistance sources from a wide variety of accessions
having different grain colors that have already been crossed with
varieties having commercial grain color for Costa Rica.

BDisease resistance mechanisms

¥rom multiple evaluations conducted both under fileld and
greenhouse conditlons it is evident that different bean varieties have
different disease reaction mnmechanisms to their pathogens. The
understanding of these mechanisms is wvery important for developing a
sound breeding strategy for disease resistance.

T.ast year, (see Bean Program Annual Report, 1985} we reported on
disease reaction mechanisms available in the bean varieties to differ-
ent isolates of Isariopsis griseola of the angular leaf spot pathogen.
This year we report on some disease reactions mechanisms studied for
anthracnose and rust.

ANTHRACKROSE

Some bean lines inoculated under greenhouse conditions with
isolates of Colletotrichum lindemuthianum are resistant to some
isolates and susceptible to others, while some lines are resistant to
all isolates, and others are susceptible to the great majority of
these isolates. Under field conditions, lines such as Ecumador 1056,
are resistant to the anthracnose pathogen in all areas where the
variety has been evaluated, but it is susceptibles to the great
majority of isolates at the seedling stage under greenhouse conditions
(see Bean Program Amnual Report, 1983). This type of mechanism is
often referred to as field or adult plant resistance.

We have also observed that some varieties which are susceptible
to certain isolates of €. lindemuthianum can be induced to have a
resistant reactionm if they are first inoculated with an isolate that
does not cause any symptoms on these varieties, Calima and Cornell
49242 are both susceptible under field <conditions in Popayan,
Colombia, but under greenhouse conditions they are resistant to some
isolates and susceptible to other isolates collected from the fileld in
Popayan. Calima has no reaction, and shows no symptoms when inoculated
under greenhouse conditions with the C. lindemuthianum isolate Guacas
3, but it is extremely susceptible to the isolate 10-76. Cornell
49242, on the other hand, 1Is extremely susceptible to isolate 10-76
but shows no symptoms when inmoculated with isolate Guacas 3.

When Calima is inoculated with & mixture of these 1golates, it
alse shows a susceptible reaction; however, 1f Calima is first
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inoculated with the non-pathogenic Guacas isclate, and later with the
pathogenic isolate, Calima shows much less disease symptoms. The
dicease severity in Calima diminishes considerably as the iInterval
between the two inoculations increases (Figure 4)., This induced
resistance is much more apparent in Calima when it 1s first inoculated
with non-pathogenic isolates, and when the second inoculation with
pathogenic isolates is delayed for seven days. Cornell 49242 can also
be induced to have the same type of resistant reaction, when first
inoculated with the non-pathogenle 1sclate 10-76 and later with
pathogenic isclate Guacas 3, but the Induced resistant reaction is not
ag adequate as that shown by Calima. This type of induced resistance
is also known as cross~protection.

A similar Induced resistance mechanism has been observed when
plants of Cornell 49242 are first spraved with a liquid suspension
obtained from macerating Calima bean plants and later inoculating
Cornell 49242 with the pathogenic isolate Guacas 3, Calima is resis-
tant, showing no visible symptoms of anthracnose, to the i1solate
Guacas 3, and Cornell 49242 is susceptible to this isolate (see Figure
5). VWhen Cornell 49242 is first spraved with the Calima extract the
highest induced resistance is obtained when the inoculation with the
pathogenic isolate takes place one hour later. If the inoculation
with the pathogenic isolate is delayed the disease severity increases.
When the plant extract and the spore suspension of the pathogenic
isolate are mixed together and kept for at least two hours before
applying it to Cornell 492427, the disease severity decreases consid-
erably. Tf the mixture is not allowed to sit for a period, before
applying it, the disease severity does not decrease as much. Similar-
ly induced resistant reaction was also observed if Cornell 49242 was
first inpculated with the pathogenic i1solate and immediately after
with the Calima extract. The least resistant reaction occurs when
lenger periods were allowed between- the 1noculation with pathogenic
isolate and the Calima extract application., This seems due to the
fact that spores cof C. Llindemuthianum need several hours for
germination and penetration In the plant tissue, and the extract of
Calima appears to have a fungistatic effect on the spores of the
igsolate utilized.

In a different study of disease resistance mechanisms of the bean
plant to €. lindemuthianum, three varieties were inoculated separately
with a mixture of three isolates of the anthracnose pathogen (Table
8). ©Each varilety was susceptible to only ome isolate: Calima to
iselate 10-76, Cornell 49242 to Guacas 3, and BAT 841 to Tep. 4.
Based on their reaction to many 1solates of the anthracnose pathogen,
Cornell 49242 is susceptible to a greater number of isolates than the
other two varieties, and BAT 841 1is resistant to more isolates than
the other two varieties. Under fileld conditions, BAT 841 is also
resistant in wore locations than the other two varieties.

These varieties had 4 highly susceptible reaction when incculated
with 1.2 x 10" spores/ml of the isolates that attacked them. However,
when the amount of inoculum of the pathogenic isolate was diluted to
one half or one third of the original, the more susceptible varieties
(Cornell 49242 and Calima) continued to show a susceptible reaction
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while the more broadly resistant wvariety BAT 841 had only an
intermediate reaction. This type of reaction has also been observed
iz other varieties wich are resistant to many Isclates of C.
lindemuthianum, but are susceptible to one or a few isclates.

While evaluations of more varieties are needed, these preliminary
results suggest that it may be possible to ildentify bean varieties
with broad resistance to the anthracnose pathogern without having to
inoculate them under greenhouse conditions with a great number of
isolates, or to evaluate them on the field in many locations where
anthracnose ocecurs, These results alsc suggest, that for many bean
varieties that are evaluated for theilr resistance under greenhouse
conditions, it is more efficlient to evaluate them with mixtures of key
isslates since the obtained results suggest that high spore
concentrations of single virulent isolates do overcome the resistance
even of those wvarieties with broad resistance. Similarly, these
results, along with those presented In Figure 4, clearly suggest that
in beans inoculated with mixtures of isolates of the anthracnose
pathogen, the phenomenon of cross protection {(Induced resistance) only
occurs when a varlety is first dinoculated with a non~pathogenic
isolate and later with a pathogenic one. When a variety is inoculated
with a mixture of isolates (some that cause disease and others that do
not), the variety does develop disease, often with the same severity
had when inoculated with a single pathogenic isolate.

These results are extremely useful in view of the fact that
selection for anthracnose resistance in beans in many countries has
been conducted under greenhouse conditions utilizing high spore
concentration of single pathogenie 1solates to inoculate hean
seedlings. Under such conditions, the possibility of discarding
excellent anthracnose sources does exist if the age of the plant, the
amount of inoculum, and the number of isolates used are not carefully
considered,

RUST

The methodology previously presented for induced resistance in
beans to the anthracnose pathogen has also been used in the study of
bean rust caused by Uromyces appendiculatus. The results are fairly
similar. Twe bean accessions were utilized : ExRico 23 1is susceptible
to an isolate from Palmira, Colombia, called CIAT {(C), however 1t is
resistant (no visible pustules are formed) to an isolate collected
from a snap bean variety (Blue Lake) called Pradera (P). Under
greenhouse conditions it is possible to protect the susceptible ExRice
23 against the pathogenic C rust isolate, 1f the ExRico 23 plants were
previcusly inoculated with the P isolate. This protection is not
systemic and only those leaf tissues previously inoculated with the
non~pathogenic isclate show the induced resistance. These results
were obtained under greenhouse conditions.

A trial was also conducted under fleld conditions in Palmira,
utilizing the variety ExRico 23 and the isolates P and C of the rust
pathogen. Six treatments were included, ‘each with 3 replications and
& rows per replication:
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ExRico was not inoculated or protected.

ExRico 23 inoculated with pathogenic isolate C every six days.
ExRico 23 protected with isolate P every three days.

. ExRico 23 protected with isolate P every six days.

ExRico first inoculated with P isolate and 3 days later with the €
isolate, This was repeated weekly,

Ex Rico first inoculated with P isolate and 3 days later with C
isolate. This was repeated every 6 days.
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There were significant differences in yield between the treat—
ments first protected with the non-pathogenic Pradera isolate and the
non-protected treatment that was Inoculated only with the pathogenic C
isolate (see Table 9). There were no significant yield differences
between the other treatments. The lowest vield of the non-protected
treatment (1650.0 kg/ha) also corresponded to the highest amount of
rust present (AUDPC = 346.67). There were also significant differ-
ences In amount of rust between the non-protected treatment and the
test of the treatments, The results of the 100 seed weight and of the
mummber of pods per treatment were similar to those found for yield.
The practical significance of these results is being evaluated,

HALO BLIGHT

A second trip to Africa was made in 1986 as part of the collab-
oratlve project between the National Vegetable Research Station,
{NVRS) in the U.K,, and CIAT. The objective was to obtain further
samples of the halo blight pathogen, and evaluate the International
halp blight nursery (IBHBN}, distributed for the first time to three
sites in Africa. The lines included in this nursery were selected
from the set of 454 cultivars evaluated at NVRS in 1985, and included
all the sources of race specific and non-specific resistance
identified in 1985. The best nursery, in terms of pressure of halo
blight, was at Kisozi, Burundi. At this site, rsce 3 predominates,
and results In the field confirmed that lines with hypersensitive
registance In glasshouse tests were also resistant in the fileld.
Lines with non-specific or intermediate resistance in the glasshouse
also showed field resistance. Preliminary conclusions indicate that
gcores up to 5 in the glasshouse (1-9 scale) will show very adequate
levels of resistance in the fileld.

A cluster analysis based on disease reaction was carried out to
compare the eight isclates of halo blight used for screening 454 bean
lines at NVRS. The three isoclates of race 3 (from Mbeya, Tanzania;
Rwerere, Rwanda; and Kasese, Uganda) were very similar teo each other,
and very different from the other isclates. The race 2 1lsolates from
Colombia (Obonuco} and USA were similar to each other, but the other
two isolates of race 2 {(from Chapingo, Mexico, and Mbeya, Tanzania)
were very different both from each other and from the other iscolates.

This heterogenelty within race 2 suggests that more differential
cultivars eventually will be needed.

It was mentioned in the 1985 report that high priority should be
given to finding specific resistance to race 2. It appears that this
is available to sub-groups of isclates within race 2, For examnle,
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CIAT line ZAA12 was found to be the isolate from Tanzania. This line
wag selected from the cross between Horsehead and WY76-2812-15, and
the latter also showed specific resistance te the USA isolate of race
2, demonstrating that the specific resistance 1s heritable.

Further screening for reslstance to race 4, found on soybeans and
occasionally on beans in central Africa, indicates that a high per-
centage of bean germplasm 1is reslstant (68X of a set of 9l lines
tested with two isclates were resistant), A large number of CIAT
lines with combined resistance to races 3 and 4 have been identifled
{e.g. AFR 203, AFR 214, AND 299, AND 367, BRU 2, HAL I, ZAA 5, ZAA 12,
and ZAA 55). Likewise, a number of lines from the Grain Legume Program
in Kenva have this combination of resistance (e.g. GLP-X-1150,
GLP~%~1135, and GLP-X-1127).

Twoe strategies are being followed for incorporating resistance to
halo blight into important cultivars by backerossing. For central
Africa, it is relatively straightforward to select lines with combined
reslstance to races 1 and 3. This ghould cover the present needs for
resistance in Uganda, Rwanda, Burundi and Zaire (Figure 1). The
second strategy 1s to incorporate race non-specific resistance, using
mainly G 3954 (WIS HBR 72), as the source. This is the more
satlsfactory solution in the long term, and is needed immediately for
Latin American countries where race 2 predominates (Mexico, Colombia,
Peru), as well as for Kenva, Tanzania and Zambla {(Fipure 1}, The wide
availability of germplasm possessing race-specific resistance, and the
ease of selecting for it, make the first a worthwhile short-term
strategy.

In crosses to incorporate resistance to races | and 3, the
segregations in the F, generation iIndicated that dominant genes
control resistance to %hese raceg, and there was no evidence for
linkage between the genes. The gene for race 3 resistance is particu-
larly easy to detect as the reaction on the primary leaves 1is
hypersensitive. Wo crosses between race 3 resistant parents made so
far have segregated susceptible plants, suggesting that the same gene
is responsible for resistance in all materials.

The race non-gpecific resistance of G 3954 has been shown to Dbe
controlled by & recessive gene, originating from PI 150414, plus the
dominant gene for race 3 resistance. The F, segregations observed
indicate that these genes are not linked (Fggure 2}, A number of
other sources of race mnon-specific resistance, described in the 1985
report, appear to have quantitatively controlled resistance : e.g. G
5477 (Gt. Northern 3 #1 sel 27) and G 13673 (Mantequilla).

COMMON BACTERIAL BLIGHT
As with the other fungal and bacterial diseases, advanced and
segregating bean nurseries were evaluated during 1986 for their

reaction to the CBB pathogen mostly under field conditions in Palmira,
Colombia.
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An analysils of pedigrees of CIAT lines resistant to Xanthomonas

revealed that most resistance in small seeded lines was derived from

either PI 207.262 or Nebraska Great Worthern sources {Jules and Tara).
Therefore, in 1986 an effort was made to diversify sources of (BB
registance In small grained types, incorporating scurces such as BAT
1500; XAN 236 and other progeny of G 4399 (Tamaulipas 9~8); BAT 1192
and othet progeny of Honduras 46; as well as lines derived from XAN
159, which itself was derived from an interspecific cross,

In larger grain types, it is relatively cowmmon to find an inter-
mediate level of resistance in foliage, and there is less problem with
genetic uniformity, However, in general this class suffers a greater
gugsceptibility in pods, thus ped incculation on plants in the field
was initiated t?is vear, Hypodermic needles were used to iniect
inoculum (5 % 10 cells/ml; 5 punctures) into pod wall tissue of young
pods at 8-10 days from flowering. Results were as expected, but much
variation was observed from pod to pod. Apparently the pod reaction
is much less consistent than the foliar reaction. One source of error
appears to be the age of pods, with more fibrous pods appearing more
resistant. For example, early flowering lines such as Desarrural
presented an acceptable reaction, although Desarrural is known to be
susceptible in pods. This is no doubt an artifact due to more ad-
vanced pud developuwent in the early materials., MNevertheless, lines
such as XAN 112 which were previously selected for foliar reaction
were also the most resistant in pods., It appears that some slements
of feliar resistance are in fact expressed in pods.
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Table 1, Reaction of the rust monitor varieties from the International Bean Rust
Nursery evaluated from 1975 to 1984 in many bean growing regions of the

world.

Frequency of reaction nypel
Monitor No. of
Variety gvaluations Imaune Resistant Intermediate Susceptible
Redlandg Ploneer 94 12 51 27 3
Redlands Greenleaf B 108 21 50 33 4
Redlands Greenleaf C 100 16 41 39 4
Cocacho 95 15 43 31 &
Mexico 309 108 45 43 13 7
Cuilapa 72-1P (G 4489) 108 a3 41 27 7
Ecuador 299 (G 5653) 108 20 41 a8 g
Mexico 235 98 26 35 29 4
Turrialba 4 (G 4465) 109 23 31 34 11
Puerto Rico 5 108 25 42 28 i3
Compuesto Chimaltenango 3 104 23 53 16 12
Compuesto Chimaltenango 2 104 32 33 24 15
Redlands Autum Crop 98 11 38 34 15
Turreialba 1 (& 4483) 107 19 31 37 20

1 Evaluations based on a combination of pustule type and percent of folilar
area with rust,
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Table Z. Reaction of some bean lines with commercial grain color for
the Mexican highlands tec the rust pathogen in Texcoco,
Hexico and Palwmira, Colombia.

Rust reaction1

Bean Line Texcoco Palmira

i i i i A
—
wy
he®

Bayo Mex

Ojo de Cabra 400
MAM 7

BAT 12

Alrefio

A 293

MAW 11

b
o
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! Based on a combination of pustule type and percent foliar area with

rust; where l= immune; 3= resistant; 5= iIntermediate; 7= susceptible
9= highly susceptible. Plots were & rows, 6 meters long.
* Evaluated two vears in Texcoca,
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Table 3. Reaction of selected bear linee to the angular leaf spot
pathogen under fleld conditions In Santander de Quilichao,

Colombia.
Foliage reaction/pod reactie:mi
Bean Line 1985 1986 A 1986 B
AFR 139 473 3/4 4f2
AFR 188 &/2 473 4f2
AND 339 6/2 4f3 5/2
AND 373 6/2 2/4 4/3
AND 361 572 5/4 5/2
BAT 790 5/4 4/2 4/2
BAT 964 5/4& 4/3 4/2
BAT 1276 415 4/4 4/2
XAN 42 475 4/3 4/2
XAN 122 574 44 471
XAN 195 4/2 4f4 3/2
PVAD. 605 4/1 442 4/2
ZAA 68 44 473 4/2
G 8152 5/4 4/1 474
Kidney Mottled 3/2 3/2 3/2
RAB 206 (Susceptible check) 7/6 7/6 7/5

1 Reaction based on 1-9 scale where ¢t 1,2 and 3 are considered resistant;

4,5 and 6 intermediate; and 7,8 and 9 susceptible.
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Table 4., Reaction of 13 bean anthracnose differential varietiss to

isolates of Colletotrichum lindemuthianum from Africa.

1
Anthracnose Reaction

Variety KEN TAN ZAT ZAT BUR KEN
ClL~1 Cr-3 Ci-5 Cl~2 Cl~4 CL-6
Michelite 1.1 1.7 2,8 5.4 9.0 9.0
M.D.R.K 3.0 9,0 9.0 L.7 1.6 9.0
Perry Marrow 1.5 1.0 2.8 4,7 6.5 2.4
Cornell 49242 1.1 1.0 I.1 1.6 1.5 1.3
Widusa 1.0 1.0 1.7 L.O 1.0 1.0
Kaboon 1.0 1.0 1.1 1.7 1.7 1.0
Sanilac 1.0 1.0 2.2 8.0 9.0 1.0
To 1.0 1.0 1.0 6.2 7.6 1.0
Tu 1.0 1.0 1.0 1.0 1.0 1.0
P.1, 207262 1.0 1.0 1.0 7.7 8.0 1.0
AB 136 1.0 1.0 1.0 1.0 1.1 1.0
A 475 3.1 3.0 5.9 1.0/9.0° 1.0/9.0° 3.1
G 2328 1.0 1.0 1.0 1.0 1.0 1.0
Race group Beta Beta Beta Brazil I Brazil I Mx II

! Evaluation scale : 1-9 where l=no visible symptoms and 9= highly

susceptible, Average of ten plants per treatment,

Some plants were immune and others highly susceptible.
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Table 5. ZReaction of selected bean lines and varieties used for

breeding anthracnose resistance for Africa to isolates of

Colletotrichum lindemuthianum from Africa.

Antracnose Raaccioni

KEN TAN ZAI ZATL BUR KEN

Variety CL-1 CL-3 CL-5 Cr-2 CL-4 L6
Calima 6.7 9.0 1.4 1.1 1.0 9.0
BAT 1386 1.0 1.0 1.4 2.8 3.0 1.0
A 484 3.4 3.4 7.5 1.2 1.0 5.5
A 475 2.5 3.7 4.4 9.0 9.0 3.6
A& 240 1.0 1.0 1.0 8.0 9,0 1.3
A 483 3.0 6.1 8.0 1.0 1.0 4.8
A 30 1.0 1.0 1.0 9.0 4.8 1.0
A 252 1.0 1.0 1.0 4.5 4.8 1.0
PYMX 1535 1.0 1.0 1.0 2.0 9.0 1.0
G 2333 1.0 1.0 1.0 1.8 1.0 1.0
Rubona 5 8.6 9,0 7.2 7.3 B.7 8.8
Mutiki 2 8.0 8.3 6.3 1.0 1.0 9.0
Tostado 9.0 9.0 6.4 6.8 5.2 8.0
Kibungo 2 g.0 5.0 5.0 1.8 1.0 5.0
Karama 9.0 9.0 9.0 8.8 8.8 9.0
Habyalimana 1.0 1.0 1.0 1.9 1.6 1.5
Carolina 1.0 1.0 1.0 8.0 1.0/9.0 1.1
Cyunyu 1.0 1.2 1.0 1.9 1.1 1.1
Urinyumba 3 4.8 B.8 7.6 1.2 1.0 3.4
Gisengi 6 6.1 7.3 7.5 3.2 3.9 5.3
Urobonobono 1.3 1.0 1.0 7.7 9.0 1.6
c 10 1.1 1.0 1.0 2.2 3.6 1.5

1 Evaluation scale @

1-9 vwhere 1= no visible symptoms and

9=highly susceptible. Average of 10 plants per treatment.
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) Table 6, Reaction of bean anthracnose differential varieties to

P,

Colletotrichum lindemuthianum isolates from the central and

northern bean growing regions of Costa Rica and to the race

kappa from Europe.

bt

Anthracnose ReactionI

.
é Bean
% differential A%&z GRE QUE CAN ESP LIB KAPPA
g Michelite 9.0 9.0 9.0 9.0 86 9.0 9.0
MDRK .0 1.6 9.0 1,5 1,0 1.0 9.0
; Perry Marrow 8.4 8.0 9.0 1.8 1.2 1.6 8.0
% Cornell 49242 9.0 9.0 5.4 7.8 9.0 9.0 4.5
‘ Kaboon 1.0 1.0 3.1 1.0 1.0 1.0 1.0
f Sanilac 8.0 9.0 9,0 1.0 3.3 1.2 9.0
! To 3.0 1.4 1.0 1.2 8.0 2.2 1.0
Tu 2.7 3.9 1.2 1.0 8.0 9.0 1.0
PI 207262 9.0 8.0 1.0 8.3 9.0 1.0 1.0
: AB 136 1.1 1.0 1.0 4,2 9.0 5.1 1.2
A 475 2.0 - 2.8 - 1.7 - -
; G 2338 1.0 - 1.0 - 2.3 - -
1 Evaluation scale : 1-9 where 1= nc vigible symptoms and 9=highly
‘m susceptible. Average of 10 plants per treatment.

Isolate origin : Central region : ALA = Alajuela; GRE =Grecia
QUE = Quepos} Northern Region : CAN = Caflas;
ESP = Esparza; LIB = Liberia.



Table 7, Reaction of selected bean anthracnose regigtance sources to
an isolate of Colletotrichum lindemuthianum from the north
{ESP) and to two isolates (Que and Ala) from the central region
of Costa Rica.

1
Anthracnose Reaction

Variety ESP QUE ALA
G 811 1.8 2.7 1.0
G 984 1.0 1.0 1.0
G 2333 1.2 1.0 1.0
G 2338 2.3 1.0 1.0
G 2641 i.1 1.1 1.4
G 5971 4.6 1.0 1.0
G 6436 2.8 1.0 1.0
G 7148 1.0 3.0 1.0
G B30 1.0 1.0 1.0
K2 1.0 1.4 1.0
Princer 1.0 1.0 1.0
Catu 1.1 1.3 1.0
A 293 1.0 4.3 1.0
A 336 1.0 1.7 1.0
A 483 1.0 4.0 1.7
A 483 1.0 6.1 1.2
BAT 1428 1.0 3.8 1.0
EMP 9{ £.0 1.0 1.1
Brunca ¥ 7.5 1.4 1.0
Talamanca * B.5 4.6 3.2

1 Evaluation scale : 1-9 where : 1,2 and 3 are considered resistant;
4,5 and 6 intermediate; 7,8 and 9 susceptible. Average of 10 plants
per treatment.

* Commercial variety.
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§ Table 8. Reaction of three bean varieties to three isolates of
Colletotrichum lindemuthianum separatrely and in mixtures.
i

; Bean Variety

1 Isolate Calima Cornell 49242 BAT 841
#

i 10-76 (A1) 8.8' 1.0 1.4
: Guacas (A2) 1.0 9.0 1.0
Tep. 4 (A4) 1.6 1.0 8.4
; Al + AZ 9.0 9.0 1.1
% Al + A4 9.0 1.2 3.5
Y AZ + A4 1.5 9.0 3.3
; Al + A2 + 44 9.0 9.0 3.4
j

% Reaction on 1-9 gcale where 1 is without vigible disease symptoms
§ and 9 is highly susceptible.

g Average of 30 plants evaluated in 3 replications. An inoculum of

§ 1.2 x IOﬁ spores/ml. was used for first 3 treatments, 0.6 x 196
spores/ml for the next three, and 0.4 x 106 spores/ml for the last
ht treatment.

i

-
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Table 9, Yield, area under the disease progress curve (AUDPC), and
100 seed weight of the bean line ExRico Z3 protected under
field conditions with a nonpathogenic rust isolate and
later inoculated with a pathogenic isoclate.

Yield 100 seed wgt
Treatment (kg/ha) AUDPC (g)
P3¢ 2856.7 A 36,67 A 17.52 A
P é 2755.0 A 32.67 A 17,04 A B
N 2431,7 A B 54,08 A 16,73 AR
P 3 2380.,0 A B 25,00 A 17.39 A B
P 6 C 2261.7 A B 51,92 A 16,73 A B
6 1650.0 B 346.67 B 16.40 B
1

Treatments : P3C = first inoculated with non pathogenic isolate P and

3 days later with pathogenic isolate C; P 6 = dinoculated with P only,
every six days; ¥ = Natural, no inoculated with either P or C; P 3=
inoculated with P only, every three days; P &€ € = first incculated with
P and\ﬁ dave later with C; C & = inoculated with € only every six days.
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5 6 7 8
Evaluation scores {1-9 scale)

EZ AT 1386 x Rubona & BAT 1386 x Mutiki-2

[TjeaT 1386 x Tostado BAT 1386 x Kibungo-2

Figure 1. Segregation of F, plants of crosses between BAT 1386

{resistant) and four ‘susceptible African cultivars, inoculated
with iIsolate 3 belonging tc race group Beta of Colletotrichum
lindemuthianum, If plants falling to the left of the
discontinuity in the distributlon are taken as rtesistant (score 4
or less), then the total segregation was 112 resistant plants :
38 susceptible plants, which is equal to the segregation expected
for a single dominant gene controlling resistance (3:1 ratio).
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Frequency

40

30

20

10

|t1:|1§:11£i!il11;:_]

AynTrren

5 b 7 8
Evaluation scores (1 - 9 scale)

E5 A 484 x Rubona 5 55 A 483 x Karams 1/2

Figure 2. Segregation of F, plants incculated with the Colletotrichum

76

lindemuthianum isolatés 4 of race group Brazil 1, using A 484 and
& 48B3 as resistance sources. If the discontinuity at score 4 is
taken to define resistance, the segregation 1s 64 resistant
plants : 15 susceptible, compared to an expected ratlon of 60:19
if resistance 1is controlled by a single dominant gene.
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Frequency
3

P A .

0
Evaluation scores (1 - 9 scale)
B a 30 % Cyurnyu PVMX 1535 x Cyunyu

DAESZ’}(Cyunyu

Figure 3. Segregation of F, plants in crosses with African resistant
cultivar Cvunyu, screened with Isolate 4 of race group Brazil 1
of Colletotrichum lindemuthianum.
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Figure 4,

T8

9.0 8.8 6.0 6.0

5.2

2.0

1076 Guacas 3 Guacas 3 Guacas 3 Guacas3 Guacas 3 Guacas 3

+ 1HR later 3HRS L, 5 HRS L
1076 1076 1076 1076

Colletotrichum lindemuthianum isclate vtilized

Induced resistance in the bean variety Calims first
inocculated with the non-pathogenic isolate of
Colletotrichum lindemuthianum isoclate Guacas 3 and

later with the pathogenic Isolate 1076,

7 HRS L
1076



6L

Disease severity
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e e i O SO -
9
8
5 _
4
3 4 8.0 4.5 5.7
3.5 2.7
2 A 4.2 5.7
1 1.8 1.8
fiuacas  Extract Extract Extract Mixture Mixture 1076 e 107
3 hr later 2 HRS THRL 0O Hrs 2 Hrs 1 HRL Z2HRL 3 HRS L
Guacas uacas Guacas Extract Extract Extract
Figure 5. Induced resistance in the bean line Cornell 49242 first

sprayed with plant extract of bean variety Calima and then
with isclate of Colletotrichum lindemuthianum Guacas 3.
Cornell is susceptible to isclate Guacas 3; Calima 1s
resistant.
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Figure 6. Frequency of races of the halo blight pathogen in samples
collected in Africa.
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2, Registance to Viral Piseases

Bean virug research in the past concentrated mostly on bean com—
mon mosaic virus (BCMV). This vear research emphasie was shifted to
bean golden mosalc virus while BCMV research focused on the incorpo-
ration of blackroot resiastance in African germplasm, and backerossing
I gene into Latin American varieties,

BEAN COMMON MOSAIC VIRUS

The deployment of the dominant necrosis gene remains a sound
strategy to control the incidence and seed-distribution of bean common
mosaic virus (BCMV) in Tatin America. TIn 1986, the Bean Virology
section screened over 9,300 lines generated mainly by the three
breading sections of the Program., As in the past, selected materials
(500 lines) sent to CIAT from Wational Programs in Argentina, Chile,
Mexico and Peru were also evalusted. Screening of improved bean
germplasm for black root resistance was intensified as it is now
required for all germplasm developed for Eastern Africa.

International bean common mosaic/black root nursery

The susceptibility of most common mosalc~resistant germplasm to
systemic necrosis (blackroot) induced by necrotic strains of bean com-
mon mosaic virus is of special importance because of the widespread
incidence of these strains in Eastern Africa. Consequently an inter-
national nursery has been formed which dncludes as wide a range as
possible of resistance sources, including all the strain specific
genes known to control resistance in the host. This nursery, in addi-~
tion to making available a valuable collection of resistance sources
for collaborating breeding programs, will enable us to obtain further
information on BCMV strain distribution in the field, and the
relationship between fileld and glasshouse evaluations.

Many of the lines included in the nursery were originally select-
ed for thelr apparent resistance to Dblack root in Africa. These en~
tries were screened at CIAT with necrotic (NL3 and WL5} and meseic
(NL4 and NY-153) strains of BCMV. TLTines-with contrasting resistance
types are shown in Table 1. ZPV 292 was selected originally in Zembia
for resistance to black root and mosaic, and the fact that it has re~
sistance like Sanilac suggest that NL3Z, NL5 or NYL5> are not the pre-
deminant gtrains of BCMV in the area of Zambia where it was selected.
Two lines from Turkey {common name Horoz Fasulyi; accession numbers G
13077 and 6 13089} apparently possess resistance genes like those in
Great Northern 31 (susceptible only rto WL4). These lines could be
vaiuable sources of the be~2" gene which, when combined with the dom-
inant 1 gene, confers resistance to all BCMV strains. A number of in-
oculated lines showed only restricted vein necrosis (resistance) to
NL5, but showed plant death (black root) with WL3., Many of these
lines are known to perform well in Rwanda (e.g. A 240, A 411, BAN 6,
XAN 76, ZAV 83009), suggesting that resistance to NL3 may be
sufficient in gome areas, although this unexpected reaction is still
under investigation. The reverse situation, resistance to NL3 but
plant death with WL3, oeceurs in cultivars like Red Kloud (G 76},
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Redkote (G 4B807) and A 195, and also appears to confer field
resistance in Rwanda. Restricted vein necrosis (resistance) to both
NL3 and NL5, was found in A 197, A 48B4, BAT 841 and BAT 1426, all
known to be black rootzresistant in Africa. The combination of
dominant I gene plus be=27, conferring resistance to all BCMV strains,
is found in CIAT lineg MCM 1002, PAC 13, PAN 145 and BLM 74.

An alternative strategy for resistance to all known BCMV strains
is the single recessive gene be=3, This gene 1is very easy to incorpo-
rate by backcrossing, and it shows no unfavorable linkages with seed
color, unlike the dominant I gene, which has always been difficult to
combine with clear colors like red and vellow. A large number of lines
are now available with this gene.

Incorporating resistance to black root by backerossing:

Three major strategles are being followed for incorporating re—
sistance to black root in major African cultivars. These are: dominant
I gene plus be-2" (possibly the fideal combination, limjited by linkage
problems with seed color); dominant I gene plus be-1" (a relatively
common gene combination probably found in large sesded bush cultivars
like Red Kigydg and therefore, easy to work with in the short term);
recessive I gene plus bec-3 {no celor linkage problems, easy to
select, and perhaps especially suitable for highland climbers).

Uging cultivars either originating or selected in Africa, 133
erosses with black root resistance sources were made and screened in
the F2 generation in the glasshouse with a mixture of NWNL3 and NL4
strains. Tn total, 2,973 plants were screened, and of these 148 (5%)
were selected for local wvein necrosis (dominant I plus recessive be
gene), and 198 (7%) were selected for absence of symptoms (bc-3 gene).
The selected plants were transplanted to the screenhouse, and were
backcrossed onto the African parents. The same crosses were sent to
Rwanda, and were selected for resistance to mosaic and black root un~
der field conditions, for eventual comparisen with the glasshouse se-
lections.

A phenomenon noted in the selections was slow development of
black root, particularly i1in grosses with Red Kloud and Redkote
(probably, dominant I plus be-1" gemes). Since this gene combination
does not give complete resistance to black root, possibly other gernes
control the rate of development of systemic symtoms, which may appear
even after flowering. The crosses with sources of be-3 gene produced
a slightly higher that expected number of resistant plants, possibly
due to the existence of symptomless, susceptible plants. Otherwise,
handling these crosses is straightforward, and this gene will be
avallable In 2 wide range of African germplasm shortly.
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but many possessed acceptable levels of BGMV tolerance. A second
evaluation of thege selected materials and 895 new entries is underway
at the same locatlons. The best selections will be evaluated next year
in Brazil and Argentina,.

At the applled research level, emphasis was also placed on the
isolation of a mechanically— transmissible BGMV isolate for artificial
screening and pathogenicity studies. To date, three BGMV Isolates
from Colombia, Guatemala, and Mexico have been isolated by mechanical
means. Similar efforts to recover Argentinian, and Brazilian isolates
{a cooperative CRSP project with CNPAF and Univ. of Wisconsin), were
unsuccessful despite repeated attempts, Congidering the similar
inoculation methodology followed in all cases, the different
transmission properties constitute a noticeable difference between the
Central American and South American BCGMV isolates.

A mechanically-transmissible CIAT Jsolate was used to artificial-
ly screen bean germplasm of known field reaction. Table 3 shows the
results of the comparative field {in Guatemala) and glasshouse eval-
uation of 25 wvarieties and bred lines, As can be observed, the arti-
ficial and natural evaluations ylelded surprisingly similar results.
For instance, the results of the artificial inoculation test of exper-
imental lines A 429 and DOR 203, confirmed their high level of £ield
tolerance. A 429 produced acceptable vield despite the BGMV infection
and DOR 303 tended to escape Infection. As observed in the field, DOR
303 plants which become infected, exhiblit severe symptoms. In re-—
lation to these two lines, 1t is interesting to point out that none of
their progenitors (Cacahuate 72, Garrapato, G 2115, Moeda, Red Kloud
or Porrillo Sintetico) exhibits a higher level of resistance than
elther A 429 or DOR 303 (Table 3) suggesting the existence of
transgressive segregation, The Great Worthern lines 31 and 164557
{(Blanco INIAY showed a high level of tolerance to
artificially~inoculated BOMV, under glasshouse conditioms.

Besides these resistance mechanisms, we studied in more detail
the local lesion resistance mechanism reported last vyear for Red
Mexican 35. The tests carried out this year with thils red-seeded
genotype confirmed its ability to react hypersensitively and to resist
a moderate level of inoculum, Although this type of resistance can be
overcome In the fileld, we have circumstantial evidence indicating that
Red Mexican 35 possesses wvaluable genes which shogld be wused in
breeding programs. Another valuable genotype found in these studies
was Redlands Greenleaf~C,{Table 3} a variety which, despite its
susceptibility to BGMV and typlcal symptom expression, 1s neither
significantly stunted nor affected by pod distortion, thus yielding
acceptably. This and other similar genotypes, such as some Red Ridney
varieties which maintain thelr morphological characteristics despilte
the systemic BGMV infection, should also be used to control plant
stunting, one of the main yield-depressing symptoms induced by BGMV,

Cne of the most interesting observations made during the artifi-
cial screening of bean germplasm wae the critical effect of seedling
age at incculation time on the susceptibility of a genotype to BGMY
{(Table 4), this sometimes being evident within a matter of hours.
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{Figure 1}. These preparations were injected in rabbits to produce an
antiserum which can now be used to detect the virus in infected plants
uging regular agar-immunodiffusion tests. The antiserum bhas also been
used to detect BGMV by the perclogically specific electron microscopy
{SSEM) technique. However, this type of polyclonal antiserum cannot
be used to differentiste BGMV from related bean geminiviruses, such as
bean echlorotic mottle, due to the wunusual close serological

relationship which exlsts among these geminiviruses transmitted by the
whitefly Bemigia tabaci.

Cytological studies

A comparative cytopathological study of selected BGMV isolates is
underway to characterize different geographical i1solates in order to
study thelr pathogenic behavior in susceptible and telerant bean
genctypes. Although this research was recently i1nitiated, the
cytopathic effects of the virus in infected bean cells have already
been visualized (Figure 2), confirming the characteristic tendency of

BGMV to invade the nucleus and, hence, induce severe symptoms in
infected plants,

BEAN CLOROTIC MOTTLE VIRUS

Bean chlorotic mottle .virus {(BCLMV) was recognized in 1981 as a
potentially dImportant bhean virus. BCLMY  greatly affected Dbean
production in northwest Argentina, an important producer of beans for
the latin American market, but the disease has been effectively
controlled through the implementation of an integrated control
approach consisting of: 1} the use of tolerant germplasm now grown on
over 100,000 hectares, 2} the zoning of the main whirefly host
{soybean) and bean fields din the affected areas, and 3) the use of
economic levels of insecticides applied to control the insect wvector
in the early stages of plant development.

BCLMYV and BGMY are both transmitted by the same whitefly species
and both their coat proteims and nucleic aclids are closely related.
Whether these pathegenic variants can arise spontaneously from endemic
strains present in wild hosts 1s now being Investigated. Various BCLMV
isclates have been made and are currently being characterized.
Preliminary results suggest that BCLMV and BGMV agre more intimately
related than previously thought, and that BLCMY can induce golden

mosaic symptons In bean genotypes inoculated successively with this
virus.
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Table 1 {continuation)

Tdentification NY~15 NL-4 N{~3 NT.-5
¢ 5173 0 wt N
G 6384 M LA LA
C 6719 0 N Nt
G 8074 0 N wt
G 12685 0 M M M
¢ 13077 M LA LA
¢ 13089 M LA LA
¢ 13936 0 0 0
GN-164557 0 PP, PPL
GN-31 M LA 1A
IVT 7214 0 0 0
IVT 7233 0 PPL PPL
IVT 80785 0 0 0
MCM 251-1 0 0 0
MCM 251-10 0 0 0
MCM 251-11 0 0 0
MCM 251-2 0 0 0
MCM 251-3 0 0 0
MCM 251-4 0 0 0
MCM 251-5 0 0 0
MCM 251-6 0 0 0
MCM 2517 0 0 0
MCM 251-8 0 0 0
MCM 251-9 ) 0 0
MCM 1002 0 PPL PPL
MCR 251-5 0 0 0
MCR 251-6 ) 0 0
MCR 251-8 0 v 0
MCR 251-9 0 0 0
89
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Table 2. Number of bean germplasm accessions selected under natural
bean golden mosgic virus incldence. Classified by grain type
and evaluation site.

Grain type

Number of accessions

(Selected/total)

Guatemala

Mexico

Pinto
Red Kidney
-~ light
~ dark
Great Worthern
Geminivirus-resistant

Exotic germplasm

471347

26752
43/76
20/20
13/66
28/204

24/347

8752
8/76
12/66
20/204

91

[ RE——

5 Ay . et s S omras



i gt e e P 8 i o

e B B

i,

Luivher

i L A g bV 5 b 11l

Sz

Table 4. Effect of plant age on the susceptibility of the bean variety
Porrillo Sintetico to bean golden mosalc virus by artificial

inocculation.

BGMV infection

Seedling age Trial 1 Trial 2
Days %
2 100° 100
80 100
50 90
10 20 60
11 50
12
13
a Days from sowlng.
Ten plants mechanically ingculated per sowing date.
93
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Ficure 2,

Ultrathin section of Golden Mossic~ziiected bean leaf showing
geminivirus particle aggregates anu ring-shaped inclusions
{arrow} in the cell pucleus. Magnification:Y 7500. Inset
shows enlarged nuclear virus particle aggregates (v) and

fibrillar rings. Magnification: X 50,000,

95

ALK

TR

i g 4w 2 o€ s ke S AR

[

[T

et e g 47




- vssmddribt

Fioire i 3 Ot b 862 410

S S U

s

e et s S0

A e RS

Breeding for resistance in determinate bush beans

Determinate bush beans are particularly difficult to improve for
resistance to leafhoppers. Nevertheless, the search for sources of
resistance continued and crosses within this group were made in 1984,
Following selections in early segregating populations, 96 F. lines
were yield tested in 1986 under high insect pressure and 18 of them
were selected for resistance, color and seed size, and yield tested
again. Table 2 shows the performance of those 1lines which
significantly
out~yielded the commercial checks. These data suggest that
gsignificant progress has been made in incorporating resistance into
medium-to-large seeded type I materials.

Cycle VIII (indeterminate bush beans)

Following progeny-row testing in F., 30 lines were yield tested
in F_, under sgevere leafhopper infestdtion ({average vyield 1loss =
66.1%%. The best lines were selected on the basis of nonprotected
yield and percent yield less (Table 3}. In terms of nonprotected
yields, only one line was statistically superior to ICA Pijao, the
tolerant check, In terms of percent yleld loss, several were better
than the checks. Nevertheless, these results suggested the need to
increase selection pressure within the modified recurrent selection
program adopted in 1985. A comparison between selection practices,
individual plant selections in F, vs. individual plant selections in
F.,s is now in progress. Simultanéously, new breeding materials in the
F3 and Fﬁ stages will be vield tested in 1987,

The search for new sources of resistance among germplasm mate~-
rials was intensified. A total of 2663 accessions were evalunated, but
only 71 were rated as resistant. Of these, only 13 were resistant in
reconfirmation tests, and some were included in the 1986 B crossing
block, together with six materials identified in the 1986 VEF and EP
nurseries.

BRUCHIDS

Screening for resistance

The search for additional sources of resistance continued., When
90 wild accessions of Mexican origin that had not been previously
studied were screened, three accegsions (¢ 12947, G 12950 and ¢ 12951)
were highly resistant to Zabrotes subfasciatus and nine (G 09989,
G 12858, G 12916, © 12943, G 12947, G 12950, G 12963, G 12978 and G
12984) were <classified as highly vresistant to Acanthoscelides
obtectus., Simultanecusly, 61 accessions were evaluated for Z.
subfasciatus in replicated reconfirmation tests. Five of these were
intermediate in resistance. The others were susceptible. High levels
of resistance to A. obtectus were rveconfirmed in 42 additional
entries. Very high levels of resistance to both species of bruchids
were also found among Phaseolus acutifolius accessions.
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well with percentage seeds perforated (¥r=0.71; P 0.01) and perfo-
rations/seed (r=0.83; P 0.01). As with Z. subfasciatus, the practice
of mass selections In early segregating populations has been discon-
tinued,

Arcelin, a novel protein found only in certain wild P. vulgaris
accessions, has been reported as a factor conferring resistance to
bruchids. BSeven genotypes, selected by Dr. Fred A, Blisg (CRSP proi-
ect, University of Wisconsin, USA) for the presence or absence aof
arcelin were evaluated for resistance to Z. subfasciatus and A.
obtectus. The results indicated that arcelin content seems to be an
important factor conferring resistance to Z. subfasciatus as lines
with this protein were resistant (Table 11}, SDS-PAGE electrophoresis
confirmed the presence of arcelin In the three resistant lines
(B59446-67, 859446-71 and 859445-20) {Figure 3}. On the other hand,
arcelin content was not found to be associated with resistance to A,
pbtectus, as these lines were all susceptible to this species (Table
12}, A carbohydrate has been proposed by regearchers at the
University of Durham as the factor possibly responsible for resistance
to A. obtectus, and this theory needs further study.

Significant progress was made in the characterization of arcelin
types through electrophoresis. This technique will be extensively
used to make individual plant sgelections in F, and following gen~
erations of simple crosses and backcrosses already made in 1986 B.
Electrophoresis, coupled with feeding tests, is expected to accelerate
the progress incorporating resistance to bruchids, Progress was also
made in successfully rearing both species of bruchids in "artificial”
geeds and gelatin ecapsules, techniques which are being utilized in
detailaed studies on mechanisms of resistance.

As the levels of antibiosis found in some P. vulgaris wild ae-
cessions are high, it was felt necessary to study possible antinutri-
tional and/or toxic effects of the most resigtant materials. White
mice of both sexes fed G 12891 (wild, resistant) gained as much weight
as those fed Calima (commercial variety in Colombia) or Purina {(a com~
mercial diet). No toxic effects were detected. These results co-
incided with tests carried out with rats at INCAP in Guatemala (Dr.
Ricardo Bressani) and at Michigan State University ,(Dr, George
Hosfield} hoth of whom {independently conclyded that the arcelin
protein in cooked beans is not tozxic to rats . Human feeding trials
are in progress at the Universidad del Valle, Colombia.

WHITEFTL.IES

Studies on the biclogy, some aspects of the ecology, and mass
rearing of whiteflies were initiated in 1986, Both Bemisia tabaci
{Gennadius) and Trialeurcdes vaporariorum (Westwood) breed on beans at
CIAT. B. tabaci appears earlier in the season and prefers to oviposit
on cotyledonal leaves whereas T. vaporariorum appears just before
flowering and lays most of the eggs on trifollate leaves. Studies on
the effect of planting dates and observatrions through the dry season
revealed that the best time to sawmple for white flies would be 30-35
days after planting on cotyledonal leaves for B. tabacl and 40-45 days
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The Apion work in Central America was greatly strengthened in
1986 by the contracting of an agronomist to attend to entomolegical
studies. This will assure continulty of work initiated previously.
In addition to resistance screening, studies have been initiated on

effect of date of planting; methods of measuring Apicn populations;
nursery design; and insect biclogy.
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Tabhle 2. Best Fg’ determinate, bush bean lines from a recurrent

selection cvele for resistance to Empoasca kraemeri (means of
three replications).
Yield (kg/ha}
100-seed % vield
Lines Color weight (g} Yonprotected Protected reduction
EMP 177 Red, mottled 29 1114 1440 22.6
EMP 178 Red, mottled 34 1102 1824 9.8
EMP 1798 Pink, mottled 25 9073 1674 46.0
EMP 180 Red, mottled 34 824 1805 54.3
EMP 181 Ked, mottled 38 818 2025 54,7
EMP 182 Red, mottled 33 807 1420 43,2
EMF 183 Red, mottled 35 786 1507 47.8
EMP 184 Red, mottled 34 776 1809 57.1
EMP 185 Red, mottled 30 749 1763 57.5
EMP 186 Dark red 26 718 1426 49.6
BAT i366i} Red, mottled 32 404 1361 7G.3
Line 241 Red, mottled 39 165 1172 68.8
ICA Plli} Red, mottled 35 459 371 52.7
L.SD 5% 254 435
C.V.{(%) 22.6 17.2
D Susceptible

103

b



SH

............

Teble 4. Lewels of registance to Zabrotes subfasciatus in F. individual plant selections

(1ahoratory condit:ionsﬂ, means of three replications).

Weight/

Progeny/  Life cycle adult %
Tdentificatiom Parents Eges/seed  female {days) (g x 1{}-3) emergence Classification
GC7-7 ICA Viboral = G 12952 4.5 9.0 47.4 0.8 28,1 Internmediate
811 ICA Radical = G 12952 5.8 19.5 50.0 0.7 7.0 Intermediate
G693 G 10019 x G 12891 3.8 6.3 48,2 0.8 23.5 Registant
G 12952 {Resistznt check) 1.6 0.6 50.3 0.9 5.9 Registant
Calima (Susceptible check) 5.8 33.4 31.6 1.4 2.8 Susceptible
Y50 seeds/replication infested with 7 palr of Z. subfasciatus
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Table 6, Best F. lines of crosses between cultivated amd resistant wild Mexlesn materials evaluated for

5

resistance to A. obtectus under field conditions (means of three replications; 50 pods at random

per replication).

Percentage Weight/
Pods Seeds Adulrs/ adult

Tdentification  Parents perforated perforated seed (g x 3}3“3) Classificatimn
27P2 BAT 1274 x G 12952 23.8 20,2 0.5 1.7 1
23P5 BMP 84 x G 12952 21.6 19.4 0.4 1.9 I
22p35 BAT 1774 » G 12952 19.2 15.9 0.3 1.6 I
15P19 G 12891 x G 04017 17.7 14.2 0.4 1.7 1
6P14 V 79020 x G 12891 14.3 17.4 0.4 1.6 1
15P35 G 12891 x G 04017 13.5 12.6 0.3 1.9 R
G 12952 (Resistant check) 14.2 14.8 0.2 1.4 R
G 12891 {(Resistant check) 12,2 14.5 0.3 1.7 R
G 10019 {Resistant check) 6.2 8.1 0.1 1.6 R
vV 80030 {Susceptible check) 46.8 37.4 1.1 2.4 8
v 79020 {Susceptible check) 35.5 25.7 0.9 2.4 §
D

I = Intermediate; R = Resistant; S = Susceptible
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Table 8, Oviposition of Zabrotes subfasciatus on seeds of varying
sizes and resistance levels mixed in equal amounts o
simulate an ¥, population {(Eree-choice test/means of 16 rep-
licarions/600 seeds/mixture infested with 94
pairs/replication).

100~geed
Accession Characteristics welght %4 seeds Eggs/
(g) with eggs seed

A 36 Cultivated, susceptible 45.4 99.?£)a 17.8 a

Pijao Cultivated, susceptible 24,0 91.4 b 5.1 ¢

G 025340 Cultivated, susceptible 21.40 99.0 a 9.3 b

G 12924 Wild, intermediate 15,7 72.5 ¢ 1.8d

14P18 Cultivated, intermediate 14,0 43,4 d .8 e

G 12891 Wild, resistant 10.1 9.7 g 0.1 gh

6Pl4 Cultivated, resistant 10.6 25,5 e 0.4 £

3P4 Cultivated, intermediate 14,0 3g.9 d 0.7 e

G 10011 Wild, susceptible 8.4 15.6 f 0.2 g

G 12852 Wild, resistant 7.3 2.4 h 8.02 h

G 11051 Wild, intermediate 6.6 7.2 ¢ 0.1 gh

G 12861 Wild, susceptible 4,7 8.7 ¢ 0.1 gh

1}

Means followed by the same letter are not significantly different

at 5% level (DMRT}.
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Table 1G. Seed penetration by first instar larvae of Acanthoscelides

obtectus in an F2 population simulated by mixing accessions

of varving sizes and resistance levels (means 16 replica-

tions/600 seeds/accession infested with 60 pairs/replication).

100-geed

Accession Characteristics weight % seeds  Perforations

(g) perforated sead
A36 Cultivated, susceptible 45,0 83.7 al) 1.70 a
Pijao Cultivated, susceptible 24.0 69.7 b 1.02 b
G 02540 Cultivated, susceptible 21.0 61.9 ¢ 0,92 b
14P18 Cultivated, intermediate 14,0 48.5 d 0.59 d
15P1%9 Cultivated, resistant 12.0 32.7 e 0.37 e
3P4 Cultivated, intermediate 1G.0 51.4 d 0.67 ed
G 10011 Wild, susceptible 8.4 0.9 ¢ D.22 fg
G 12952 Wild, intermediate 7.3 16.0 £ 0.15 gh
G 12888 Wild, dintermediate 6.9 60.2 ¢ 6.72 ¢
G 10007 Wild, resistant 6.5 21.0 ¢ 0.21 g
G 10019 Wild, resistant 5.3 31.0 e 0,32 ef
G 12861 Wild, susceptible 4,7 11.0 ¢ .11 n

} Means followed by the same letter are not significantly different

at the 5% level.
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Table 12, levels of resistance to Acanthoscelides obtectus in lines selected for arcelin
contents at the University of Wisconsin (Means of five replications; 50
seeds/replication, infested with 100 eggs).

Weight/
Arcelin 100-zeed A Life cycle atdult
Line contents wedght emergence (days) (g>d0—3') Ratizgl)
850446-67 (Pinto)  + % 74ad BIe  23be s
85944659 (Pinto) - 37 86.0 a 3B.S5e 2.6 a 8
859439-11 (Pinto) - 34 85.6 a 3BSe 2.6a 8
85044671 (Pinto) + k1 65.4 ab 38.6 ¢ 2.3b g
85944668 (Pinto) - 36 84.6 a BT e 2.6 a 8
R-148~15 (Red) - 24 85.4 a BYe 2.6 a S
859445-20 (Red) + 17 5360 42,9 b 2.2¢ 8
G 12952 (Res. check) 5 l.6¢c 51.7 a 1.1 4 R
Calima (Susc. check) 50 74.0 a 36.0 4 2.4 b s

D R = Resistemt; 5 = Susceptible

2‘} Means followed by the same letter are not significantly different at the 5%
level (OMRT).
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: Figure 1. Effect of increasing dosages of monocrotofos on leafhopper populations,
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B) Beans are sink limited, and thus there is little relation between
pod set and leaf area (a measure of scurce strength).

C) Beans are source limited, and thus there is a strong negative
correlation hetween pod set and leaves remaining at maturity.

In Figure 1, data for leaf weight at maturity {relative value as
fraction of total plant dry weight) wvs reproductive dry weight
{relative value including weight of pods removed during depodding) are
seen to support hypothesis C. This conclusion was further reinforced
by similar results obtained with BAT 881, and by the apparent
insensitivity of the results to the three different dates of pod
removal, The principal doubts concerning the hypothesis are how
closely the results reflect patterns of W mobilization, and whether
bean genotypes exist (such as supposed "non-senescing” lines) which do
not show this pattern.

Throughout these experiments, and indeed most bean vyield trials
at CIAT, lodging has been a severe confounding factor. Although
lodging was shown to be important as early as 1976 (1976 CIAT Annual
Report), subsequent progress in reducing lodging has been slow. A few
erect lines are moderately lodging resistant, but there 1s much room
for improvement. To better understand the effects of lodging, future
density and nitrogen experiments will include treatments using
artificial supports te minimize effects of lodging. At the same time,
the need teo continue searching for erect, non-lodging Ilines isg
apparent.

In the past vear, this search was bepun by visually selecting
promiging materials in breeders' nurseriegs and the VEF, where plants
are grown at 0.6 m spacings. Selected lines were then yield tested at
0.3 m with 30 plants/m” populations. Yields at 0.6 m either in
nurseries or yleld trials were consgidered Iirrelevant since 1t is
presumed that ability to vyield at 0.6 m results from a level of
vegetative wvigor that may be detrimental at the 0.3 m spacing.
Promising materfals from the vield trials at 0.3 m are listed in
Table 3.

Seed size effects

In the domestication of many crops, increaged organ size has been
associated with greater tissue cell size. However, greater cell size
has alsc been linked with undesirable characteristics such as reduced
drought tolerance and lower leaf photosynthetic rates. Thus cultivar
differences in cell size might explain lower yield potential of large
seeded bean cultivars. To test whether seed size and tigsue cell
sizes were correlated in heans, cell sizes in wvaricus tissues were
measured in 15 bean accessions, including two of subsp. aborigineus
with very small seeds {less than 0.05 g). Cell sizes were ectimated
as approximate volumes based on widths and lengths of cells in cross
section. The vresults bore out the expected relation although
exceptions occurred (Table 4). The negative correlarion of pallisade

(19
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yield reduction. To better understand the limitations of early
varieties, and to identify parameters to increase thelr vield
potential, a growth analysis of 16 genotypes of varying maturity was
carried out in two distinet planting seasons. The first season
(Experiment A) can be described as suboptimal, judging from the
overall performance of the materials (Table 6), while the second
season (Experiment B) was near optimal (Table 7). Thus the
conclusions are based on two contrasting seasons. Parameters measured
included size (eg. leaf area index -~ LAILY and efficiency {eg. crop
growth rate -~ CGR).

The yielding advantage of late materialg was again confirmed, as
the correlation of days to physiological maturity (DPM) and yield was
gignificant dn hoth epochs {r = .67%% and ,57%, A + B), TLikewlse,
parameters of size were generally correlated with both DPM and yield
(Table 8). From this one might conclude that yield is basically a
function of size, or source capacity. This may have been true in
Experiment A, but, in Experiment B, most early genotypes approached or
attained an LAL of 4 (usually considered optimal for beans), while
late genotypes exceeded the level considerably. In Experiment B early
materials were not limited so much by size (this being near optimal
for LAL) but rather by the available period for growth.

Focusing on the division of the growth cycle into a vegetative
period (days to flower - DF) and a reproductive period {(pod filling
pericd - PFP), it appeared that the length of the PFP is more critical
in determining vield. The correlation between DF and yield was .40
and .37 (A and B, respectively), while PFP and vield had correlations
of ,74%% and .61* (A + B). In terms of yleld components, PFP may have
only a slight effect on seed per pod (r = .19 and .43, A + B) but
contributes more to seed size (r = .53*% and .54%), When these
components were multiplied to give a component of yield per pod, the
correlation with yield increased to .73%% and .70*%*%., In other words,
a longer pod filling period resulted in better filled pods, as would
be expected. The implications cof this for increasing vyield with =
minimal sacrifice of earliness, 1s to search for early flowering
materials with a longer PFP,

Efficiency parameters measured included several growth rates,
vield/day and harvest index. The early materials showed an advantage
principzlly 1n Experiment B in ¥et Assimilation Rate, a measure of
growth per unit of leaf area. This, again, was due to excesslve LAI
of late materials in the second study, which lowered their apparent
efficiency. In other parameters measured, early materials were not
necessarily superior. Indeed, in yield/day and harvest index early
materials were inferior In Experiment A. This is contrary to vhat is
often stated abeut early genotypes.

One striking observation on crop growth rate was 1ts relative

stability from 20 te 40 days. Although LAI increased several fold in
this period, net dry weight increase/day iIncreased only 19 to 55%

12t
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problems, vield increases of up to 15% were obtained by daily tripping
of open flowers (Table 10). Apparently natural pollimation is

deficient 1n certain conditions, but the phenomenon 1s highly
variable.

Testing selection criteria for yield potential

There 1s conslderable divergence of opinion on the practicalitvy
of iIncreasing vleld potential through Individual plant selection,
partlicularly utilizing criteria such as harvest index or plant dry
welght, To¢ test the effectiveness of such strategies, individual
selections were performed in six ¥, populations of small, cream and
black seeded parents, Table 1l présents seed yields of resulting F
progenies. Visual selection alone produced no improvement over random
selection in the F,, and harvest index also appeared iuneffective as a
criterion., In Congrast, combined measurements of plant dry weight and
vield per day resulted in increases over random selection in 5 out of
6 crosses, the one failure cecurring where only a single plant showing
both high dry weight and yleld per day was obtained. These results
demonstrated that Individual selection in F2 is a promising technique
1f quantitative criteria are used,
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Table 2. Yield response to split applications of nitrogen (as urea)
applied weekly as 10 or 20 kg/ha N soil drenches starting
30 days after planting. Data are means of lines BAT 881 and

A 83.

% Nitrogen applied (kg/ha)

; Row spacing (m) 0 10 20
G — kg /ha -

*

% G.3 2450 2280 2220
0.6 2070 2230 2230
]

i

: Level of significance of effect:

§

i

Digtance NS

; Nitrogen NS

{ Distance x Nitrogen 0.001

-

|

-

%

§

! 125
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Table 4, Correlations among seed weight, cell size in various bean tissues, primary leaf area, and
principal components estimated from tissue cell sizes. Data are for 15 accessions
including two of subsp. aborigineus.

Seed Root Hypocotyl Guard Pallis.
welght Pollen endodermis endodermis cell meso.

Pollern rAto
Root endodermis BLE* LGhk%
Hypocotyl endodermis .18 »33 .36
Guard cell JOTER 29 .28 ~-.33
Pallisade mesophyll ~,H5% -, GG%* - Hb* -.59% -.08
Primary leaf area LBB%* Bhx% L IBER .29 .38 - 7%k
ist principal

component - 9%k -~ 48 -.50 ~.25 -.25 46
Znd principal

component .28 .00 ~.05 -.61% -, 63 .32

*,%% Significant at the p =0.05 and 0.0l levels respectively.
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Table 6. Crowth and efficiency paremeters for 16 gemotypes representing a range of days to maturiry. Experiment A.

xps/ SED/  of YED  oR R 0GR NAR

Genotype DF DM FP P/ P RO 100s HI YIED DAY 204 04 40d 304

days  days  days  wC % ghal  kgfa ld g td Tt gnid ! gnld gt
G 3017 29.2 5.3 8.2 139 103 3.8 16.3 58 872 155 461  4.85 2,58 3.95
Pata de Zope 3.5 5.5 2.9 1.8 83 3.72 158 53 510 9.1 395 495  3.22 4.6l
Rabia de Gato 3.4 0.3 B9 1l 1Ll 420 177 56 90 162 5.2 7.49 493 4.99
Hyetar 1.8 604 2.6 145 9.0 418 15.2 4l 73 1.8 425 4.6l 2.93  3.65
G 2658 3.8 6.9 3.1 133 8.8 292 300 55 866  13.7  5.66  6.63 5.3 4.3
AN 145 7.7 632 2.5 ek 101 73 4B 56 983  15.6  S5.55  6.87 448 4.58
Desarrural 3.5 6.9 W4 135 7.6 3.62 215 53 88  13.2 5.4 5.62 457 3.3
Rojo de Seda B0 643 263 1.8 109 357 233 5% 0L 4.0 6.3 8.56  6.27 4.4
XAN 112 %1 652 9.0 12.2 10,4 3.9 17.5  5I 750 1.6 4.65  6.05 469 5.1
Fojo Nactonal 7.2 669 777 120 9.6 348 16.0 55 679  10.5  4.05  4.56  3.39  3.%
BAT 41 1.6 6.5 8.8  13.6 8.1 370 13.8 49 83  12.8 477 5.60 419 3.65
U 847 %.3 662 2.9 135 15.0 480 173 57 1555 23.3  4.99 7.9 847 5.0
BAT 304 3.9 6.1 322 150 151 507 17.8 61 1887 2.7 676 9.9  9.03 5.5
Negro Huast. 81 9.2 70.0 30,8 147 1.7 491 17.8 S 1315 189  4.80 6,92 619  5.06
TCTA-Quetzal 9.5 7.7 31 128 1.4 451 142 50 941  12.8 5.5 858  7.95 5.1
A 321 8.2 739 387 154 118 437 329 6 25 31 6.23 9.4 9.68 4.0
X 182 647 9.5 13.6 106 4.02 189 S 1068 6.2 5.20 677 5.9 443
D.E. 3.2 48 26 1.1 22 059 55 5 503 6.6 0.8 172 2.2 0.7
Corr. with
seed veight 0.49 037 0.42
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Table 8. Correlations of growth and efficiency parameters with days to physiological waturity and

yield in two planting seasons.

Experiment A

Experiment B

Character DPM Yield DPM Yield
days kg/ha days kg/ha
2
Maximm total dry weight (g/m*) 0.79%%%4 Q.87 %% 0.66%% 0.87%kx
0.60% 0.81%% 0.11 0.81#%%
Teaf area duration 0, 86vkx (. B3w%kx Q.87%k% 0.72%%
0.76%% 0.62% 0.69% 0.41
Total nodes at maturity (n/m?) 0.55%* 0.21 0.43 0.21
0.59% 0.07 0.47 0.405
Maximum stem length (em) 0,68%% 0.83%x% 0.68%* 0,81 %%k
0. 74%* (0.59* 0.50 0.65%
Maxirum height (cm) 0.52% 0.35 0.47 0.29
0.15 0.40 0.05 ~0.12
Maximum total leaf area (m2/m%) 0, 79%%% 0.78%%% 0,79%%% Q. 64%k
0.54 0.51 0.59% 0.42
Yield/day (kg/ha/day) 0.58% -0.03
0.28 -0, 48
Harvest Index (%) 0.25 0.64%% -0,29 0.19
0.05 0.40 ~0.28 0.39
Crop growth rate (g/mzfday)++ 0,67%% 0, 75k%% ~0.34 G.21
0.42 0,68% -0.31 0.57
Net assimilation rate (g/mzfday} 0.28 0.30 0, 71%x ~-0.19
0.04 0.44 ~0.56 0,40
Relative crop growth rate {g/g/day) 0.61% 0.50% -0.27 0.18
0.31 £.60% ~0.23 0.65%
Grain fill period {days) Q.74%% g.61*%
0.35 0,12

%, Rk, k% gignificant at p = 0.05, 0.01 and 0,001 levels, respectively.
+ ?gper data represent correlations based on all 16 genotypes,

genolty
++ Rates at;g

es, eliminating the 4 considered to be late maturing.

0 days after emergence,

Lower data

represent correlations on




Table 10. Responge of yield in four bean genotypes subjected to
artificial tripping of flowers during first 10 days of

flovering.
Yield No. of seed
Genotype Gontrol Tripped Comtrol Tripped
kg/ha — mﬁz
BAT 477 2430 2450 1150 1370
BAT 1481 2510 2890 1500 1590
Diacol Calima 1360 1576 240 270
& 1540 1400 1390 580 600
Significance of
effect of:
Treatment .01 .052
Line x Treatment NS NS
Calculated for logarithm of seed number.
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Table 11. Average seed yields {g/plet) in F, progenies from F, individual selections based on different
gelection criteria. HI = Harvest Index; DW = Plant Dry Weight; Y/D = Yield per Day;
Vis. = Visual Assessment.

Selection Criteria Parental
1 2 3 Visual selection plus Random vields
Cross HI W Y/D Vis. 1+2 1+3 243 1+2+3 (FZ) Female Male
A 429 x ¥AN 112 266 312 283 270 - - 287 - 258 268 256
(20) (1M (&) (62) amn {55)
A 429 x Chichicaste 238 371 - 248 292 - 319 251 234 268 253
(%) (1 (203 {1 (&) (4) {58}
A 429 x Pata de Zope 258 286 - 269 - 258 317 - 204 268 259
(16) {9} (23) (23 (4} (54)
DOR 41 % Aguascal. 92 250 - - 247 - 247 221 292 245 349 201
{3} (10} (1 {1} 23 {56%
A 429 x Pecho Amarillo 253 253 - 263 - - 282 - 257 268 258
{21) {9} (128) {9} {5%)
A 429 x DOR 44 237 - 263 262 - - 273 326 254 268 355
(22} {(13) (63} (8 {13 {563




Figure 1.

0.5

0.25

Relative leaf dry wt.

Relation between leaf and pod dry wedghts of plants of G 4523 expressed relative
to total plant dry weight, Variation in pod set induced by depodding treatments
at three dates,

y = 0.44-0.50 . X
,-2 Py 0.63*“

—
0 0.3 0.6 0.9

Relative pod dry wi.

135

e il A0 e ot

g i At Y

b g

B O



5. Photoperiod-Temperature Adaptation

Routine screening

Evaluation of photoperiod response of flowering screening has
continued at Palmira, using artificial 18 hour daylengths to delay
flowering (see 1377 CIAT Amnnual Report). Approximately 600 germplasm
accessions were evaluated in 1986 as part of continuing efforts to
characterize responses of germplasm in differenat bean production
regions. In response to interest in the use of interspecific crosses
to introduce desirable characteristics into Phaseolus vulgaris, 70
accessions of three other Phaseolus species were also evaluated. P.
acutifolivs and P. coccineys were notable for their high levels of
sensitivity (Table 1), suggesting that sensitivity is a common
ancestral trait. Work with interspecific crosses should anticipate
problems with photoperiod sensitivity.

Long day response of flowering

The typical short day response of bean cultivars makes it
difficult to exploit delayed maturity as a route to higher yields
under tropical conditions. However, a few studies have suggested
possible long day responses in certain cultivars. With such a
response, the short daylengths of tropiecal areas should delay
flowering, thus causing later wmaturity. Comparison of five black
seeded indeterminate lines selected for diverse reaction to
photeoperiod suggested a long day responmse for 1l vs 15 hour treatments
{Table 2). Although delays were only of three to six days, this is
sufficient to increase vield significantly. However, attempts to
further demonstrate a long day response using the conventional
screening system failled. 1In evaluvating over 20 materials which had
previously shown hastened flowering under the 18 hour treatment, not
one material showed this response in this vyear's evalvations.
Apparently, occasional field evaluations suggesting =z long day
response simply reflect measurement error inherent in the screening
system.

Short day effects on stem elonpgation

Although bred lines perform well in monoculture in Central America,
there is evidence that some lines are less well adapted to second
semester relay cropping with maize. A possible explanation is that
bred materials lack a short davy response for stem elongation or
climbing ability. Testing this, five black seeded indeterminate
cultivars were grown under 11 and 15 hour daylengthe, and stem
elongation was measured at 29 days. G 2997 and DOR 44, materials
which perform well in relay, showed the greatest difference in
elongation (Table 3). A subsequent trial of 11 hours light with or
without a 0.5 hour red light treatment as a night break resulted iIn
aimilar responses, suggesting that the response 1s phytochrome
regulated.
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Table 1. Photoperiocd response of flowering in P. acutifolius, P.
coccineus, and P. lunatus.

Number of entries with response of:

18 2 3 4 5 6 7 8  Total
P. acutifolius 0 0 1 0 0 1 0 18 20
P. coccineus 0 0 0 1} 0 1 0 25 30
P. lunatus 7 2 a ) 0 1 0 10 20

a Photoperiod response class wheve 1 = 0 to 3 delay in flowering under
18 hour davlength, 2 = 4-9 day, 3 = 10~19.... 8 = no flowering at
100 days after planting.

Table 2. Days to flower under 11 and 16 hour davlengths in growth

chamber.

11 hours 15 hours Delay

o days
G 5474 44,0 40.5 ~3.,5
Ju B0-11 47,0 41,7 -6,3
G 2997 33.8 33.8 0.0
G 17650 40.3 45,0 4.7
DOR 44 43,8 40,3 -3.5
Analysis of Variance:

F

Davlength 0.74
Cultivarg 4.32
Interaction 15.41%*

*% Significant at p = 0.01 level.
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Table 3. Stem length of five 29 day old cultivars under two
davlengths.
Cultivar 1 hour 15 hour Length Change
cm ~%-
G 17650 112, 3a% 105.2a -7.1 -7
G 2997 87.8 b 57.0 b -30.8 -54
DOR 44 63.3 ¢ 46.2 b ~-17.1 -37
G 5474 40.2 46,7 b +6,5 +14
JU 80~11 32.2 26.5 b -5.8 ~22

* Values followed by the same letter within a
the p = .05 by Duncan's test.
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Inducing flowering ipn Andean cultivars

Use of Andean germplasm in breeding programs has been himdered by
failure of some accessions to flower in enviromments with higher
temperatures or long photoperiods. Studies of photoperiod response
suggested that flowering might be induced at CIAT Palmira {24 C mean
temperature) by use of very short photoperiods. This was borne out in
a comparison of flowering in five bean cultivars. In the control
conditions consisting of natural daylengths and ambient temperature, E
605 and c¢v. Mortific did not flower, but with a six hour daylength
(achieved by wmoving pots between a darkened room and an open air
patio), they flowered in 41 and 40 days respectively (Table 4)., Pod
set was adequate as compared to the other cultivars, suggesting that
possible problems of pollen infertility or other adverse affects of
warmer temperatures were unimportant. A subsequent experiment has
shown that two weeks of short day treatment resulted in flower bud
formation, but the buds failed to develop further. The technique
should also work for multiplication of photoperiod sensitive materials
under quarantine conditions Iin warm sites.

Table 4. Flowering and pod set of five bean cultivars under natural
and six hour day lengths at CIAT Palmira,

Cultivar

Diacol ICA Diacol

Treatment Calima Tundama E 605 Andino Moreifio
Pays to flower:

Control 29 &2 0 37 0

6 hour daylength 27 36 41 31 40
Pods per plant:

Control 14 10 0 13 4]

6 hour daylength 12 16 13 14 9
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6. Drought Tolerance

Screening for drought tolerance

During 1986 emphasis was given to vield testing prouising
germplasm and the first materials bred at CIAT specifically for drought
tolerance. Preliminary screening was performed under mild stress in
the first semester, while exceptionally dry weather {less than 30 mm of
rainfall from establishment to wid-pod {111 at both Palmira and
Quilichao) permitted evaluvation under high levels of stress in the
second semester.

In Stage 1 sereening (156 materials), the most striking result was
the outstanding performance of three P. acutifolius lines supplied by
the University of California at Davis {Table 1). The fact that they
gave the highest yields at both sites was & clear demonstration of
their drought telerance. Part of thelr superiority is undoubtedly due
to thelr extreme early maturity under drought. There remains the
question of whether their wvery small seed size (less than 0.1 g) is
sumehow related to drought tolerance. Gilven known correlations between
seed size and cell size, and cell slze and drought tolerance, it is not
unlikely that scme portion of the tolerance of acutifolius materials
would be lost 1if incorporated into materials with large seeds.

Several materials bred for drought tolerance outperformed the
tolerant checks BAT 477 and G 17722 in one of the two sites, but only
TY 3331-1 was superior at both sites. This is consistent with previous
impressions that while conventional yield breeding will permit
incorporation of existing levels of tolerance into different genetic
backgrounds, achleving increased levels of tolerance will prove very
challenging.

Stage 2 screening (72 lines) indicated that RAB 141 and G 2447
were particularly promising (Table 2). Attempts to Identify large
seeded materials with good telerance were not successful, and the
problem of i{dentifying materials with outstanding tolerance at both
sites was also obvionus.

Materials from Stage IT screening will be used to form a new
international drought yileld trial, However, given the importance of
local adaptation noted in the previous international trials, it is
expected that national programs will place greatest emphasis on
developing strategies for selecting for tolerance under their local
conditions.

Drought tolerance mechanisms

Given the importance of local adaptation in determining levels of
drought tolerance, increased importance has been glven to aiding
national programs in investigations of tolerance mechanisms. Trials
were visited near Golania, Brazil (CNPAF) and Durango, Mexico (INIFAP).
Basic patterns of response of leaf water potential, stomatal
conductance and canopy temperature In Brazil were similar to those seen
at CIAT stations, with stressed plants showlng a large (~1.0 MPa)
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mid-day depression in water potential, accompanied by elevatred stomatal
resistance and canopy temperatures. In contrast, under the conditions
in Durango, stressed plants showed only a -0.1 to ~0.! MPa droep in
potential, while nonw-stressed plants reached -0.6 MPa. Stomatal
resistance and canopy temperature in  drought plots exceaded
non-stressed plots. Apparently cultivars adapted to the Durango area

follow an extreme strategy of water congervation at the cost of
minimizing photosynthesis.

The surprising performance of the three P. acutifolius lines in
routine screening emphasized the importance of understanding the value
of earliness in drought screening. Data for days to flower and
maturity were analyzed for screening trials from 1983 onward (Table 3}.
Although earliness was advantageous in the majority of the trials,
strength and direction of correlations varied greatly.
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Table 1. Best entries at Palmira and Quilichao in Stage I screening (156 lines) for drought
tolerance,

Palmira Quilichao
Seed Geometric
Line size Yield Matur. Yield Matur. mean
kg/ha days kg/ha days kg/ha
Best in Palmira:
L172 5 2070 61 890 67 1360
L1174 S 1760 62 760 66 1160
1,169 S 1460 66 840 67 1110
TY 3388-8 B 1100 20 120 77 360
TY 3331-1 M 1060 15 760 70 900
BF 2570-1 M 1010 84 270 76 520
MX 3020-1 8 990 76 100 69 310
BAT 477 8 980 78 295 72 540
TY 34244 8 970 74 250 70 490
FEB 4 5 460 79 280 75 520
Pirata M 350 85 370 75 590
TY 3355-1 L 910 g0 430 70 630
Best in Quilichao:
172 S 2070 61 890 67 1360
L1174 8 1760 62 760 f6 1160
1169 s 1460 66 840 67 1110
TY 3331-1 M 1060 75 760 70 900
TY 3355-3 g 440 33 570 73 500
TY 3424-3 8 690 76 540 70 610
TY 3355~2 5 910 80 530 71 690
TY 3355-5 S 590 80 530 10 560
MITAL 226 S 350 A2 530 75 450
PVA 957 L 300 74 520 70 3499
MY 30048 5 570 I 520 71 540
TY 3419-10 8 300 78 520 69 390
Bico de Ouro 5 280 79 510 70 380
Tolerant Checks:
BAT 477 s 980 78 285 72 5340
G 17722 M 640 82 203 74 360

~d
w

Mean 440 a0 240
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Table 2, 3Best entrles at Palmira and Quilichao in Stage II screening for dreught tolerance.

Palmira Quilichao
Seed Geometric
Line gize Yield Matur. Yield Matur, mean
kg/ha days kg/ha days kg/ha
Best in Palmira:
A ll4 8 1240 87 100 75 350
G 5070 5 1050 83 310 16 570
RAB 141 8 1934 75 500 82 720
G 17722 M 990 84 270 12 520
G 2447 8 990 81 550 Iy 740
BAT 85 8 950 80 320 72 550
G 1197 g 950 82 360 73 550
BAT 477 5 950 79 390 713 610
G 259 5 928 83 260 76 490
Besgt in Quilichao:
G 110 s 340 83 630 72 460
A 97 8 320 82 560 73 420
G 5215 S 630 77 850 T4 590
VABRA 386 8 230 8¢ 540 72 350
VABRA 376 8 470 84 530 75 500
BAT 1289 g 370 81 520 72 440
FER 15 8 290 82 500 73 380
A 195 8 &98 75 480 10 480
0
Tolerant Checks:
BAT 477 g 950 79 390 73 610
G 17722 M 990 84 270 72 520
Mean 510 82 320 74
L.5.D. 330 4 140 3




Table 3. Effectiveness of earliness as a source of drought tolerance
as judged by correlations between yield and days to flower
or maturity,

Mean No. of Correl, with vield
Trial Site yield entries Flower Maturity
8427 Palmira 1650 12 -.21 -, 30%%
8450 Palmira 1320 144 - 20% -, 22%
B4ag Palnira 1080 72 -~ U4 ~.18
8447 Quilichao 820 72 .22 -.17
8520 Palmira 600 72 A7 . J0*R
8521 Quilichao 2200 72 JHOFRF .08
8535 Palmira 21860 240 14 -, 24%
B336 Quilichao 2440 240 1% L 29x%
8618 Palmira 440 156 —~.3B%% -, 51%%
8619 Guilichao 240 156 -, 3B%% =, 53%%
8620 Palmira 510 72 -.03 -, 11
B621 Quilichao 320 72 - G2%% = 3bE*

#* %% Sienfficant at the p=0.5 and p=0.1 levels respectively.

144



PRy

s oSy T i

RN S

7. Tolerance to Acid Soils

During 1986, screening of advanced lines for efficiency at low
levels of P and for tolerance to high levels of Al saturation (over
50%) were continued. A review of data from eight years of screening
indicates genetic variability of beans for these two characteristics
is low, thus explaining difficulties in obtaining lines outstanding
for these characters, Furthermore, the data suggest that efficlency
and tolerance azre determined by separate mechanisms,

The principal group screened in 1986 was comprised of small black
and red seeded materials of growth habit types I1I and 111 which were
adapted to Central America and the Caribbean. In addition, lines
having growth hablt types II and III from the 1984 and 1985 EPs were
evaluated.

Screening consisted of the following treatments!

1. No stress - 120 kg/ha of P as Triple Superphosphate and 2 tons/ha
dolomitic lime,

2. P stress - 12 kg/ha of P as Triple Superphosphate and 1 ton/ha
dolomitic lime.

3. Al stress ~ 60 kg/ha of P as Triple Superphosphate and no
dolomitic lime (soil analyses indicated that residual effects of
previous applications of lime were sufficlent to maintain Al sat-
uration near 507 at the onset of the experiment).

Applications of nitrogen, potassium, sulphur, boron and zinc were
provided at levels sufficilent to assure they were vot limiting factors
during the experiment., Standard checks used were the Brazilian
cultivars Rio Tibagi (growth habit II)} and Carioca (growth habit IID).

Tables 1 and 2 present materials outstanding for P efficiency of
growth habits II and ITI, respectively, while Tables 3 and 4 present
similar data for materials with tolerance for high Al saturatiom,

In studies of mechanisms of efficiency at low levels of P, uptake
with time and the development of the yield components were measured
under P stress conditions. Yield wunder the no stress conditions
showed little varilability, indicating a similar yield potential in all
the varieties tested. However, vield under P stress showed a several

fold difference between the last and most efficient varieties (Table
5).

An analysis of the P uptake pattern and its effect of grain yield
was done using the Path Analysis technique., Use of this technique
determined the periods of P uptake which were most important in the
determination of grain yield, The data was divided into two groups;
those varieties which yielded poorly under P stress but were very re~
sponsive to P fertilization; and those varieties which yielded well
under P stress but were not as respousive to P fertilization. The
Path Coefficients (Table 6) show the relative importance of each
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period of uptake (i.e, if one coefficient 1is twice as large as
another, variability 4in P uptake during that period has twilce as much
impact on yield). The results indicate that, in the P responsive
varieties, the period from 15-30 days after germination was very
important in P uptake {a period of rapid vegetative growth) while in
the efficient non-résponsive varieties this period was less important,
Also, under P stress conditions the P efficient varileties tended to
lag behind the ipefficient varieties inm dry matter accumulation (Table
7}, indicating that P uptake had little to do with P efficiency under
low availability conditions.

An analysis of which yield components were most responsible for
the variability in the observed grain yields was also undertaken. In
both the P efficient and P responsive types, the number of pods per
plant was most Important followed by the number of seeds per pod, and
least important was the weight of the individual grains (Tables 8, 9).

P uptake was not greatly different between the efflclent and in-
efficient varieties; in fact, the efficlient varietlies were somewhat
slower In uptake during the first few weeks. The differences between
the efficient and inefficient varieties consisted primarily of how the
plant utilized the P it had. In particular, the plant's ability to
set pods and seeds under F stress is important. Future studies ghould
concentrate on P dynamics within the plant during flowering and the
assoclated morphological changes,

A study of root growth under P stress and drought stress showed
no differences in ryoot length between Carioca and ICA Pijac at any
growth stage (Table 10). This suggests that root length is not a use~
ful characteristic for selection for efficiency under low P. This
contrasts with the situation for high Al saturation where previous
studies at Popayan (see CIAT's Annual Report for 1985) showed that the
lines with the greatest tolerance to high levels of Al were those
which achieved greatest root lemgth,
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Table 1. Mean yields of lines of growth habit II showing outstanding
performance at low P leveles (12 kg/ha).

Habit II
Lines Mo strass With P stress
kg/ha
BAT 1467 3228 1205
XAW 78 3153 1275
XAN 198 3372 1149
G 4454 2923 1204
NAG 1 3458 1339
BAT 1432 3066 1574
HAG 183 3715 1i7s
RAG 160 3176 1191
A 283 3182 1105
NAG 161 3464 1203
HAG 39 3354 1176
NAG 200 2568 1158
NAG 199 3470 1378
Ric Tibagi (check) 2806 1003
Cv(d) 8.7 36
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Table 2, Mean yields of lines of growth habit IIT showing out -
standing performance at low P levels (12 kg/ha).

Habit 111
Lines No stress With P stress
B Y B T T ———

BAT 271 2979 1409

RAB 404 2867 1259

RAB 379 2061 1046

NAG 177 3224 1236

NAG 195 2828 1257

G 11893 2392 1204

Carioca {check) 3024 965

cyV (%) 11,9 25

Table 3. Mean yields of lines of growth habit II showing
outstanding performance under high Al saturation (50%).

Habit II
Lines WNo stress With Al stress
kg/ha -
NAG 202 3012 1405
BAT 1658 3050 1225
BAT 1647 3395 1614
NAG 199 3470 1379
BAT 1467 3228 1422
411 2469 1209
G 4000 2713 1435
NAG 200 2968 14486
¥AG 31 3387 1426
G 4454 2923 1373
RAG 13 3421 1263
NAG 11 3733 1839
NAG 160 3176 1537
NAG 171 3081 1331
KAG 184 3017 1228
NAG 176 2767 1258
RAB 381 3025 1274
BAT 1432 3066 1206
NAG 204 3028 1331
G 4485 3029 1413
NAG 201 3044 1688
XAN 78 3153 1350
RaB 353 3110 1292
%AN 151 3501 1523
NAG 203 3185 1331
NAG 170 2969 1225
DOR 227 3198 1464
NAG 45 3137 1681
NAG 163 3230 1361
BAT 58 2769 1351
NAG 198 3198 1214
Rio Tibagi (check) 2806 1023
ey (Y 8.7 30.1
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Table 4. Mean vields of lines of growth habit ITI showing
outstanding performance under high Al saturation (50%).

Habir 111

Lines No stress With Al stress

kg/ha

FEB 17 3194 602
RAB 379 2061 444
DOR 344 2392 415
RAB 429 2501 434
DOR 342 1890 423
RAR 404 2867 503
RAB 367 2034 409
RAO 48 2572 485
RAB 440 2471 446
NAG 195 2828 541
BAT 271 2974 400
RARA 234 2472 452
RIZ 34 2329 401
RAB 441 2891 503
RAD 33 2368 9]
RAB 388 2064 437
G 18244 2031 465
BAT 304 2165 417
RAO 34 3167 478
Carioca {(check) 3024 180
v (B 11.¢9 49
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Table 5. Yields {(kg/ha) of the best varieties
under P stress in a screeoing trial in
Popayan,

Growth Habit IT (36 varietiles)

LINE YIELD
ICA Pijao 3983
RAOD 30 3531
RIZ 45 3219
RAE 211 3192
NAG 27 3076
RAE 201 2983
Trial mean 2445

Growth Habit II (16 varieties)

TINE YIELD
997~CH=73 4242
Carioca 4208
DOR 342 3811
RIZ 42 3704
Trial Mean 3088
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Table 6. Relative importance of the period of P uptake under P stress
on the development of yield (path coefficients).

ey

Period (Days) Efficient Lines Ineffitient Lines %
0-14 +31 .36
15-30 .38 .58
31-48 04 .20

Table 7. Plant growth and P absorption during the first 14 days after

germinarion. :

Efficient Lines Inefficient Lines

Leaf Weight (g) 15.3 18.5 %

Stem Welght (g} 9.5 11.5 !
Total P (g} 0.115 0.142

Table B, Relative importance of the varicus yield components in

determining yield under P stress conditions (path
coefficients).

Efficlent Lines Inefficient Lines
Pods/plant .68 .69
Grains/Pod .43 .57
Grain Weight W25 .29
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Table 9. Effect of P stress (12 kg/ha of P) on
number of pods per plant in four bean
eultivars, measured in two semesters.

Seagon
Line A B
Caricca 10.2% g, 33
¢ 4000 8,0b¢c g,48b
Puebla 152 g,12b g.82
ICA Pijao 6.6C 6.8"

* Means with the same letter in the same column
are not significantly different at P = 0,05

level with Duncan's multiple range test.

Table 10. Effect of P stress (12 kg/ha of P) on root length during different
growth stages, and in two trials with contrasting water regimes.

Root Growth Trial la Trial Za
Length Stage Carioca ICA Pijao Carioca ICA Pijao
Primary 20 days 10,187 10,22 12.48 14.18
Flowering 18,28 17.78 13.98 14,42
Physiol. maturity 15,12 17.2b 16,12 17,88
Secondary 20 days 18,78 17.82b 18.48 19.18
Flowering 29.12 30,29 20.62 22,02
Physiol. maturity  20.8P 23,73b 21.82 24,32
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Means with the same letter in the same column are not significantly

different at P = 0,05 level with Duncan's multiple range test.

Trial 1 with normal meisture regime (457 mm water during growth cycle),
and Trial 2 with drought stress (200 mm water).
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g. K-Fixation

Breeding for enhanced nitrogen fixation

The breeding progran for improving nitrogen F£ixation in small
seeded Central American materials continued with minor changes in the
evaluation methods and selection criteria. Preliminary evaluations were
made of some materials with importance or promise for Africa, and an
inbred~backeross breeding program was initiated.

F, and V., materials from 80 crosses made between RIZ lines and
promising materials for Central America and the Caribbean, were
advanced in CIAT-Palmira without selection. Three hundred single plant
selections from F. populations were progenv-tested in Palmira and
Popayan in 1986 A.” Selections were made on the basis of grain type,
vegetative vigor and pod leoad, when grown under mild N stress. Elite,
uniform materials (F, and F_.} were evaluated in replicated yield trials
in Popayan and Santander id 1985 B and in CIAT-Palmira in 1986 A. The
selection criteria comprised early and mid-flowering nodulation scores,
vigor, grain type and yileld,

Although some advances have been noted in better grain type (espe-
cilally among red and white seeded materials), and disease resistance;
improvements in nodulation characteristics and yield under low N have
been marginal in the past two years. Two probable reasons for this are:
a) that gome parents have been included with little prior knowledge of
their nitrogen fixation characteristics; and, b)) there was low
selection pressure for good fixation, The good growth of maize and
non-nodulating soybeans in Santander and Palmira and the marginal re-
sponse to N fertilizer in Popayan, verify the high mineralization rates
at the three stations. Although precropping with malze or wheat lowers
the initial mineral N levels, this is not sufficient for high selection
pressure, In field trials this eeason the beans are belng intercropped
with wheat in Popayan and mailze in Palmira in an attempt to increase
selection pressure. Materials that enter the EP are being evaluated
for nodulation patterns and yield under low and high N to identify a
wider range of materials with good fixation, as well as to aid in the
selection of better parents.

In the breeding program for enhanced nitrogen fixatlon, emphasis
has focused on smzll seeded Indeterminate beans. However, at the
beginning of this year it was decided that some priority should be
given to materials for Africa, including larger seeded determinate and
indeterminate bush types.

Nodulation patterns of 20 materials, with some importance or prom-—
ise for specific regioms in Africa, were evaluated in Popayan 1986 A to
help define breeding strategies for increasing fixation in these mate-
rials {(Figure 1}. Some lines such as Canadian Wonder, Catrachita and
RIZ 30, demonstrated good early nodulation, but by mid-flowering the
nodules were already starting to senesce. Other lines such as Ancash
66 and Tostade were excellent later in the growth cycle. Poor
nodulating materials included Mutiki 2, Rubona 5, XAN 112, Watal Sugar
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and Kabanima., It was interesting to note that growth habilt appeared to
have little relation to nedulation potentisl: one of the best lines was
a detevminate type I, while one of the others was a type IIIB. In a
number of comparisons between varieties 1in Rwanda, Tostado was well
nodulated while Rubona 5 and Mutiki 2 had few nodules, results which
support the data from Popayan.

A backeross program was initiated to iIncorporate early nodulation
from CIAT line RIZ 29 into African cultivar Mutiki 2. The objective
was to see whether this component of W, -fixation could be readily
incorperated, and whether this would result in improved overall
performance, Mutiki 2 is a large seeded, growth habit I cultivar from
Uganda, which has been Ffound to nodulaste poorly both in Rwanda and
Popayan, but is otherwise a promising cultivar. Roots of seedlings that
had been inoculated with Rhizobium strains CIAT 166, 632 and 899, were
examined fifteen days after planting in sand. RIZ 29 had already
developed large red nodules, whereas Mutiki 2 had small white nodules.
The simple cross of Mutiki 2 x RIZ29 segregated a total of 22 poor; 55
medivm; and 23 well nodulated plants. The first backcross to Mutiki 2
segregated a total of 38 poor; 37 medium; and 19 well nodulated plants,
suggesting that this character is quantitatively inherited., Well
nodulated plants were transplanted and backerossed again to Mutiki 2.
The second backecross will be screened in the same way and lines
combining the chracteristics of Mutiki with early nodulation will be
multiplied for field evaluations. Although only a single component of
N.,—fixation, this character has the advantage of being very simple to
select.

Nodulation mutants

In order to improve the efficlency of iSN evaluations of nitrogen
fixzation, it 1g important to identify non-fixing controls that are as
similar as possible to the material to be tested. In a number of
legumes, non-nodulating mutants have been identified, but they were not
available in beans. Such lines would also be valuable for identifying
genes involved in nodulation, and for more fundamental physiclogical
studies, all with the ultimate goal of improving nitrogen fixation in
beans,

In collaboration with Rothamsted Experimental Station, U.K.,
investipations intc obtailning non-nodulating and super-nodulating bean
lines by mutation were carried out. Super-nodulating bean lines are
thogse which continue to nodulate in the presence of nitrate, and which
nodulate more than usual under all conditions. WNodule mass is one
component which has been identified in beans as contributing to
improved fixation.

Mutagen treatments used have been described in Section I. C. (Ge-
netic Variability from Biotechnological Techniques). Second generation
(M2) seed of each genotype (RIZ 30 and RIZ 36) was divided into 0 N
(-¥) and 150 mg/l KNO, (+¥) treatments and planted in perlite. Before
emergence they were lnoculated by watering, with mixture of Rhizobium
strains CIAT 632 and CIAT 899. A total of 3360 M2 plants per genotype

were screened. The 150 wmg/l Kﬁﬁs concentration was previecusly

154



determined to suppress nodulation completely in the parental genotypes.
Selection was carried out by uprooting the plants three weeks after
planting, and selecting those with no nodules in the -N treatment
{non-nodulated plants), and those with abundant nodules in the <N
treatment (super-nodulated plants). Selected plants were transplanted
to soil and grown on to seed.

Seed from the selected plants (M3 generations) was sown in
perlite, 2 replications of 3 seeds per line, to confirm the nodulation
characteristics. The progeny of non-nodulated plants were evaluated in
the absence of nitrate {-N), and the progeny of super-nodulated plants
were evaluated in the presence of nitrate (+¥). Each tray had a row of
the appropriate parental genotype in the center, flanked by 3 rows of
M3 1lines, The plants were scored for nodulation three weeks after
planting on a I-9 scale (1 = no nodules).

Screening of the M3 generation showed a high drop—out rate of ap-
parent nodulation mutants. Only lines with consistent performance in
both replications were selected, although further single plant
selactione were made 1in some cases. The following 1lines were
consistently non-nodulated and have since been multiplied for further
tests at CIAT: 1ines 42, 62, 95, 109, 125, 204, 224, and 227,
Consistently ineffective nodules were identified in line 101, which has
also been multiplied at CIAT. Some of these lines show poor seed set
and loss of vigor, and so they have been backcrossed to the parental
genctype in order to recuperate the gene responsible for non-nodulation
without other abnormalities. The backcrosses will serve at the same
time in the investigation of the inheritance of this character.

Results with apparently super-nodulating lines have been
inconsistent, and it is not yet possible to say whether such lines have
been identified. PFurther studies with the non-nodulating lines will
investigate the causes for non-nodulation, dincluding possible strain
specificity or temperature effects. Field trials will be carried out
with the mutants identified,

Quantification of ¥, fixation

An experiment using l5ﬁ isotope dilution to measure N, fixation of
different bean genotypes was reported in the Annual Report 1985, The
trial was done in the field at CIAT-Paluwira in collaboration with
Rothamsted., A follow-up experiment was done this year, comparing the
same varieties, but carried out in pots in the glasshouse, The purpose
was to see 1if the genotype ranking for fixation was the same in
conditions of almost zero mineral N, as it was in the field where
fairly high levels of mineral N were present. Results are shown in
Table 1. The differences in N, -fixation between genotypes were similar
to those observed in the fiel%, In general, the RIZ lines and A 268
fixed more N than the BAT 1ines. The only exception was RIZ 30 which
wag one of the best lines in the ranking for Ngwfixation in the field,
but not in the glasshouse.
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Table 1. Witrogen accumulation and nitrogen fixai on in genotypes
grown for 64 days in the glasshouse in ~~“N-labelled soil.

Shoot N Atom % 15N Z N fixed N fixed
Genotype {mg/pot) excess {mg/pot)
RIZ 29 188 ¢.030 94 177
RIZ 36 178 0.029 94 167
A 268 178 0.028 G4 167
RI1Z 27 168 D.025 935 160
BAT 76 168 0.023 95 160D
Rz 30 162 0.033 93 151
BAT 1297 161 G.027 94 151
BAT 1554 150 0.034 93 142
BAT 1432 149 .032 93 140
BAT 332 146 0.033 93 137
SE 14.7 0.0049 0.9 14.7
Sorghum 10 0.484
SE G.4 0.0033

Rhizobium-legume evaluation on-farm

It 1s mnecessary to evaluate the importance of N as a
vield-limiting factor in a given target zone. The need and potential
for increasing nitrogen fixation through the introduction of better
fixing genotypes and/or modification of the Rhizobium population by
inoculation must be defined. Local varieties and possible nevw
introductions need to be evaluated for {ixation capacity and the
effects of inoculation studied. Work conducted in Ipiales, Colombila is
an example of this appreach,

In Ipiales, work was initiated in 1985 with evaluatlons of bean
nodulation in farmers' fields. The local variety Mortific and the new
release, Frijolica 0-3.2, were well-nodulated but often with a large
proportion of 1ineffective-appearing nodules. The large native R.
phaseoll population was cangirmed fith most probable number counts
generally in the range of 107 to 10" R. phaseoli per g soll. A yield
response by both Frijolica (-3.2 and Mortifo to iInoculation with a
mixed strain inoculant was observed in two of three farm trials 4n 19853
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B (Table 2). The lower bean yield as a result of nitrogen fer-
tilization may have been due to increased growth and competition from
the maize; unfortunately maize yield data was not availasble for all the
trials, Mortifio consistently formed more nodules than Frijolica 0-3.2
but there was no increase in nodule number in response to inoculation.
Strain screening studies were done to see if more effective and compet-
itive strains could be identified.

Thirty strains from the collection were evaluated for their abil-
ity to grow at low temperatures, The strain variability in cold toler-
ance was strilking {(Table 3). The mest cold tolerant of these strains
were screened in pots of scil along with 15 new isolates from Ipiales'
solls, for their ability to cause a plant growth response in the
presence of the mative rhizobium population (Figure 2).

Table 2. Effects of N fertilizer and R. phaseoli imoculation. Ipiales 1985 B, Maize
(M and bean (B) yleld (kg/ha),

2590 m 230 m 2700 w

A, Pinchas 5, Rosero  J. Chaspuengal Mean

Chaguaipe  Contadero Potosi bean yield
Variety et N B B B M B
Frijolfca (~3.2  + - 755 245 166 1985 198
Frijolica 0-3.2 - - 501 157 335 3739 31
Frijolica 0-3.2 - + 39 277 303 4645 307
Mortifio + - 306 26 141 3811 218
Mortifio - - 138 121 144 3909 134
Mortifio - + 127 135 84 4469 115
Mean 370 182 206 4071 248
Lsp (10%) 167 96 B3 715 68

1 Mixture of 3 strains (3 g/site).
QEquivalﬂlt to 50 kg/ha of N,
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Table 3. Growth of Rhizcbium phaseoli on yeast memitol agar at low temperatures
-+ normal growth; +ipoor growth; -: very little or no growth

Strain TemperatureC Strain Temperature™C
10 15 20 28 0 15 20 28

CIAT 2 + + + CIAT 209 + +
CIAT 5 + M H CIAT 214 - - +
CIAT 57 - - o CIAT 255 - + o+
CIAT 65 - + +H+ CIAT 321 + + =
CIAT 73 - - + CTAT 323 +  H =
CIAT 75 — - H+ CIAT 385 - + o
CIAT 96 - + H o+ CIAT 390 - -~ A
CIAT 123 - + ++ CIAT 407 - +
CIAT 125 + +4 ++ {IAT 612 + +
CIAT 127 - - +H CIAT 613 4+ M+ =+
CIAT 128 + + +H O+ CIAT 625 - + A+ H
CIAT 142 + + 4 CIAT 632 - e A -
CIAT 144 + + + CIAT 640 - - A
CIAT 161 - - +H+  ++ CIAT 652 - +
CIAT 166 + + o CIAT 899 - - H

Inceulation with 21 of the 27 strains resulted in an increase in
Frijelica 0.3-2 plant N, with the best strailus showlng up to 70% of the
+H control. A genotype by strain interaction was obsgerved; for
example, I-3 and I-8 were two of the best strains with Mortifo.
However, some strains were good with beth varieties, and I-10, €652 and
C53 are being tested as Inoculants in trials on-farm this season.

With support from a UNDP grant, teams of agronomists and microbi-
ologists in natlonal legume programs are being trained to carry out the
types of studies described for Ipiales, Teams 4im Costa Rica,
Guatemala, El1 Salwador and Zambia have initiated studies to evaluate
the nitrogen fixing symbiosiszs of local wvarieties with and without
Rhizobium inoculation. Strain screening and selectlon is being done in
local soils, and relative nitrogen fixation potential is to be ingluded
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as a selection criterion early in the legume evaluation scheme,
Methods manuals in Spanish and English have been written to help with
this training.

Damage of bean nodules by ingect larvae has been observed in many
locations however its importance as a factor in limiting fixation has
not been determined. A survey of 20 farms in Funes (Nariiie, Colombia)
{10 with a bean/maize association and 10 sole cropped with beans), was
carried out to determine the proportion of damaged (hollowed-cut)
nodules. Comparisons of with and without maize, were made because of
observed increases in damage following maize crops in CIAT-Palmira.
Fifteen plants In the early flowering stage were dug up; the number of
red/pink nodules counted, the number of hollow nodule shells, and the
number of other ineffective~appearing nodules were determined, Damage
by insect larvae was obviously an important factor limiting nitrogen
fixaton, with up to 60% of the nodules empty (Table 4)}. There was mno
effect of cropping system nor bean varilety, however.

Teble 4, Nodule damage cansed by dngeet larvae on 20 farme. Funmes 1985 B.

Bean With/AWithout # nodules % redfpirk % hollow % ineffective

Variety Maize on 15 plants noduies nodules nodules
Capuli with 674 80 5 15
Capuli with 2200 70 10 20
Capuli with 1500 75 15 10
Capuldi with 575 40 50 10
Capuli with 1650 70 10 20
Capuli with 710 50 10 40
Capuli with 325 40 20 40
Capuli with 155 40 40 20
Limonefio with 80 40 &0 20
Capuli with 1200 60 10 0
Capuli without 455 50 10 40
Capuli without 1155 70 5 25
Andino without 347 60 20 20
Capuli without 2300 50 25 25
Limomedio without 432 AD 30 30
Capuli/Andino without 260 50 20 30
Capuli without % 10 &0 30
Capuli without 100 40 30 30
Capuli without 60 40 30 30
Timoneno without 105 60 20 20
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Rhizobium strain collection and testing

Data demonstrating differences between Rhizobium strains in toler-
ance and growth at low temperatures is presented im Table 3, In another
study, growth at high temperatures was compared. Of 24 of the mgst
important strains in the collection, only 10 were able to grow at 36°¢.
These were CIAT 2, 5, 45, 166, 214, 323, 348, B40, 652 and 899. Tt was
interesting to note that a number of these (CIAT 2, 5, 166 and 323)
were also able to grow at 10°¢.

Rhizobium strains were isolated from populations of P. vulgaris
subsp. aborigineus in Argentina to widen the genetic base of the
collection, Two straing from each of 21 populations were evaluated for
their ability to form an effective symbiosis with BAT 76. Thirty-one of
the strains were infective, and of these, 26 were also effective
resulting in plant growth between 13%7 and 44Z of the plus nitrogen
control. Further host range studies are in progress and the best
strains will be tested in the routine strazin screening experiments.

Some results of the study of native R. phageoli populations,
conducted in collaboration with the Boyce Thompson Institute Iin Ithacs,
New York, are the £following. There were no differences 1in the
effectiveness of strains from sites in the Valle (Colombia) where beans
had been grown for years, and where beans had never been grown. This
was not true for the CIAT-Quilichac sites where strains from previcusly
bean-cropped goll were more effective. Overall strains from Quilichao
soils were more effective than those from the Valle and Frijolica 0-3.2
trapped more effective strains than BAT 76. Vot surprisingly, more acid
tolerant strains were isolated from Quilichaoj eight of the 32 straims
tested grew at pH 4.6 while none of the Valle strains grew at this pH.
Robert and Schmidt at the University of Minnesota defined five R.
phaseoli serogroups. Twenty—eight of the Valle strains are in group 23
nine others are not in any of the five groups. Eleven of the Quilichao
strains are in group 1, 10 in group 2 and 11 others unreactive. This
information will be useful for choosing strains with which to study
incculant survival and strain competition. Some o©f the strains
nodulated legume hosts outside the normal host range for R. phageoli.
These hosts included clover, pea and cowpea. This result is presently
being reconfirmed, but 1f true may explain why R. phaseoli is almost
always present in soils where P. vulgaris and P. coccineus have not
been grown. Another helpful observation made at BTI is that some R.
phaseoli strains are very sensitive to freeze drying. This explains why
we have had so much trouble maintaining some strains in the collection
and indicates that some stock cultures should be stored using at least
two different methods.

The microbiology section of the Bean Program fulfilled requests by
sending 183 R. phasecli cultures to researchers in elght different
countries.
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Figure 1. Nodulation patterns of sawe inportant and promising materiale for Africa.
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9. Nutritional Quality

The principal activities carried out in 1986 in the nutrition and
quality laboratory were as follows:

(1} Evaluation of the 1986 EP materials. A statistical analysis of
all the parameters of acceptability on 21l materials evaluated in
the laboratory from 1981-1985 was executed;

{2) Execution of a joint project between CIAT and INCAP on methods to
measure cooking time;

(3} Studies aimed at identifying the important parameters for water
absorption;

(4) Studies on the influence of site, planting time and variety of
the cultivar on acceptable nutritional characteristics;

(5) TInitiation of a joint project with TItaly's National Institute of
Nutrition on the toxic factors affecting the digestibility of
beans;

(6) Evaluation of a prototype model of a modified Martson's automatic
coocker,

Results of analyses of materials evaluated in the laboratory 1981-1985

A statistic analysis was performed on the following characteris-
tics: crude protein content (1981-1985): average cooking time (TC 0§
measured using Mattson cookers; percentage of water absorption afger
16 hours of sosking, as well as percentage of solids left in the
broth. These parameters were studied in conjunction with the following
variables: grain color, growth habit, grain size (weight per 100
geeds), and seed coat brilliance (1982~1%985}.

No significant differences were found for protein content among
the majority of the tested varieties (N=1117), but some differences
were observed for seed color {(Table 1),

Significant differences in average cooking time were related only
to seed coat brilliance and grain size., Opaque materials required a
shorter cooking time, and large seeded varieties (40 g/l00 seeds)
required more rocking time. The same variables that were important to
percentage of water absorption were important te average cooking time.
Materials with high degrees of brilliance absorbed significantly less
water and large seeded varieties absorbed significantly more. In re-
gards to vpercentage of solids in cooking broth, grain color, bril-
liance, #znd grain size, were significant (Tables 1, 2 and 3},

Tmprovement of nutritional and acceptablility characteristies

Based on preliminary data on the inheritability of tannins (level
of detectable methanol-acidified extract using ultraviolet spectrum),
a project was initiated with the objective of {mproving digestibility
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from reducing tannins by crossing materfals having low levels of these
compounds,

For protein level, progeny were selected from materials evaluated
in the laboratory that were outside the standard deviation dis-
tribution {e.g. materials having a drvy base protein content pf more
than 30%), to be used in efforts aimed at increasing protein levels,

Water absorption studies

Thirteen materialis were selected for this study based on color
and size. Absorption levels were measured after seaking for 15 min-
utes, 30 minutes, 1, 2, 4, B8, 16, and 24 hours. These measurements
were correlated te 40 physical, chemical and agronomic wvariables,
Analyses indicated that water absorption characteristics can be dif-
ferentiated into rhree distinct groups, as classified in Table 4, 4
multiple regression analysis showed that the most relevant factors to
absorption are physical cnes, The agronomic characteristics that are
significant for water absorption include bean registance to common
mosaic virus and rust.

Effect of planting time on protein content

A study was bhegun din Palmira in 1985 B and 1986 A wusing 22
materials from group 70. The results from these preliminary trials
indicate that planting time has a tremendous effect on protein
content, therefore, the experiment will be continued through sgeveral
more planting seasons.

Effect of site and planting time on acceptability characteristics of
Rajo 70 and Ro’o de Seda

Results from plantings of these two materials in Palmira,
Restrepe and Quilichao indicate that site is strongly correiated to
grain hardness, absorption of water and cooking time. The planting
gite at Restrepo produced the hardest, least absorbing and longest
cocking beans. Seed harvested from the Palmira site were softest,
most absorbing, and needed the last amount of cooking. Harvested seed
from Quilichao had c<haracteristics between these two extremes, In
comparing Rojo 70 with Rojo de Beda, it was found that Rojo 70 had a
higher percentage of hard seed; absorbed less water; had highest
cooking time; and, lower percentage of golids in the broth; than did
Rojo de Seda, in all three sites.

Effect of wvariety, planting time, and site on acceptability charac~
teristics

Twenty-nine materials were evaluated for this study, in Palmira
and Popavan. A strong effect of site was observed on percentage of
water absorption, cooking time, percentage of hard seed, and percent-
age of solids in broth. Results from other studies on effect of site
on protein content were also corraborated. The Palmira site produced
materials with better acceptability characteristics than did the
Popayan site.
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Joint CIAY-Italian Natiomal Nutrition Institute project

A three vyear project was begun in 1986 to study tannins, fiber
and other factors responsible for the low digestibility of beans., The
first stapge of this project was initiated in October 1986 with the
selection of materials for the study from 120 special lines that were
produced in 1986 A in Palmira. An evaluation of digestibiliry "in
vitro" is planned for all materials to be sent to Rome.

Advarces in automatiec Mattson cookers

The construction and evaluation of a new prototype Mattson cooker
was initiated this vear, with the obiective of increasing laboratory
efficiency. This new cooker will glve more precise measurements, and
better test sampling in a shorter time, while being safer for techni-
cians, It will also facilitate kinetic studied of the cooking process
with in turn will perwmit more efficlent investigations into important
toples inecluding sample variability.
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Tahle 1, Average protein values and percentage of sclids in broth
by grain color.

Mean protein content Mean percentage of golids

Color {(N=1109) in broth (N=913%)
White 25.82° 9.00°
Cream 2&s2éab ID.Gﬁab
Yellow 23,667 10.002P
Maroon 24,0470 30,3087
Pink 23,1790 8.60°
Red 23,90%P 9.80%P
Purple 23.19° 8.00°
Other (grey, etc.) 25.08ab .
Black 24,0777 11.90%

Values with the same letter are not significantly different at the

P=,005 level according to Duncan's Multiple Range Test,

Table 2. Average cooking times} percentage water absorption and

percentage zolids in broth by seed coat brilliance.

Mean percentage solids

Mean cooking time Mean percentage absorption in broth
Brilliance {N=918) {N=028} {N=915)
Opaque 23,90" 99.40% 10.30°
Semibrilliant 24.,90° 97.80° 9.60"
Brilliant 25.40% 89.80° 9.40°
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Table 3. Average cooking time; percentage of water absorption; and, percentage of

golids in cooking broth by seed size (weight per 100 geeds).

Mean cooking time Mean percentage ahsorption Mean percentage of
sclids in broth
Sample size (N=918) (N=928) (N=915)
25 g 24 ,20° 90.80% 10.60% §
25-40 g 24,50 96. 20" 9.60° 5
40 g 27,307 101.50° 8.30°

L b e

Table 4, Classification and important factors in water abseorption process by

various materials,.

Group of Behavior ?
materials Initial (15 min) Final (24h) Most important factors for
{% Abs.water) (% Abs. water) each group
1 Normal { 10%)  High ( 110%) ;
2 Low 5%) Normal {100-110%) 5
3 High ( 15%) Low ( 105%) Grain hardness, tannins, %

grain hardness, grain weight,

% fiber 1in seed coat %
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(JAMAPA x  PI3I10797) X
9 3 mg/g 14.2 mg/g ¢

(JIN1C 4
8.0 ma/g

(NEP-2 x CUILAPA 72)  { POMPADOUR CHECA ¥ FFi213-1D)

0.34 mg/g 6.33 mg/g 11.0 ma/g i 77
(BAT 1061 % BAT 1225)
0.34 mg/qg L 11.30 me/g
PANAD
0,34 MG/G

FIGURE 1. The inheritability of tanmin levels. Geneclogy of PAN 40

material.
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10, Snap Beans

Snap bean Improvement at CIAT bhas been carrvied ocut collaborative-
ly with Washington State University (Dr. M, Silbernagel) since 1983.
The principal objective of snap bean Improvement has been to incorpo-
rate disease resistance and tropical adaptation from the dry bean im-
provement programs into green beans, The quality attributes scught
are stringless pods with either pencil or flat shape. An international
adaptation nursery of advanced lines of snap beans was distributed to
14 countries in 1986, including countries in Asia, Africa, Europe and
America. The current nursery c¢ounsists of 204 bush 1lines, and 32
climbing lines.

Results have been obtained from Iran, Bulgaria, UBA, Puerto Rico,
Argentina and Colombia. In Bulgaria {(Maritza Institute for Vegetable
Crops) 109 bush lines were selected for further- testing. 1In Argentina
(INTA, Ta Consulta, Mendoza) the best line was HAB 113, but a total of
84 bush and elimbing lines were gelected for further trials., In Table
1, the characteristiecs of the lines which had favorable evaluations in
three or more locations are shown. All of these were determinate bush
types {growth habit I). There were far more bush types than climbers
in the trial, and the climbers possibly show more specific adaptation.
All lines were resistant to BCMV, and all were gither intermediate or
resistant to rust in Colombia, where there is a wide range of races
present. Some were intermediate to anthracncse iIn Popavan, where
relatively wvirulent vraces, including kappa and delta, are present.
Very few showed tolerance to common bacterial blight (CBB). Further
work will be needed to improve the resistance to these last two
diseases. The locations from which results have been obtzined were
diverse, and yet HAB 63 was selected in five out of six locations.

in collaboration with ICA, Colombia, a regional trial of bush and
clinbing snap bean lines was distributed in 1986, consisting of 19
bush lines and 14 c¢limbing lines. Results from six trials planted in
Dagua, near Cali, show that anthracnose is particularly important in
this area, and resistance was shown by all the climbing lines, of
which the best were HAB 208, HAB 214, HABR 232, HAB 234, HAB 235, and
HABR 236, Reslistance to anthracnose was shown by bush lines HAB 87,
HAB 141 and HAB 173, and these lines are also resistant £o rust and
BCMV, Farmers have shown interest in obtaining more seed of these
lines,
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Table !, Characteristics of snap bean lines which were selected in
three or more locations.

Location Growth Seed
1 2 3 4 5 6 Habit Color BCMY  Rust CBE Anthracnose
HAB 4 * # * I 1 N R 5 8
HAB 16 # * * H 8 N I A I
HAB 19 * * LI I B N I s 5
HAR 20 * L 1 8 N I I 1
HAR 27 * * % 1 8 N 1 5 -
HAR 29 * L I 3 N I s 8
HAB 30 0k & I 8 N R 8 -
HAB 41 ® * % 1 1 N |:4 s I
HAB 43 * * * ok 1 9 N R 8 8
EAB 54 # LI I 8 N I 8 8
HAB 63 * * & % % 1 8 N 4 5 5
HAE &6 ® x  % I 1 N R s I
HAR 57 * & % 1 1 N R 8 S
HAR 84 * * k% I 1 N R 8 S
HAB 97 * * x % I 1 ¥ R g 8
HAB 103 * * K I 1 N R s 5
HAE 104 * * & 1 1 N R S 5
HAB 108 * % % I 1 N T 8 )
HAB 132 * * & I 1 N R 8 I
HAR 141 * % % I 1 N R I I
HAB 148 & % * I L N R 3 1
HAB 174 * ok * T i N R s 1
HAB 180 * * * I 1 N R 5 8
HAB 183 * * 1 1 N R 8 I
HAB 191 % k& I 1 N R 5 S
HAB 195 % * * I 1 N R 5 I
Locations ¢ | = Palmira, Colombia

2 = Progser, USA

3 = Mendoza, Argentina

4 = Karaj, Iran

5 = Plovdiv, Bulgaria

6 = Mavaguez, Puerte Rico

Sites where a particular line performed well are marked with an aster—
igk (#)

Seed color : 1 white, 8 = black, 9 = other ecolors (dark),

BCMV : N = resistance due to presence of dominant I {pecrosis) gene.

Other diseases: R = resistant; I = intermediate; § = susceptible,
evaluated in the 1985 VEF pursery in Colombia,
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C. Evaluation in Uniform Nurseries

The three~stage progeny evaluatlon program tested 1902 materials
in 1986, of which 67.4% were new entries, The distribution of these
materials among the nurseries was as follows:

First stage (VEF):1282 entries
Second stape (EP)Y: 435 entries
Third stage (IBYAN): 185 entries

Table 1 shows the number of sets of these nurseries distributed
to different countries during 1986. Cowplete information of the per-
formance of all entries in each nursery 1is publighed every year in
VEF, EP, and IBYAN reports, available at CIAT.

1. VEF

1282 entries were distributed in 10 groups according to seed col-
or and size, growth habit {(climbing and bush) and climatic adaptation
(for climbers only). Table 2 shows the frequency of lines within each
group with resistant or Intermediate reaction teo the five wmost
widespread diseases in beans. The frequency of growth habits and days
to maturity within each group are recorded in Table 3, The highest
vielding lines within each group with the best combination of
performance with regard to the major diseases present in our main
Colombian testing sites are shown In Table 4,

Z. EP

From the 1451 entries tested in the 1985 VEF, 435 were selected
for evaluation in the 1986 EPF. ULines were grouped according to growth
habit, seed size and commercial grain type, Complete data on all
evaluations iIneluding vield are shown in the separate yearly
publications. Best yielders bush lines in Palmira and Popayan are
shown in Tables 5 and & respectively. Climbing linmes were divided
according to their climatic adaptation; results for the small-seeded
lines adapted to medium climates ave shown in Table 7. Tlarge seeded
climbing lines for cool climates were tested in Ric WNegro and the
results are shown in Table 8,

3. IBYAN

This report includes the results of the 1986 IBYAN trials
conducted in Colombia and a summary of the worldwide results of the
1985 1BYAN.
1985 IBYANW

In 1985, 280 trials were distributed. The outstanding lines by
market eclasses are shown in Table 9.

17%
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1986 IBYAN

Nurseries were formed considering market classes; 140 nurseries
were dispatched to 26 countries, The present report only includes re-
sults from the trials planted during the first semester of 1986 in
Colombia {Table 10, 11},
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Table 1. Wumber of sets of international nurseries (VEF-EP-IBYAN)
dispatched during 1986 to different countries.

COUNTRIES

No.

of sets

IBYAN

Ep

VEF

Angola
Argentina
ustria
Belize
Bolivia
Bulgaria
Burundi
Brazil
Celombia

Costa Rica
c Cuba
yprus
Ecuador
Ethiopia

El Salvador
Philigpineﬁ
rance

Guatemala
Greace

Haiti
Honduras
Italy
Kenva
Mauritius
Martinique
Mozambique
Mexico
¥icaragua
VNew Zealand
Panama
Peru

German Dem. Rep.
Rwanda
Rep. of South Africa

s

Yenezuela
Zambia

Total
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18
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Table 2. Number of bean entries in the 1986 VEF with resistant (R} or intermediate (I)

reaction to rust, anthracncse, angular leaf spot, common bacterial blight and a

necrotic (N) or mottled (M) reaction to bean common mosaic virus.
GROUP TOTAL Rust CBB ANTR ALS BOM

Lines R I I R i R I L] M

Black 10 115 1 9 9 3 7 - 10 10 2
Small red 20 131 12 11 22 16 7 1 22 23 17
Med/large red 25 175 62 z 64 &7 17 - 64 64 66
Small white 30 184 6 18 24 10 14 1 23 24 8
Large white 35 g 1 - 1 - 1 - 1 1 -
S N Coast of Pacific 40 8 1 2 3 - 3 - 3 3 2
Mexican Highlands 45 125 15 5¢ 65 50 15 - 65 65 3
Brazilian 50 234 6 77 83 56 27 - 83 83 7
Climbing~warm climate 70 18 - 4 4 4 - = 4 4 10
Climbing~coel climate 85 283 3 17 20 19 1 1’ 19 20 241




Asain

oy Lot

S ———

Table 3. Number of bean entries in the 1986 VEF within each group

acrording to growth habit

and maturicy.

Group Growth habit Days to physiologlce maturity
No, I 11 11t v 65 65-75 76-85 95
10 - 105 7 - 1 113 - -
20 - 94 37 - 18 113 - -
25 142 30 3 - 2 166 4 -
30 65 a8 19 - iz 168 4 -
35 9 - - - - 9 - -
40 4 3 1 - 1 7 - -
45 3 65 57 - - 109 14 -
50 5 176 53 - 5 208 17 -
70 - - - - - - - -
85 - - 21 262 - - - 283
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Table 4. Yield (kg/ha) and main characteristics of some outstanding lines in the 1986 VEF

within each group.

Line Habit g/100 seeds Maturity Yield Rust CBB
Black-gmall-bush

NAG 191 2A 20 71 1686 ) 5
XAN 211 2B 22 71 1667 1 1
NAG 199 3 23 70 1502 1 1
Red-gmall-bush

RABR 367 2B 20 66 1606 1 5
RAR 360 3 25 70 1552 1 1
RAB 395 3 40 17 1112 1 1
Red, pink, red mottled-medium, large-bush

AFR 289 1 51 71 1378 R 3
AFR 313 2B 51 7z 1413 R 1
AND 419 3 40 77 1112 R 1
White-small-~bush

PaAN 183 2B 17 68 1309 1 8
PAN 179 3 40 74 1244 1 1
Mexican Types-medium-bush

TY 33474 2B 30 71 1326 K 1
MX 2300-22 3 3z 71 1575 1 1
Brazilian types-small-bush

TY 338B8-2 2A 22 71 1604 8 1
BZ 4578-1 3 21 71 1852 R S
BZ 1358-8 3 23 72 1745 8 1
Red, cream, mottled-large-climbing-root climates

AND 433 3A 52 135 4793 1 1
AND 614 3B 449 135 4265 R 5
AND 476 LA 61 135 6598 1 b
TAS~1-89 4B 55 143 6018 1 1

et 013 et

et o

g 93]

5

i v

ok et ot ok pt ot

ot 222

ot ot

et o ot




i b

e o Bl -

rminn e ome e bl e sy s e b v

.

I o e okt Bk P g R A A1

o e S Rt e

Table 5. Average vield (kg/ha) of the bush lines
Colowbia, 1986 EP. Semester A.

tested 1n Palmira,

Small Seeded Entries

Blacks Cream
Africa 104 2872
G 17660 2533
Jamapa (¢} 2147

W

EMP 169 1997
AFR 102 1580
Carjoca (¢) 1597

Mean {(n=36) 2061 Mean (n=15}) 1284
Lsh, 147 LSD. 140
cv 18 cy 03 28
Reds: Type Il Reds: Type III

RAB 298 1795
RAB 332 1793

RAB 285 2122
RAB 314 1935

A 21 (63 968 A 21 (&) 1251
Mean (n=20) 1288 Mean (n=16) 1425
L.5D a7 LSsh, 197
cv' 03 26 v » 26

Large and Medium seeded entries

Red/pink: solid and mottled

Medium seeded entries

Large seeded entries

Africa 158 2570
Ica 15111 2459
AND 311 2428

AND 260 2023
ARD 361 1998
AND 276 1920

Checks: Checks:

BAT 1297 2379
Calima 1712

sam. P p——

BAT 1297 2195
Calima 1346

s 4 e o

Mean {(n=49) 1626 (n=42) 1443
LSﬁ,05 124 110
cv 26 24

177

s



Table 6. Average yield (kg/ha) of the bush lines tested in Popayan,

Colombia, 1986 EP. Semester A.

Small seeded entries

Blacks Cream
NAG 124 2299 EMP 169 2066
NAG 121 2260 AFR 80 1846
Jamapa (c) 2147 Carioca (¢} 1265
Mean {(n=36} 1837 {(n=16) 1284
LED 55 87. 126.1
cy - 11 28
Reds: Type II Reds: Type II1
RAB 332 1693 EMP 155 1699
RAE 288 1632 RAB 308 1581
A 21 (o) 1419 A 21 {} 1328
Mean (n=203 1372 {n=16) 1341
cy 12 11
Small White; Types 11 ~I1IL Type Ila
PAN 135 2037 VF2 162 290
BLM 14 1863 PAN 118 1845
Ex Rico 23 (c) 1682 Ex Rico 23 {(¢&) 797
Mean {(n=16} 1494 {n=30) 1574
LSD gs 138 76
oy 240 i5

Yellow ~ Light tan

Medium seeded entries

TEAN 3] 2126

BAN 42 2083

Mayocoba (&) 1976

Mean (n=25) 1412

LSh 05 87

cy 32
¢ = check
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Table 7. Average vield {kg/ha} of the climbing large-seeded lines for
cool climates. 1986 EP., Rio Negro, Antioquia.

T.INE YIELD LINE YIELD

AFR 239 2611 AFR 54 2034

AFR 142 2586 AFR 64 1864

AFR 227 2321 AFR 58 1801

Check: Rojo 70 2010 20186
Mean (n=28) 1683 {(n=42) 1562
Lsn.OS 176 85

cv 32 22
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Table 8. Average vield (kg/ha) of the climbing large-seeded lines for cool climates., 1986 EP. Rio Negro,

Antioquia.

LIRE YIELD LINE YIELD LINE YIELD LINE YIELD LINE YIELD

AND 231 5550 AND 135 5164 ZAaV 106 4861 ZAV 23 5647 ZAV 64 5846
AND 221 5163 AND 160 4701 ZAV 85 4847 Z4av 12 5562 ZAV 204 5840
AND 5 5101 AWD 257 4553 ZAV 206 5771 ZAV 98 53502 ZAV 87 5434
AND 224 5012 AND 243 4553 ZAV 140 4763 ZAV 163 5330 24V 101 5432

24V 221 4549 ZAV 154 5298

Check: ICA VIBORAL 3696 3064 4460 4589 4450
Mean {(n=24} 40753 {n=36) 3655 {n=18) 4216 {(n=47} 4367 {(n=33) 4370
18D 05 268 206 207 213 202
cy 18 20 12 1] 17
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Table 9. Yield (kg/ha) of the top three lines in the 1985 IRYAN
within each group of market classes.

_ No. of
CLASS LINE YIELD X LSD.05 cv Sites
Black Type Ila NAG 13 2218
NAG 12 2064
Jamapa 2044 1976  182.7 13.4 16
{n=13)
Type II1 NAG 28 2082
BAT 304 2044
NAG 81 2037 107  234.2 1B.3 1l
{n=15)
Small Reds RAB 102 2239
XAN 155 2222
RAB 128 2174 1919 225 18.3 9
Red Kidney PvA 1097 1365
PVA 1435 1360
PYA 1117 1315 1226 18,27 15.9 9
{n=18)
Red Mottled:
Warm climate PVA 340 1677
PVA 1216 1626
PVA 774 1578 1416 180 15.1 8
{(n=18)
Medium climate PVA 1025 1533
PVA 773 1500
PVA 1374 1461 1349  259.8 17,3 6
{n=17)
Small White XAN 134 1924
BAT 1715 1788
BAT 1712 1757 1577 476.C  24.9 6
{n=12)
Large White WAFS 1331
WAF14 1276
WAF7 1175 927  291.0 22.6 5
{n=19}
WAFO 1894
WAFl4 1569
WAF 16 1452 1280  569.0 24.8 7
(n=20}
Ojo de Cabra/Bavos ZAV B306 2486
MAM 7 2428
ZAV 8314 2379 2149 605.4 12.0 4

(n=14})
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Table 10, Yield (kg/ha) of the most
Palmira. Semester A,

cutstanding bush lines in 1986 IBYAN within

each class of beans.

CLASS LINE TOCAL LONG YIELD X L5b 05 cv
CHECK TERM CHECK *

Black WAC 98 BAT 271 Jamapa 982 1007 567 34
DOR 227

Smail Reds: IIa RAB 175 Zamorano A 21 1085 947 543 33
RAE 244

IT RAB 211 Zamorano A 21 1138 1075 449 28
RAB 251

111 RACG 33 Zamorano A 2] 1629 1430 501 21
RAB 201

Red Kidney 2&%1é0§ Calima BAT 1297 857 776 233 18

Sugar & Cranberry PVA 80CB Calima BAT 1297 401 732 263 22
BVA 3025

Small Red mottled PAT & Calima BAT 1297 1218 1206 as2 18
PAL 127

Large Red Mottled FVA 844 Calima BAT 1297 1630 1168 384 20
PVA 846

NAVY PAN 65 BAT 482 Ex Rico 23 780 856 422 30
PAN 82

Peruano Ahome 997-CR73 Mavocoba 609 776 435 33
G 13094

Jale —- 0jo de Cabra COS 4 A 445 A 321 1638 1016 523 a0
Cos 5

BAYO BAN 33 Brasil 2 Titan 1284 822 400 29
BAN 28

Rosinha RIZ 45 A 295 IPA 7419 1304 1450 522 21

EMP 143
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Table 11. Yield (kg/ha} of the most outstanding bush lines in 1986 IBYAN within each class of

beans, Popayan. Semester A4,

CLASS LINE  YIELD LOCAL YIELD LONG YIELD X LSD g CV
CHECK TERM CHECK. .

Black DOR 241 2393 BAT 527 1719 Jamapa 1915 1841 482 16
NAC 98  235(

Small Red: I1 a  RAB 244 1971 Zamorano 1516 A 21 1418 1567 224 8
RAB 210 1851

IT RAB 211 1905 Zamorano 1608 A 21 1731 1666 572 21
RAE 230 1994

111 RAB 201 2055 Zamorano 1332 A 21 1462 1543 416 16
RIZ 53 1688

Red Kidney 7AA 64 1967 Calima 1715 BAT 1297 1696 1527 102 12
ZAA 105 1777

Sugar & Cranberry PVA 800A 1905 Calima 1547 EAT 1297 1518 1529 348 14
PVA 1384 1838

Small Red-Mottled o TAT 5 %éé? Calima 1414 BAT 1297 1637 1794 251 8

Large Red-Mottled PVA 3026 1593 Calima 1248 BAT 1297 1272 1234 284 14
PVA 844 1460

Navy PAN 87 1711 RAT 482 1284 Ex Rico 23 1560 1323 368 17
PAN 72 1605

Peruano G 13094 1603 997~CH73 1824 Mayocoba 1388 1395 447 17

£me

Jalo/0jo de Cabra 953 %ggg A 485 1693 A 321 2089 1311 260 12

BAYO BAN 33 1974 Brasil? 1719 Titan 1310 1347 552 25
BAN 28 1097

Rosinha RIZ 32 2370 A 295 1386 TPA 7419 1758 1713 588 21
RiZ 46 1961
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D. Regional Activities
1 Central America and the Caribbean

The Central Americam and Caribbean Bean Project is financed by
COSUDE and covers tropical Mexico and Panema as well. In 1986, the
project placed greater emphasis on transferring technology generated
by the national programs to the farmers, through efficient on-farm
regearch, I[ICA and ICTA in Guatemals continue to give invaluable lo-
gistic support toe the project.

In 1986, the participating project countries assumed leadership
of the technological research directed at solving the problems of bean
production in the region, An efficient network of information and
material on beans was Fformed, and was furthered by active exchanges
between the countries.

Research into Bean Golden Mosaie Virus continued to be led by
Guatemala in conjunction with Mexico, El Salvador and the Dominican
Republic; Apion research was led by Honduras, with the assistance of
Guatemala, El Salvador, Mexico and Wicaragua; Honduras also headed
slug research in collaboration with the Escuela Agricola Panamericanaj
web blight was the responsibility of Costa Rica and the Dominican
Republic, Guatemala and Panama; Common Bacterial Blight research was
directed by Cuba; and, on-farm research trials were led by ElL
Salvador, Honduras and the Dominican Republic.

National programs continued to exchange sclentific persomnel
through participation iIn courses offered by the various countries, and
exchanges were encouraged also in an attempt to minimize work method-
ology differences among the participating nations of the project.

The network has been reinforced substantially by workshops aimed
at analyzing results from the Adaptation Nurseries 1In the Caribbean
and Central America. Courses were oriented towards the training of
on-farm researchers to ease technology transfer between natlonal pro-
grams and farmers. A strategy for iIncreasing seed production was ini-
tiated with a pilot course on the use of "artesanal" (farmer-produced)
seed, Project leaders were scientists from the training and service
sections of national programs. Wational program leaders held meetings
toe discuss research results and to plan future research.

During this year, materials more tolerant to web blight were
produced by Costa Rica's Inter-Institutional Bean Program. A new
variety was released to the farmers under the name Cariari, Guatemala
produced an early variety shown to be more tolerant to BGMV than ICTA
Quetzal or ICTA Tazumal, and it was given the name ICTA Ostua. Costa
Rica and Cuba adopted two varieties this year - Wegro Huasteco and
Centa Tazumal - and in the Huasteca region of Mexico, the variety
Negro Buasteco 81 was widely adopted by the farmers over a traditional
variety, Jamapa.

To aid the countries 1in production of basic seed, large
quantities of seed were sent to Dominican Republic, Cuba, Honduras and
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£l Salvador. Economic studies in Guoatemala indicate that the best
varieties for the southeast were adopted by farmers for use in Feten
but their use was limited by the lack of seed. In Honduras and El1
Salvador, new lines about to be sent to the farmers will not have
commercialization problems and will be readily accepted by the consum-
erg, Costa Rica became an exporter of beans for the first time this
year, in both beans for consumption and in basic and certified seed.

Investigation activities

APTON

For varlous reasons, the Central American Network of Apion Re-
search folded in 1984/85., A reconstruction of the network was begun
by CIAT's Bean Program entomologist. Three technicians from
Guatemala, Nicaragua and El1 Salvador were sent to CIAT for training in
Apion. These technicians helped prepare six sets of seed from the
International Apion Rursery, two of which will be planted in
Guatemala, two in Honduras, and one each in Fl Salvador ard Nicaragua.
These nurgeries have not yet been evaluated.

A technician from Honduras was named to head up the Aplon re-
search for the region. His team has planted the following trials:

}.  International Apion Nursery (climbers)

2. International Apion Nursery (bush beans)

3. Effect of planting date on resistance to Apion

4. Effect of plant distribution on resistance to Apion

5. Evaluation of damage caused by Apion in resistant and susceptible
varietles

&. Comparison of sampling methods for Apion research

7. Study of Aplon phenology

These trials were to be ready for evaluation in January, 1987,
Nevertheless, it should be emphasized that dn sgpite of the a-
forementioned problems, promising, well-adapted materials were found
in a new family of crosses derived from G 13614, G 3324, G 3336, and G
3585, If Apion resistance can be found in these highly adapted lines,
it would be a significant achilevement.

BEAN GOLDEN MOSAYIC VIRUS

This year crosses made between parents A 429, DOR 302, and DOR
303, (different from the traditional sources of resilstance-Porrilloe
70, Porrillo Sintetico and Turrialba 1}, produced lines showing true
regsistance to this disease. These rtesistant materials were
incorporated not only into black, red, mottled, canary and other seed,
but also into materials of Interest for countries outside the Central
American region (e. g., Brazil). ICTA released a new variety called
ICTA Ostua (ICTA 81-53) that 1s more tolerant to BGMV than lines
released in 1579. ICTA Ostua also has the advantage of being early
and tolerant to web blight.
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The materials showing resistance in Guatemala have shown
tolerance in the Dominican Republic, El Salvador and Mexico, New ma-
terials even more resistant to BGMY have been found, and will be used
as parents in future crosses. A total of 765 lines including Pinto,
Red Kidney, Great Worthern, Red Mexican, and other promising types
were evaluated in Monjas, Guatemala and Los Mechis, Mexico. From this
group, 108 were selected in both locatioens for their tolerance (good
pod production} although none of the entries was resistant. In the
second planting, 895 entries from the Germplasm Bank were tested under
heavy disease pressure. Results showed that in terms of foliar
symptoms, the best lines were Tejano (G 13744), Pinto Americano (G
13703, G 16100), Gentry. 22051 (G 2274), and Garrapatos (G 16059 and G
16065). This last entry is one of the progenitors of A 423, which
traditionally has had good BGMV resistance and adaptation te the
tropics. Other genotypes showed a tolerant reaction (severe foliar
symptoms but considerable pod production)., Tolerant Habit 1 Ilines
included G 14, G 121, G 122, G 254, G 426, G B45, G 648, G 650, & 655,
G 719, G 1935, € 4538, G 4450, ¢ 5125, G 5129, G 5724, G 5746, G
1008z, G 10085, G 10087, G 10088, G 10088, G 10090, G 10093, G 10094,
¢ 10105, G 10106, ¢ 10345, G 11867, G 13848, G 14045, G 14057, G
14678, and G 16102, Tolerant Habit IT and TI1 lines included G 404, G
1058, ¢ L3591, G 13593, G 15599 and G 16246.

All rthese mnew materials are being utilized in the crossing
program for production of resistant and well-adapted mottled, canary,
M"azufrado', small red, black, and large red bean types.

WER BLIGHT

Evaluations of large numbers of gegregating populations have con-
tinued in Costa Rica. Many of these populations have shown high tol-
erance to web blight and good adaptability te the region, and some of
these populations (black as well as red) have proven superior to the
leading tolerant check, Talamanca. Evaluations of two red seeded
VEFs: two red seeded VPNs; and four VIMs were conducted. Furthermore,
200 cultivars (criollos) and 1000 new entries to the germplasm bank
(BG 941-BG 2000) were planted. Five materials were selected from
thege: BRG 1215; BG 11893 BG 1223; BG 1247 and BG 1260,

The fellowing is & summary of materials screened 1in the web
blight nursery in 1986,

1. F2 populations: 58 populations were delivered from CIAT with the
purpose of didentifying transgressive segregants. Of these, the
following were noted as beinpg particularly promising:

RAC 2 (Chorotega) x BAT 1235 NAG 116 x Talamanca
Talamanca x MUS 14 NAG 130 x DOR 60
DOR A0 x A 220 NAG 130 x U 81-31
NAG 12 x T 883..2 MUS 6 x RAC 27

MUS 11 x L 883-2 PATI 114 x MUS 15

T. 81-31 x WAG 12 BAT 1449 x RAQ 2
Talamanca x WAG 12 WAG 12 x RAO 27
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Fifty-two F, families pre-selected for BCMV resistance in CIAT
and delivered for evaluation in Costa Rica and Guatemala, Of
these, progeny of CENTA Tzalco, and some of Orgulloso were egpe-
cially promising.

Selections from Adaptation Nurseries (VAs)., Noteworthy were RABs
49, 50, 58, 96, 220, 312, 359, 408, and 434,

CIAT's red seeded VEF. Here BRUs 16 and 23 were very good.

In a preliminary screening of lines from the Elite BGMV Nursery,
Garrapatos, Gentry 22051, Aguascalientes, G 14957, Pinto
Americano, Local Kidney JPN, G 14465, and ICTA Ostua presented a
favorable web blight reaction.

International Web Blight Nursery (VIM)}: Standouts in Costa Rica,
Guatemala and/or the Dominican Republic included many selected
last year among advanced lines sereened in the breeding nursery,
including MUS Lines 3, 28, 29, 33 and 34; XAW 222, 224, 226 and
2283 NXHC 10321-7-M (MUS 50), HT 7719-5-2 (MUS 47), HT 7700-1-M
(MUS 523, RAB 128, A 237, HT 7716 (MUS 46), BAT 450, NWAG 20, and
ICTA Ostua. The following table presents the best lines of the
VIM baged on vield and disease severity:
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Line Severity Yield Gr/Parcel
1.2 mts.2
Mes 37 5.50 80.4
HT 7700 5.50 77.4
XAN 205 5.50 74.2
A-237 5.75 75.1
RAB 73 5.75 63.4
XAN 225 5.75 52.8
MUS 30 5.75 44,5
MUS 33 5.75 34.2
RAB 377 5.75 3z.1
XAN 222 6,00 8.6
HT 7719-5-2-M 5,00 67.7
XAN 176 65.00 65.9
RAB 408 6.00 65.9
BAT 450 6.00 64,1
ICTA B83~2~-M 6,00 84,8
HT 7716 6.00 48.8
XAN 197 6.00 47.3
NEGRQ HUASTECO 6.00 45.2
NAG 20 6,00 44.3
ORGULLOSC 6.00 31.9
MUs 29 6.00 29,2
MUS 36 6.00 29,1
TALAMANCA (TOLERANT} 6.10 37.9
BAT 1155 (SUSCEPTIRLE) 8,00 9.3
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With so many promising materials it is evident that a more crit-
ical evaluation 1s necessary to distinguish the best lines.
Recommendationz from the International Web Blight Workshop {(November
1986} suggested vield studies of the best materisls under moderate
disease pressure across several environments, in order to better
discriminate superior genotypes based on yield.

Trials were also conducted on cultural disease control methods,
such as crop rotation, planting density, and the use of varving plant-
ing distances In hillocks versus rows. The benefits inherent in the
"hillock planting"” were clearly demonstrated by higher vield and
greater tolerance to web blight. Hillock planting permlits greater
aeration and better drainage.

Regearch on the effect of herbicides on muleh formation
continued, as did studies on the interaction between herhicides and
the pathogen (Thanatophorus cucumeris).

Studies on tin-based fungicides 1ike Bupertin (48%), Brestan
(60%) and Duter {(40%), showed that all three of these were superior to
the traditionally used Benlate. These studles also determined ideal
application rates for these fungicides. Benlate and Supertin are be~
ing compared for thelr utility against systemic fungal infections.
Trials have shown promising results from two soil-applied fungicides,
tolecofloxmethyl {(Rhizolex) and PCNB, which reduce initial incculum
levels,

The most important observatlion regarding integrated contrel is
that farmers are beginning to adopt the system, and that Inexpensive
fungicides with low tin levels were superior to the more traditional
and expensive product, Benomyl, in commercial bean growing plots.
This finding will permit a 25% reduetion din the cost of disease
controel for web blight.

SLUG CONTROL

Studies were continued on developing wmetheds for eliminating
slugs and included testing the usefulness of a pelletized bait of
maize mixed with Sevin, Dipterex, or Lannate and bicarbonate of soda
{(as a fermentation inhibitor). This bait has been tested in on-farm
trials and in large demonstration plots, and farmers have already been
encountered adopting this technology.

Identification of screening sites in Colombia relevant to Central
America

The 1985 Annual Report included a study on genotype X environment
interaction based on some 15 enviromments in Colombia and Central

America,
This study included 27 genotypes representing both bred and land

race materials. This study has been continued in both Central America
and Colombia, in order to confirm previously obtained results, and to
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more finely tune environments in CIAT to correlate better with Central
American environments.

Tests were conducted in Santander de Quilichao under lower fer-
tility conditions than previously used, as well as In two sites 1n
Costa Rica, one of which was under moderate fertility stress. This
discusgion focuges on correlatlons among experiments which could be
considered to have a degree of fertility stress (particularly low P).
These experiments were conducted in Guatemala (2), Costa Rica (1) and
Santander (1) {(Table l}. Only one correlation was significant among
a1l experiment results from these three sites, Santander (with low
fertility) correlated with only one of the low fertility sites in Cen-
tral America (one iIn Guatemala) However, the Santander low fertilicy
site correlated fairly well with the Santander high fertility site in
the same season (r = 43%), and these two studies showed practically
the same pattern of correlations with other sites. In other words, in
these studies, response to soil fertility did pot seem to be an over-
riding factor in determining adaptation, even though several land race
genotypes were iIncluded, which were thought to be relatively better
adapted to poor soill conditiens, It is worth mentioning that low fer-
tility experiments often suffer more disease pressure, probably dues to
the host's predisposition to the pathogen, and differential response
to pathogens will mask the effects of low soll fertility. This has
important implications for all work done under low fertility.

This study will continue to search for the best combination of

site, fertility level etc. in Colombia to match that of Central Ameri-
can sites,

and two high fertility regimes (extracted in part from CIAT Amual Report, 1985).

Table 1. Correlations betseen vields of 27 genotypes in four low to moderate fertility regimes,

CliA-1-M CUA-2-R BOC~2-% STO-2-M STQm2-M ST 1M
(AlA-1-M .30 .30 .12 .33 W32
CUA-2-R .15 S R .04
BDC-2-M -, 11 .02 .25
STQ-2-M (low) A -.19
STQ-2-M (high) .25
STO-1-M (high?
X, yield, kg/ha B9 LAl 93 1.31 2.16 1.41
Experiments with low to moderate fertility Fxperiments with
high fertility

* BDC-2-M = Brisas del Cajon, Costa Rica, in second season in monoculture,
1985 for explanation of other gites.
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Nurgeries

Meetings held in 1986 with the national programs of the project
countries resulted in a crossing program that CIAT will carry out for
the diverse regional subprojects.

In January 1986, representatives from the different national pro-
grams met at IICA in San Jose, Costa Rica te discuss the results of
the 1985 VAs and to plan activitles for 1986. For the first time, in
May 1986, a similar meetlng for the Caribbean countries and Panama was
held at CESDA, Dominican Republic. Partlcipants in both meetings de-
cided to form an adaptation pursery on a regional basis, to be called
VIDAC, The majority of the lines in this nursery will come from the
national programs, whlle some will come from CIAT's improvement pro-
gram. This nursery will permit the growth of horizontal transfer be-
tween partleipating countries according to theilr needs.

Vertical transfer is effected from CIAT, through specific country
projects, or though the VAs and VEFs as well as through the continua-
tion and dispatching of IBYANs.

Adaptation nursery {(VA) Bean team nursery (VEF)

Bean team nurseries (VEFs) were begun this vyear with red and
black grains as well as red climbers and mottles, rather than having
adaptation nurseries. The small red bean VEF has heen sent to Costa
Riea, Nicaragua, Honduras, El Salvador, Guatemala and Cubaj the black
bean VEF has been planted in Guatemala and Costa Rica, Cuba and
Mexico; and the wottled bean VEF has heen planted out in Cuba,
Dominican Republic and Panoma.

VINARs and EPHs

The project collaborated in the preparation of the EPRe (Prelimi-
nary Yield Trials) and VINARs (National Yield Nurseries) with the pro-—
duction and transfer of basic seed to them, Seed was distributed in
the followlng manner:

El Salvador : RAB 203, RAB 58, RABR 204, RAB 213, ZAV 8344,

Honduras : RAB 34, RAR 39, RABR 49, RAB 50, RAB 52, RAB 205, RAB 142

Guatemala: Porrillo 70, Wegro Huasteco 81, XAN 112, HT 7716, HT 1719,
BAT 450, XAN 93, BAT 76, REV. 81, XAW %0, NAG 101, DOR
2271, WAG 97.

Costa Rica: BAT 76, HT 7716, XAN 90, BAT 1449.

Dominican Republic: MCD 251, PAT 11, PAT 6, PAT 9, RIZ 30, PAD 43
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VICARs

A partial analysis was made this year of VICAR Reds 85 and VICAR
blacks 85 from 18 locations and results were sent to the VICAR coordi-
nator in El Salvador, since the PCCMCA meetings were held there that
year. The best yielding red varieties were: RAB 58, RAB 204, RAB 213,
RAB 59, RAB 203 and CENTA IZALCO. All of these were evaluated on-farm
and reached average yields of 1400 kg/ha. The comparison of yields of
red and black varieties shows that the bean program has significantly
improved red varieties which, over the past several years, have always
trailed the blacks in yield by approximately 30-40 percent. It should
be noted that color stability in the red grains was also achileved.

32 VICARs were distributed for planting in 1987 to El1 Salvador,
Nicaragua, Dominican Republic, Mexico, Costa Rica, and Honduras, which
included material for Wational Programs as proposed at the PCCMCA
meeting., These materials were also sent to countries outside the re-
gion, e.g. Venezuela and Costa Rica.

On-farm trials

Seed transmitted diseases are an important cause of low yield in
the majority of bean producing regions of the project where crop pro-
duction problems have been analyzed. Therefore, on-farm research has
emphasized quality improvement of varieties and/or 1lines that have
been selected for disease resistance, wusing appropriate agronomic
practices. Good resistant seed has been found in the following coun-
tries:

GUATEMALA Plantings of the variety ICTA OSTUA were carried out
by extension agents from DIGESA in the first season. Transfer trials
were planted in the Oriente 83, The lowest yield (500 kg/ha) was
obtained from a maize-bean intercrop while the highest (3,400 kg/ha)
was obtained from a monoculture planting.

DIGESA bought 600 pounds of CITA OSTUA from the farmers who had
the best seed from the first season harvest and planted it 1in 66
transfer plots in the second season. The acceptabllity of ICTA OSTUA
to farmers and consumers in these areas is being studied.

A variety trial was planted by ICTA in Peten in which 30 entries
were planted in three sites with three replications. The superiority
of the variety ICTA Tamazulapa under web blight pressure was proven.
ICTA also planted experimental plots with ICTA Tamazulapa. 65% of the
farmers liked this variety, even though yields were somewhat low due
to unfavorable environmental conditions. Farmers wanted to continue
planting ICTA Tamazulapa but it was only available in small quantities
at 5, 10, and 25 1b bags. This was a major obstacle to its
distribution.

Results from three sites with four repetitions show that the
economic return of the best treatments ranged between 60-144 %,
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HONDIRAS, WNine variety trials were planted in five sites: two in
Olancho, one in Talanga, one in Esgperanza, two in Yore and two in
Occidente. Data based on pod load, earliness, and plant health showed
that RAB 205, RAB 50 and, the Honduran Cowmposite Cross (RAR 205 + RAB
50 + RAB 49) all performed very well.

Regional exztension workers supervised the planting of forty ex-
perimental plots in Paraiso with RAR 205 and RAB 50. Although drought
was prevalent, the majority of these plots reszched harvest. Farmers
were satisfied with these two materials, primarily because of their
earliness.

EL. SALVADOR., Trials were conducted in the Central region with
the varieties RAB 204, RAB 213, RAR 58, MMS 10l, Rojo de Seda, and
Centz Tzalco. Farmers' checks were severely attacked by common
bacterial blight and BCMV, MMS 101, Rojo de Seda del Centa, and Centa
Izalco were affected by the two diseases to a lesser degree. RAB 204,
RAB 213 and RAB 58 were less susceptible to "common bacterial blight,
and none showed reaction to BCMV, indicating these lines had an I gene
incorporated into them,

RAR 58 matured late in all regions, and for this reason most of
the harvest was lost. RAB 204 was found to be superlor, and was
planted In validation and demonstration pleots in the second planting
seasomn.

In Santa Cruz Porrille, a study of the following materials was
begun: ICTA 883-2~M, Talamanca, ICTA Cv-85-11, I1¢TA v 85-15, 1ICTA
Tamazulapa, WAG 125, and three red seeded lines, RAB 70, XAN 155, and
RABR 383,

COSTA RICA On-farm trials were planted with black seeded, web
blight teolerant lines that had been shown to be superior to Talamanca
under conditions favorable to anthracnose development, These lines,
which will be released in the near future, are: HT 7719 (Porrillo
Sintetico x BAT 76), and ICTA 883-2-M (ICTA B1-8 x 83). One hundred
pounds of genetic seed from these lines were given to MAG and CNP this
year. Research involving "frijol tapado™ was conducted with the
University. Trials were set up involving four lines -~ RAB 58, RAB 50,
ICTA Pracoz 2 and ICTA Precoz 3, which were superior to Iocal
varleties.

CUBA Evaluations of advanced materials were very effective in
selecting promising lines that will be superior to ICA~Pijao (highly
susceptible to rust) in the near future. Promising lines are : BAT 58
negro (CENTA TAMAZUMAL), BAT 304, negro (BRUNCA), BAT 832 (negro), BAT
518 (negro), ICA 23 (rojo), BAT 482 (blanco) and A& 336 (crema).

Seed multiplication

During this vear, seed was nultiplied and sent out to the
Dominican Republic, Cuba, Nicaragua, Costa Rica, Guatemala, Panama and
Honduras. It 1s hoped that more concrete and effective seed production
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can be implemented to break the bottleneck currently existent in the
transfer of new varleties to the farmers.

Training

In accordance with the needs ¢f national programs, training has
continued in the following forms: reglonal courses, regional country
meetings, workshops, and inter-regional and inter-country exchanges of
sclentific personnel. Participants from 211 the countries i1n the
region have taken part in these training activities. The major thrust
of these sessions has been to train on~farm vesearchers in
three-phased courses emphasizing "learning by doing”. National
institutions were encouraged to give greater support to training by
observing the final results obtained by the course particlpants.

Workshops provided training for 113 technicians from the Project
reglon, and 213 participated in on-farm resgearch training courses de-
slgned to ease the transfer of materials from natlonal programs to the
farmer. On~farm research courses were held at El Salvador, Nicaragua
and Honduras. Courses on bean production orilented toward research,
transfer and promotion of new bean varieties at the farm level, were
held in Costa Rica, Cuba and Mezico. The Project cellaborated with
the Costa Rican program with a course on economic analysis and on—~farm
trials., A course was held in Guatemala on the use of microcomputers
in bean research. In conjunction with CIAT's seed unit, a course on
the promotion of "artesanal" (farmer-produced) seed was carried out in
Guatemala. Teading farmers, as well as regional extension agents,
participated in this course. This course will serve as an example for
the region, by facilitating the production of seed to speed the
adoption of the new varieties,.

Twenty-three technicians from the region attended multi
disciplinary and specialized courses at CIAT, Two Master’s students
from Panama and Guatemala continue theilr research at CIAT, and one
student from Guatemala terminated his work at CIAT and returned home
this year.

The Project facllitated visits of technicians between regional
programs with the aim of receiving training or to familiarize them
with new technigues cor evaluation scales. These exchange visits
promoted collaboration In various specialities between countries.

A workshop was held at CIAT on the methodology for routine eval-
uation of acceptability characteristics of beans. Methods used to
determine these characteristics varies from country to country and, as
standardization would obviously ease information exchange, the
creation of a regional network using similar evaluation methods has
been proposed.

In collaboration with the Secretary of State for Agriculture of
the Dominican Republic, 2 national workshop on web blight was held. A
regional workshop inveolving the interinstitutional team in Costa Rica
(MAG, CNP, VCR, UNA, ONS, and CIAT) was held for Project technicians,
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and sgcientigts from CIAT and the US; during which existing programs
were examined and future plans were made.

An adaptation nursery {VA) workshop was held in January in Costa
Rica and was attended by breeders from Central America. This workshop
established a flow chart for VA materialg on a two vear basis. The
breeders decided to devote 1986 to the evaluation of potential parents
{(crossing blocks and other CIAT nurseries) and existing populations
from regional projects {web blight, Apjon, BGMV, etc}. It was decided
to hold another meeting in September 1987 to program crosses for
advancement to F,., It was agreed that CIAT would maintain and advance
candidates for the VIDAC, the adaptation nursery for Central America.
Tt wes alse decided to devote 1988 top selection, and te have another
VIDAC by 1989 which will be comprised of lines from crosses planned
specifically for Central America. A workshop with similar objectives
was held in the Dominican Republic with the participation of Jamaica,
Haitl, Puerto Rico, Guadalupe and Panama, as the Caribbean bzan
consuming countries. Conclusions reached at this meeting were very
similar to those of the other, except that multiplication of materials
for VIDAC would be done in Puerto Rico.

Coordination Meeting

Coinciding with the PCCMCA meeting, a meeting of the Project co-
ordinators was held in El Salvador and included two participants from
each country. The Coordinater of the bean program in El Salvador
served as the meeting coordinator and discussions were held on future
activities, from the general role of CIAT in the region down to spe-
cific sub-prejects of each country., All participants actively con-
tributed to the decisions made, whether on technclogy generation,
training of Project personnel, or anything else. Participants repre-
sented Mexico, Guatemala, Honduras, WNicaragua, Costa Rica, Pananma,
Dominican Republic and El Salvador.

Project revigion

A team of Swiss scientists along with a CIAT Bean FProgram scien-—
tist evaluated the project to estimate preogress achieved in the re-
gion, Recommendations for a continuation of the Project (with specif~
ic, necessary modifications made to further the evolution of national
programs) was sent to COSUDE,

Future plans

The project will appoint a plant breeder for the region teo aid in
the planning of specific crosses for each national program, and to aid
in the evaluation of materials generated by them. The breeder will be
stationed in Costa Rica.

Training programs will be continued in Costa Rica, El Salvader,
Nicaragua and Honduras. Courses are to be initiated in E1 Salvadox
(zones 1 and 2) and in Dominican Republic. Technicians from CIAT and
from the region will participate in a bean production course held in
Cuba, CIAT'z Seed Unit plans to hold courses in "artesanal® seed
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production im El Salvador and Honduras. An Apion workshop for the
region will be held, and workshops on VA evaluations at the farm/field
level will be held with visits from all the participating Project
countries in Central Awmerica and the Caribbean. The Apilon workshop
will be held in Honduras and the VA workshops in Costa Rica and Cuba,

The Project coordination meeting, along with the PCCMCA meeting,
was to be held in Guatemala in March 1987. An executive committee of
the Project will be formed from the national program coordinators from
the region,

This committee will be responsible for the programming of re-
gearch sub-projecte for each country; will determine the financing of
each subproject; and, will plan the different types of training activ-
ities.

Annual meetings of national programs will be held to better coor-
dinate national research institution activities such as extension,
credit, marketing ete, all of which are important elements inm the pro-
cess of adoption of new materials by the farmers.
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2. Brazil

Close collaboration between CIAT and Brazil continued during
1986, Germplasm development was conducted through evaluating the
jointly developed crosses in Brazil, rather than selecting the fixed
lines in CIAT prior to shipment to Brazil. By the end of 1986, those
segregating populations were iIn the F,~F_ generations, ready for
adaptation trials In several states throughout the country.

Germplasm development for Brazil

The Bean Program in 1986 emphasized yield evaluations of popu~
lations 1in early generations, to facilitate rapid selection of the
better populations £rom which the best lines can be extracted.
Populations were planted in the field using a lattice design with two
replications. One pod per plant was then removed in each season for
further advancement, The subsequent seed from these pods was then
planted out in the three experimental statlons,

Yield potential was emphasized at Palmira, where high technologi-
cal inputs and chemical control were emploved to promote maximum
production,

Fields 4in Quilichao weve fertilized and then inecculated with
bacterial and angular leaf spot pathogens.

Plants in Popayan were inoculated with anthracnese. The best
plants showing a combination of high vield and good disease resistance
will be selected; out of these, further selections will be wade for
commercial grain color. Progeny tests will be done at Quilichao in
1987 A, and selections from these will be bulked and planted in
Quilichao as well as in Palmira to be subsequently evaluated for yileld
and disease resistance. The material ultimately selected will be sent
toe Brazil at the end of 1987 to be further developed under local
conditions by CNPAF,.

A total of 736 segregating populations was planted In Palmira in
1986 A, and 589 populatlons from these were sent to Quilichao in
August 1986. Due to a high incidence of bacterial blight and angular
leaf spot, only 54%, or 316 populations, were selected for planting in
Popayan in December 1986, These were space planted to permit indi-
vidual plant selection.

As part of the CNPAF-CIAT agreement, a shipment of 208 popu-
lations have already been sent to Brazil in December 1983 to be
evaluated.
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BEAN IMPROVEMENT II 1985-86

Segregared

Projects Coded pops

{Character Improvement) GCrosses Lines sent out Country
Anthracnose 14 - - -
Angular leaf spot 3 - - -
Drought 19 - - -
Low P 11 Dec./85 Brazil
Maturity 152 - - -
Yield potential 211 - - -

Zones {(Character Deployment)
Brazil 105 343 197 Dec./85 Brazil
Mexico 229 196 90 Apr./86 Mexico
Argentina/West Asia 169 222 55 Dec./85 Turkey

TOTAL 902 761 353

Germplasm flow to Brazil

In 1986 several seed shipments were recelved by CHPAF
through CENARGEN, comprised of fixed 1lines requested by  the
Brazilian scientists for their research projects. The received lines
were as follows:

I. White large seeded beans 18 lines
2. International Bean Anthracnose trials 100 lines
3. Snap bean lines 236 lines
4, 1985 VEF Black seeded lines 102 ilines
5. 1985 VEF (Cream, Carioca, Tan lines 92 lines
6. 1985 VEF Red seeded Climbers 55 lines
7. 1985 VYEF Pink lines 135 lines

CNPAF breeders are now selecting within the 200 segregating
populations that entered Brazil in early 1985, Evaluations are made
by project emphasis (e.g. diseases, environmental stress such as
drought and low goil P, and high vield potential). The disease
projects investigating ALS, rust, and bacterial blight were planted
separately at different times according to the most suitable ¢limatic
conditions. Populations were managed using the single seed descent
method, harvesting ome pod per plant, and taking one seed per pod
harvested.

Whern a population from a certain disease resistance project
proves to be very susceptible to another disease, the whole population
is then discarded. Individual plant selection will be carried out in
Fg generations. At FS’ the lines are simultaneously field tested in
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Irati, Parana, for anthracnose and in CNPAF for anthracnose, rust, and
ALS,

EPR {Preliminary Yield Trial) 1984 -~ 1986 Results

The second generation of EPR ended in September, 1986, Partial
results were reported in the 1985 Annual Report. The following tables
from 1 to 5 show the outstanding lines and their common and local
checks of the EPR planted in 1985/86, the second year.

In the cream seeded trials, the following ESAL lines: ESAL 506,
ESAL 501, and ESAL 507, performed wvery well in the northeast and
central west as did TM 21303, A 295, and 82 PVBZ 1783, A 251, 82 PVMX
1637, and A 321. The averages of the 20 best lines at each location
were always higher than the averages of the common checks., The
average yields of the local checks In some places yielded the same as
the common checks (Table 1). These lines also performed well in the
far west region of Brazil, in Vilhena, and Oure Prete D'Oeste -
Rondenia (Table 2).

In the black seeded EPR, LM 30074 was obviously the favorite. It
showed up in the 10 best lines in every testing site (except in
PESAGRO Campos) in two semesters of testing., This suggests that LM
30074 is the best widely adapted line, followed by NAG 24, 1M 20785, W
22-8, and 82 B VAN 39 . Yilelds of 10 best black advanced breeding
lines were significantly higher than those of the common and local
checks. The high performances of black lines colncided in years where
anthracnose incidence was low (Table 3}.

Most of these lines are susceptible to anthracnose and therefore,
cannot be selected to participate in the state trials, For the
southern part of Brazil, anthracnose resistance is a high priority.
The black seeded lines were also tested in southwest and northeast
Brazil. WAG-15, DOR 218, B2E Van 40, and NAG 29 outylelded the common
and local checks significantly (Table 4), These results are very
different from those obtained from the traditiomal black bean growing
regions,

The purple seeded EPR was only planted in three locatioms, in
Ponta Grossa in Parana, Ponte Nova — EPAMIG and Anapolis - GOIAS. The
advanced breeding lines showed little advantage; however, LM 30013-0,
1M 10069-0, 82 PVBZ 1838, and BAT 41 looked promising (Table 5).

Table & summarizes the number of trials shipped, results re-
ceived, and the number of experiments that could be analyzed statis-
tically from the 1984 - 1986 EPR. About 35% of the results were
analyzable and improvement in trial handling is expected with the
reorganization of the EPR responsibilities in CNPAF.

The performance of the first and second generation of EFR is
summarized in Table 7. In general, the overall yields of the first
generation of the EPR were higher than those of the second one. This
oceurred not only in the experimental lines but also in the common and
local checks. The vyield differences between the advanced breeding
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lines (tested lines) and the common check or the local check were
minimal, In the second generation the average yield of the local or
common checks was slightly better than that of the tested lines.
Appreciable yield differences were found only between the average
vield of the !0 best breeding lines and the checks. This suggests that
too many Inferior lines entered the EPR, and that there is an urgent
need to test all advanced breeding lines iIn several locatlons before
they enter the EPR. Table 8 shows the frequency of the 20 best ad-
vanced breeding lines participating in the second generation of EPR
(1984-1986), Yield range for each line is included in parentheses,

EPR (Preliminary Yield Trial) 1986 -~ 1988

The third generation of EPR started in September 1986 and will
vun until September 1988. The EPKs must be somewhat modified this
vear to satisfy requirements set by several state institutions:

D The Carioca FPR was created through separation from the
Mulatinho group. There are many state institutions in the
south, southeast, and centralwest that would like to have
a Carioca EPR but not the cream EPR. The northeast, where
the cream seeded varieties dominate, can receive the Carioca
nurgsery 1f requested.

23 The EPR norseries should become smaller since there are many
state 1nstitutions that camnot handle large nurseries. By
splitting the nursery into smaller nurseries, one hopes that
the EPR can be planted In more gltes within one state.

3 Inclusion of elite checks in the EPR. Elite checks
will be composed of the best lines from the previous EPR,
providing a way to measure the progress of EPR over gen-
erations,

4) CNPAF will offer observational trials to the state
institutions that have the capacity to Introduce mnore
entries, parallel to the EFR. These observational trials
will be cowmprised of up to 200 lines of commerclal seed
types of the reglon.

To execute this new EPR, three coordinators will be assigned to
accompany and be responsible for the experiments in southern,
centralwestern, and northeastern regiong of Brazil. .These coordina-
tors will help the states with the EPR through state trials until the
release of the best lines as varietles, Regular regional meetings
will be encouraged to complile the regiomnal data. The composition of
this 3rd generation EPR is shown in Table 9,

State trials

EMGOPA

Tables 10 and 11 show the results of EMGOPA state trials over six
locations for black and colored seeded cultivars, respectively. LM
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30074, the best line from the EPR of 1985 was immediately incorporated
into the state trials and it proved again to be the best line when
compared teo ICA COL 101@3, BAT 1647, and Porrillo Sintetico, the
leading lines of last year. Porrille Sintetico performed well, not
only at EMGOPA but also at PESAGRO/RJ. This suggests that Porrille
Sintetico is adapted to the regionsg with relatively high temperatures.
To the contrary, FT 83-120 did not perform well under conditions of
Goias but vielded better than Rio Negro or Rio Tibaji in Parans and
Santa Catarina. Most of these outstanding black lines, (with the
exception of FT 83-120), are susceptible or very susceptible to
commont bacterial blight. In the coler seeded lines, also tested
over six locations, common bacterial blight was a limiting factor as
well, Yield from EMGOPA 201-Curo, a line with resistance to ALS
arnd anthracncese, was reduced drastically by CBB whereas the tradi-
tional Carioca lines, although infested severely with CBB and ALS3,
yielded better. This indicates that CBB reduced the vield more than
ALS and that future breeding work should stress CBB resistance for
lines grown in relatively high temperature conditions. Commercial
seed production of EMGOPA 201-Ouro must be Improved to reduce dis-—
semination of CBB infected seed all over the state.

PESAGRO/RIO DE JANEIRO

Bean production of 55,000 t/year in the Rio de Janeiro state is
relatively small In comparison te other states such ag Parana, Sac
Paulo, and Minas Gerais, Ric de Janeirop, however, consumes the
majority of black beans produced in Brazil,

Ris de Janeiro has environmental conditions which differ greatly
from other states. The outstanding black lines such as LM 30074, BAT
1647, and ICA COL 10103 which are widely adaspted all over Brazil are
not so well adapted to Rie de Janeiro. PV 99 N, LM 30063, A 222, and
EMP 84 proceeding from the first generation of EPR were the best in
the state triazls (Table 12}. These lines will be compared to the best
lines from the second generation of EPR (Table 13).

Early maturing materials are in high demand by many farmers
because a short cycle bean fits In well with their crop retation
plans, as land is normally idle for 3 months between the two main
CTOPS. PESAGRD received an early maturity nursery from ONPAF. The
best lines for this nursery significantly outyielded the checks and
are listed in Table 14, The highest grain vield/day is obtained by
82 PVMX 1554 followed by BAT 304, CNF 298, and CNF 302, Capizxaba
Precoce (commercial seed) was used as a check and yielded lower than
BAT 304 (basic seed). The yield difference of the same genetic line
may be the result of the degradation of the seed quality under
commercial seed production. Again, Improvement of commercial seed
production is urgently needed.

EMPASC - Santa Catarina

The state trials were conducted at 3 locations and showed the
superiority of FT 83-120, EMPASC 201, Chapeco, BAT 75, and A 226 in
the black seeded group (Table 15). All of these lines are anthracnose
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resistant, BAT 75 was severely infested by rust and will not be
included again in the state trials.

Of the cream seeded types, Carioca performed gsomewhat better than
did A 140 and A 266 (Table 15). Carioca 80 with anthracnose resis-
tance performed more poorly than did the susceptible Carivcca lines,
Carionca (score 5% is susceptible to anthracnose and Carioca 80 (score
1Y is resistant. However, the resistance of Cariceca B0 was not
reflected In higher vields,

Web blight nursery - UEPAE Porto Velho, Rondonia

A web blight nursery was conducted at UEPAE Porto Velho/Rondonia.
Qut of 129 lines sent in 1985 to Rondonia, 1! were selected for
resistance and another 18 were selected for recovery ability. These
were retested, along with the best lines from the EPR {Tahkle 16).
Only 25 lines scored lower than 8C% disease incldence. Well-known
commercial lines such as Talamanca, Huetar, Reveolucion 81, Wegro
Huasteco, and Acasia 4 were all susceptible. The &two best lines in
the web blight nurseries (BAT 1295 and BAT 1297}, had disease dinci-
dences of 70 - 90%. EMGOPA 201 Ouro (A 295Y and BAT 477 were also
susceptible. Since this experiment was carried out in the Ffield
without inoculation, disease incidence was not uniform.

Acid soil studies on bheans

Screening for low soil phosphorus

This vear the screening for low so0il phosphorus tolerance
included the lines that will participate in the EPL (Ensaio
Preliminar de Linhagens = VEF}. The evaluation is rather extensive
because a new criterion (APMY = additional pheosphorus to reach maximum
yield), used to select the lines, has been incorporated into the
evaluation. This new criterion facilitates better selection of
efficient lines with and without reponse, In the past, lines that had
an alpha value lower than the average alpha were classified as effi-
cient but non-responsive. However, there were many lines with high
yields under low scil P and therefore their alpha becomes low, when
alpha 1is calculated as follows:

Yield of non~stress plot — yield of stress plet
alpha =

difference of P applied

This formula implies that alpha wvaries within the efficient
group (quadrant ! and 2) to the disadvantage of the most efficlent
lines (those with high yield under P stress). These most efficient
lines have a lower alpha value because the yvield differences between
the yield of nonw~stress and vield of stress conditions are small.

On the other hand, lines A 283 and A 252, (Figure 1), fall
within the efficient group (quadrant 1 and 2), but have different
yields under P stress. A 283 1is efficient and responsive, whereas A
252 is efficient but non-responsive. However, both are better than
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the Carioca check. To make the evaluation easler, a new factor, APMY
(Additional P to Maximum Yield)} was created. This is the theoretical
quantity of P fertilizer needed to ralse the yield of those particular
lines to to equal the maximum vield of the experiment. Tt iz cal-
culated as follows:

Maximum yield of the experiment - yield under P stress
APMY =

alpha

and is expressed in P kg/ha. With this formula the selection automat~
ically favors the most responsive lines (lines with high alpha valw
ues). A low APMY value means that only z small quantity of P kg/ha is
needed to increase the yield to reach the maximum yield. Table 17
shows the outstanding lines, prouped in 4 seed cclors, under P Stress
ard thelr APMY values,.

Not many lines iIn the Carioca group ocutperformed A 283, A4 252,
or Carioca., But some advanced breeding lines, such as BZ 3836-1, BZ
3836-2, MX 2759~20, and A 251, were excellent, The additional P to
reach the maximum yileld ranged from 35 to 150 kg P,0. ha. {Carioca
needed (theoretically) almost 500 kg P/ha to reach rhe maximum yield
of the experiment, due to its low alpha value.

In the c¢ream seeded group there were more lines that performed
better under P stress than the checks: G 4000, G 50549, ¢ 3054, and
IPA 74-19. The APMY ranged from 44 to 120 kg P/ha for the 10 best
breeding lines compared to more than 200 kg P/ha for the checks.

In the black seeded group, the breeding lines performed better
than the checks. ICA Pijao, an Inefficient, but responsive line,
wag selected because it needed only 103 kg P/ha to reach the maximum
yvield. ICA Pijao has not been selected previous te this experiment,
because it was classified as an lnefficient line,

The red seeded group loocked enccuraging when compared to their
checks, These checks were susceptible to stress conditions and
therefore the advanced breeding Ilines outperformed them easily.
Unfortunately, the P efficient lines have off-red colors, which are
not as appealing to consumers.

Rhizoctron results

Collaborative research conducted with the agronomy department of
the Federal University of Parana in Curitiba produced the first
results on root studies in Rhizoctron., The objective of this study
was to determine whether there were differences in the root systems of
P efficient and P inefficient lines with the root system belng an
indicator of P efficiency in beans. Deeper root systems can explore
more soil looking for P, suggesting that root system measurements can
be an Indicator of P efficiency in beans.

iz lines were tested in the Rhizoctron with slanting glass
panels, Carioca, Rosinha GZ, and A 283 represented the efficient
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lines in using low so0il P, and CNF 10 and A 143 the inefficient lines.
Puebla 152 was a good Nitrogen fixer but its efficiency in using low
soll P was poor. Sell used in this Rhizoctron was low In P and high
in Al+++ which gave an excellent dJdifferentiation of lines tested.
Figure 2 show the rooting pattern transcribed from the glass panel.
Carioca and Rosinha G2 gave the deepest root penetration and reached
about 98 om from the soil surface, whereas inefficient lines such as
CNF 10 and A 143 showed more shallow root penetration. There were
few differences im root branching, but by superimposing 5 steps of 20
cm. each onto the length of the root some interesting cbsarvations can
be made. 1In general, under artificial soil compaction in Rhizoctromn
bozes, S0Z of bean roots grew to a depth of 20 cm and about 30% grew
to a depth of between 21 -~ 40 ¢m (Table 18}, Carioca, Rosinha G2, and
Puebla 152 showed root growth deeper then 40 cm except for Iline A
283, Line A 283 is an acid soil tolerant line tested for several
seasong at CIAT-Guilichao. This line showed 2 unique root dis-
tribution in the Rhizoctron. A 283 did not have as deep a root system
as Carioca or Rosinha G2, but rather, 2z dense rootipg system at the
first 20 cm layer of soll. If this root system pattern is repeated In
future experiments, it is likely that this line is low soil P effi-
cient because it can explore the volume of soil in the 20 em layer.
At Quilichao conditions, this coincided with the arable laver. This
type of root distribution is not desirable in many other places where
occaslional short dry spells may occur.

Further work in Rhizoctron will include: weasurlog the root
growth velocity and root growth rate; comparing Rhizoctron results
with those from the rooting box, studing distribution of the roots at
later stages of growth; and studying root growth under varying watery
regimes.

Beans under furrow irrigation system

There has been a high demand recently for information on, and
seed for, planting beans under partially innundated land known as
Varzeas; or under sprinkler irrigation (mostly for winter crops) and
under furrow irrigation (for Brazil's Northeast irrigation project).
The Brazilian govermnment is promoting the preparation of land for a
giant dirrigation proiect. Several govermnment entities have bheen
created to look inte the problems inherent in irrigated bean crops.
In the next five vears the Ministry of Irrigation expects to have 1
million ha of land under irrigation in this part of Brazil. A problem
with any type of irrigation system 1is temporary inundation since
perfect land levelling is impossible, and beans do not tolerate
flooding, even for short periods, Ancother problem oceurs during land
preparation for lrrigation, when large scale earth movement is carried
out creating non-uniform soil fertility, Information on beans grown
under frrigatiom is scarce., Studies on bean performance under this
type of management are critical to obtain useful parameters for
gcreening beans for teolerance to excess water.
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Trial for beans grown under Varzeas conditions

A simple vield tfrial with 3 cultivars was conducted at Palmital
experimental station/Goiania. This experimental station has about the
same characteristics as the irrigated areas, known as Varzeas. Irriga-
tion can be done by raising the water table., The sloped land chosen
for the experiment had a normal water table of 1.3 m. By ralsing the
water level at the canal, a 0.94 cm/m gradient of water table was
obhtained., The lowest spot had a water table of 9 ¢m and the deepest
one of 26 cm, Beans were planted in the prepared land with good
moisture, Watering was done twice during the growth cycle, once at V3
{first trifoliate) and once at R6 (flowering). The period of watering
was for 48 hours each time. The water table was then lowerad to its
normal stand, 1.50 m, Bean yield increased with the increased depth
of water tabie. There were no significant differences in yields among
the cultivars (Table 19}, Plots with the highest water tables suffered
the most. At water tables lower than 9.8 cm, beans started to grow
almost normally, However, the deepest water table (11.70 em) gave the
highest wvield. This suggests that a high water table, although
occurring only twice in the whele growing season, has a detrimental
effect on bean growth.

Future experiments will concentrate on temporary inundations

which always occur during irvigation wilth the gravity method or
sprinkler irrigation. Varietal differences will be researched.
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T L TR ST e crembesedad advanced breading Lines sndthelr common and local checks t¥sted in KPR during 19851086 in™

the northeast and central west of Brazil.

TRAT TDENTIFICACAD RIBP(M NSOURE TTABER TIANGUA CARIAR UNIADP BODDOQ STIPAN CNPF ONPF PONTAG IRECE RIOBR — MEDJA
85 85 85 85 85 85 85 85 BEME  86AF 86 85 85

78 ESAL 306 476 1268 86 2860 1433 392 2150 847 725 1221 1539 1333 1107 1246
25 B2 MWHZ 1783 570 1417 989 2503 1744 523 1882 950 760 1065 1324 1600 717 123%
24 ESAL X07 48 1109 1002 1el7 1758 168 2612 967 874 13946 1738 1050 1073 1201
2] ESAL 501 420 977 735 2408  14l1 187 1934 1217 789 1107 1308 1867 1190 1196

7 1M 21303-0 741 1303 958 1832 1284 337 1408 650 998 1515 1473 1300 1083 1149
93 A 251 300 1925 723 1840 1396 303 2275 817 573 03 1539 1333 971 1146
70 82 MWK 1637 378 1190 807 272 1370 341 1853 1013 629 748 1208 1650 1180 1112
61 A 321 487 1% 687 2352 1024 241 3020 1150 509 1193 761 867 897 1106
57 82 PVMK 1638 231 1713 612 2000 1493 27% 1563 850 588 992 1076 1583 1239 L1100
91 A4 522 1493 713 1el3 1317 270 1715 933 999 1188 1937 K0 566 1090
47 L 11093 439 721 722 1877 1388 253 2127 1167 669 762 1092 1650 1228 1087
37 A5 329 1508 979 1670 1452 426 2158 1350 629 818 33t 1483 972 1085
56 1, 10111 195 1293 908 1750 1307 w’ 1505 1333 41 883 1754 1100 92 1078
30 1M 21306-0 279 1184 646 2110 170D 255 1341 800 916 910 1572 1400 878 1076
45 82 TYBZ 1770 283 1176 675 1292 l4s] 310 2363 1317 951 %09 679 G50 1328 1074
18 T 11090 278 759 B3 1865  16il 222 2088 767 518 847 1258 1967 753 1064
10 82 PVBZ 1777 455 1477 710 1913 1331 4L 1568 1100 765 898 1192 1083 962 1061
95 ESal 504 315 2349 529 1433 1144 421 1783 1583 430 1500 579 850 861 1061
31 A 300 482 1422 873 1298 169 219 2182 1317 419 445 5% 1833 989 1059
88 1L 10081 452 1312 998 1333 1320 293 1332 1083 798 812 1903 1083 926 1053
X220 3% 1339 817 1893 1432 308 1942 1063 709 1006 1243 1344 994 1114

QOOMMON. CHECKS

26 JALO EEP 558 366 1941 330 1845 1471 30 1748 1300 935 1588 679 1100 875 1114
52 OURNELL 49242 287 1249 857 1983 1101 324 1935 137 610 613 1126 1067 1011 1038

51 PARANA 1 381 768 897 1955 1187 185 1712 950 322 384 9473 1766 1259 978
83 CARIOCA 319 872 708 2028 1312 310 1754 0] 419 626 1423 717 1227 976
16 ML YACEM ROMA 412 1244 789 1135 1272 379 1893 1167 473 820 877 1083 1270 970
3 ARDANA 312 694 568 1862 1115 187 1824 700 319 449 1026 1700 712 882
99 IPA 74-19 282 £92 931 1065 1006 170 1601 883 262 580 894 1167 1229 837
X7 337 1066 754 1672 1222 265 1784 1053 477 694 995 1229 1083 471
1OCAL CHFCKS
73 TEST.IOCAL 402 1035 790 2053 1463 152 1608 767 115 251 1159 1667 1753 1017
43 TEST,.TOCAL 357 929 542 1603 868 276 1535 1133 403 915 1258 1383 1232 956
14 TEST.LOCAL 374 828 536 1270 1126 256 1908 1283 652 819 558 & 1187 900
55 TEST.TOCAL 324 900 651 0 1128 101 1663 483 859 986 1672 O 791 869
p.£ 364 923 630 1642 1148 196 1678 916 507 743 ilg2 1525 124] 935
RIOBRBS = UEPAE ~ Rio Branco - Acre RIRP(MB5 = EPABA — Ribeiro do Pombal — Northeast of Rahda
%zﬁmm—m quema — Mato Grosso do Sul NSOURAS = FPABA ~ Nova Soure - Northeast of Bahia
' CNPAF /Goiania 1986 under medium soil fertility TTARERBS = EPAPA ~ Ttaberaba - Centersouth of Bahia
CNPFBOAF = ONPAF/Goianda 1986 under high soll fertility TIANGUASS = EPACE - Tiangua — Ceara
PONTAGES = COTIA ~ Ponta Grosse — Parang CARUARBS = IPA -~ Caruaru - Pernambuco

UNTAOPSS = EPEL. ~ Uniao das Palmares ~ Alagoas ___STIPANBS = FPFAL - Semtana de Ipanema - Alagoas

i m e wi  Lagee g



Table 2, The 10 best cream seeded advanced breeding lines
and thelr common and local checks tested in
19851986, EFR; UEPAE Porto Velho, Rondonia.

Local Vilhena Ouro Preto D'Oeste
Identification Yield Identification -Yield
{kg/ha) {kg/ha)

Advanced breeding Lines:

1. ESAL 507 392 a4 317 378
2, EBAL 506 385 A 254 328
3. B2 PWX 1535 383 1. 11080 325
4, 82 PVBZ 1783 374 82 PVMX 1638 314
5. LM 21306-0 373 LM 00171-~1 309
6, A 318 371 1. 11086 297
7. LM 21303-0 367 A 295 297
8, 1M 10402-0 363 A 154 288
9, 1M 21307-0 361 L 11077 287
10, ESAL 508 358 ESATL 505 285
a
X146 373 311

Common Checks:

1. Aroana 357 Arocana 85
2. Mulatinhe V.Roxa 295 Mulatinho V.Roxa 120
3. Jalo EFEP 5538 118 Jalo EEP 558 157
4. Parana 1 123 Parana 1} 261
5. Cornell 49242 290 Cornell 49242 283
6, Carloca 295 Carioca 152
7. IPA 7419 136 IPA 7419 108
X? 328 167

TLocal Checks:

1. Carioca 369 Carioca 16
2. Rosado 248 Rosadeo 248
3. Rosinha 236 CNFyx 0120 187
4, CNFx 0120 164 ESAL 504 313

194
Xé 254

®gtatistical analyses were not executed because yields were
tee low.

208



602

Table 3. The 10 best black advanced Iines and their common and local checks tested in 1984-1986 EPR
over 4 locations in the southeast of Brazil.

CAMPOSBA* EMCAPBS86% PESACE5806* PESAGBS86% M08 586%

Advarved breeding 1lines:

01 MNag 24 1958 82 B VAN 38 954 V 20-8 1380 RAT 1077 2257 NEGRITG 897 1432
02 W23 1889 ™ 30063 904 TM 21132 1287 1M 3003%6 2179 W 22~ 3 1293
03 W 22-35 1826 WNAG 25 899  IPA 74-19 1280 waAz 15 2067 M 21124 1280
04 WAG B7 1692 1M 30074 858 NAG 24 1259 ™ 10360 248 RICO 1735 1186
05 1M 30063 1664 NAG 26 248 1M 30063 122% WAL 24 1982 BAT 871 1140
06 B2 B VAN 38 1644 1M 21132 83 1M 10364 1223 1M 10364 1859 M 10360 1137
(7 1M 20816 1605 BZBVAN 39 813 1M 21135 1186 82 B VAN 3% 19558 82 B VAN 74 1119
08 WA 26 1554 1M 10360 743 BAT 871 1173 1 10377 1940 ™ 21135 1104
09 1M 20720 1545 W 22-50 742 ONF 0376 1156 ®NAG 26 1910 ™ 10364 1076
W 823y 39 105 (WF 295 738 1M 30074 1146 ONF 295 1899 NaC &0 1075
XIO 1853 833 1232 2020 1184
Commeny Checks:

0l JALO EFP 558 1131 JALO EEP 558 549  JAID EEP 558 1005 JALO EEP 558 1388  JALO EEP 558 761
02 CORNELL 49242 1550 CORNELL 49242 470 CORNELL 49242 898 (ORNELL 49242 1652  QORNELL 49242 529

03  CARIOCA 1479  CARIOCA 606 CARIOCA 1022 CARIOCA 1580  CARIOCA 724
04 RIO TIRAGT 811 RI0 TIRAGI 327 RIO TIBAGT 651 RID TIRAGI 1203 RIO TIRAGI 872
X;f; 1243 488 894 1456 722
Tocal Checks:

01 T.1OCAL 1 1391 CAP.PEECOCE 1053 TJI0CAL 1 753 BRI XODO 2033 OPA OURO 1 819
02  T.ILCAL 2 1470 (OSTA RICA 1031 89 T.10CAL 2 691 TBR2 GDE RIO 1330 BEMXOPA 0RO 2 908
03 T,IEaL 3 1505  RID 1735 526 T,ODCAL 3 561 BRI IPANEMA 1755 IMGOPA GURC 3 844
04 TJIOCAL 4 993 EGAL 1 720 TJQCAL &4 881 C.PREOXCE 2054 IMOPA ONRD 4 831
X& 1340 597 722 1798 851
MEAN(8]) 1218 535 908 1595 849
LSD{5%) 524 338 372 609 499
Cv( 2L.9 2.2 20.9 19,5 29,9

* CAMPOSBA = PESAGRO - Campos — Rio de Janeiro; EMCAPBS586 = FMCAPA -~ Venda Nova - Espirito Santo
PMSS%&W«%@S«RméeJmm;MSSGﬂmMCams-RmdeJmm; BEMO8586 = EMOPA —
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Table 4. The 10 best black advanced breeding
lines and their common and local
checks tested in 1985-1986 EPR in
the eastern part of Brazil.

EMEPA 852 EMCAP 85-867

Advanced breeding lines:

801 MAG 15 1833 B2 B VAN 40 1625
02 DOR 218 1250  NAG 2% 1350
03 LM 00189 1250 1M 20357 1333
04  CNF 375 1167  BAT 1060 1275
05 LM §0574 1167 1M 20816 1258
g6 4 231 1083 A 211 1258
a7 82 B VAN 139 100G NAG 40 1242
08  NAG 25 1000 W 22~ 8 1200
09 RNAG 37 1000 MILIONARIC 1732 1200
10 1M 10426 1000 BAT 871 1192
Xiﬁ 1175 1293

Common checks

01  JALO EEP 558 833  JALO EEP 558 1108
02  CORNFLL 49242 500  CORNELL 49242 1058
03  CARIOCA 750  CARIOCA 892
04 RIO TIBAGI 750 RIO TIBAGI 1108
?h 708 1042

Local checks

a1 IPA 1 917 YITORIA 983
02 IPA 1 1000  RICO PARDO 896 1973
03 Ira 1 1333 CAPIXABRA PREC. 1025
04 IrPa 1 583 ESAL 1 1300
?Q 958 1321
Mean (81 lines) 770 910
L8B{5%) 727 650
V(D) 48,2 15,8
8 EMEPASS = EMEPA - Princesa Isabel - Paraiba

EMCPAS586 = EMCAPA — Venda Nova - Espirito Santo.
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Table 5. The 10 best purple advanced breeding lines and their common and
local checks tested In 1985-1986 EPR in Minas Gerais, Parana
and Goias,

PONTE 85% PONTAG 86% EMGO 85-86%

Advanced breeding lines:

gl LM 30013-0 2158 LM 10060-0 1492 LM 10069~0 916

02 1M 10069-0 2152 M 10009-0 1492 ESAT. 503 789

€3 82 PVBZ 1838 2142 BAT 41 1410 B2 VAR 112 781

04 1M 10100-0 2030 LM 100920 1377 LM 10092-0 731

05 M 10103-D 1975 RAC 23 1295 LM 10093-0 708

06 1M 10415-0 1857 M 10076-0 1279 LM 10009-0 6493

07  BAT 41 1627 DOR 191 1213 LM 30013-0 679

8] LM 10032-0 1878 LM 10061-0 1213 1.¥ 100890 651

09  ESAL 502 1873 LM 100650 1213 LM 18100-0 648

10 1M 10076-0 18648 LM 10062-0 1197 TM 10102-0 629

Xiﬁ 1996 1318 723

Common Checks:

01 IPA 74-19 1927 IPA 74-18 4558 IPA 74-19 58%

g2 JALO EEP 358 1910 JALD EEP 558 1279 JALO FEP 558 783

03 CARIOCA 2058 CARIOCA 1558 CARIOCA 594

04  CORNELL 49242 2187 CORNELY, 49242 1064 CORNELL 49242 589

i&

2021 1215 A4l

Local Checks:

131 RICOMIG 1BY9é6 2100 CARTIOCA 80 1656 EMGOPA QURD 1 500

0z 186039 1938 RIO WEGRO 1433 EMGOPA OUROD 2 568

03  FORTUNA 1895 1858 R .VERMELHO 967 EMGOPA OURO 3 524

04 890 1308 R.PIQUIRI 869 EMGOPA QURO 4 566

Efg 1803 1131 540

Mean(49) 1772 1027 521

1L.SB{5%} 547 341 319 CV(EDY

15.3 16,9 33,1

* PONTE 85 = EPAMIG - Ponte Nova — Minas Cerais;

PONTAG B& = COTIA -~ Ponta Grossa — Parana;
EMGOB5 86 = EMGOPA - Golania - Coilas.
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Tahle 6, Summary of EPR trials executed during 1984 - 1986.
Statistically

Seed color Shipped Data received evaluated

Black 42 20 16

Cream and Carioca type 76 32 20

Red/Purple 33 8 8

Total: 151 a0 44
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Table 7. Sumary of the performance of the breeding lines against their common and local checks,

Black Cream Red
1 generation 2 generation 1 generaticn 2 generation ] generation 2 peneration
Yield 82/83  R3/84 84785 85/86 B2/83 83/8& 84/85 85/86 B2/83  83/84 84/85 B5/86
N
General 1343 1275 1422 1370 1446 940 735 1194 0O 1131 804 1278
Average (r=81} (n=81) (n=81) (n=81) {r=100) (n=100) {re=100) (=100 T (o= {1r6 %) (=)
Ezp = 4 10 9 7 5 18 ) 13 T 6 5 3
E
Average of S
the ten 1570 1763 2006 1370 1984 1370 1185 1374 T 1576 1129 1344
best lines E
b
Averege of 1544 1271 1429 983 1450 950 733 952 1133 808 1307
tested line (r=71) (n=71) 1) (o=i2) {r=82) (=88} (r=89Y (=8 T  (p=dD) (n=41) {n=41}
H
Average of 1510 1279 13% 936 15440 ai2 788 8§72 I 1179 975 1292
common check  76)  {ne6) (=5} (=5 (=8 =3 (r=7) (= 5 {15} (o=b)y (o=
Average of 1604 1336 1333 1084 1378 862 678 975 ¥ 1258 663 1158
local check (=) (o=d) =4y (=) (n=4) {r=4} {re=d) {n=4) E {r=4) {o=4) (o=t)
A
R
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Table 8.
and the

The frequency of the 20 best advanced breeding lines participating in the 1984-1986 EPR
ir vield range (in parenthesis).

Frequeney and yvield range (kg/fha)

iz 11 10 9 8 7 6
Black seeded (out of 15 experiments):
1M 30074
{2577-7283 (2187-813 NAG 24) {2823-834) 82 B VAN 39 LM 21132 (27B6-858)
1M 20785 LM 10363 M 30063
(2626-H45) {225&*1108} (1856-904)
26 LM 21135
(28§8§853) (2535-712)
{1827-636)
Cream seeded (out of 22 experiments}:
82 PVYBZ 1783 ESAL 501 1. 11093 B2 PVBZ 1801 B2 PVRZ 1718
(2503-523) {2408~-4207 (1650~-439) (1?23 319 (2187~338)
EMGOPA 201 OURO ESAL 507 A 234 82 PVBZ 1770
2364~426) {2612-874) {1961-635) {2343-310)
SAL 506 A 300 82 PVMX 1637
(2360*703} (2102-482) (2049-341)
213020 ESAL 504 82
(221? 337 {2349-403) (2090-992)
A 251
{2275-800)
ESAL 50
(2537-324)
TM 21306-0
(2110-747)
Purple/pink seeded {(out of 7 experiments)
M 10092-0 82 PYBZ 1838
{1850~585) {2142-748)
BAT 41
(1927-307)
ESAT. 502

(1873 1035}
LM 10348

03
(1597-923)
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Table 9. Composaiton of materials participating in the 3rd
generation of EPR 1986-]1988.

Institution Black Cream Carioca Red/purple Total
CRPAF 18 27 13 13 71
ESAL - - 5 i 6
TAC* 1 1 1 1 1
CIAT 4 15 1 4 24
IAPAR 1 - - 1 2
Univ. of Wisconsin 6 - - - 6
Elite checks 2 2 H 1 -

(LM 30074) (IPA 6) (A 281 (LM 10348)

(LM 21135) (EMGOPA 201 OURO)
Tocal checks 4 4 4 b -
Total checks 36 49 25 25 -
* TAC Carioca iz used in all EPR seed tolors.
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Table 10. Mean production (kg/ha) and disease scores of 20 lines or cultivars of black beans cbtained in the “dry"

geason, EMIOPA 1986 (CO/DF).

Tine/cultivar Goiania Bac.” Anapolis  Pirenopolis Ttapuranga Firminopolis Bac,* ALS* OOOPA/DF Mean
1M 30074 1808abe” 7 487a 2182a 843ab 848a 4 2 6iba  11%a
ICA OF. 10103 164labe 6 676a 2000a 831ah 933a 6 3 719a 1133
BAT 1647 2134a 7 608a 1689a 923ab 823a 4 - 542a 1120a
Porrillo 8, 2137a 7 520a 1848a 907ah 8%7a 6 5 427 1112ab
M 21132 900ab 7 B4a 1939a 1005ab 75%a 7 3 458a 1110ab
EMAOPA 201-Ouro 1572abc 8 513a 2036a 928ab 879a 8 1 6564 10874
Carioca 1666abe 7 540a 1771a 948ah 7i0a 6 5 646a 1056ab
BAT 431 166Q0abe 7 510a 2ld4ba £17ab 8lla 7 3 385a 1055ab
Rico 23 i613abe 6 573a 19662 952ab 692 7 5 4483 1041ab
™ 26720 1686abec 6 574a 18425 897ab 797a 3 4 437a 1039ab
M 21124 1493abc 6 &31a 179%a 960ab 707a 5 3 510a 16abe
Rico 1735 1588abc 8 490a 1920a 955ab 638a 6 2 500 101 5abc
TM 30016 i566abe 6 53la 1792a 325ab 75%a 7 3 406a 9%6abe:
SPB-1 1419be 6 555a 1875a 790ab 973a 3 2 365a S%6ahe
BAT 67 104lahe 7 48la 1999a 1169 792a 7 5 469a 992sbe
Pr 83 120 1241labe 6 632a 1551a S35ah 757a 5 4 406z 920abe
BAT 451 1100sbe 7 5Gla 1981a 7690 825a 8 4 34ba 920abc
¥r 83 160 8% b 6 615a 1653a 883ab B843a 8 4 49%0a 887abe
™ 10401 1232abe 6 458a 1566a 646 b 800a 4 5 375a 840 be
Rio Tibagi 647 ¢ 6 389 1568a 789ab 663a 5 4 500a 763 ¢
Mean 1499 544 1856 894 79 486 1013
.50, (53) 1207 344 981 383 403 394 272
cv. B 25.9 20.4 17.8 i3.8 16.3 26,1 2.5

2 Disease scoring: Bac. = Bacterial blight; ALS = Angular leaf spot. Scoring is 1 - 9 vhere 1 = gymptomless
ael 9 = plant death,

b Means followed by the same letters do rnot differ significantly at the level of 5% probability by Tukey's test.
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Table 11, Mean production (kg/ha) and disease scores of 20 lines/cultivars of colored beans obtained in the "dry" season.

BMEOPA 1986 (GO/DFY.

Tine/cultivar Golamia Bac.  Anepolis Pirencpolls Itapuranga Firminopolis Bac. ALS OOOPA/DF  Mean
Carioca W% 7 4222 2121a 1055ab 9l9ab 7 6 4S8 1065
FSAL 502 137% 7 £71a 1987ab 1115ah 817ab 7 5 583 1058b
XAN 57 151% 7 505a 1981ab 1017ab Mab 7 - 48a  1039ab
™ 10348 1757a 7 53%a 1785abe Bhdiabe 8505 7 3 3652 1023ab
ESAL 503 14798 7 550a 1076abe 1133a 70ab 8 -  3%a  9%5ab
Roxao RG Wrla 7 755a 1045abe Bldabe 07l 6 5  312a  9%ab
BAT 614 1692 6 S40a 1599abe 925abc 71246 7 -  ®Sa  975ab
EM0PA. 201-Ouro 12382 8 630a 1617abe 1019ab 8l3ab 8 -  500a  97lab
1 10002 1i8a 8 467a 1645abe 984sh B3 6 5  458a  %7ab
BAT 1458 1473 5 53%a 1482abc 922abe 8%ab 7 -  3%a  9%ab
XAN 37 1593 5 583a 1132abc 978ab 7%ab 6 -  458a  92%be
Parmma 1 130la 7 695a 121%ahe 981ah 68lb 9 7 4%a  8%abe
BAT 363 11508 7 786a 1427abe 866abc 6%ab 8 4  3%4a  8G0abe
YM 10089 9%7a 8 561a 1637abe 9474 69%6ab 7 5  406a  872abe
M 30068 1% 6 677a 1561abc 785he 768b 7 &  20a  870abc
82 PVBZ 1838 1538a 7 466a 1350abe 785be 68226 7 3 Ia  89%be
Rostrha G 2 1201a 8 563a 111%bc 917abe g2b 9 7 4i9a  85labe
M 30013-0 0lla 8 471a 1450hc BRlabe Jlab 7 3 sa 82 be
FT 84292 14la 7 510a 1107be 927abe 84ab 7 5 385 8% bo
CNF 10 1143 * 7 Y6 860c 606c 69ab 8 5 47% 687 be
Vean 1356 553 1506 557 787 A5 A
L.8.D. (50 805 530 1002 138 389 %S 105
cY. (D 19.1 0.9 21.4 11.7 15.9 %.8 2.7

aDﬁseasescorﬂng: Bac, = Bacterial blight ALS = Angular leaf spot Scoring 1 - 9 vhere 1| = symptomless
and 9 = plant death,

b
Tukey's test.
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Table 12. State trials conducted by PESAGRO during 1985/86.

e Wt Season 1985/86 —~ Dry Season 1986 —
Bom Jesus do
TIdentification Caxgxz  Itaocara Natividad Campos Ttabapoana Mean
kg/ha

I, PV 99N 1826 473 668 1143 2040 1230
2. 1M 30063 1833 520 799 850 2260 1212
3. A2 1640 433 784 1023 1766 1129
i, EMP B4 1700 433 527 890 1900 1090
5. M 21124 1603 £20 735 763 1860 1076
6, WAL 24 1600 386 464 910 1873 1647
7. TH 30036 1446 340 345 833 2013 995
8. 1M 10363 1600 333 299 890 1786 982
9., W22-3 1366 466 297 903 1873 581
16, ™M 20816 1396 366 326 686 1966 948
11. W 22-8 1288 313 426 796 1733 911
12. 1M 00574 1413 200 92 913 1833 890
13. 82 B VAN 74 1463 366 378 - - 612
14, NAG 87 953 500 219 - - 557
15. W 22-55 980 333 340 - - 551
CHECKS

1. BR 2-Grande Rio 1906 413 567 1220 1926 1210
2. R 1-ndo 1786 453 446 1200 1873 1152
3. IR 3Tpanema 1406 666 469 930 1826 1054
4. Capixaba 1953 526 680 - - 1053
5. Porrillo Sintetico 1706 566 498 - - 923
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A
; Table 13. The selected lines for state trials of PESAGRO from EPR
: 1984/86,
% IDENT, Wet season Dry season  Wet season  Dry season  Mean
§ 84/85 85 85/86 86
; kg/ha
i 1., WNAG 24 1946 2038 2033 992 1752
: 2. LM 30036 1237 2073 2283 1066 1664
; 3. WAC 15 1473 1885 2033 1066 1614
i 4, 1M 30063 1661 1825 1800 1125 1602
» 5. 1M 10360 956 1621 2100 1316 1573
i 6. W 22-55 1826 1861 1425 1083 1548
i 7. A 231 1486 1833 1558 1283 1540
: 8. LM 21124 1297 2088 1600 1150 1533
: 9. 82 B VAN 39 1505 1581 1866 1158 1527
i 160, W 22-3 1898 1725 1633 466 1511
; 11, DOR 218 1393 1720 1466 1458 1509
: 12. W 22-8 1452 2080 1816 683 1507
: 13, 1M 10383 1384 2006 1966 656 1503
- Table l4. The best early maturing lines selected in PESAGRO in Campos
i in 1986,
: CNF germ- Seed Yield Days to Yield
: plasm number Identification color (kg/ha) maturity (kg/day)
: 1. CNF 3268 82 PVMX 1554 Cream 2479 74 33.5
; 2. CNF 3451 BAT 304 Black 2208 74 29,8
; 3. CNF (0298 - Black 2104 74 28,4
; 4. CNF 0302 - Black 2083 74 28.2
: 5. CNF 830078 F.Preto da Linha Black 2002 74 27.9
; 6. CNF 3141 Branco Argentina White 2000 74 27.0
: 7. CNF 830077 F.Preto Rioc Tigre Black 1979 74 26.7
- 8. CNF 3936 A 460 Carioca 1979 80 24.7
1 %, CNF 0299 - Black 1916 74 25.9
! 10. CNF 4540 Huetar Red 1791 74 24,2
1 11, CKRF 3918 A 44] Carioca 1770 74 23.9
H
2 Checks
i Capixaba precoce Black 1208 74 16.3
BR2-Crande Rio Black 1416 74 19,1
60 days Black 833 74 11.3
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Table 15. In-state trials in Santa Catarina during the period 1985/86 for black and cream seeded materials.
Yield and disease scoring.

Disease Scoring a
Angular

Average leaf
Identification Chepeco  Ttuporanga  San Joaquim Yield Anthracnose Fust spot
Black Seed Color:
¥r 83 120 2539 231L4a 2608ah 2487 14 3.0 3.0 3
EMPASC 201 2607a 2006b 28738ab 2484 1 3.0 2.5 3
BAT 75 26531a 1665¢d 2297h 2204 1 3.0 5.0 3
A 226 1978¢c 1722¢ 2912a 2204 i 3,0 2.3 I
PV 9o 2273k 1867k 235%b 2166 4 3.0 4.3 1
XAN 55 23450 1818be 22800 2151 1 3.0 4,0 1
BAT 1647 268%a 1828be 1712d 2076 3 3.0 5.0 1
Rio Tibaji 2013e 20106 1732cd 193 5 3,0 5.0 3
RAL 76 ai vty 1935he 175%cd 1900 1 3.0 5.0 1
FT 85-25 2673a 1677cd 12448 1865 I 3.0 5.0 1
Tguacy 2562ah 15594 13824 1848 1 3.5 5.0 3
Turrialba 4 1912¢ 1492cd 1562d 1655 4 3.0 4.5 3
BAT 1470 1889 1505¢cd 1379 1591 1 5.0 4,0 3
Cream Seed Color:
Carioca 28062 2184a 27462 2382 5 3.5 3
A 140 24870 2105ab 272%a 2271 1 2,0 i
A 266 2356be 1918he 2256ah 2243 4 3.0 1
Parana 1 2345bc 1895be 21626 2134 5 2.5 3
Carioca 80 2084c 1721c 2155k 2180 1 5.0 3
2 Disease scoring: 1 = symptomless b Means followed by the same letter within a column deo not differ

5 = very severe

at the p = .05 level




Table

16, In web blight nursery at UEPAE Porto Velho/Rondonia
lines with lowest Z of disease Incidence on leaves.
¥o yield data is available from this nursery.

Identification Incidence (%)
BAT 1614 40
G 3645 50
A 154 50
A 156 50
BAT 1298 50
BAT 1560 50
A 237 60
Porrillo Sintetico 60
A 216 60
BAT 450 60
A 301 60
BAT 180 60
A 381 60
BAT 236 &0
A 286 60
BAT 1374 6G
BAT 1447 60
Centa Izalco 80
Xan 90 60
A 296 60
A 294 60
EMp 117 60
BAT 1297 70
Chorotega 80
Centa Zumal 80
Negro Buasteco 80
Talamanca 50
Huetar 90
BAT 1295 90
Acasia & 95
Revolucion Bl 100
BAT 477 {drought resistant) 100
A 295 EMGOPA 201 Ouro 100

Carioca check varied between 80-100.
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Table 17. Average vield of the best lines under non-stress and P
stress conditions with their response factors and
additional P requivements to reach maximum yield.

Additional

Response P~require.

Yield factor to reach

Identification Non~stress P~gtress alpha max. yield
Carioca type: kg/ha

1. BZ 3836~-1 1275 1085 1.58 34.8

2. BZ 3836~2 1230 820 3.42 43.5

3. MX 2759-20 1210 720 4.08 102.9

4, BZ 3Bi5-1 1190 765 3.54 105.9

5. BZ 2384-20 1185 670 4,29 109.5

6. BZ Z511-5 1145 850 2.46 il7.8

7. A 251 1140 985 1.29 120.1

8, BZ 2384-19 1125 710 3.46 124.2

9, BZ 2511-3 1120 740 3.17 126.1

10, MX 2184-1 1110 960 1.25 144.0

Checks

A 252 1105 480 1.04 153.8
A 283 1020 800 1.83 185.7
Carioca 890 800 0.75 453.3
Cream seeded: kg/ha

L. ESAL 506 1750 1670 5.67 44.0

2. 82 PVBZ 1770 1400 1220 1.50 66.6

3, BZ 2231-11 1455 1080 3.12 76,9

4, B2 PYBZ 1785 1480 B20 5.50 90.9

5. BZ 2518-1 1415 810 5.04 101.1

6., 82 PYBZ 1901 1335 1145 1.58 110.7

7. BZ 1031~1 1335 1100 1.96 112.2

8, BZ 3919-2 1350 680 5.58 114.6

9. BZ 4578-1 1340 745 4.96 115.9

10, BAT 93 1320 670 5.42 119.9

Checks

G 4000 1080 870 1.75 257.1

G 5054 1065 670 3.29 197.5

G 5059 B70 750 1.00 570.0

IPA 74-19 860 680 1.50 426,6
cont.

222



it constin.s ot

Table 17 cont.

Additional
Response P-require.
Yield factor to reach
Identification Non~-stress P-stress alpha max. yield
Black seeded: kg/ha
1. ZXodo 1405 1180 1.88 47.8
2. 1M 30629 1450 825 5.21 85.4
3. CNKF 480 1400 940 3.83 86.1
4, W 22-14 1385 935 3.75 89.3
5. 1M 21135 1345 1045 2.50 90,0
6. LM 21132 1375 935 3.67 91.2
7. 1M 21124 1345 1015 2.75 92.7
8. LM 10363 1340 1015 2,71 94,0
9, W 20-9 1375 850 4.38 95.8
10, 84 VAN-60 1300 1015 2.38 107.1
Checks
ICA Pijao 1095 610 4.04 103.3
ICTA Jutiapan 855 706 2.12 268.8
Puebla 152 900 810 0.75 613.3
Rio Tibaji 835 745 0.75 700.0
Purple seeded: kg/ha
1. MX 1418~} 1755 1405 2.92 42.8
2. MX 2709-24 1510 1220 2.42 128.0
3. TY 3350-2 1415 940 3.96 148.9
4, TY 3350-3 1440 1200 2,00 165,0
5. TY 3364-9 1220 610 5,08 181.1
6. TY 3361-2 1365 1060 2.54 185.0
7. LM 10348 1330 970 3.00 186.6
8. MY 1418~2 1360 1070 2.42 196,60
9, ESAL 503 1190 665 4,38 197.4
10, TY 3361-6 1335 1060 2.29 205.2
Checks
BAT 41 830 720 0.92 880.4
Rosinha G2 510 425 0.71 1556.3
CNF 10 510 460 0.42 2547 .6
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Tahle 18. Root length (om) and relative root length () at five different depths
of bean grown in Khdzoctron of Univ. Federal do Parana in 1986,

Depth Carioca  Rosinha 62 A 283 Puebla 152 OF 10 A 143 Total
in om om 2 m Z o Z i @ I om % cm A
0 - 20 1435 40 147.4 43 135.2 60 125.1 43 B3.0 64 52.3 48 686.5 47
21~ 40 102.1 28 119.5 35 655 29 73,8 25 385 30 56.2 52 455.6 31
41 - 80 73,7 21 494 14 239 10 87.7 X0 7.5 6 0.8 -~ 243.0 17
61 - 80 3|8 10 165 5 - - 8.7 3 - - - = 64.0 &
81 - 100 0.9 ¢ 7.5 2 - - - - - - - - 84 1
Total 359,1 340.3 225.6 295.3 129.0 109.3 1457.5
Teble 19. Bean vield (kg/ha) grown under different water tables at CNPAF -

Palmital experimental station, 1986,

Average depth of water table (in cm) .

Variety 6.00 6,95 7.%0 B.85 9,80 10.75 11.7 Average
Emgopa 201~Ouro 225 308 325 438 563 930 1925 673
Carioca 168 213 295 513 588 1418 1770 709
BAT 67 70 163 405 405 1058 1275 1595 710
AVERAGE 154 228 342 452 736 1208 1763 697

18D 5% VAR, = 134 kg/ha
LSD 5% Depth of Water table = 108 kg/ha
C.¥, = 21.3%
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Figure 1, Evaluation of bean efficiency in using low soil phosphorus.
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3, Peru

The cobjective of the three and one~half vear old project in Peru,
ig to increase the production and congumption of beans in that area.
In 1986 the project concentratad on three principle activities: genet-
1c fwprovement, seed production and scientifiec training.

Advances in genetic improvement

The most significant advances in the coastal reglon consisted of
the iIntroduction ¢f 35 advanced Canario type, BCMV-resistant bean
lines. These lines are very similar in grain type to the traditienal
bean grown in that sarea, canaric Divex 8130, These lires, together
with CIFAC 1277, were evaluated in on-farm trials teo determine which
to release officially,

With support provided by the Peruvian universities in conjunction
with INIPA, a new bean variety called "Panamito Molinero" was released
in 1986. This is the first variety to be released, that is suitable
for summer planting in the central coast area.

The best advanced bean lines for the mountainous areas continued
to be selected for their productivity, and resistance to halo blight
and anthracnose. Six newly selected lines formed the basis for the
second trials known as "uniform yield trials for climbing beans for
the sierras-1986"™, and nine lines were tested in the "uniform vield
triale for bush beans for the sierras-1986". These trials were dis~

tributed for planting to 11 regional centers or CIPAs throughout the
country.

No bean lines showing tolerance te web blight were selected for
planting in the selva this year. However, a new variety of cowpea
called "San Roque" was officially released for the Iquitos region.

Seed production

The production c¢f basic bean seed was promoted in four principal
regions of Peru, and more than 130 hectares wevre planted (Table 1),

Seed was produced in farmers' filelds by contraect with CIPAs or region-
al centers.

Table 1. Principal areas of Peru promoting bean seed production.

Departament Production zones Varieties Ba/planted
Lambayeque various Bayo Florida

Blance Chancay 100
Arequipa Camana, Majes Canario Corrilente 356
Cajamarca various Gloriabamba 30
ICA Valle de Chincha Canarles and Whites 25
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Training

8ix INIPA scientists working on beang participated in training
courges given at CIAT, and others took courses in Peru. Courses in
Peru were conducted at the International Potato Center {CIP), and com-
prised the third and last phase of training called "Postgraduate In-
tensive Course 1 for On-Farm Bean Research in Peru"”., This course has
been conducted in production zones of Cajamarca since February 19835,
and has provided training for 24 scientists.

Future plans

This report terminates the collaborative bean project with Peru,
A project called PROCIANDING will begin in 1987, and will include
Venezuela, Colombia, Ecuader and Bolivia in addition to Peru.

CIAT's Bean Program will be working closely with the PROCIANDINO
project finarced by the Interamerican Development Bank.
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4,  Mexican Highlands

At the beginning of 1986, four trials each comprising 45
segregated populations were sent to Mexico, to be planted with four
checks and two replications in two different locations, The objective
was to further decentralize the genetic Iimprovement process, by
facilitating selection and evaluations in early generations under
conditions which combine specific adaptation with resistance to local
diseases. It 1is hoped that this method will advance bean research
more guickly and concretely than previous management methods, At the
same time, crosses made in 1985 were advanced at CIAT. In accordance
with the new program strategy, these early populations were planted at
CIAT/Palmira in replicated vield trials. The objective was to find
the highest vield potentials under conditions of high technological
inputs, The 830 populations planted in Palmira in 1986 under these
conditions, will form the source of future lines.
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5. Argentina and West Asia

In December of 1985, six sets of white lines from the VAPA 86
CIAT nursery were sent to three Institutions in Argentina (INTA,
EEAOC, and Rancho Llas Cadas), to be planted in various localities in
February 1986, The VAPA 86 nursery comprises 520 entries, including
the best large seeded lines as well as small and medium seeded linss,
Each line was selected for specifiec characters, and the next phase
will include yleld trials under various conditions. In addition, CIAT
received a group of lines which had performed very well in Argentina,
and with the help of two scientists visiting CIAT for three months, an
IBYAN was developed with 16 entries that will be planted in four
locations within Argentina iIn 1987. This will facilitate rapid
advancement of the best performing lines 1in VAPA, EFAOC, in
accordance with results obtained from their regional trials program,
decided to release three white seeded lines: TUC 122 (small seeded);
TUC 27 (medium seeded); and TUC 56 (large sceded). Two other
accessions, PVAD 1111 (red seeded}, and TUC 157 {(black bean) were
incloded. INTA has requested 48 new crosses from CIAT, {(which can
perform similarly to early lines from VAPA), to be tested in cool
areas for rust resistance, and Iin hot areas for resistance ¢to
bacterial blights and white fly. These crosses will be begun in CIAT
in 1987. With the help of two visiting scientists, 18 sepregating
populations were selected to be planted by INTA and EEAOC in the first
geason of 1987. These populations will allow selections to be made
under local conditions.

A similar nursery called WANABAN 86 was sent to various regioms
of Turkey, Bulgaria, Spain, Portugal, Iran and Tunisia in April, 1986.
The number of entries for these countries vanges from 30-400 for each
trial. Vdittle information has been received to date on the results of
these trials,

Crossing activities continue at CIAT for various grain types;
last vear saw the initiation of crossing in Dermason, Great Northern
and PBolita lines. All of these populations will bhe planted in
CIAT/Palmira in 1987. In December 1985, 55 segregating populations
including parente of local grain types, were sent to Turkey. These
populations will be planted there in 1987, to provide adequate
selection under local conditions for Turkey's genetic Improvement
program.

Earliness

This season's crossings include early maturing parents like G
2883, & 3017, and others. These are crogses made for different
commercial grain types. Following the same strategy mentioned
earlier, 240 populations were selected from 300 segregated populations
in Palmira. These populations were planted in Quilichac in 1986.
Further selections were made and 130 populations were planted at
Popayan in December 1986, Individual selection will be carried out
and it is hoped this will produce a large quantity of early maturing
selections to be evaluated in 1987,
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Drought

Sixty-seven segregating populations were planted in Palmira for
thig project. They are to be evaluated in the dry season (December
1986~February 1987), These populations were planted under moderate
drought stress, recelving irrigatlien only twice throughout the growth
cycle. Seed was produced from 66 diallel crosses made between 12
drought tolerant lines, for a genmetic study of this characteristic.

Anthracnose

A new evaluation of reactions to anthracnose (Colletotrichum
lindemuthisanum) was conducted in Popayan with available germplasm from
the germplasm bank {16,500 accessions}.

Unfortunately, weather conditions, adaptation problems, and root
rot prevented a thorough study, and results were gathered from only
547 of the accessions {B762 accessions)., Of these, 4596 showed
resistance or intermediate resistance to anthracnose, and 4166 were
susceptible. However, 351 segregating populatlons which combined
sources of resistance with other favorable characteristics, were
advanced.

Table 1. Advanced populations 1986, Bean Improvement II.

Zone or Project Palmira Quilichao Popavan
Brazil 736 (March) 589 (August) 316 (December)
Mexico 850 (December)

Drought 67 (December)

Earliness 300 (March) 240 (August) 130 (December)
Anthracnose

TOTAL 1953 829 497
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6. Andean Zonsg
Colombia

In 1985 three mnew cultivars were released as a result of
collaborative research between ICA and CIAT ('convenio ICA-CILAT"),
These were Frijolica 0-3.1 (bush bean for highlands), Frijolica 0-3.2
(climbing bean for highlands) and Frijolica 1.8-3,3 (climbing bean for
highlands). Quantities of basic seed produced at the ICA stations CRI
Obonuco and CRI La Selva are shown In Table 1.

Antioquia: At CRI La Selva, 190 new advanced lines of climbing
beans were coded. A set of 32 lines has been selected on the hasis of
vield, disease resistance and grain type, and these are currently in
an advanced yield trial wnder low and high fertility, and will form
the basis for a repional trial for altitudes between 1800 and 2600 m
in Colombia in 1987. Yield gains continue to be made over cultivars
released to date., As well as improvements in the Cargamanto type,
many lines are now available with the Radical grain tvpe. The first
cultivar released in the collaborative program, ICA Llanogrande, has
been an important parent in the new generation of advanced lines, as a
source of Improved vyield and anthracnose resgistance. Although
improved levels of Ascochyta resistance are gradually being obtained,
progress with resistance to this pathogen 1is slower. In fungicide
trials, the Tbest control of Ascochyta has been obtained with
Clorotalonil (1.25 g active ingredient/liter) applied weekly from two
weeks hefore flowering to two weeks after flowering.

Regional trials with bush beans were conducted in 20 leocations 1In
Antioquia. The best lines were PVA 476, PVA 7 and PVA 698, which will
pasg to confirmation trials for possible variety release.

Narifio: At CRI Obonuco, 10 advanced c¢limbing bean lines were
planted 1in regional trials intercropped with maize in Ipiales,
Contaderc and Cordoba. The most promising lines for possible variety
releage are AND 53, known also ag ¥-B012-43, and ZAV 7, known also as
TIR 30-42, These are both resistant to rust and anthracnose, and
yielded on average 180% and 1587 more than the local cultivar Mortine
in four locstions. Results obtained initially on the experiment
station, indicating that vyield could be increased with the new
cultivars by reducing the distance between hillls of beans and maize,
have been confirmed in on~farm trials. The distance recommended for
Frijolica 0-3.2 is 0.80 m = 1 m between hills, allowing increased
vields of both bean and mailze.

Regional trials with bush beans in Warifo were planted in E1
Tambo and Funes. In El Tambo (dry, 1250 m altitude), the best new
lines were AND 359, ICA 15551 and AND 311, with vields 28BZ to 42%
greater than Nima (lecal cultivar). In Funes the best new lines were
PVA 3043, AFR 198 and PVA 3038, yielding 19% better on average than
Argentine {local cultivar).

Coffee Region: In 1985 a regional bush bean trial consisting of seven
hean lines, plus a local check, was organized in collaboration with
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ICA. The bean lines were chosen on the bhasis of yield data from
previous regional nurseries. The trials were planted by agroncmlsts
from FEDECAFE, CVC, FES, and ICA in the medium altitude areas of
Colombia. Calima, the standard commercial cultivar, had the lowest
overall yield, followed by PVA 916 and the local cultivar, which
varied according to region {Table 2. Two small red mottle bean
lines, PAI 29 and PAI 92, were superior to the other lines In overall
yield. The disadvantage of these lines, however, is thelr small seed
size. Their high yields may, nevertheless, make them attractive for
farmers in certain areas, especlally those less orientated towards the
major markets. Bean lines A 36 and A 486 had yields greater than the
tecal cultivar and Calimsz and an acceptable grain size and color.
These lines are presently bheing grown in large demonstration plots
throughout the country for possivle variety releases.

The vyield trial in many aress of Colombia was attacked by web
blight. Only PAT 29 and PAI 92 showed resistance, which may have
contributed to their superior ylelds. Because of the importance of
this disease 1n many of t.. bhean producing areas, a speclal
Observation Nursery was formed in 1986 to determine whether any of the
elite CTAT and ICA advanced lines are resistant. The nursery consists
of 219 lines of commercially acceptable grain type and has been
planted in six locations. The best materials from this nursery will
form the basis for future regional yleld trials.

Table 1. Quantities of basic and certified seed produced in 1985/86 of
three new cultivars released in Colombia.

Culvivar Basic Seed Certified Seed
kg kg
Frijolica 0-3.1 1080 -
Frijolica 0-3.2 1106 -
Frijolica T.8-3.3 1000 2455
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Table 2, Regiooal bush bean yield trial in Colombia. 1985-1986

LOCATION

El Baed
Bean Pitalito Pitalito Pitalito Garzon Timend Ta Plata Consacd Restrepo Agulla Ibague Aranzazu Mandzales Chinchina Viota Cocorrd  Mean wert Seed
Tines Bsa 858 858 858 858 asB 858 858 858 858 858 858 858 85B 858 /100 Color
A 36 112&1 1393 1045 X6 1121 1215 1207 691 1229 99 675 1387 1221 988 1866 1138 47 Hed
mottied
A 586 1077 799 1667 1530 a7 631 1212 1262 1613 1135 1170 1313 122} 1708 1166 1210 46 Creim
mottled
PvA 916 1016 897 s 1217 373 661 1216 824 1536 1676 1344 672 1362 1146 966 1066 46 Red
tottled
PYA 1261 1147 1177 1332 1119 403 37 1112 1036 732 1561 1198 1366 1&21 1123 1286 1090 i6 Red
mottled
Calima 7% 824 1963 1238 388 440 1291 582 1152 1135 1274 64] 1157 1168 622 673 55 Red
mottled
PAT 29 1986 1858 w7 1367 2587 3038 1454 2146 1638 1276 1325 2es S64 1376 17296 1694 k' Red
wottled
PAI 92 1801 1844 846 1534 34850 2507 1420 2528 1229 1135 1348 867 1416 1780 1478 1679 23 Fod
mittied
Local
variety 1062 je %) 1002 943 964 178 1024 867 804 1107 1608 1394 1374 644 1292 1087 4&0-55 Vartable
Signifi- Ng * NS bt ok il ** NS *k NS Fk NS N§ NS
carce level
Dept, Huila ‘thdla Huila Hufla Hulla  Hulla MNarlfo  Valle Valle Tolim Caldas Caldas Caldas O~ Antio-
dinwearca  quia
Alringd 1350 1380 1458 - - - 1500 1450 170 1250 1930 - 1450
Precipr, 2000 2000 16040 - e - 1390 1200 1800 1875 2506 - - 2500
Local
Variety Nima Nima Nima Nima Nims Nima  Nims Calima Bangre Alga- Uribe Tone Tomse ~ Chigqui-
tore  rroba  Rosado ta Roja

*%, % {ndicate significant differences among means within a colurn at P=0.05 on P=0.01 level, respectively
1 the individusl means vere adjusted according to'_the overall mean of the locality and the grand mean of all the trials,
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7. Africa

a. Great Lakes Regilom

The Great Takes Regional Bean Program, financed by the Swiss
govermment (SDCY, serves the Great Lakes Region of central Africa
which includes Burundi, Rwanda, and Zaire. The program works with the
region's national agricultural research institutions: Institut des
Sciences Agromomiques du Burundi (ISABU); Institur des Sciences
Agronomiques du Rwanda (IS8ARY; and with both Zaire's Programme
National Legumineuses (PNL) and its Institut National des Etudes et
Recherches Apricoles (INERA). The report which follows represents the
work of these national research Institutions in collaboration with
CIAT, and with various development and agricultural projects.

Regional collaboration and training

The region's national programs currently collaborate in several
region-wide research activities such as the Pépiniére Régionale
d'Evaluation de Ré&sistance (PRER), the Pépinidre Régionale
d'Evaluation de Lignées Avancées de 1'Afrique Centrale (PRELAAC), the
reglonal advanced vield trials, and regional subprojects. The PRELAAC
nrogram has just begun and is described in the Varietal Development
sectlon of this report,

The first regional subprojects were initiated this vear,
National research programs take responsibility for specific research
topies of regional dimportance, These subprojects are partially
financed with regional funds. The techniques, wvarieties and
information obhtained are shared among the programs., Progress made on
each subject is reported at regional bean research meetings.

Subprojects initiated so far focus on angular leaf spot (ALS),
common bactevial blipght, hale blight and bean fly. The ALS project,
managed by PNAL at Mulungu, Zaire, will study vield reductions caused
by this disease, and identify and develop better adapted sources of
resistance., In Burundi, ISABU has recently initiated subprojects on
common bacterial blight, halo blight, and on control methods for bean
fly. Additional subprojects are being planned.

In addition to collaboration among national programs, close
collaboration with regional agricultural and development proiects has
been critical 1n increasing efficiency of research and subsequent
information diffusion., A major event this year was the establishment
af & link with the iImportant bean production region of Worth Xivu,
Zalre, through beginning collaboration with two development and seed
production projects located in the regilon. These projects are CAPSA
(Centre d'Adaptation et de Production de Semences Améligrées),
financed by Canadian aid, and CBK {(Communauté Baptiste au Kivu) which
has a strong rural development emphasis. Collaboration with these
projects, in diagnostie research and wmultilocation, znd on-farm
trials, promises to facilitate the transfer of technelogy from PNL
{based in southern Kivu) to this important production region.
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The second annual regional bean research conference wag held at
Bukavu, Zaire, May 19-24. This was jointly organized by the CIAT
Regional Program and the Institut de Recherche Agronomique et
Zootechnique (IRAZY, 2 replonal agricultural institute of the Creat
Lakes Region. Some 34 presentations were mwade on various aspects of
bean research. The seminar strongly reinforced c¢ollaboration with
Zaire.

In December 1985, the CIAT Program participated in a three-day
bean research and extension workshop held by 1IS5AR at Rubona. The
objective of the workshop was to update agricultural and development
projects in Rwanda on legume research carried out by the institute.
The workshop generated further dinterest i1in projects focusing on
carrying out multilocation and on-farm trials in cooperation with
ISAR,

A stronger ewmphasis was pleced on training this year, The
program’s first technical training workshop was held at Gisenyi,
Rwanda, April 19-24, with participants from Zaire and Rwanda. An
important objective of this workshop was to train technicians from
North Kivu, Zaire, to manage trials and surveys. Other training
activities Iincluded two bean disease and insect workshops at Rwerere,
Rwanda, May 26-29 and July 7-9, in collaberation with ISAR, and a
USAID farming systems project called FSIP. Additiomally, an on-farm
regearch workshop at Butare, Rwanda, was organized with CIMMYT and
I5AR, August 26-29, In addition to attending workshops, inter-program
visits by mnational vesearch staff were strongly encouraged. For
example, two separate visits teo Rwanda were made by neighboring
gandan national bean program scientists for short-term training in
on-farm research, as well as to obtain germplasm for their program.

Varietal development and evaluation

A large quantity of germplasm continued to be intreduced to the
region during 1986 (Table 1). Advanced breeding lines were introduced
as potential new wvarieties for the region and/or as sources of
resistance to the limiting production factors of the Great Lakes area,
with & special emphasis on disease resistance. Together with locally
collected germplasm, the introduced germplasm forms an excellent basis
for the variectal development programs.

Local germplasm was collected throughout the region in 1986 with
the support of IBPGR and USAID. Since the initiation of the CIAT
regional program, more than 600 local varieties and varietal mixtures
from these and other collections have been quarantined in Europe, and
sent to CIAT for inclusion in the CIAT germplasm collection,
Cermplasm quarantine in Furope is handled by the National Vegetable
Research Station, Wellesbourne, FEngland, and Gembloux- University,
Belgium. Shipment of this germplasm to CIAT has allowed crosses to be
made at CIAT between locally collected germplasm and other varieties
developed or collected by CIAT. Many of the varietal crosses shipped
back to the Great Lakes Reglon from CIAT now include local varieties
as one of the parents.
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A large proportion of germplasm is now introduced as segregating
populations, and varietal development programs of the region are
placing increasing emphasis on managing segregating populations as a
source of new varieties. Targe numbers of bush and c¢limbing bean
breeding lines, developed locally or introduced, are now passing
through on-station varietal testipg to on—-farm evaluation.

Many promising bush and c¢limbing bean wvarieties have been
identified by the national programs, WNew promising bush varieties at
advanced stages of evaluation in the region include the following:

From 18ABLU: PVA 1186, PVA 779, A 410, and locally developed
varieties HM 5«5 and EM 21-7

From ISAR : PVA 1438, G 13671, G 11060, and a locally developed
variety RWR 221

From PNL/ZATRE: BAT 1297, and a locally collected variety Nakaja.

New promising climbing bean varieties were included In the
regional climbing bean trial {Table 2}.

Table 1. Germplasm originating ar CIAT introduced and evaluated in
the Great Lakes Regien in 1986.

National Program IBYAN vield Advanced? Segregating
trials lines populations

ISARU {Burundi)
1986 A% 0 329 45
1986 B 1 338 61

TSAR (Rwanda)

1986 A 1 1018 285
1986 B G 211 ag3
PNIL (Zaire)
1986 A & 329 13
1986 B 0 g St
TOTAL 6 2225 848

& . 1986 A: January harvest, 1986 B: June harvest

Germplasm accessions from Latin America or breeding lines
developed at CIAT,
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Table 2., Results of Great Lakes regional advanced climbing bean

trial, 1986,

Mulungu, Zaire 1986 A Mulungu, Zaire 1986 B
(1730 MASL) kg/ha (1730 MASL) kg/ha Days/M*

G 2331 1391 Puebla Criolla 3083 113
G 2333 1219 ACY 8331 1913 113
G 685 1181 G BS8 19G0 114
Urunymba 3 G21 G 885 1658 92
Puebla Criolla B49 Nain de Kyondo 1645 110
Nain de Kyondo 820 Mabayange 1570 11t
ACV 8331 813 c 10 1463 111
G 858 805 G 2333 1350 110
Musale 726 G 2331 1325 110
Cuarentino-0817 714 Cuarentino-0817 1200 113
C 10 684 Musale 1083 110
Mabayange 678 Urunymba 3 ¢25 11t
Local Mixture 368 Local Mixture -

.8D. 05 368 LSD. 05 592

Rwerers, Rwanda 1986 A Rwerere, Rwanda 1986 B

{2100 MASL) kg/ha (2100 MASL)Y kg/ha Days/M
G B58 2240 ¢ 858 1656 122
G 2331 1727 Local Mixture 1375 109
G 2333 1685 ACY 8331 1208 121
Urunymba 3 1248 Urunymba 3 1172 108
¢ 10 1218 ¢ 10 1108 111
Cuarentine-0817 1135 Mabayange 1094 121
Local Mixture 10980 G 685 1070 113
Puebla Criells B43 Cuarentino—-0817 995 117
ACY 8331 788 G 2333 22 111
Nain de Kyondo 732 Nain de Kyondo 8428 121
Mabayange 728 Musale 604 i1l
Musale 632 Puebla Criolla 518 121
LSD.G5 458 L.SD.05 519

X = Days to maturiy
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Some of these new varieties however, often have certain
characteristics that limit their potential vield. For example, two
high vielding varieties - Kirundo, released by ISABU, and Tkinyange (A
197), recently released by ISAR, -~ are very susceptible to halo blight
and anthracnose, respectively. To incorporate resistance to these
diseases, crosses are being made using as donor parents varileties
identified as both resistant and well adapted in the region.

Introductions of varietles as sources of reslstance to diseases
of oprimary importance, such az angular leaf spot, anthracnose,
Ascochyta and hale blight, continued as described in the CIAT Annual
Report for 1985: Introductions are initially tested in disease
specific nurseries for resistance and adaptation. Promising sources
of resistance are later tested in the regional multilocational disease
evaluation nmursery (PRER) for stability of resistance.

Angular Leaf Spot

116 new varieties were tested and evaluated for resistance to ALS
using the BALSIT (Bean ALS International Trial) by the national
programs in 1986, The nursery was planted in southern Kivu, Zaire
(Mulungu), and southern Rwanda (Rubona), where the disease is very
prevalent. Results from two seasons have been pooled and analyzed,
and best wvarieties are opresented in Table 3, Highly significant
differences {p=0.05) 4in ALS severity were found among the 1156
varieties. Although there was no signif'cant improvement in the level
of resistance to ALS expressed by the new varieties in comparison to
such established sources as A 240, chere was an Improvement in
diversity in the new lines. More secid colors and sizes were available
in adapted lines for breeding purposes and wvarietal selection.
However, tnere are still no good sources of resistance in growth habit
I and large seeded varieties,

Anthracnose

In Rwanda the national program draws primarily on the
International Bean Anthracnose T.-ial (IBAT), and Ilocal germplasm
collections for new potential sources of anthracnose resistance,
Introductions are screened on-starion at Rubona, Established
resistant sources continued teo be observed in the PRER, where
varieties such as A 483, A 48B4, A 252 and others have been shown to be
susceptible., Hew sources of resistance In 1986 are given in Table 4.
These new sources were less well adapted than the local susceptible
check. All anthracnose matervials are also being tested by the Faculty
of Agriculture at the National University of Rwanda, for resistance to
regional pathotypes of anthracnose under controlled laboratory
conditions. This will make rapid and accurate evaluations of the
introduced sources possible.

Ascochyta Blight

Tow levels of resistance to Ascochyta is presently available in
P. vulgaris. In an effort to identify higher levels of resistance in
the species, evaluation of the world germplasm collection has been
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initiated by CIAT in Colombia and the Great Lakes Regional Program.
After initial screening in Colombia, lines will be sent to the GLR to
allow evaluation on both continents for the prevailing pathotypes of
the pathogen. These lines will also be evaluated under controlled
envirommental conditions in collaboration with the National University
of Rwanda. Concurrently, the Inheritance of Ascochyta resistance is
also being investigared in collaboration with the national program.

Halo and Common Biiggg

The International Halo Blight Nursery (IBHBN) and the
International Common Blight Nursery were evaluated by the national
program of Burundi as part of a regional subproiect. Diseases were
evaluated in both iInoculated screenhouse and field trials. Under
uniform halo pressure, 91.2% of the 113 varieties of the IBHBN showed
severity ratings between 1 and 3., Thirty-nine (39) varieties showed
resistance against local races of Pseudomonas syringae p.v.
phasecolicola,

Results of the evaluvation of 127 varieties were not satisfactory,
despite mechanical and spray inocculationg, However, 40% of varieties
showed pod infectlon and severity ratings of 7 and 8. The wmost
susceptible lines tested included released varieties such as Kirundo
and Calima.

Rust

The International Rust Nursery {(IBRN} was evaluated in South Kivu
and Bugasera, a low elevation region of Rwanda where rust (Uromyces
appendiculatus) 1s considered locally important. Best adapted and
symptomless lines in both locations were Guanajuatoe 10-A-5, Cuva
168-N, ¢ 5712, Cuerrere 6 and Turrialba, all black seeded varietieg, A
number of less well adapted, symptomless varieties, including, G 1098,
Negro Jalpataqua, Guerrero 6, BAT 1426 and BAT 1427, had wmore
acceptable seed colors.

BCMY

More emphasis was placed on screening of BCMV resistant materials
and segregating populations in 1986, Approximately 100 parental
materials and 250 populations were screened each season in the field.
Materials such as BAC 122, previocusly thought to be resistant, showed
mosaic symptoms in both seasons. However, most other established
resistant lines such as BAN 6, BAT 1387 and VCB 81012 remained
symptomless. In the future, further emphasis will be placed on BCMV
resistance screening as well as identifying and assessing the
distribution of regional BCMV strains.

Bean Fly

The Burundian national program has begun evaluating the Regional
Bean Fly Resistance Nursery (RBFRN) and breeding 1lines for
quantitative levels of resistance to bean fly. The predominant
species of bean fly is Ophiomya spencerella, First season results
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were not conclusive since only a mild infestation of bean fly was
found in the nursery, This research will continue next season.
Research 1in the reglon using seed treatments with low toxicity
chemicals for bean fly control was initiated this year. So far,
bromophos, dialdrin, fenitrothion, lindane, propuxur, and trichlorfon
have been tested in Burundi (ISABU Annual Report 1986, pp 174-1763.
The most effective of the chemicals tested is lindane: 25% a.i., used
at 3 gm per kilogram seed before sowing.

PRELAAC

Tate this year, a multiple site nursery composed of advanced
breeding lines and varieties from the three national programs of the
region was Initiated (first planting October 1986} to obtain precilse
data on Important varietal characteristics such as disease resistance.
The principal objective is to provide this data to national wvarietal
selection programs In order to iIncrease the precision and efficiency
of varietal selection.

The nursery complements the advanced vyield trials of each
national pregram which are not normally screened effectively for a
large number of vyield limitations. National programs are limited in
their ability to screen for multiple diseases because of the
difficulty of cobtaining high pressure for several characters at a
restricted number of sites. This nursery, called che PRELAAC
{(Pépiniére Régionale d'Evaluvation de Lignées Avancées en de 1'Afrique
Centrale), is planted at several sites throughout the region, with one
or two characters evaluated per site. Nurseries are managed to obtain
high uniform pressure for the characters in question., Cholce of sites
iz based on researcher expertise at a given lecation iIn conjunction
with high natural pest or Jdlsease pressure.

The £irst PRELAAC Includes a total of 187 wvarieties from the
region's various advanced vield trials {(essais préliminaires, essais
comparatifs). Eight separate trials have been planted for the first
season. Wine characters will be evaluated: bean £fly, Ascochyta
blight, angular leaf spot, rust, anthracnose, BCMV, hale blight,
common blight and floury leaf spot. If necessary, additional
evaluations may be made during the second season., Data will be
compiled at the end of each vear and distributed to national programs.

Culinary quality of advanced lines

Advanced lines from all three national programs in the region
were evaluated for cooking time, water ahbsorption and hardseed
character (Table 5). A total of 211 different lines were evaluated
over.the two seasons from various locations. In almost all cases,
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significant differences were observed between varleties i1rrespective
of environmental interactions (see the CIAT Annual Report for 1985,
Environmental Influence Study)., A summary of results for the regional
trial can be found in the following section, All laboratory results
for advanced trial materials were distributed to the respective
national program breeders.

Advanced lines in 23 on~farm varietal trials in three communes of
Rwanda were evaluated by farmers in 1986 A (first season), for leaf
and pod culinary quality to estimate the relative importance of these
characteristics In overall farmer acceptability. Results indicate
that farmers can distinguish between varieties according to the
culinary quality of leaves and pods, but that these characteristies
are of less dmportance in determining overall farmer acceptability
than, for example, yleld, cooking time, taste, and time tc maturity.
For example, Tkinimba (a2 medium sized, black seeded variety), was the
ontly variety with significantly more palstable leaves and pods than
the local mixture. Nevertheless, farmers preferred to continue
planting their local wmixture instead of Tkinimba due to cther wmore
important negative characteristies, such as graln color, long cooking
time and sgprawling plant type., Tt was therefore decided not to
include culinery quality of leaves and pods as a routine evaluation
criteria.

Regionzl variety trials

The regional advanced bush bean varietal trial was planted during
the year at several locations within the region. The trial included
the four highest yielding varieties of 1985, VWew varleties from
Rwanda and Zaire were included in the first season of 1986 (Sept. 85
planting) (Table 6). New varieties from Burundi were added for second
season plantings (Table 7). Among new varietal entries, the varieties
Nakaja, HM 5-1 and Ubusosera 6 were promising at several sites. Wain
de Kyondo yvields well at several sites but 1s possibly less promising
because of its small white grain type and late maturity. In general,
indeterminate growth habit III warieties had higher overall yields
than less vigorous, growth habit I and II wvarieties. Though some
varleties performed well over several sites, there was considerable
variety by site interactions, Nain de Kyondo, for example, was
highest vielding at Mulungu, but lowest ylelding at Murongwe. Some
varieties tend to be well adapted at a relatively restricted number of
sites. A 410 performed well only at Moso. A 410 consistently yielded
well in other ISABU trials at the same site and in the lower Ruzaizi
valley (950 MASL). A 410 did not however, yield well st Karama, (1300
MASL), the regional trial site most ecologically similar to Mosc.

Variety by seasson interactions were significant at some sites
during both 1986 and 1985. This is probably largely due to seasonal
differences in disease pressure which is illustrated by the ylelds of
Ikinyange (A 197), an anthracnose susceptible variety at Rubona.
Ikinyange yielded highest among all varletles during 1986 A when there
was little anthracncse pressure. During 1986 B, its yield relative to
other varieties was seversly reduced due to heavy anthracnose
pressure,
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Table 3. Sixteen most resistant lines to angular leaf spot over two

locations and two seasons in the Great Lakes Regilon,

ALS Yield Growth Seed Seed

(1-8) (g E,Swzm} Type Color Size
A 7221 1.6 140.0 II Black Small
A 240 1.8 170.0 11 Cream Small
G 11526 1.8 137.9 11 Cream Small
A 300 1.6 117,0 II Cream Small
A 339 1.8 133.4 II Cream Medium
A 216 1.8 123.0 111 Black Small
G 5473 1.8 122.2 It White Small
A 212 1.8 118.0 11 Black Small
A 345 1.6 B7.4 IT Cream Small
BAT 1647 1.8 85.5 11 Black Small
G 5173 2.0 211.0 I1 Black Small
A 140 2.2 155.5 111 Cream Small
BAT 963 2.2 102.6 111 Coffee Medium
G 3666 2.0 165.4 11 Black Small
G 2676 2.0 89.2 11 Black Medium
BAT 1435 2.2 97.2 11 Yellow Small
BAT 76 (Res) 2.0 7G.8 11 Black Small
BAT 1510 (Res) 2.2 124.0 111 Purple Small
Munyu {Susc) 6.2 67.3 I Coffee Medium
Rubona 5 (Susc) 5.5 186.5 I Red motrle Large
LSD (P=0.05) 1.6 85.0

I = Symptomless, 9 = 25% of surface area covered,
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Table 4. Best adapted new resistant parents to anthracrose for the Great Takes Region (mean

evaiuation at Rubora, 1986).

BOW
Anthracnose Yield Black Growth Seexd Seed

Variety a-9" (g 1-50 D)  Root (I-9)  Habit  Color Size
G 2618 1.0 141.5 1.0 3 cream mexdivmm
P.I. 165,426 1.0 136.5 1.0 1 coffee small
BAT 1275 1,0 134.5 1.0 1 purple mottle medium
G 127227 (4B 136} 1.0 106.0 1.0 4 red amall
Cornell 49242 1.0 99.0 1.0 2 black small
G 2333 1.0 97.5 1.0 4 red small
G 3951 1.0 86.5 1.0 4 cream small
G 7199 1.0 76.0 8.5 3 black small
A 411 (res) 1.0 132.5 1.0 3 cream medium
A 336 (res) 1.0 119.0 7.5 3 cream soall
Rubona 5 (Susc) 6.8 171.5 1.0 1 red mottle large
* Apthracnose 1 = Symptomless 9 = 257 of surface area covered
%ok BOMV/Black Root: 1 = Sympteniless 7 = Systemic necrosis stem

2 -5 = Yogaic 8 = Few plants dead

6 = local lesions 9 = Over 20% plants dead
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Table 5. UNumber of advanced varieties evaluated for culinary quality
in 1986 A and B,
National mber of
Season Trial name Program Seed Source varieties
1986 A Mailti-locational trial IEAR Rubxma 45
1986 A Regional Trial ISR Rubona, Rserere 19
1986 B PN Ruhona
TSARG Rubona, Karam
1986 A Onfarm varistal trials  TSABU Farmers 21
1986 B ISAR
1986 B Comparative trial T8AR Pubona 41
Karama 49
Rwerere 36
L = 211
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Table &, Great Lakes regional advanced bush bean trial 1986 A,

RUBONA, RUANDA

MULUNGU, ZAIRE

RWERERE, RWANDA

Variety (1650 masl) kg/ha Variety (1730 masl) kg/tta Varifety (2100 MASL) kg/Ha
A 197 2415 Nakaja 1209 Ikinimba 1782
Yrubonobono 2314 Wain de Kyondo 1209 Ubusosera 6 1581
Kilyumukwe 2360 Urubonobono 925 Local mixture 1550
Ubusosera & 2190 Ubusosera 6 824 Kirundo 1513
Nain de Kyondo 2150 Tkinimba 807 b6 1288
Rubona 5 1915 Kirundo 768 Caraota 1207
Local mixture 1775 A 197 738 Ngizebashonje 1113
Nakaja 1750 Rubona 5 728 Nain de Kyondo 1694
D6 1740 Muhinga 689 Nakaia 1088
Kirundo 1740 Nsizebashonje 4 608 Kilyumukwe 1869
Caraota 1600 Kilymukwe 5i8 Muhinga 1038
Muhinga 1590 Local mixture 509 Urubonobono 957
Ngizebashonje 4 1575 Caraota 415 A 197 608
Ikinimba 1415 neé 425

LSD.O5 536 L8005 274 T8D.OS5 366
Average 1690 Average 741 Average 1246
CV = 19.8% Yy = 25.9 % CV = 20,57
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Table 7, OGreat Lakes regional advanced varietal trial 1986 B, Mean vields in kg/ha.

9 Moso Farama Murongwe Bubona  Mulungu  Ruerere

Variety Source Grain Type Habit Days 126&1’1 1300 147(M 1650 173 2100M Mean
Nakaja Zaire 2p ITIa 81 980 1325 540 1095 1788 525 1042
Nain de Kyondo Zaire Ip IIIh 86 725 1870 395 740 1425 750 984
Tocal mixture Tocal  var var 79 1080 1145 620 1190 95] 725 952
M 51 Binmdi 3G II1a 75 70 680 825 1050 1138 1240 951
Ubum;a 6 RFwanda  4p la 83 880 1125 665 745 1250 810 913
Kirmdo Burundi 3G IITa 76 840 950 05 860 988 g0 907
Caracta 3 alre  6p II1a 77 815 1115 550 870 950 620 837
Urubanobono Brmdi 1/9m IIth 78 2900 945 495 750 1250 550 815
Kilymulqge Benda 76 Ib 75 450 780 775 970 963 790 788
Tkinimha Pwemda 9M Illa 76 1420 600 480 560 713 915 781
Ngizebashonge 4  Rwanda 2/4p IIIa 74 1125 845 460 635 613 765 741
Db Zaire 1/66 I 75 495 915 795 880 638 695 736
Tkinyange (A 197) Bwarda 26 1 77 560 950 890 675 700 515 722
Bat 1375 Burundi 6p IIa 80 585 940 385 510 1350 450 705
PVA 779 Burundi  1/60 I 78 770 625 675 635 763 705 704
W 21-7 Burendi 1/6M 1 74 780 830 665 725 £50) 555 701
Mahinga + Zaire 1/9rM IIb 72 615 670 720 765 813 585 696
Rubora 5 Tmmda  1/6M 1 77 720 620 535 730 963 465 672
A 410 Buarundi M ila 79 1065 315 545 485 650 645 618
.. control var, local  var var var 545 - 745 - - - -

Mean a1l 864 634 746 928 661 763
18D.05 404 358 188 250 355 385

| highest ylelding varieties of 1985 regional trial

Flevation: meters above sea level
Days to maturity at Rubona, Rwanda
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Few varieties outperformed the average of locally selected
farmers' mixtures across sltes, even though at most gites sgpecifie
varieties vielded significantly more than thege mixtures. This
indicates the importance of targeting many varieties for specific
ecological zones. Varietal promise in these specific zonmes should be
confirmed by on~farm varietal trials.

Regional trial wmaterials were evaluasted for cooking time and
water absorption capacity in both 1986 A and 1986 B. No wvariety
evaluated in elther season took significantly longer to cook thanm the
local mixture. However, it should be noted that, for unknown reasons,
the local mixture took an wunusually long time to cook. Some
varieties, such as Wskaja in 1986 A and Hm 21-7 in 1986 B, cooked
significently faster than the local mixture (Table 8). Even though
Urubonobone and Tkirnimba did not take significantly longer to cock
than the local mixture in the regional trial evaluation, both of these
varieties absorbed significantly less water than the local mixture,
This could indicate a tendency towards hard seed. These twe varleties
have been observed in other laboratory analyses and farmer evaluations
to have long cooking times.

Table 8. Varletieg in the regional trial which cooked significantly
faster than the local mixture in 1986 A and 1986 B.

1986 A* 1986 B**

Varietal Name Cooking time Varietal Name Cooking time

{minutes) (minutes)
Tocal mixture 60.83 abe Local mixture 44,00 abed
Kilyumukwe 49,17 de Hm 21-7 26.33 e
Karaota 48.50 de Nsizebashonje 26,33 e
Nakaja 48.17 de
D& 47.50 de
Muhinga 44,50 e
A 197 43.67 e
LSp .05 = 11.23 L8D .05 = 13.88

*# = Samples from Rubona and Rwerere. Environmental interaction not

glgnificant.
*% = Samples from Karama. WNo varileties were significantly different

from the local mixture in Rubona 1986 B.
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Breeding varietal mixtures at CIAT for Afrieca

Varietal mixtures are widely used in the Great TLakes Region and
in parts of Southern Africa. A collaborative project between the Uni-
versity of Munchen and CIAT, funded by GTZ, investigated the signifi-
cance of mixtures in terms of yield gains due to vphysiclogical factors
and disease control at CIAT. The objective was to obtain information
to develop a strategy for improving variety mixtures. Thege provide
the possibility of obtaining multiple disease resistant populations by
physically mixing components resistant to different pathogens, or dif-
ferent races of the same pathogen. They also offer the possibility of
improving local land races (mixtures) by adding one or more new dis-
ease resistant components to the farmers' mixture.

Four trials were conducted at CIAT with 9 genotypes, which were
mixed in combinations of three, six and nine: three combinations of 3
genotypes, three combinations of & genotypes, and one mixture of all 9
genotypes, Trials were incculated with rust 15 days after emergence.
Plots were & m long and & rows (60 cm between rows) wide. Cowpea was
planted between plots to reduce spore exchange.

On average, the larpgest benefitr from mixtures was obtained by
using equal proportions of growth habit II genotypes BAT 1297 (rust
sugceptible), XAN 43 (rust resistant) and PAI 49 (rust intermediate),
This gave a 10.27% yield increase in 4 trials over the expected yield
based on the pure cultures of the individual genotypes. The average
yield gain for all mixtures was 5.1%, but no benefit was obtained
where there was no variation for rust resistance. Mixture effects
were found to be additive: the effects of 6 or 9 components could be
predicted on the basis of the 3 component mixtures.

The genotypes which gained most from being planted in mixtures
were BAT 1297 and PVME 1531, and this was largely due to less rust in
mixtures with resistant genotypes. In pure culture, the yield rew-
duetion due to rust was found to be 54% in BAT 1297, 31% in PVMX 1531,
and 21% in XAN 33. The mean galn in vield of BAT 1297 over all mix-
tures was 100% in the rust inoculated trilal, whereas its yield gain
wag 417 in the protected trial (Table 9). 1In other words, this
genotype was gaining yield in mizxtures because of protection from
rust, as well as other factors. In this case, the susceptible
cultivar would tend to Increase in proportion from one generation to
another, until the level of disease becomes such that the selection
pressure favors again the resistant cultivar(s). This may be what
would occur in a farmer's susceptible cultivar if a new disease resis-
tant cultivar was iIntroduced intoe the wmixture, and suggests that
large, and possibly sustainable, yield gains could be attained by
adopting this strategy for variety improvement in parts of Africa.

The other factors found to be particularly important in determin-
ing the competitive ability of genotypes were their leaf area index at
flowering, and tendency to lodge. Tines with low leaf area index (ICA
15438 and PAI 49) suffered more competition due to shading from
neighboring genotypes. In addition, genotypes which tended to lodge
(especially BAT 1297 and PYMX 1531) benefitted from being planted with
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erect genotypes, which provided support. Mixtures containing
genotypes with different seed weights tended to lose their original
composition very quickly, the large seeded types being eliminated., It
is advisable, therefore, to work with genotypes with similar sgeed
weight,

Table 8, Values of the mixture ceoefficlent for individual genotypes
planted together in equal proportions by seed number, where
the mixture coefficient is defined as: single plant yield in
mixture/single plant yield in pure culture.

a, Protected with fungicide

Genotype Mixture 1 2 3 12 i3 23 123  Mean
ICA 15438 0.89 - -~ 0.68 0,72 - 0.71 0.75
ICA L-23 1.13 - - 1.14  0.99 - 0.97 1,06
BAT 1769 0.99 - - 0,87 0,84 - 0,87 0.89
BAT 1297 - 1.37 - l.44 - 1.52  1.37 1.42
XAN 43 - 1.07 -~ 1.21 - 0,99  1.23 1.13
PAT 49 - 1.71 - 0.75 - 0.6l 0.66 0.68
PVMX 1531 - - 1,32 - lL.45 1,40  1.17 1,33
XAN 33 - - 1,05 - 1,03 0,9 1.le 1.05
G 12491 - ~ 0.68 - 0,69 0.69 0.8 0.73

b. Inoculated with rust

Genotype Mixture 1 2 3 12 13 23 123 Mean
ICA 15438 0.81 - - 0.72 .89 - 0.73 0,78
1CA T.-23 1.01 - - 1,04 1.00 -~ 0.9 1,00
BAT 1769 1.00 - - 1.08 1.18 - 0,89 1,04
BAT 1297 - 1.83 - 2,22 - 1.91 2.10 2.0}
XAR 43 - 1.09 - 1.01 - 1.12 1,09 1,07
PAL 49 - 0.75 - 0.73 - 0.74 0.94 0.79
PVMX 15331 - - 1.36 - 1.31 1,50 1.20 1.34
XAN 33 - - 0.93 - 1.0 1.1t 1.28 1.10
G 12491 - - 0.886 - 0,87 0.81 0.81 0.84
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On-farm research

The overall objectives for on~farm research in 1986 were to :

i, Conduct exploratory trials and varietal trials to orient
regearch and evaluate promise of new varieties and
technologies;

2. Test and assess methodologles for on-farm varilety testing
and diagnostic exploratory trials;

3. Institutionallize links Dbetween extension services and
regearch institutes in agronomic and soclological evaluation
of on~farm varietal trials.

The sharing of resources for on-farm research between national
programs and agricultural projects and extension services was tested
using Rwanda as a case study, and initial contacts with extension
services were made In Burundl and Zaire. In Rwanda, more than 200
on~-farm research trials (OFT) were installed during the vyear,
Approximately gixty OFTs were installed In southern and northern Kivu
by the national program of Zaire. In Burundi, 30 OFTs were established
by the national program in six reglons during the second sgeason,

Interdisciplinary cooperation 1is an important aspect of on—farm
regearch. The diagnestic exploratory trlals were installed in Rwanda
by phytopatholopists and agronomists to ensure Interdisciplinary
diagnosis. Farmer evaluation of vwvarieties was directed by a
nutritionist and cropping systems specialist, and pathologists
assisted in making disease observations.

On~farm variety trilals

The primary objective of on~farm variety trials is to test the
performance of promising varieties wunder farmers' conditions.
Varietal characteristics are evaluated by both the researcher and the
farmer. In Rwanda, on-farm variety trials proved to be bLoth an
effective diagnostic tool and a good dinstrument to initiate
collaboration with extension services,

Rwanda. All varietal trials were installed under the farmers'
management practices. Table 10 contains a summary of wvariety trials
results for 1986, Bush beans currently being tested on-farm offer an
impact on bean production only in the low altitude regions in the east
of the country including Mugusa, Muhazi and Zake regions. The most
promising varieties were Kilyumukwe, Rubona 5 and Ikinimba.

Farmers were asked to evaluate the varieties in four out of the
ten communes where trials were installed. The results of 37 farmers'
evaluations for culinary and agronomic characteristics are summarized
in Table 11. Farmers evaluated all varileties for 19 agronomic and
culinary characteristics using a hedonic scale of 1 to 5. A global
score was also calculated for each variety. The calculation of global
scores treats all characteristiecs as though they are of equal
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importance, Since this is most likely not the case, a weighting system
is currently being developed for future data analysis.

The farmer evaluatlion results correspond in general with yield
data in these four communes. The three most preferred varieties by
farmers were high vyielding wvarieties: Kilyumukwe; a c¢limbing bean
mixture; and Rubona 5. Exceptions to this trend are Ikinimba, a black
seeded variety, and Tkinyange, ISAR's 1986 released variety. The
characteristics respomsible for thelr lower farmer evaluations are
listed in Table 11.

Table 12 shows that every one of the 45 farmers who had on-farm
trials in the Rwandan areas of Nvabisinde and Rohasvya, were still
growing Kilyumukwe two to six seasons later. Thirty-two of these 45
had first tried the variety at least five seasons ago. Moreover, the
extent and quantity of diffusion of Kilyumukwe was double that of the
next most retained variety, Rubona 5, Table 12 alsc shows a higher
than expected rate of continued sowing of the variety Ikinimba, which
received a relatively low overall score in farmers' trial evaluations.
This 1s possibly accounted for by its relatively high productivity on
poor scils. Tkinimba is planted to a much higher degree on infertile
fields than are other varieties.

The performance of the local variety Kilyumukwe In the region of
Myphazi (Eastern Plateau) merits special attention due to its
outstanding yileld performance over two seasons, Eilyumukwe was
collected from northern Rwanda and has a large, purple grain type. In
1986 A 1t outylelded the local mixture by 34% and 46%, respectively.
A yield stability analysis comparing average yield of all varieties in
the trials with Kilyumukwe and the local mixture suggests that
Kilyumukwe outperforms the control even under poor conditions (Figure
17, In 1986 A, however, an environment by variety interaction was
evident, imdicating that Kilyumukwe had more yield advantage under
agronomically favorable conditions than under poor conditions,

Farmers in Mubazi preferred to continue planting Kilyumukwe
significantly more than all other wvarieties, including the local
mixture {(Table 13)}. Kilyumukwe was also significantly preferred over
the local mixture for its plant type, pod number, tolerance to poor
soils, grain size and grain color. Among the 14 farmers who had
on-farm variety trials in the commune of Muhazi during seasons 1986 A
and 1986 B, 79% {1l farmers) have continued planting Kilyumukwe during
the September 1986 season. Two out of the 14 farmers had already
given Kilyumukwe to neighbors or family iIn exchange for other seed or
as a gift. Given the superior yleld of Kilyumukwe in the commune of
Muhazi, the importance of yield to farmers in this region; and the
high farmer acceptability of Kilyumukwe, one can conclude that the
diffusion of Kilyumukwe in the commune of Muhazi will effectively
increase bean production.

The strategy of encouraging extension services to participate in
on-farm varlety trvials and other on-farm research in cooperation with
the national program has been successful in dideuntifying impact areas
and connecting extensionists with researchers. Because of the close
1ink between research and extension in planning and executing OFTs,
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¥ilyumukwe will be for sale In ssed distribution centers in the target
region in April 1987, Demonstration plots have been established, and
basgeline data is being collected for a future adoption study.
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Yield (kp/ha)

2000 A
1540 4
1000 .
500 o
I T
' i
SO0 1000 1500 2000
Intersection Segason
Graph Variety {a) (b Correlarion

- Local Mixture 158.02 0.79 0.70 86A

l.ocal Mixture ~164&.34 1.15 .93 86h

- Kilvumulkwe =174,57 .48 .89 864

Kilvurulbwe 111,12 1.17 0,98 861

Yield = a + be

EL I

e = Mean of all vardeties tested in
¢ = environmental index {(¥g/ha)

the trial.

Timure 1. ¥Yiceld stabiticy annlynin for Kilyumukwe andd Teenl Mixtare in

Muhazi {(Hwanda)
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Table 10. Yield data from farmer managed on-farm trials in Rwanda, 86 A/B (kg/ha).

im0 s T o O O S S S ST YUPE PR PET BT o e R et B B % A G
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Bath e e s © A S et

Agro-ecological Zone (RFTE CENTRAL PTATEAL GRANTTIC SPUR 1. KIVU  MAHAGA PL. D'EST BUGESERA
COmMAAL CIE8

Varigties MAENDO  TARE  KISHASHY MUSASA NYABISINDU RUHASHYA MARANZA  MIGUSA MBAZI SAKE

864 B6B 86B  86H BAE  BeA 868 86A BEB 8A 86 BeA  B6B  BGA  BeB
Type I, TI, IIT &
Rubona 5 1208 1B4 473 446 558 2038 1035 1670 951 1840% 884 673 669 1645  640%
Kil IS8 8 477 42 790 2460 945 1830% 1052 2000% 876  1080% 910* 1540 631
A 197 (Tkinyange) - - - - 2137 706 1600 - 1445 907 688 - 1564 -
Tkininba 700 473 3% 791 799 1820 1167 1764 1347 1849% 929  1074% 731  J712% 63l*
Nsizebashonje - - 331 488 590 - - - - 1867+ 727 B2z 451 1441 464
Inyurba - 228 - - - - - - - - - - - - -
Kirundo 1344 211 534 551 786 - - - 1089 - - - 719 ~ 524
Unatili1i - - - - - - - 1418 - - - - - - -
Tostado - 299 - - - - - - 1274 - - - - - -
Ulusceera - - - - 626 - - - - - - - - - -
Melange ISAR - 434 468 505 485 - 834 - 1313 1661 827 - 662 - 524
Tocal wmixture 1208 356 - - - 2139 1003 1603 1593 1393 847 805 622 1355 428
Type IV
G 2333 - = 728 683 1664 - - - - - - - - - -
Cajamarca - = 12~ - 1206 - - - - - - - - - -
G 2371 501 - 501 8% 821 - - - - - - - - - -
Climbing bean mixture 1094 - - - - 2587 1061 1411 - 1481 984 - - 2047 -
No. of trials 14 7 9 8 10 9 8 36 10 13 1312 7 14 7
Altitude (masl) 2100 2100 1800- 1700~  1500- 1700 1700 1700 1600 1500 1500 1400- 1400- 1300-  1300-

21006 2000 1800 1500 1500 1400 1400

+n{> 1ocal mixture measured

[E———
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* At p = 0,05 gignificantly superior to local mixture




Table 11. Evaluation hy 37 farmers of on~farm trial varieties for agronomic and culinary characteristics {in the commmes of
Mihazi, Rubasya, Nyabisindu and Mugusa, Bwemda, during 1986 B.

a5z

*

Score Specific Varietal Characteristics

Cooleing Grain Grain  Grain
Variety Name Globalm Time  Broth Taste GSize Color Quality Score Scare
Kd Lyumulae 58 100 100 6 1000 100 100 Plant type 100 Pod size 75
Climbing hean 24 100 66 66 - - 66 Marber of pods 66  Days to maturity ~100
mixture
Rubona 5 13 - - - 66 66 -
Tkdnyarge -2 100 66 - 66 - - Water abscrption -66
ISAR Mixture -10
Tkinimba ~23 -0 =100 -0 100 - ~66  Tolerance to vain -6  Preference to eat ~100

* Calculated according to the following formular A (1) + B (~1} x 100 VWhere A = the rumber of times a variety was evaluated
Murber of evaluations significantly better than the local mixture.
b = the mmber of times & variety was evaluated
significantly worse than the local mixtuere.
Orily Scores 66 or ~6D are listed. Madmm Score = 100, Minimmm Score = -100. Local mixture has a score of 0,

o
Based on results of all 19 characteristics evaluated,
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Table 12, Follow up of on-farm varietal adaptation trials(a) Central Plateau and Granitie Spur,

Rwanda 14986,

Percent of farmers Varietal diffusion Sown Conditions under*which
still growing the No. of Total quantity  Pure (P) it was grown
Variety Variety reciplents diffused Mixed (M)} Fert., Infert. Banana
P o= 52%
Kilyumukwe 100% 51 453 ¥g M = 48B7% 68% 4% 28%
Rubona 5 70% 24 270 Kg P = 52% 48% 17% 35%
Tkinimba 67% 24 156 Kg P = 40% 45% 45% 10%
M = 60%
Kirundo 65% 16% 50 ¥g P = 34% 72% 0 28%
M= 66%
A 197 22% 0 - - - - -
Climbing mixture 27% 5 - - - - -

Sample gize = 45 farmers

s

Twe of six seasons after having the varietal trial

32 of the 45 farmers had the trial 5 or 6 seasons ago.
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Table 13, Evaluation of the vardety Kilyumdoe in comparison to other varieties and the local mixturs by
14 farmers in Muhazi, Kibungo, Rwanda, 1986 A and 1986 B.

Preference to

Varistal Plant Muber of Tolerance of Grain Grain comtine
name type (1-5! pods (1-5)} poor soils (-5 Size (-1 color (-1 planting (1-5))
Kilyumdose i.31a 1.54 a 2,36 a 1,00 a 1.00 a 1.13a
Tidirinba 2.38 b 2.08 ab 2.% a 2.14 b 3.71 ¢ 2.59 b
Local vixture 2.50 b 2.67 b 3.20 b 317 ¢ 2.83 b 2.38 b
Neizebashonje 3.54 ¢ 169 ¢ 3.70 b 314 ¢ 2.71 b LW e

1 = Bedonde Scale 1 = Best ever seen
2 = Better than local mixture
3 = Fqual to local mixture
4 = Yorse than locel mixture
5 = Worst ever seen

Table 14. Yields of ISABU varieties tested on—farm in six regilons of Burundi, 1968 B cropping season.
Mean vields in kg/ha,

Natural Region

Varieties Origin Kisozi  Tjends  Kirimirc  Mparambo Buyenz{ Moso
H. 75 Local eross 603 864" 1105 2030

W5 -1 Local cross 710 gaz” 1150 .

D. 4, Kinmdo Burundi 663 575 2120 638

Urubomohono RBurundi 358 338 288

M5 -5 Tocal cross 1290

HM 21 ~ 7 tocal cross 629 . 1890 .
A 410 CIAT 1325 853

VA 779 CIAT 895 572

BAT 1375 CIAT 1093 375

Aroana Brazil 1164

Karama 1/2 Upanda 296

Calima Colambia . 483

PVA 1186 CIAT 2950

BAT 1386 CIAT 430

Local Check!’ 832 328 1398 829 1162 610

D Farmers' mixture or variety

* Variety significantly better then local check, (P = 0.05).
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Burundi Five on~-farm veariety trials were installed in each of
six differert regions of Burundi 1in 1986 B. Yield data from these
trials appears in Table 14, Although data for only one season is
avallable, varieties like A 410 in the Moso area (low altitude, east
of Burundi) and PVA 1186 in Buyenzi (medium altitude, north of
Burundiy look quite promising.

Farmery evaluations of on-farm wvariety trial materials were
initiated in Burundi in 1986 B (Table 15). Since each region's trials
contained a different set of wvarieties, regional comparison of farmer
evaluations must be interpreted with caution.

Table 15. Places and number of farmers who evaluated on-farm variety
trial materials in Burundi 1986 B,

Number of Most preferred

Location farmers variety Good characteristics

Kisozi 5 Doré de Kirundo Yield, color, maturity

Ijenda 5 Doré de Kirundo Yield, color, maturity

Mparambo 5 Bat 1375 Yield

Eirimire 5 HM5-5 Yield, seed quality
Fast cooking time

Moso 5 A 410 Yield, wmaturity, taste

In Ijenda the varieties most preferred by farmers for continued
planting are, in order of preference: Doré de Kirundo, H 75, and HM
5-1, It is dinteresting to mnote that farmers most preferred to
continue planting Doré de Kirundo even though only H 75 and HM 5-1
gignificantly outyielded the local check. While farmers acknowledged
the high vield of H 75, they did not like its later maturity.

Urubonobono, the variety chosen by ISABU for diffusion in high
altitudes, vielded (in general) Iess than the local check due to
susceptibility to Ascochyta blight, anthracnose and ALS, It alsce had
very low farmer acceptability due to its long cooking time and longer
maturity.

Of the three highest ylelding varieties in Mparambo:A 410, Bat
1375 and Arcana (all CTAT introductions), Bat 1375 was most preferred
by farmers for both eating and continued planting. It is interesting
to note that farmers rated A 410 third in preference for continued
planting due to its long cooking time. The wvariety A 410 was not
found to have a long cooking time in laboratory tests or in farmer
evaluatiens from Moso, A 410 should however be re-evaluated by
farmers before it proceeds further in the varietal selection program.
In Moso, the variety A 410 not only significantly outyielded the local
check, but also received high ratings by farmers for its culinary and
agronomic characteristics.
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Hean diagnostiec surveys

Diagnostics surveys identifying farmers' production comstraints,

cultural practices, varietal preferences, and bean consumption

practices were conducted in several regionms of all three countries in
Data from two seasons
are available only in southern Kivu, in Zaire, and Kibungo, in Rwanda.
Diagnostic survey data from Burundi does not vet have an adequate

sample size, PNL-Zaire began placing emphasis on diagnostic, on-farm

the Great Lakes Region during 1986 {(Table 16).

research in 1986.

Table 16. Wumber of bean diagnostic surveys completed in the Great

T.akes Regicn during 1986.

Season

1986 A 1986 B 1986 C

Zalre

Southern Kiva 125 137
Burundi

Mugamba 12 0

Moso il 0

Kirimiro i3 0

Mumirwa 43 ot
Rwanda

Kibungo 117 119

Gisenvyi 15 0 120

Butare 0 0 117

1 = Interviewers left for training
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Exploratory trials

On-farm exploratory trials quantify information about major
agronomic production constraints and provide, together with informal
and formal diagnostic surveys, a basis from whlch to establish
on-station and on-farm research priorities, These trials give
baseline data about bean yields and the potential e¢f beans in various
agroecological zones, They alseo didentify potential production
increases through the elimipation of production comnstraints.

In 1985 and 1986 a total of 50 exploratory trials was installed
in various agroecoleglical regions in Rwanda {in collabeoration with
several agricultural and development projects. In 1986, 33
exploratory trials focusing on diseases were established in six
agroecological zones in Burundi.

Two different trial designe were used In Rwanda. A plus one
trial design was used in 1985, but was changed to a minus one design
in 1986 due to the underestimation of soil fertility affects. The
plus one trial design underestimates soil fertility effects because of
a soil fertility/disease interaction (see the CIAT Annual Report for
1985). 1In the minus one design, lime application was eliminated as a
factor in order to maintain the size of the trials, Tactors tested
included fungal and bacterial diseases, 1insect vpests and soil
fertility, Research program personnel and extension services
participated in site selection, installation and evaluation.

Differences of 1530 to 300% between potential and actual farmer
vields were obtained in 1986 (Table 17). Most of the differences can
be accounted for by augmentation of soil fertility and control of
diseases. In the minus one design trials, both soil fertility and
diseases were the most Iimiting. The plus design used earlier
detected only diseases as the most limiting factor due to the
interaction described above. In 1986, soil fertility was the most
severely limiting factor in five out of six locations ({(Table 17)}.
Pests were Important only in three regions: the Bugesera; Lake Kivu
gshere; and the Zaire-Nile crest.
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Table 17. Yield advantage obtained through control of diseases and pests and optimization of fertility using both minus and plus one
designs in on-fam exploratery trials in Rwanda.

YIELD ATNANTAGE RELATIVE TO FARMER CONTR(E.

Control of Control of Augmemtation of  Reduction Farmer % Over
HATURAL Alritude Trial  Diseases Pests  Soil fertiiity of Acidity Contrel  Combined Farmer
REGICN {meters) Season Design (kg/ha) {kg/ha} (kg/fha) {kg/ha} {ke/ha) treatwent Control
Zaire-Nile 85 b Plus® 556 623 489 334 bbidy -
Crest 2100 86 a,b Mims? 38178 150 605~ &sb - 08 1s08¥ab 150
Buberuka 85 b Plus® 556 0 -200 ~156 67 1500 -
Highlands 86 20 Mins?  401%2 18 588" 4 - 825 1884 @0 998
Central Plateau 85 &0 plusl 640 DD o sD 750 58 981 - -
and 1700 86b  Plus’

Granitic Spur 86b  Mms? 719°P 95 906* ® - 987  2935* P 297
Central 1900 86h  Mimw? 46 9 zaz: b - 375 675" D 180
Plateay 1800 8 b Mims® 550 150 567~ P - 833 18675 204
Mayaga 1400 85°  Plust 493 166 260 193 267 -

86 P wgme?  299% D 104 399" b - 1051 2056 D 1o
Lake Kiva
Shore 1450 8P  Minus? 967D 434 667 - 1133 2000% b 256
Bugesera 1200 8a  Plus® -9 297 8 -84 628 -
Mean 85 Plus® 447 (597) 233 (312) 166 (220) 112 (159 764 -

86 Mimis® 497 (520) 158 (170) 566 (600 - - %9 1995 (210D

* a = Sienificantly different (P =
* b = Significantly different (P =

1 =Y factor - farmer control = Yield advantage
2 = Combined treatment — Y factor = Yield advantage

.05} from farmer control in seascm A
05) From farmer control in season B




Atk

A comparison between a plus one and minus one deslgn was
conducted on the Central Plateau. It supported the hypothesis that
the effect of fertilization interacts strongly with disease pressure
{(Table 18). Plus one trial degigns tend to underestimate the severity
of fertility as a limiting factor. The type and magnitude of this
interaction varies across different levels of fertility and disease
pressure. In 1locations of low so0il fertility and high disease
pressure the interaction ig greatest, and most positive. These results
indicate that removal of fertility as a limiting factor alone will
often not result in expected vield dIncreases unless diseases are
simultaneously controlled,

[OOSR,

Table 18, Direct comparison between plus and minus one trial designs in 19863
on the Granitic Spur in Rwanda.

P

Yield advantage relative to farmer control
Farmer Combined
Trial Diseases Pests Fercilicy Control Treatments
Design kg/ha % kg/ha % kg/ha % kg/ha kg/ha

.

{
Minus ome 13995  (140) 169 (17)  1591%  (159) 1000 3497
Plus one 677 {107} 151 (z&) 308 {49) 633 ——m

; Diseases caused a mean yileld loss of between 52 and 5%% in Rwanda
; and between 29 and 35% in Burundi. The severity of individual
diseases was evaluated in the exploratory trials in Rwanda (Table 19).
A similar study was conducted in Burundi {ISABU Rap. Ann. 1986 p.
128~146). The most prevalent diseases in both countries were angular
leaf spot (Phaecisariopsis griseola), anthracnose (Colletotrichum
lindemuthianum), and Ascochyta (Ascochyta phaseolorum or Phoma exiqua
pv. diversispora). Floury leaf spot (Mycovellosiella phaseolil) was
commonn at middle to lower altitudes. Consistent plant loss was also
cbserved from root rots, particularly in high altlitude regions of
Rwanda, Significant wvariability in disease severity over growing
gseasons was net found for any diseases except Ascochyta blight.
Diseases such as rust (Uromyces appendiculatus), bean common mosaic
virus {BCMV}, common bacterial blight (Xanthomonas campestris pv.

phaseoli), and halo blight (Pseudomonas syringae pv. phaseolicola are
of more localized, secondary importance.
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1 Target areas in Burundi and Rwanda for the control of specific
: diseases are listed 1in Table 20. Disease contrel may be obtained
through the use of resigstant varieties, cultural control methods or
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seed treatments, Simllar exploratory research has been initiated in
Zaire. Damage due to pests was the least limiting factor tested in
exploratory trials. An average yleld increase of 31% was observed
using the plus one design. This dIncrease in most Ilocations was
attributed mainly to control of bean fly (Ophiomys spencerella) (Table
213,

Many other pests were observed (Table 21}, but generally at low
populations. Bean fly occurred at boeth low and high altitudes in
Rwanda. It is considered to be the only insect which justifies high
prierity input, especially on poor soils. Its presence is
significantly more severe (p = £.05) in the second season than the
first (Table 22). 1t appears that the population starts to build up
after the long dry season, continues increasing through the first
season, and reaches a peak during the end of the second season,
During the long dry season marshes way serve as population reservoirs
of bean fly. Control ¢f thils pest on beans in marshes during the dry
season may reduce populations to negligible 1levels for the main
growing season,

Aphids, mainly Aphis fabae, were significantly (p=0.05) more
important in the first season, but their levels were generally low in
Rwanda (Tables 21, 22). This may also explain the generally low BCMV
levels in farmers' fields. Thus, contrary to general opinion, these
studies indicate aphids do not warrant much research input. Although
they are predominant on isolated plants in farmers' mixtures, whole
fields are rarely heavily infested,.
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Table 19. Mean relative prevalence of diseases in different regions of Rwenda evaluated In exploratory trials

1985, 1986.

Mean Asco Anth. ALS Pust Ram, BMV CRR Rots Halp
Natural Region Atitwde 7S  %8A  %sA % zsa -t zsa a9t 1w
1. Bubervka 200m  9.87a 3.5bc B8.0bc 0.6b l.2de l.le 09bc 4.2b 0.2a

2. Zaire-Nile Crest 2000m  6.58ab 6.5ab 17.7a 0.6b 3.6bc 25ab 1.7b 63a 0.0b
3. Zaire-Nile Crest 2100m  7.95ab 10,2a 11.3b 0.2b 0.2e 1.3de 0.8bc 45b 0.0b
4, Mayapa 1450m  0.96c O4c 10.3b 0.6b 47b  2Z4abe 3.9a L3¢ 0.0b
5. Grenitic Spur 1700m  6.81ab 4.6b 94bc lib 2.8bed 2.1bed O6bc 20c  0.0b
6. Central Platesu  1900m 10,532 2.9bc 7.1bc 0.5b 14.3a 1.5cde O.7be 0.0d4d G.0b
7. Central Plateau 1700 0,49 ¢ 10.0a 57¢ O.4b l.6cde 2.1bad 0.2¢ 1.0cd 0.0b
8. Bugesera 1200m  3.9bc 2.7b 10.5be S5.3e 3.5be 3.0a  dba 34Y 0.0b

Values in colum with the same letter do not differ significantly (18D, P = 0.05)
* SA = Surface area infected

* a1 = gymptomless, 5 = moderate, 7 = severe, 9 = 50% plants dead

= Macrophowina phaseolina
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Table 21. Relative prevalence of pests in different reglons of Rwanda over four

consecutive seasens, 1985 and 1986.

BEAN FLY APHIDS Other insects
Natural Region Altitude {1~g)* {1-9) and problems#®*
1. Buberuks 1800 - 2100m 2.7 de 2.5 a &, by, o, p
2. Zaire-Nile Crest 2000m 1.0 f 2.5 a
3. Zaire~-Nile Crest 1900 ~ 2100m 3.7 bed 1.2 b @, b, poT
4, Mayaga 1350 - 1500m 4.6 ab 1.0 b ¢, d, e, £, g, h, j, m
5. Granitic Spur 1500 - 1700m 3.1 cde 1.6 b g, €, 1, k, 1, m
6. Central Plateau 1800 ~ 1900m 2.4 e 1.0 b
7. Central Plateau 1500 - 1700m 3.8 be 1.2 b ¢, k, £
8. Bugesera 1206 - 1300m 5.5 a 1.0 b ¢, b, hy, 4, n, e, g

* Scale ¢ 1 = no infestations, 3 = light, 5 = moderate, 7 = severe, 9 = 50%Z plants dead

** a. Altheca sp g. Alcidodes leucogrammus m. Zonocerus elegans
b, leaf hoppers h. grasshoppers n. Trichopusia sp.
¢. Medvthia quaterna i. Ophiomya spencerella 0. rats
d. Maruca testulalis j. Ophomyia phaseoli p. hall
e, mealy bugs on roots k. Caterpillars (heliothis spp.) q. Hippopotami
f. weevils 1. Bean web worm r. Kurisuka (weeds)

s, Mylabris (spp)




Research on the use of cultural methods to control disease

Beans in many regions of Africa are grown predominmantly as
varietal mixtures in subsistence agricultural systems. Research
strategies must be oriented to obtaining maximum impact under the
constraints this system of agriculture imposes. Impact using higher
yielding and resistant varieties prebably will not be as rapid in mix-
tures as when farmers cultivate only one bean variety, as often (e.g.
the Great Takes Region) new varieties are generally incorporated at
varying percentages into the farmers' existing mixtures of bean
varieties. For example, this means that if a variety yielding 307 more
thar the farmer's mixture occupies as much as 20% of the mixture, then
the theoretical total yield increase would be only #%. 1In a similar
way rTesistant varieties will be diluted in wmixtures of largely
susceptible plants. In these regions variety-independent control
measures such as cultural control, may have more rapid impact.

A number of trials were devised to evaluate the potential for
reducing the level of diseases in beans using cultural methods. Trials
included improved seed selection; and removal of dJdiseased leaves and
seedlings (particularly those iInfected with important seedborne
diseases such as anthracnose, angular leaf spot, Asochyta blight and
BCMV},

Ovar three sessons, a mean reduction in total disease severity of
40% (387 anthracnose, 45% angular leaf spot) was obtained by removing
diseased leaves and seedlings. However, the practice of removing
foliage and plante resulted in a numerical yleld increage of only 6%,
which was not significant at 957 level (Table 23). The removal of
diseased seedlinges alone reduced the inoculum source, but not the rate
of infection, whereas leaf removal reduced the rate of spread (Figure
2}, The combination of treatments decreased both the iInoculum and
rate of infection.

In looking at the variation in effects of the treatmwents over two
seasons {(no data was taken in one of the three seasons), the combined
use of plucking diseased leaves and removing diseased seedlings
resulted consistently in the most or second to most reduction in
infection for the three diseases monitored! Ascochyta blight; angular
leaf spot; and anthracnose (Figure 3).

In another trial, seed selectlon was included as omne of the
factors, in addition to removing diseased leaves and seedlings.
Improved seed selection by dtself resulted in an dnsignificant
decrease in diseases and increase in yield. When all three treatments
were combined they resulted i1n a 68% reduction (p = 0.05) in
anthracnose and 49% reduction (p = 0.05) in total diseases. The yield
increase of 127, was not significant (Table 24).

These results indicate that cultural methods in combination show
promise as an effectlve way to control diseases Iin varietal mixtures.
While their i1mmediate impact on yields way be negligible, they zre
likely to increase yields significantly in subsequent seasons through
the availability of cleaner gseed. In an experiment comparing disease
free seed with other seed produced at the same location, a 22%
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inerease in vield was recorded. It is believed that the best use of
these methods would be to employ them in the auto seed production
activities by farmers in which good agronomic practices are combined
with phytosanitary methoeds and poessibly negative selectien against
diseased and low yilelding plants by farmers using thelr own mixtures
in special multiplication plots, This strategy is now being

investigated on farmers' fields with farmers participating in the
regearch.

Table 22, Effect of season on the severity of beanfly and aphid
infestations.

Season Beanfly Aphids
September - January (A) 2,6 b 2,2 a
February - June (B) 4.4 a 1.1 b

Table 23. Effect of removal of diseased leaves and seedlings in three seasons

on disease incidence and yield.

Disease Infection (% surface area at R9)

Treatment ALS Ascochyta Anthracnose  Total Yield
Blight diseases

Control 6.8 A 0.1 A 6.2 A 12.9 A 1174.6 A
Removal of

diseased leaves 4.8 BC 0.2 A 5.3 AB 16.6 & 1189.6 A
Removal of

diseased seedlings 6.0 AB 0.2 A 4.9 AB 11.0 A 1207.3 A
Combined treatment 3.7 C 0.2 A 3.9 B 7.7 B 1237.9 A

Values fellowed by letters which do not correspond differ gignificantly (p = 0.05)
1sh
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Table 24. Effects of seed selection, and removal of diseased leaves and seedlings, on seedborne
disease development and yield.

Disease: ALS Anthracnose Ascochyta BV Total Fungnl Yield
Disease

Growth Stage: R7 RY R7 RY R7 RY R7 R7 R9

NI (Selection 20a 5.8 1,33 7.8 0.8a 0.0 2.0a 4.1 13.6 5%5a

before sowing)

Selection after 20a 6,52 0O.ba 6.5a 1.0a 0.3 1.33 3.4 13,3 755

harvest and before

sowing

Removal of diseased 1.5%a 4.0a 062 6.6a 0,6bc  O.la l.Ba 2.7 16,7 420a

leaves

Removal of diseased 0.8a 6,32 1.6 7.Ba 0.88bc O.la 1.5a 3.3 142 395

plants

Corbined treatwents 0.98 408 Ou4a  2.5b 0.4c O4a 1.3a 1.7 6.9 600s

Numbers with the same letter do not differ signdficantly using 18D p = .05,

Combined treatments
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The overall results of the acceptability evaluations by on~farm
trial farmers in 1986 were good, but not as high as the most preferred
bush bean variety Kilvumukwe. In 1986 A many of the trials had been
installed under conditions uwnfavorable to climbers. A follow-up visit
in Wyabisindu, Bwanda, Indicated that In those cases where the trials
had been located on very fertile seil and where the vields had
consequently been high, farmers found the ¢limbers to be excellent.
Consequently, in the 1986 B season, weore care was taken to planting
the c¢limbing bean mixture on good soil. Table 25 shows that the
overall evaluation of the c¢limbing bean mixture, during 1986 A was
considerably better than the local mixture and second only to
Kilyumukwe., Tt should be noted that the climbers were negatively
rated for days to maturity. Attention needs to be placed on the
implications of this factor for drought and other risks and on the
placement of the climbers in farmers' systems.

Table 25. Comparison of farmers' evaluations of the climbing bean
mixture with the most acceptable non—climber—(Kilyumukwe)

- 1986 A, *
Place No, of farmers Climbing Bean Mixture  Kilyumukwe
Mugusa 12 2.8 4.6
Nyabisindu 14 3.0 4.8

* The rating scale is 1-5 where 1 = poor 3 = average and
5 = excellent

Particular attention was given to the question of climbing beans
in the on-farm trial follow-up surveys., Only 277 of the 45 farmers
with on-farm trials surveyed in Nyabigindu, Rhashya and Mogusa during
1986 had continued growing the climbers. Eighty-three percent of
those who did stated they liked them very much and a further 13%
stated that they iliked them. Again, adoption seemed fo be positively
correlated to the initial good experience gained from having the trial
on fertile fields,

Open—ended interviews with 24 farmers already growing climbing
beans during 1986 A and 1986 B supported the above findings and were
somewhat mere encouraging than the trial follow-up surveys. All of
these farmers had planted the climbers on fertile soil near the house.
Eighty per cent of these farmers neoted that they were approximately
doubling their yields with the climbing beans. The other 207 had tried
them for the first time that season and were not yet ready to draw
conclusions. There was alsc a tendency for the neighbors of those
farmers who had good results with climbers to start testing them.
Still, post of these farmers were growing the climbers on small fields
(106 m” and often much smaller}. All of these farmers stated that
they would like to expand the area in e¢limbing beans, but were
prevented from doing so by the lack of a readily available source of
sufficient staking material, Other constraints that were frequently
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Newly initiated research for technology development

Based on vield, disease and pest evaluations of exploratory
trials, as well as informal and formal surveys, the program in 1986
initiated the following technelogy development and testing trials:

1. Seed treatments with fungicide, insecticide and calcareous
powder for areas with reot rot, bean fly and soil acidity
problems

2. A detailed study on the acceptability of climbing beans in
the Central Plateau region with over 100 collaborating
farmers;

3. On-~statlon trials testing the Integration of soil
improvement components such as legume-trees and green manure
crops in bean productlion systems;

4. Techniques to improve farmers' auto seed production using
good agronoemic and phytesanitary practices and basic
selectlion methodology in special plots.

Constraints and potentials of climbing bean production in non-climbing
bean areas

Average farm size in Rwanda and Burundi is less than one hectare,
and population growth rate (about 3,5%) 1s very high. There is a
great need for agricultural intensification, Climbing beans have a
much higher yield potential than bush beans under fertile conditilons.
ISAR and the CIAT regional program decided that research on climbing
beans should be given high priority. Diagnostlc research during 1986
focused on identifying the constraints to and potentials of iIncluding
¢limbing beans in systems where they are not currently being grown.

A multi~tiered approach was used to research this problem.
Farmers' evaluations and follow-up interviews were obtained on the
¢limbing bean mixture in the on-farm trials. A sample of 24 farmers
who had spontaneously started growing climbing beans on a small scale
were interviewed to find out what advantages and disadvantages they
had found with the crop, their main production problems, and whether
or not their neighbors were starting to adopt the practice. A survey
of 120 farmers was carried out in the Gisenyl region of northern
Rwanda where the great majority of farmers very successfully grow
climbing beans. The purpose of these surveys was to discover if there
were any aspects of their production techniques which could be
transferred to other parts of the region, as well as to investigate
what solutlons they had found to the production problems that most
limited climbing bean adoption in other areas.

The results of 117 general diagnostic surveys in the Granitic
Spur and the Central Plateau in two communes of the Butare prefecture
in Rwanda, showed that only about 5% of these farmers were actually
growing ¢limbing beans. If they grew climbing beans, they were
cultivated only on tiny plots, usunally accounting for less than 10Z of
their total bean production. They was no increase in the number of
farmers cultivating climbing beans, and those already cultivating
climbing beans were not increasing the area planted to climbers.
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cited were the lack of climbing bean seed and the lack of fertile
sell, compost or manure.

A supply of sufficient and readily available staking material is
of primary dimportance. The Gisenyl survey was directed toward
analyzing how farmers iIn this area had solved the problem. The
rationale behind this research 1s that a solution or a practice
carried out by these farmers may also be appropriate for other farmers
in a different region within the country. Tables 26, 27, and 28
sumnarize some of the practices used by the Gigenyl farmers. More
than 837 of these farmers had sufficient staking material for all
their needs and did not find the extra work of staking to be
bothersome. The main source of stakes was the anti~erosion hedges of
Pennisetum planted in bands about 20 meters apart along the contour
lines (Table 26). The farmers in Gisenyi also liked the multi-purpose
nature of Pennisetum, as pld stakes are an Important fuel source for
cooking, and the hedges provide considerable protection from erosion.
Debrig from the hedges help to maintalin soil fertility and the leaves
can be used for fodder.

Some farmers on the Central Plateau also grow Pennisetum,
primarily for construction purposes. Their main problem with

Pennisetum 1s that 41t 1s too competitive and reduces the yileld of
adiacent crops.

The techniques Ffarmers used to manage their hedges to reduce
competition was also identified in the Gisenyi survey (Table 27). The
methods used 1Include regulay cutting, thinning and pruning of the
hedge, as well as limiting the width of the Pennisetum band by cutting
the roots on the fileld side of the hedge. C{utting takes place once a
year, a few weeks before the major bean season. This provides
sufficient stakes close to the field. The ensuing hoe cultivation
incorporates the leaves and other dabris Into the soil, as well as
cutting the roots extending into the field, At the time of first
weeding the hedge is thinned if necessary and any plants growing out
into the field are cut back.

In the Great Lakes Reglon an estimated 40-50% of total bean
production occurs under agroforestry conditions, mainly under banana
stands. Research into agroforestry was initiated in 1986, and has
focused on tree density by bean growth habit interactions, as well as
bean association with stake producing, nitrogen-fixing trees.

This research has indicated that a possible solution to the
staking problem for the Central Plateau includes the use of novel
cropping systems which integrate nitrogen~fixing trees like Sesbania
sesban, Leucaena leucocephala and Calliandra calothyrus into bean
flelds. Tt 1is assumed that farmers will appreciate primarily the
production of stakes for growing climbing beans and fodder, but these

trees will also be used for the systems Improvement effecrt of W-intake
and P~recycling over time.

The acceptability of these new cropping systems i1s currently
being tested on-farm and on-station, iIn collaboration with several
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projects and the agronomy department of the National University of
Rwanda.

Basic trees and banana density by bean growth habit interactions
are researched on-station, but will be increasingly researched
on-farm. Preliminary data suggest that beans tolerate densities of up
to 700 six-year o0ld trees of Grevillea robusta without yield
reduction. Climbing beans yielded higher than bust beans under dense
banana association on-farm. This is of major importance for the
extension of climbing beans in regions where they are not currently
grown.

This association of c¢limbing beans with thinned banana stands
offers a solution to the drought stress and soil fertility problems in
the Central Plateau. Banana stands close to the house are ubiquitous
in the region, and tend to be fertile due to preferential household
compoesting. Bananas provide shade and windbreak, thereby reducing the
evapotranspiration considerably.

Future research into staking and agroforestry practices will
involve farmers in the selection of trees and management practices.
Farmers who would like to grow more climbing beans but do not find the
necessary stakes will be the first group to address.
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Table 26. Types and sources of
Gilsenvi - 1986,

staking material (120 farmers) in

*
Type of stakes used ) Source of stakes
Pennisetun Woods lots *
Anti~Erogion  Bamboo Pennisetun
Pennisetum  Bamboo Wood Hedges Groves Groves
957 227 12% 68% 13% 19%

(*}

Greater than 100% due to multiple types used.

1

Bamboo Iz only important as staking material at high altitudes

above 2000 wmasl.

Table 27. Pennisetum hedge maintenance 1986 (120 farmers}

Cut back hedge

once a year

Weed hedge

Cut off non~vertical
Thin hedge plants

93% 71%

716% 67%

Table 28, Staking practices and uses (120 farmers)

Use of Who wWho
Durabilicy of ald obtains stakes Enough Staking
stakes {seasons) stakes stakes? field? S5takes Bothersame
2 3 4 Fire-wood Man Woman  Man Woman Yes No Yes No
22%7  63% 15% 100% 9s5% 25% 57% 89% 88% 14% 12% 88%
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b, East Africa

The Eastern Africa regional bean program, the second of CIAT's
regional projects in Africa, is now firmly established. A memorandum
of agreement was signed with the Ministry of Agriculture of Somalia,
and financial support from the USAID for regional asctivities to be
carried out in Somalia and Uganda was finalized. Financial support
obtained from the Canadian International Development Agency was used
to post an agronomlst to Ethiopia from wid-1986 to act zlso as
regional coordinator, and a bean breeder was zalso attached to the
Ethioplan national program for an eight month period.

The Eastern Africa regional bean program covers Ethiopia, Kenya,
Somalia and Uganda; this large region 1s varied in several respects,
including climate, cropping systems and utilization patterns for
beans. Beans are the primary food legume in Kenya and Uganda, two of
the five principal producers of beans in Africa.

Southwestern Uganda is the most lmportant bean producing area of
that country, and shares, with neighboring Rwanda, the urgent need for
intensification of production on small, fragmented farms prone to so¢il
erosion on steep slopes. Bean wvarietal mixtures and Intercropping
patterns of beans with wmalze, sorghum and banana suggest the
likelihood of transferability of mnew bean wvarieties and cropping
systems developed in the Great Lakes Region. Much of Kenya's bean
production derives from maize/bean intercrops, grown by subsistence
and small~scale commercial farmers. Half of Ethiopia's bean
production, that destined for home consumption in the form of either
boiled whole grain or a ssuce made from legume flour, is intercropped
in cereals. The other half of Ethicpia's bean production consists of
small seeded white beans produced in low-rainfall areas for sale, much
of it for the export canning trade. In Somalia, small quantities of
beans are grown under drvland farming conditions or with supplementary
irrvigation.

CIAT's regional activities, guided by a steering committee in-
cluding national bean program leaders, aim primarily to strengthen
national capabilities to conduct research relevant to small farmers'
needs. Special attengion ig being given to training, both at CIAT and
in Africa. While post=-graduate degree training has not yet commenced,
two scientists from the Ugandan bean program, a breeder and a
pathologist, have each spent approximately two months at CIAT for
supervised training tailored to their specific needs. Two Ethiopian
selentists received similar perieds of training in bean pathology and
in seed technology during 1986, Three other Ugandan scientists,
capitalizing on their country's similarities with Rwanda, made short
visits to learn more about breeding and agronomy research under the
Great Lakes regional program. Natifional program leaders of Ethiopia
and Uganda also visited each other's programs and exchanged
experiences and ideas. Ulinks between Eastern and Southern African
regions were also established by dinitial exchange visits between
Ethiopia and Tanzania. A two-week training course was held iIn
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Ethiopia for 17 research techniclans working on beans and other pulse
creps at seven government rvesearch stations and one non-government
agricultural development project. The objective of the course was to
improve standards of trial management and standardize data collection
methods nationally.

CIAT regional staff made regular visits to BSomalia, Uganda and
also Tanzania, By participating in mnatlonal research planning
meetings and field wvisits, CIAT is assisting the development of wmore
effective research programsg within each ccountry, On~farm surveys to
diagnose farmers' problems in bean-producing areas, are being used to
ensure relevant design of on-station research programs across several
disciplines, Technology requires evaluation with farmers, and
encouragement is beilng given to national efforts in produclng seed of
identified mnew varieties, and in the wider dissemination of research
results to farmers. Assistance has been given to Ethlopia, Somalia
and Uganda In assessling and documenting national research priorities
in beans, through aralyzing what resources are available for research,
and In outlining future requirements for research staff development
and for capltal and operational investment.

Each country's varlety development program is being strengthened
by access to a wider range of germplasm. Assistance in identifying
locally important problems 1s followed by the provision of specific
nurseries (including those developed for bean common mosaic virus and
for drought adaptation); introductions from ¢€IAT's germplasm
collection; advanced breeding wmaterials from Latin America; and
collaboration in evaluating germplasm.

In Upanda, many of the materials supplied earlier were lost
during recent vears of political unrest. This year lines salvaged
from crossing blocks, VEFs and IBYANS were sown In unreplicated plots
for further evaluation. A set of the AFBYAN was sown during the
second season, the results of which are not yet available, Ugandan
researchers made selections from Rwanda's breeding program (assisted
by CIAT's Great lakes regional project), during & field visit to their
neighboring country: this material, formally presented to Uganda's
President Museveni by Rwanda's President Habyarimana during a State
Vizit, is expected to provide materials well zadapted to southwestern
Uganda. Another approach to quickly revitalizing Uganda's ability to
identify new varieties for farmers has been the return to Uganda in
1986 of progeny from crosses made at CIAT between K20, (a variety
releaged by the Uganda program in 1968), and sources of resistance to
diseages that have been its principal limitation. The Uganda program,
based at ¥Kawanda Research Station, this vear selected and started

using, a mnew trials site at Kachwekano, to serve the important
southwestern zone.

Ethiopia's well-developed breeding program, which has already
advamced selected materials supplied earlier by CIAT to national yield
trials was augmented in 1986 by approximately 2000 new lines. All wvere
grown in unreplicated plots with frequent local checks. Seed vyields
were estimated and disease and pest observations were made by national
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and regional scientists working collaboratively, The wmaterials
included entries from VEF 1985, IBYANs, and CIAT's germplasm Bank.

al VEF 1985. Symptoms of BCMV and CBBE ranged from absent to severe in
537 entries, many of which were completely free of the two diseases -
the checks expressed moderate to severe symptoms of bacterial blight,
Growth was generally excellent and yields ranged up to above 2 tons of
dry seed per hectare. Among the check entries, Mexican 142 and Black
Dessie produced the largest seed yields (1143 kg/ha) and Browm
Speckled vielded the poorest (995 %kg/ha). The heaviest seed yields
(2179, 1951 and 1932 kg seed per hectare) were obtained from two
representatives of the PAN (small white seeded} group. Other good
groups of lines were those selected for Empoasca resistance {EMP} {up
to 1741 kg/ha) and the small cream seeded, BAN group (1137-1641
kg/ha), Andean (205-1524 kg/ha), BLM {(649-1470 kg/ha) and RIZ
(587-1447 kg/ha) groups also contained lines that produced good
yields, but other groups, including ICA lines (493-1343 kg/ha) and
that of crosses made for Africa (273-1316 kg/ha) were not 50
promising,

b} IBYANs, Nearly 100 entries from various IBYANs were sown later
than the optimum time, and growth and yield were less than In the VEF
materials. In these conditions Brown Speckled (808 kg/ha) yielded
best of the checks, with Mexican 142 (619 kg/ha) second and Red
Wolaita (573 kg/ha) third. Among the IBYAN entries, the heaviest
yield (2184 kg/ha) was obtained from one of the RAB lines. Other good
yielders occurred in the PAN (1191 kg/ha) and RAO (1028 kg/ha) groups,.

¢l Germplasm. A set of about 1500 germplasm accessions representing
the total range of wvariability in the CIAT germplasm collection and
advanced lines from CIAT programs was also sown, BSevere bean fly
infestation resulting from the late sowing enabled evaluation of the
collection for response to bean fly., Among the check entries, Brown
Speckled showed significantly less damage (4.2 + (.19 on a scale of 1
te 9) due to bean fly than Mexican 142 (5.4 + 0.20) and Red Wolaita
(6,0 + 0.27), but significantly more bean fly pupae per plant (7.5 +
0.29) compared with 4.7 + 0,35 for Mexican 142 and 6.4 + 0.30 for Red
Wolaita. Amcng the germplasm accessions, bean fly damage scores
ranged between 2 and 9 and numbers of bean fly pupae per plant, from
2.4 to 25.4.

BIDAN, Materials introduced previously from CIAT performed well in
national variety trials. In one set of trials of large seeded types,
A 410 (3247 kg/ha) and A 262 (3104 kg/ha) produced far more seed than
Brown Speckled (1912 kg/ha): in another set, Aguascalientes 13 (2134
kg/ha) was considerably betrer yielding than Brown Speckled (1335
kg/hay. In trials of colored, medium seeded types, A 442 (3419
kg/ha), A 62 (2928 kg/ha) and A 445 and BAC 87 (2852 kg/ha) produced
much heavier seed yields than Black Dessie (2149 kg/hal.
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Table 1, Yields of entries im VEF evaluation, Melkassa, Ethiopia,

1986,
Group Number of Entries Range Mean + SE
kg/ha kg/ha
AFR 73 273-1316 893 3.01
AND 111 205-1524 976 2,25
RIZ 12 587~1447 1020 17.129
FVA 24 553-1210 856 8.31
Ica 127 493~1343 g11 1.39
EMP 11 §19-1741 1128 26.63
PAD 24 352~1339 80z 11.39
PAN 27 333-2179 8&3 i18.22
BLM 13 649-1470 1037 16,13
BAN 5 1157-1641 1359 41,22
Others 105 125-1266 874 2.28
Mexican 142 23 897-1698 1143 8.28
Black Dessie 23 5851860 1143 13.41
Brown Spackled 24 716-1323 995 7.69

Collaboration with national programs In agronomy is focused in
the short term on the development of appropriste on-farm testing of
technology already available from research statioms. The Institute
for Agricultural Research of Ethiopia, through its Farming Systems and
Socioceconomics Program, started two series of farmer-managed
verification trials of the most advanced bean lines: four varietiles of
white pea (navy) beans were evaluated on farms in the Rift Valley, and
four colored wvarieties were grown by farmers in the maize/bean
subsistence systems of southern Ethiopia. Monitoring of these trials
alsc helped the scientists to understand better the production systems
within which beans are produced, and to design appropriate strategies
for future interventions. For example, farmers in Ethiopia's Rift
Valley are mow known to adjust sowing rates for beans according to
soil type; they often use a seeding rate higher than that recommended,
because of their need to limit the vield less that results from their
shortage of labor on the farm at the time that beans require weeding.
Attention will now be paid on research stations to establishing the
potential value of selecting varieties that compete better with weeds.
The importance of beans in the subsistence systems of southern and
western Ethiopia, areas for which little research has been conducted
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on beans, warrants Increased attention to dintercropping, relay
cropping and double cropping of beans with sorghum and with maize.

In support of the above activities, regional funds provided
through CIAT by USAID and CIDA are being utilized for purchase of es-
sentlial equipment for research stations and on-farm research, De-
cisions on such contributions are taken collectively by the steering
committee, applying especially the criterion of importance of a
proposed research activity for the region as a whole. Research topics
provisionally agreed for vregional collasboration among mnatlonal
programs In Eastern Africaz include control of common bacterial blight
(by Uganda}, of bean rust (by Ethiopia), and drought tolerance (by
Somalia). Collaborative research is alsc expected to link the three
regional programs in Africa; for example, the toplc of bean rust is to
be shared with Tanzanlan researchers.
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C. Southern Africa

A Memorandum of Agreement (MOA) between CIAT and the Government of
Tanzania was signed in April and the first of four CIAT scientists took up
residence in July im Arusha in northern Tanzania, where the SADCC/CIAT Re~
gional Program on Beans in Southern Africa has established its base. The
breeder will move to Arusha in February 1987, and full funding from CIDA
cseems assured from March, SADCC's Southern African Center for Cooperation
in Agriculrural Research (SACCAR) has approved a second CIAT breeder for
Malawi, and an Agreement bhetween CIAT and the Govermment of Malawi has
received Malawi approval, pending signature in March 1987.

The SADCC region covers Tanzania, Malawi, Zambla, Zimbabwe,
Mozambique, Angola, Botswana, Lesotho and Swaziland, and is thus the larg-
est of the three regions hosting a CIAT bean program in Africa, Bean pro-
duction from the SADCC region amounts to about 564 thousand tons of dry
seed, which is approximately a quarter of the total production of Africa.
Tanzania produces about 350,000 tons, or 62 per cent of SADCC production.
Within Tanzania, the major zones o¢f bean production are the northern
highlands of Arusha, Kilimaniaroc and Tanga Reglons, including the Pare and
Ugambara mountaineg; the highlands of central Tanzania, Including the
Uluguru mountains of Morogoro reglon; Kagera and Kigoma Regions of western
Tanzania; and the southern highlands of Iringa, Mbeya and Rukwa Regions.
Elsewhere, areas of food bean production include northern Zambia; the high-
lands of Malawi; Niassa, Tete and Manica districts of Mozambique; the cen-
tral and eastern high veld of Zimbabwe; and parts of western Angola. The
most northerly parts of the SADCC reglon recelve rainfall in a bimodal pat-
tern {(the Short and Tong Raing, October-December and March-June, respec-
tively), whereas areas to the south of 6 8 {central Tanzania) receive
rajnfall in a single season. In northern Tanzania, the Long Rains are the
chief season for beans but In western Tanzania the Short Rains are more
important. As in Eastern Africa, maize is much the most important compan—
ion crop throughout Southern Africa; an exception is the Kagera Region of
western Tanzania where banana-coffee-bean associations predominate. Bean
production In Arusha Reglen is larger scale and more mechanized than else-
where, in part a reflection of the seed bean industry centered here. In
general, seed types are not as diverse as in the Great Takes Region, and
varietal mixtures do not predominate. A center of diversity in seed type
within the SADCC region appears to Include the area bounded by the southern
highlands of Tanzania, northern Zambia, Malawl and the Wiassz district of
Mozambigue., Canadian Wonder and ved haricot (suvch as Masail Red) types pre-
dominate in nerthern Tanzania, and the large speckled "sugar bean” types

are common further south. Climbing cultivars (type IV) are relatively un-
COmmOnD .

The strength of national programs differs substantially acress the
nine countries,. The Tanzania program ie¢ much the largest (with
approximately 3 scientists at the Ph. D, level, 5 at the masters' level and
2 at the bachelors' degree level, working full-time on beans), although it
is fragmented into separate teams In at least four different institutions.
I most other countries in southern Africa, national sclentiste are part of
grain legume research teams not devoted solely to beans, and several
programs contimue to rely on expatriate sclentists, Notable achievements
by national programs dinclude the recent varietal releases of P 304 (as
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Uyole 84) and T23 (as Lyamungu 85) in Tanzanila, and of Caricca in Zambia.
On average, Carioca has given 450 per cent increases in seed yield over the
variety previously recommended in Zambia; it also performed well in on-farm
trials, giving almost double the yield of farmers' varieties without added
inputs. The line A 442 has given significantly heavier ylelds than Carioca
in further on-station trials. Regression analysis of grain yilelds on
disease scores reveals that angular leaf spot, anthracnose and scab weve
the most important diseases In causing yleld loss, Several bean lines have
combined resistance to these, and ¢ 2338 has been shown o possess
effective resistance against all the major diseases at two contrasting
sites in Zambia,

CIAT's regiomal activities have included the conduct of the first
steering committee meeting, the convening of a bean fly workshop in Arusha,
and attendance of a board meeting of SACCAR in Lusaka. The regional co-
ordinator and the breeder contributed to the Ammual CRSP-supported workshop
on bean research and they each attended the Tanzanian national commodity
crop coordinating meetings, held iIn Morogore in September and November,
respectively. Steps have been made towards the more effective coordination
of variety trials across sites, and across Institutions concerned with bean
regearch in Tanzania. Further progress was made In the establighment of
the African Bean Yield and Adaptation Nursery (AFBYAN) and the Regional
Bean Fly Resistance Nursery (EHEFRN),

The steering committee meeting, which was attended by national bean
coordinators from Botswana, Lesotheo, Meozambique, Zambia and Tanzania as
well as by representatives from SACCAR, CIDA and CIAT, helped to establish
priorities for the purchase of equipment and for training. An agronomist
from Tanzania received short-term training in on-farm research methods at
CIAT headquarters, and a course for research technicians isg plamned to be
held in Malawi In March 1987. Together, these regional activities have
begun to stimulate links between individual scientists whiech in turn will
lead to the formation of an effective network among national programs
throughout the SADCC region.
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8. Collaborative Bean Research, IVT (Instituut voor de
Veredeling van Tuinbouwgewassen)-CIAT

CIAT has collaborated on a bean breeding project with the
Institute for Horticultural Plant Breeding (IVI) in the
Netherlands. This year's research has concentrated on incorporat-
ing resistance to viruses into CIAT bred lines.

Incorporation of virus resistance geneg: IVT 7233 x IVT 7214

Eight F, populatiens from crosses made between IVIT 7233 and
NL-5 IVT ?2%4 and a CIAT progenitor were subjected to BCMV
strains NL- 3 and NL-5 to select symptomless plants,carrying the
be~3 gene. The 1985 IVI-CIAT report listed the F~ populations
gelected for containing the be-3 gene; the number of symptomiesT
plants; and the quantity of F~ sgeeds harvested with which F

testcross seeds could be obtained. Test crosses were made t

select bc-3 carrying plants which also carried be-u and be-2

genes in a homozygous farm. Gene I was present in both parents.
The quantity of testcross seeds was limited,,and plants with dou-
ble resistance could not be selected from F~ populations in 1986
through further secreening of the plants from tests with BCMV-N
straing, 3, 4 + 5, Consequently, testcrossing continued .in the
F” lines. Five promising plants from each of the three ¥~ lines
per cross were selected for seed color. Selections made at CIAT
for color from the same l?yes were glso uged. F seed was har—
vested from the crossed F~ plants, and F~ seed from the GN31
plants onto whigh the testerosses were made, was also collected.
A total of 44 F~ lines were used for testcrossing.

Table 1 sho the presence of the be-u and §c»22 genes in
the individual ¥~ plants, based on screening of BCMV strains
N1.~-3, NL-4 and WL-5 in the F~ testcross seeds. Results wer
available from 30 of the 44 lines. Ideal resistance (both bc-2
and be-u genes homozygously present) were found in only 3 of the
30 lines. CGCenotypes in which be-u is heterozygous (u+/u) were
detected in eight lines, and genotypes with bc-u absent (ut/ut)
in 15 lines. Symptoms did not develop in thig group, and no
systemic spread of thf g}rus occurrg§.+15 tEe bc-3 gene 1s ever
overcome, then ut/u-27/2" I/1, and u /u 2°/271/1I would show only
local necrosis.

¥, progenies within each of the three resistance groups were
used %o compose line wmixtures having the same resistance
genotype, seed type and seed color (within the respective seed
color groups). In some cases only one progeny was used as 'final
material'. The 14 single or joined progenies are indicated as
populations in Talle 1. Two populations came from mnavy beans,
although the be~2” gene was not detected, probably because of
absence in the IVT 831575 seed. Although it does not carry real
double resistance, the combination I be-3 remains of value.
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Tsble 1. F3 plants showinﬁoggubie resistance in testcross results, and mumber of
released populat from mixed lines having same seed type and genotype.

Flants with
227283311
Plants and Populations

™ Tine Test—crossed wfu ut/e oA released
Small white navy
IVT 831575 x PAN 29, 2 CIAT lires 10 - e e~ 1
" x PAN , 1 CIAT Iines 4 - e = 1
" x Fleet—wood, 3 CIAT lines 15 - e - -
Small red, brilliant 2 1
VT 831607 x RAB 71, 2 CIAT lines 8 - e - -
VT B31607 = RAB 71, 4 TVT lines 17 - 3 5 &4 3
Small black, brilliamt
IVT 831607 x RAB 71, 1 CIAT line 5 - - - -
" % RAB 71, 5 IVT lines 23 1 2 10 3
HMedium black, opaque
TVT 831629 x BAT 1554, 1 CIAT line 5 - = - 2 1
" x BAT 1554, 5 IVT lines 24 & 3 103 amd
Medium red mottled, kidneys
TVT 831657 x BAT 1412, 3 CIAT lines 15 - 2 3 2
n x BAT 1412, 3 VT limes 14 - - 2 =

1. Population with pinto colored seeds

Seed will be multiplied at CIAT, and best adapted popu-
lations will be included in international trials. Seed types im-
portant to Latin America and Africa which have valuable resig-
tance to BCMV, will then be disseminated to recipient collabora-
tive countries.

Materials from the medium white, medium vellow, and red
mottled color groupe will be sent to CIAT in the Spring of 1987,
Program A of the collaborative IVT-CIAT project will be terminat-
ed with the shipment of these materials, all derived from crosses
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between CIAT breeding lines and the IVT 7233 x IVT 7214 source of
double resistance.

Program with IVT 7620

Testing for plants resistant to the BCMV-Tn strain con-
tinued., Selections came from the first, second and third crossing
generations derived from CIAT lines x IVT 7620. IVT 7620 comes
from an interspecific cross with P. coccineus, and has resistance
to BCMV and BYMV (including the Tn strain).

Some F2 progenles out of five crossing populations from the
third generation which showed no systemic virus spread in last
year's tests with BYMV-Tn, showed susceptibility this year, IVT
76200 resistance to RYMV was apparently lost iIn the second cross-
ing generation, due to primary screening for resistance to BCMV
in the first two generations.

Excellent resistance to BYMV, however, was selected in the
first crossing generation between CIAT breeding Iines and IVT
7620, as was reported in 1985, Further screening of plant se-
lections continued this year. Plant progenies were selected in
which all plants were symptomless, and having no plant with de~
tectabkle virus In infection tests on plants of the very sensitive
variety Widusza. Plants showed no detectable virus infection, and
this resistance was confirmed in further testing. Progenies were
joined with sub-lines 34-2 and 34-6 (from line 5) and with 35-4
{from line 6). These populations have complete resistance to
BYMV, and proved superior when compared to all other materials
from various countries. They also maintained complete resistance
to all strains of EBCMV, thanks to rasistaucg gupplied by P.
coccineus via the IVT 7620 parent line. This F material is con~
siderably more valuable for breeding purposes, than is the parent
IVT 7620, The disadvantages of the Interspecific cross are still
detectable in the IVT 7620, as evidenced in deviating, rectangu-
lar geeds, puckered and narrow light green leaflets, and short
pods. The new selections are strong plants with dark leaves and
have a normal seed and plant type. The sub~line populations are
ready for release and will be sent to CIAT as final materials,
IVT 7620 was crossed with BYMV-susceptible CIAT accessions G
08066, NWegro 321, and € 6386308, but complete resistance was
achieved only from crosses with G 08066. The seeds of all three
populations are grayish-white, while there are slight differences
in leaf and seed forms. G 08066 comes from crosses made between
"Pop' from Uganda, and the Costa Rican variety, Wep 2. IVT 7620
comes from crosses made between a Dutch bush runner bean, a Dutch
bush slicing bean (P, vulgaris), and a Yugoslavian dry bhean.
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L. EVALUATION AND IMPROVEMENT OF
AGRONOMIC PRACTICES

A. On-Farm Research

On-farm research activities in 1986 continued in the areas of
training, network establishment, methodology adaptation, technology
development on-farm and technology adaptation to specific areas.
Feedback to research on-station, both in CIAT and in national programs
is an aim dmplicit iIn these activities. Training and the support of
those already trained, Increased in importance in 1986, and now
represents 60% of the activities in on-farm research. Networks of
on—-farm researchers are starting to form within countries like Peru

and Colombia, which have recelved special attention iIin training
activities,

Testing of new ideas 1in methodology for on-farm research
continued in Colombia. Trials aimed at integrating on-statlon and
on—farm research activities were emphasized. These usually tested what
could be gained by technology development on-farm (see, for example,
the Microbiology section of this report). Our collaborators in other
countries adapted methodologies to their own situations and thus

provided information and suggestions for participants in future
on-farm research courses.

On~farm research training

In 1986 the final courses were held in the "Pilcot project on
training and networking in on-farm research in TLatin America”., These
included an intensive CIAT-based course, with various follow-up
activities, and the third ard final phase of the INIPA-CIAT on-farm
research course for beans in Peru.

The number of participants in the On-Farm Research-Bean Cropping
System Course held March-April 1986 at CIAT, expanded to 23. Thirteen
participants were included from ICA, Colombia, where there has been
particular interest in OFR. Only four of the participants attended the
multidisciplinary course beforehand; the others received a one-week
refresher~course en biological aspeects of diagnosis in beans. This
also kept the period of study short (eight weeks total}, which is
desirable since many participants are regponsible for extension
districts or OFR projects and find it difficult to be absent for long
periods. Follow-up activities, four to seven months after the end of
the course, included a one-week workshop for Colombian participants,
and wvisits by CIAT staff to other participants,

The final phase of the INIPA-CIAT course was held in CIP
headquarters in Lima. Twenty-one of the 25 participants attending the
second phase attended: two of those who left for other jobs were
replaced, and the work originally planned in 24 of the 25 zones was
completed. 821 of planned trials were successfully planted and
executed (133 in rotal} and 214 new trials were planned on the basis
of analysis and discussions in the course. Integration of research
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and extenslon personnel, mutual support, and & new dynamism and
televance in the work of many participants, are the wmost notshle
products of the course. Consultancy from CIAT will continue,

In total, 87 on~farm researchers have been trained in Beasn

Program courses between 1984 and 1986 {Table 1)}, Plans for & nev
phase of OFR training are now being prepared,

Teble 1. Sclentists participating in CIAT OFR training, by comtry, 1984-1986,

Mo, of participants In courge

Coontry Centygl

{Total m, of Type of CIsT CIAT CIAT Pern Averica Total

participants} Institurion 1684 1983 1986 19856 19856

Peru (25) fesearch 2 i1 118
Extension i 1 14 148

Colorbia (19) Research 1 5 6
Rural development 3 1 9 i3

Costa Rica {16) Fasearch 1 i 2 4
Exrengion 1 1 10 12

Guatemala (6) Farm testing teams 2 i 2 5
Extensim 1 1

El Salvador () Research 2 i 1 4
BExtension 1 i 2

Ecuador (4} Research 1 i
Farm testing teans 1 1 1 3

Mexdco (3} Research 2 2
Unfversity teaching 1 1
& vesearch

HRondaras {3) Research 1 2 3

Wicaragoa (3) Research 2 2
Fxtermion 1 1

Dominican Repmblic (2 Extersim 1 1 2

12 13 23 25 20 B

B A1l the 6 Peruvian participants in CIAT courses also attended the In-country course, Double-comting
hee been avolded,
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Technology adaptation to specific areas

Various examples of technology adaptation to specific areas have
been discussed in the 1983, 1984 and 1985 Rean Program Amnual Reports.
Highlights in 1986 were:

a. On-farm research trials were conducted by members of the
INIPA~CIAT on-farm research course on beans in 24 areas of Peru,
in almost all of them for the first time. OUne early result is a
much better understanding of the wvariability in the adaptation of
the newly adopted variety Glorisbamba iIn different parts of
Cajamarca department. The areas in which planting in rows and
fertilizer application are promising have also been defined by
results of the same trials,

b. In Ipiales, Colombia, 2 wide selection of technologies which can
be adopted ome by one 1s now available to the farmer. Foliar
fungicide application, seed treatment with fungicide and closer
within-row spacing for the wvariety Frijoliea 0-3.2 are all in
farmer~-managed trials, The promising line TIB 30-42 Is at the
same stage. Farmers are multiplying seed of both, with ICA
guidance.

c. Frijolica L8 3.3, released by ICA in 1985, is being tested in
farmer-managed trials in San Vicente, Antioquia together with
improved foliar fungicide applications and seed treatment with
fungicide., Its seed ig also being multiplied by farmers.

d. Farmers in part of Funes, Colombia, have adopted the bush~bean
line Ancash 66, apparently because of its tolerance to poor
solls. The line has not been released by ICA because it matures
too late to be effective in the whole of the Funes target area.

The comparison of agronowmic results between experimental station and
farms

This special tepic which is¢ reported in detail In this section
was studied during four seasons, from 1982 B to 1985 B, Results were
compared between Obonuco experimental station (2710 m above sea level)
and the Ipiales area of on-farm vresearch (2500-2800 m above sea
level}, B0 km distant, which it serves. In the Bean Program Annual
Report for 1984, differences were shown in the performance of a group
of ten elite lines between Obonuco and Ipiales. There was no
corretation between station and farm results, and the line released as
a result of farm trials was 1in sixth place on the station. In this
year's report, results will be presented from 11 of the 14 other
trials designed for the Iplales target zone of which copies were
planted at Obonuco. The tyrials combined changes in cultural practices
with changes in maize and bean varieties.
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In 1982 B, the fileld provided for the trials at Obonuco was
infertile and atvypical of conditions there. Possibly as a result of
this, the effects on beans of changes in varlety, and on maize and
beans of changes in spatial arrangement, were similar to those
on-farm, There was, however, a large effect on beang of feliar
disease control on farms, but nomne on-station (Table 3). On both
station and farm, there was 1little effect on beans of increasing
fertilizer dose. Increased fertilizetion greatly increased malze
vield on-gtation, but reduced it on-farm.

On-farm, but not on-station, bean plants were lost in the high
fertilizer treatment, apparently because theilr roots were burnt by
fertilizer. This was checked in 1983 B, At Obonuco, the best bean
yields were obtained with a rock phosphate/diammonium phosphate
{RP/DAPY mixture applied beneath the seed at planting, Differences
between treatments were small, and fertilizer application methods did
not affect maize or bean gtand (Table 4}. However, in Ipiales the
RP/DAP mixture gave the lowest maize and bean yields and reduced the
stand of both., The plant loss was probably due teo the urea included
in the mixture. On-farm, the highest bean yilelds and stands were
obtained when fertilizer was applied side-dressed at ridging up (i.e.
at about 6 weeks in a 36 week growth cyele)., This is the method most
commonly used by farmers in JTpilales. The highest malze yields were
obtained when fertilizer was applied at planting time in a second hole
at the side of the seed, but bean vields were in this case reduced by
maize competition., The trlal suggested that to increase maize and
bean yields in Obonuco by applying more than 100 kg/ha of the compound
fertilizer 13-26-6 it would be necessary to apply fertilizer at
planting time, but on-farm there was a response provided that
fertilizer was applied by a merhod which did gnot burn the small
plants, In Obonuco, frequent light rains avoided the formation of a
fertilizer crust below the seed, but on-farm in Ipiales, drought after
planting was common.

Optimum fertilizer doses for applications side-dressed at
ridging-up were studied for three years in Ipiales on three farms per
vear. Each vear a copy was planted in Obonuco. At Obonuco, there was
no response to either N or P in beans and a response only up to 39¥ in
maize {the optimum response in fact, was different each year, to 13N,
39N and 65N respectively), On-station the results of the additional
treatments suggested that farmers are correct in applying 100 kgfha of
13-26-6, but that no increase In malze or bean yield can be expected
after this {(Table 3). Thus on the basis of statiom results, the only
modification in existing practices to be counsidered would bhe the
application of extra nitrogen to benefit maize.

The results on-farm were different. There was & response up to
658 in maize, and these high levels helped beans to recover from the
adverse competition experienced when maize responded to the lower dose
of 39%, Beans responded to P, but insufficiently to cover the cost of
application. Beans also responded to K without depressing maize
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yield. The benefits obtained from N, P and K all suggested that an
application of at least 300 kg/ha of 13-26-6 would be desirable, and
this was confirmed by the additional treatments.

Spatial arrangements of maize and beans were also studied
intensively after 1982 B, with the alm of increasing bean yileld, and
maize vyield if possible, by using higher densities of beans less
vigorous than Mortifio, The lines TIE 30-42 and 32980-1-41 gave the
highest net bepnefit with 4B 2M (4 bean seeds and 2 mailze seeds) at
0.5m on both station and farms. However, Frijolica 0-3.2 was best
wirh 3B 3M at 0.65 m in Obonuco but with 3B 2M at 0.5m on farms (Table
6). Farmers however tended to reject close within-row spacing, and
preferred 0.8m or wmore. With this limitation 1Imposed, the station
results would lead to a recommendation of 4B 4M at 1.0m; whareas the
farm results, suggest 3B 3M at 0.Bm. Additionally, the station
underestimated the benefits of the line TIB 30-42 compared to Mortifio.
When both were compared at farmers' spatial arrangement (2B 4M at
1.0m}, Mortifio was economically favored on—station but not on-farmse,

In 1985 B, the trial included other waize and bean varistal
combinations. Results again showed many contrasts., The early maize
population, Pool 7, developed poorly on-station but well on-farms.
Thus, on-station, TIB 30-42 dominated Pool 7 and 4B 4M at 1.0m was
favored., On~farms they were more balanced in competition and 4B 3M at
0.8m was the best combination (Table 7). Similarly Pool 7 and Morocho
Blanco were partners of similar merit for Frijolica 0-3.2 on farms,
but Pool 7 was inadequate on~station., For Morocho Blance with
Frijolica 0-3.2, the best planting arrangement was 3B 4M at 1.0m
on-station but 4B 3M at 0.8m on-farm, These results reflect the
greater vigor of beans on-station compared to farms.

In other trials too, early maize populations 1ike Pool 7
performed poorly at Obonuco, a cold, windy environment (2710m), but
performed well in parts of the target area below approximately 2650m.
In trials intended to intensify the cropping cycle by using maize and
beans of early maturity and including barley afterwards, Cundinamarca
431 malze ylelded the same as Morocho Blancoe on~farm (2.7 t/ha) but
much less on-station (0.9 t/ha compared to 2.1 t/ha), In this case,
the preliminary warning provided by the station results proved
correct, since from 1983 B to 1985 B Cundinamarca 431 performed poorly
on-farm, although still better than at Obonuco,

Seed treatment trials were also planted on beth station and farms
in 1982 B and 1983 B, They gave different results becanse Fusarium
late wilt was the main problem on-farm, but soll insects appeared to
be important at Obonuco.

Occasionally, the difference between station and farms was the
result of problems in applying the treatments on-farm. In a set of
verification trials in 1984 B, the intention was to add benomyl to the
foliar applications used by farmers, but not to use imsecticide.
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Three applications of mancozeb with metamidophos or parathion
insecticide is the most common farmers' practice, but varies according
to the conditions they observe in the field, Thus, the 103 kg/ha
advantage 1in beans (Table &) of changing fumigation practices
measuved at Obonuco 1s truly the effect of adding benomyl. On-farm,
there was conslderable incidence of rust. Half of the farmers used
sulphur or oxycarboxin to control rust, so the 52 kg/ha increase
weasured 1is the difference between various strategies for contrel of
rust and insects and a strategy which effectively controls
anthracnose, The same farmers' strategy explains why the line
32980~1~41 which is moderately susceptible to rust and anthracnose,
responded less to the new fumipation practice on-farm than Frijolica
0-3,2 which is more tolerant of anthracnese and rust, On-station,
however, their positions were reversed,

Cbonuco is an experimental statlion which is claose to its target
area, similar in climate and soils and managed under similar cropping
systems., Degpite this, optimal fertilizer dose, fertilizer
application method, spatial arrangements and plant densities were
different on~farm from those obtained oun-station. The effects of seed
treatment and fumigation were also different between farms and
station. It can be concluded therefore that different results for
these practices would be obtalned in most cases of farm-station
comparisons. The competitive balance between malze and beans was
particularly sensitive to swmall differences 1in environment between
Obonuco and Ipiales. Thus, the slightly lower temperatures in Iplales
in comparison to most of the target area, damaged the growth of early
maize cultivars on station and upset the balance of competition with
early-maturing beans.

In 1982 B, when an infertile fleld was used that was not typical
of Qbonuco, but was similar to farms, some results were closer to
those obtained on—farm. This sugpests that careful selection of a
station field might permit prediction of results on-farm. However,
everl 1n this case (see Table 3) many different results were obtained,
and the strategy is not reliable,

The results from the four vyears' study underline the need for
fertilizer, density and plant protection practices to be developed and
tested from an early stage on-farm. For these practices, station
trials, however well conducted, are likely to he misleading.
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Table 2, Yrber ard type of tyials planted on farms in different reglons of Colombia.
1985 B and 1986 A.

Eastern Southern Central Northern Eastern

T

[ ——

om0

b B ek BN it B B 2

»

Type of trial Antioquia Narifio MNarffo Narifo  Antioquda

(San Vicente)} (Ipiales) (Fmes) (El Tambo) (E! Carmen)
19858 19858 19858 1985B 1985B/19864

Variety

Segregating generations or advanced lines 52 3 &> &° -

Bean varieties ? 5 - 3 ~

Early maize varieties - 2 - - -

Bxploratory - - - - 6

Determination of economic levels

Maize x bean varieties x planting arragement - &8 - - -

Seed and soil treatment - 3 - - _

Fertilizer - ¥ - - -

Intensification of cropping cycle - Z - - -

Variety x Rhizobium inoculation - 3 - 3 -

Verification 8 112 8 6 3

Farmer -managed - 8 - - 169

TOTAL 16 44 14 18 25

a  Copy of trial planted on nearby experimental station for corparison.

b 3 VEF and 3 EP in each. 2 EPs planted on farm in other parts of Colombia,

¢ For training purposes, 3 in El Camen (relay), 3 in Marinilla {sole crop}.

d  Simple tests of rows of new varieties within his crop.
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Table 3. Cooparison between station ard farms of an exploratory trial in a 2* factorial

arrangement. Obonuco and Iplales, 19828,

Chormeo Fep. Station

Mean of 5 farmg~Tpialeg

Beans Maize Beans Maize
Foliar disease control {F) kgfha
Mancozeb (3 times)! 573 2134 564 1753
Benomyl + Mancozeb (3 times) 605 2691 877 1587
Tnereass 32NS 5578 3159k -1 HHNS
Variety (W
Mortifiol 479 2078 598 1757
Frijolica 0-3.2 699 2547 843 1582
Increase 20 2695 25k 17588
Fertilizer (below seed at planting) (F)
100 kg/ha 13-26-61 605 1888 756 1771
400 kgfha 13-26-6 574 2937 685 1568
Tncrease 3188 134Gk ~71% ~203*
Spatial arrangement (D}
4 maize 2 beans 1.0 x 1,0m> 473 2201 598 1502
2 majze 2 beans 1.0 x 0.5n 705 2625 843 1836
Tncrease 23k 424 24590 3ok
Interactions signif_ficam;2 None Vi - DE4 None

(P=0.,05)

Interactions significant Vi, EF+ INE+ None

{0.05=p={},10)

1 Famers' practices

?  + indicates that the vield was higher than the sum of the simple effects when both factors were

at the researchers’ level
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Table 4, Comparison between station and farms of a method of fertilizer application trial. Obomuco and
Ipiales, 1983 B, Variety Frijolica 0-3.2. A farmers’ check with the variety Mortifio was i:u:lw]ed
in the trial, but does not appesr in the Table,

Obomco Exp, Station Mean of 2 farms: Ipiales
kg/ha Time of Bean Bean  Maize  Malze Bemn Bean Maize Maize
13-26-6 Position applic. yield stand vield starxl  yield stand yield  stand

i

tema) @' e @ ey @ Gem) @

RP/IAP”  Under seed Planting 1353 75 3297 98 192 0 7178 %
500 Banded Ridging-up 1267 9 2942 85 484 0 1216 6l
500 Under seed  Planting 1252 78 2576 85 (40 32 1586 64
500 shove seed  Planting 1184 78 2638 95 336 43 1267 46
500 Hole at side  Plamting 1148 77 3857 96 445 62 1812 65
500 Sidedressed  Ridgingup 1103 83 2408 91 752 66 1199 67
100°  Side-dressed  Ridgingwp 1074 70 2553 95 461 64 1263 62
1SD (10%) 186 ¥ I3 15 2%7 9 508 16

o]

Plants surviving to B weeks as percentage of mmber of seeds planted.
446 Huila Bock Phosphate + 79 DAP + 110 Trea + 50 KC1 (equivalent nutrients to 30 kgfha 13268},
Farmers® dose and most common method.

EVL I ]
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Table 5. Comparison between station and farms of a fertilizer trial (N x 3P levels +
6 additlonal treatments). Oboruco and Ipiales, 1983 B to 1985 B. Variety
Frijolica 0-3,2 for all except the farmers' check.

Yield (kg/ha) Yield (kg/ha)
Fertilizer applied Obormico Fxp. Station Tpiales-Memn of 9 farms
(kg/ha) Mean of 3 vears (3 per year)
Beans Maize Bemns Maize
Mean of ™ 930 2141 702 1680
P levels W 883 2646 627 2074
650 884 2674 679 2392
Mean of 11.3p 917 2399 620 2051
N levels 34.0p 884 2530 657 2018
56.7P 896 2633 731 2086
180 (10%) 86 263 60 167
Additional treatments
IN P 892 2453 632 2080
39N 34P 4+ 15K g3 2384 739 2119
300 kg/ha 13-26-6 969 2524 688 209
300 kg/ha 13-26-6 + 20 Mg 1002 2220 706 1869
100 kg/ha 13-26-6 (check) 994 2668 599 1981
0 (without fertilizer) 933 2311 454 1563
Farmer's check (Mortifio with o905 2675 488 1929
100 kg/ha 13-26-6)
18D {103y 150 545 106 289
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Table 6. Comparison between station and farms of a bean variety x spatial arrangenent trial
with Morocho Blanco maize, Obomuco and Ipiales, 1984 B, Underlined vields show the

most favorable combination for each variety; dotted underlining refers to a

minimum row spacing of 0.8m.

Yield (kg/ha) Yield (kg/ha)

Bean Distarce between Seeds/hill Oborasco Fxp, stn IplalesMean 2 farms
variety hills (m}) Beans = Maize Beans  Maize Beans Maize
TIB 30-42 0.5 4 2 1220 1290 1057 1285
TR 3042 1.0 735 1469 762 1116
TIB 30-42 1.0 2 4 606 1737 623 1500
32980-1-41 0.5 4 2 1666 1995 77 1359
32980-1-41 1.0 4 4 1176 1924 515 1387
32980~-1-41 1.0 Z 4 1008 1905 382 1540
Frijolica 0~3.2 0.5 3 2 1466 1804 821 1327
Frijoldca 0-3.72 (.65 3 3 1417 1913 666 1189
Frijolica 0-3.2 0.8 3 3 1139 1673 ﬁ_ﬁf_{ 1437
Friiolica 0-3.2 1.0 4 4 1175 2037 853 1401
Frijolica 0-3.2 1.0 3 4 1086 1857 562 1461
Frijolica 0-3.2 1.0 2 4 1226 2071 357 1335
Mortifio (Farmers') 1.0 2 4 885 2008 476 136
15D (10%) 468 474 115 305

1 Distance between rows always 1.0m .
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Table 7.

Obonuco and Iplales,

Comparison between station and farms of a maize variety x bean

variety x spatial arrangement trial. 1885 B,

Underlined yields show the most favorable combination for each

bean varlety.

Yield (kg/had

Yield {(kg/ha)

Seeds/hill  Obonuco Exp. Stn Ipiales-Mean 2
Bean Maize Distance between farmsz

variety variety Wills (m)l Beans Maize  Beans Maize Beans Maize
TIB 30-42 Pool 7 0.8 4 3 1725 286 670 2122
TIB 30-42 Pool 7 0.8 ] 4 1693 546 541 2491
TIE 30-42 Pocl 7 0.8 4 4 1528 836 488 2517
TIB 30-42 Pool 7 1.0 4 4 2057 877 375 2140
Frijolica 0-3.2 Morocho Blanco 0.8 4 3 1374 1759 531 2342
Frijolica 0-3,2 Morocho Blance 0,8 4 4 1022 2174 368 2359
Frijolica 0-3.2 Morocho Blanco 0.8 3 3 1277 1755 308 2191
Frijelica ¢-3.2 Pool 7 0.8 3 3 974 1106 321 2059
Frijolica 0-3.2 Meorocho Blanco 0.8 3 4 944 2306 286 2306
Frijolica 0-3.2 Morocho Blanco 1.0 3 4 1422 2827 234 2365
Mortiifio Morocho Blanco 1.0 2 4 1135 2062 199 2479
(farmers"')
LSh (10%) 278 1157 194 748

1 Digtanc= hetween rowd alwavs 1.0m
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Table B, Comparison of bean vields on-—station and farms in a verification trial. Obomxo

ard Tpiales, 1984 B.

Yield (kg/ha) Yield (kg/ha)
Bean Foliar disease Oboruco Exp. St Ipiales-Mean 9 farms'
variety control
Mortino Farmer's 722 327
Frijolica 0-3.2 Farmer's 76 374
32980-1-41 Farmer's 728 433
Mortifie Beromyl + memcozeb 831 450
Frijolica 0-3.2 Benomy1 + mancozeb 774 445
32980-1-41 Bericmyl + mancozeb 871 395
Effect of changing foliar disease control
Mortifio 109 123
Frijolica G-3.2 58 71
32980-1-41 143 -38
18D (107%) 517 68
Yean effect of changing foliar disease control 1038 52
Mean effect of varieties
Mortitio 776 388
Frijolica 0-3.2 745 410
32980-1-41 800 414
LSD (10%) for variety means 366 48
1 11 fams for maize
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B. Economics

Economics research in the bean program continues to concentrate
on production studies, marketing issues, policy analvsis and training.
Production studies identify farm level constraints, evaluate new
technologles as wsolutionms to these problems, and assess farmer
adoption of improved bean technologies, Marketing issuves are crucial
in Tarin America because most beang are produced for sale in the
market, making consumer acceptability, price and ease of entry into
market channels critical factors in farmer adoption of improved bean
varieties. Analyses of policy affecting bean production and markets
are undertaken when policies exert an Important influence on the
environment for which new bean technology is being developed. Most of
this research is conducted in collaboration with national programs,
and strengthening their research capacity through training and joint
projects is a major chiective.

Production studies

Several types of production studies were undertaken with national
programs in 1986. Diagnostic studies of current production systems
and problems were conducted in Brazil, Colombia, Costa Rica, Dominican
Republic, El1 Salvador, Wicaragua and Peru, Pre-adoption studies of
farmer acceptance of promising new technologies were in pregress in
Brazil, Colombia, Guatemalz and Peru. Analyses of adoption studies in
Costa Rica and Guatemala were furthered to understand the impact and
limitations to the spread of new bean technologies. Results of
examples of some of these stydies will be presented here.

Diagnostic studies: Dominican Republic

In collaboration with the Secretary of State for Agriculture, a

diagnostic survey of bean production systems and problems was
conducted in three regions in the Dominican Republic: gastern
{Higuey), northcentral {La Vega) and central {(S8an Jose de Cca). The
results of interviews of 90 farmers have now been analyzed for use in
the design of techmology trials for these regions (Table 1).

While drought is the most common problem fn all three regions and
pompadour iIs the principal grain type, ilmportant contrasts exist. In
Higuey, where the terrain is flatter, most production 1s mechanized,
and the average acreasge s=sown to beans is greater. Moreover,
fertilizer and crop protection chemical use is practically universal
in Higuey. Chrysomelids are reported as a major problem in Higuey,
while in La Vega Hedylepta indicata F. (a leaf feeding caterpiliar) is
the most commonly cited problem after drought.
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Tabhle 1. Characteristics of three bean producing regions

in Dominican Republic.

East Central Northeentral
Region (Higuey) (8. Jose de Oca) {La Vega)}
Farm size (ha) 6 5.8 8.6
Topography Flat Hilly Very hilly
Systems Maize/Beans; Maize/Beans: Bean monoculture
Bean monoc. Bean monoc. Beans/Cassava
Crops in rotation Peanuts Peanuts, potatoes (assava, maize,
plantain
Land preparation Mechanical Oxen Oxen
Grain type of beans Powopadour; Pompadour; Pompadour
reds blacks
Area of beans 3.4 1.0 2.7
{ha/farm)
Fertilize beans (%) 100 30-40 30-40
Crop protection 90 50 50
chemicals (%)
Problems Drought Drought Drought; Leaf feed-
Chrysomelids TLack of seed ing caterpillars
(Hedylepta indi-
cata F.)

B Hedylepta indicata F.

Source: SEA-CIAT Survey Data. Sample size = 90.
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Pre~adoption evaluations

"Cloriabamba' In Peru:

A survey of farmers' acceptance of the recently released climbing
bean variety, Gloriabamba (a germplasm accession from Mexico), has
been carried out in ceollabeoration with INIPA in the northern highlands
of Peru. Farms here average 2.5 ha with 407 of farms less than one
hectare. Beans are produced mainly for home consumption in
association with maize, also a subsistence crop. Preliminary results
from a sub-sample of the 109 farmers interviewed who were known to
have received seed of Gloriabawmba, found that all farmers plan to
continue growing it,

Some farmers have already grown Gloriabamba for two or more
vears, and the survey data show that farmers are Increasing the
quantity planted of Gloriabawmba over time. Farmers using Gloriabamba
for the first time sow an average of 0.8 kg of seed, while in the
second yvear they plant an average of 5.2 kg of seed, and in the third
year 10,1 kg of seed, The maln advantages of Gloriabamba cited by
farmers are its vield, earliness and good taste {(Table 2). 1In farmer
production it yields an average of 435 kg/ha compared to 230 kg/ha
with the principal local variety, while it is forty days earlier than
traditional climbing varieties.

The most common drawback with Gloriabamba noted by farmers is
that because of its smaller size it receives a lower price than
traditional varieties, confronting a discount of up to 50% at the farm
gate. This factor was mentioned only by a minority of farmers (15%)
due principally to the fact that beans are mostly consumed on-farm.
These results imply that due to its yield Gloriabamba could be widely
adopted by subsistence bean producers, while facing s more uncertain
future among those producing for the market.

Table 2. Farmer evaluations of improved variety "Gloriabamba',
Northern Highlands, Peru (preliminary partial results).

1986.
Characteristic Percentage of farmers
Higher vielding 77
Earlier 67
Good tasting 26
More disease resistant 18
Lower price 15

Source: INIPA~-CIAT Survey Data, sample size = 109,
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Adoption studies: Guatemals

Data from a 1985 random sample of 234 bean producers in
southeastern ©Guatemala have been analyzed to assess the impact and
spread of new ICTA bean varieties. Among those producers having farms
of an average total cultivated area of 2.9 ha, 23.8% are growing the
improved varieties on 24.1% of their area in beans. Production
functions estimated for these farms show that pgrowing the new
varieties makes a substantial (334 kg/ha)l and statistically
significant impact on production:

{1} YLD = 515 + 334 VAR + 167 WEED + 367 FUM + 4.68 TOTP + 9,88 TOTK

(4.93) (2.19) (2.41) (6.53) (2.19
-122 FMFS - 341 FMS,
(4,213 (1.72)
% = .32,
where
YLD = Bean yield (kg/ha)
VAR = Dummy varilable for growing ICTA varieties
WEED = Dummy variable for more than one marked weeding
FuM = Dummy variable for fungicide application
TOTP = P205 application (kg/ha}
TOTK = Potassium application (kg/ha)
FMFS = Dummy variable for system maize/beans or
sorghum/beans
FMS = Dummy variable for system maize/sorghum/beans

The ratio of parameter estimates/standard errors is given in
parenthesis ("t" values).

The production functiom also shows a strong effect of disease
control, indicating that disease is an important limiting factor on
production, However, there is no statistically significant
interaction between the new varieties and cropping system (2}, thus
indicaring that the new varieties have the same impact on yield
regardless of system, making the new varieties neutral with respect to
system.

{2) YLD = 525 + 291 VAR + 171 WEED + 369 FUM + 4.72 TOTP + 10.03 TOTK

(2.3 (2.22) (2.423 {(6.54) (2.201)

-~ 132 FMF$ - 369 FMFS + 30 FMFSVAR + 132 FM3VAR,
(1.61) (4,00} (0.19} (0.68)

Rz = (32

where variables and "t" values are as defined in (1), except

FMFSVAR = Interaction of VAR and FMFS
¥MS = Interaction of VAR and FMS
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Since the evidence points te a sigrificant positive productivicy
impact of the new varieties, it is important to assess what factors
have limited their wuee to less rhan opne=fourth of Tarmers. &n
adoption function with use or non-use of the improved varieties as the
dependent varisable finds twe factors as especially irportant in
determining whether farmers cultivate the new varietv.

(3) aporp = 0.366 + 0.647 SFED - 0,109 FASS - U.203 PREFFAR
(8.60) {1.94) (4,06
+ 0,012 AREACULT,
(1.19
2
R = .34,
where ADOP = Dummy variable = 1 wher growing ICTA variety
SFED = Dummy variasble = ! when using official seed
FASS = Dummy variable = 1 when heans grown in
association with other croplsa’
PREFEAR = Dumny variable = 1 vhen tarmer expraesses
preference for early varieties
AREACULT = Area cultivated in he.

Access to eofficial scurces of seed iz the single mest influential
variable on whether farmers prow the new wvarieties, with a strongly
positive effect and low standard error of estimate. An expressed
preference by the farmer for early maturing hesns strongly reduces the
probabilicy of adoption of the new varieties. Esserrdially the same
results were obtained when percent of benr area sown to ICTA varieties
was regressed on the same set of wvariables., These findings are highly
consistent with, and provide multivariate confirmation of, previous
survey work with farmers known to have used (at one time) the new
varieties. The previcus studvy had found that difficulty in obtaining
seeds of the new varieties led to a rvapid decline in their use, while
lateness was noted as the prinecipal drawback of the new varieties for
farmers., These new results conf{irm the importance of generation of
improved early varieties, and the impovtence of strengthening the seed
distributien system to make the potential gains from the new varieties
more widely availahble.

The adoption models were also used to assess the influence on
adoption of sociceconomic factors such as farm size, land tenancy,
educarion of head of household, wuse of agrochemicals, and credit
accesg. None of these wvariables were found to be significantly
related to adoption.

Rased aon the survey results on proportion of area cultivated to
the new varieties, and using the production function estimate of the
yield gains from the new varietles in farmers' production, the wvalue
of the increased bean production in 1985 due to the new varieties is
an estimated $2,060,000 at world market prices.

307

P

enmnn

e g W Ao 0 B % S vy kA A n =g 4y ay

o



Policy

Benefirs of technology in Prazil

Some new bean technolegies can favor large farmers (eg. wvarieties
bred for mechanization) while others can favoer small farmers (eg.
varieties adapted to intercropping). Because of a widespread concern
that technical change in agriculture not bypass resource poor farmers,
it has been argued that research should be oriented to generate
technology biased towards small farmers.

To  assess the distribution of benefits of alternative
technologies blased towards small or towards large farmers, both among
producer groups as well as ameng consumers of different income strata,
a demand and supply model of besns has been construeted for Brazil, to
measure economic surplus resulting from supply shifting technical
change.,

The model shows that benefits to small farmers are highly
sensitive to the degree of technelogy blas, since they lose even if
technoleogy 15 only slightly blased towarde large farmers, and they
lose substantisllvy as technology becomes progressively biagsed towards
large farmers {Tahle 3). Moreover, benefits to small farmers increase
sharply as technology is blased teowards them, even in cowmparison to
scale neutral technelogy., These gains for small farmers come largely
at the expense of consumers. Benefits to poor consumers decline
drastically as technology is biased towards small farmers, though
consumer benefits vary only modestly between scale neutral and large
farm technology.

There exists, then, a c¢lear distributional trade~cff hetween
benefits to small farmers and poor consumers in small farm biased
techuology. Though this trade-off does not present its=elf so strongly
with large farm technolegy, small farmers lose dramatically in this
case, Thus, though large farmer technology has liettle te recommend
it, leaving consumers somewhat worse off and small farmers very much
worse off compared to scale newntral technology, the sharp equity
trade~off betrween small farmers and peor consumers with =mall farm
biased technolegy, confronts equity orviented policy makers with a
difficulr cheice.

Training

Visiting economists from El Salvador, Mexico and the Netherlards
completed training internships at CIAT, Palmira, while student theszes
were supervised in Colombia and Cuatemala, A special workshop on
economic amnalysis was conducted in Costa Rica, while training in
economic survey techniques, survev analysis, and budgeting formed a
major part of on-farm research courses conducted in Colombia, Costa
Rica, El Salvader, Nicaragua and Peru.
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Table 3. Dictribution of estimated annual benmefits of alternative bean technologies in Brazil (1982 U.S,

Dollars ¥ 107

Towest Income Highest income Tot gross
Small Targe consumer Consumey Consumer consumer social

Technical Alterrstives farmers farmers quartile quartile gquartile gquartile benefits
Strong sre 1l farm bizg £5.596 —6.4%4 3.844 3.454 3.454 2.507 92,381
Some small terr bias 010K IR, A28 18,328 16,424 16,2686 11.866 161,184
Scale neutral EL A0 76,876 L EAZ 27,631 27.408 19.887 221.024
Some large farm bias -%68 T4 a0 AT Y P 26,018 25,792 18.718 178.97¢
Strong large farm hias 46, G 53,561 T BED A, 10 23,898 17,381 129,023
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IV. PERSONNEL (ecember 1986)
Aart vep Bchoonhoven, PhD, Entomology, PROCRAM LEADFER

David Allen, PhD, Plant Patholeogy, Regional Coordinator, Southern
African Bean Project (stationed in Arusha, Tanzanial.

Stephen Beebhe, PhD, Plant Breeding

John Bowman, PhD, Plant Patholopy, Central America Bean Project
{stationed in Cesta Rica)

Cesar Cardona, PhD, Entomology

Jeremy H. C. Davis, PhD, Plant Breeding

Krista C. Dessert, M5, Rutrition, {reat Lakes Bean Project
{stationed ir Rubona, Rwanda)

Michael Dessert, PhD, FPlant Breeding, Great Lakes Bean Project
{atationed iIn Rubona, Rwanda)

Guillermo E. Galvez, PhD, Plant Patholopgy, Regional Ceordinator,
Central America Bean Project {statloned in San Jose, Costa
Rica)

Willi Graf, MS, Agronomy, Great Takes Rean Project {stationed in
Rubona, Rwanda)

Theodora C. van Herpen, M5, Fconomics

Judith Kipe-Nolt, PhD, Microbiology

Roger Kirkby, PhD, Agronomy, Regional Coordinator, East African Bean
Project (stationed in Ethiopia}

Julia L. Kornegay, PhD, Plant Breeding

Alain Maquet, Agronomy, MS, CTAT Gembloux Project

Francisco J. Morales, PhD, Vivelopy

Silvie H. Crozce, ML, Agronomy, Central America Bean Project
{stationed in Cuatemala City, Guatemala)

Douglas Pachico, PhD, Fconomics

Mayelal Pastor~Corrales, PhD, Flant Pathology

Veronique Schmit, M8, Associate Expert, FAD

Bhree P. Singh, PhD, Plant Breeding

Barry Smithson, PhD, Plant Breeding, Southern Africa Bean Froject
(stationed in Arusha, Tanzania)

Michael D. Thung, PhD, Agronomy (stationed at CNPAF, Goiania, Brazil)

Joseph M. Tohme, PhD, Plant Breeding {(Postdocteoral Fellow)

Peter Trutmann, FhD, Plant Pathology, Great Lakes Bean Project
{stationed in Rubona, Rwanda)

Joachim VYoss, PhD, Agronomy, Great Lakes Bean Project (stationed in
Rubona, Rwanda)

Oswaldo Voysest, PhD, Agrenomy

Jeffrey White, PhD, Plant Physielogy

Jonathan Woolley, PhD, Agronomy, Cropping Systems

Research Associates

Mauricio Castafio, Ing. Agr., Virolegy

Jose Ariel Gutierrez, M.Sc., Plant Breeding
Pablo Guzman, M. Se., Pathology

Nohra Ruiz de Londofio, Imng. Agr., Econonmics
Carlos Adolfo Tuna, M.Sc¢., Economics

Jorge Ortega, M.S8c., Agronomy
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Research assistants

Beltran, Jorge A, Ing. Agr., Cropping Systems.
Cajiao, César. Ing. Agr., Plant Breeding.
Castillo, Jesiis A, Ing. Agr., Physiology.
Chavarro, Carlos Francisco. Ing. Agr., Office of the Coordinator.
Cortés, Maria Luisa, Ing. Agr., Entomology.
Duque, Aurora. Ing. Apr., Microbiology.

Erazo, Oscar. Ing. Agr., Agronomy.

Frenc, Grace. WNutritionist, Nutrition.
Guerrero, Maria del Pllar. Ing. Agr., Economy
Jara, Carlos. Ing. Agr., Plant Pathology.
Lareo, Lecnardo. Nutritionist, Nutrition.
Lépez, Yolanda. Biol., Breeding.

Martinez, Nelson. Ing. Agr., Agronomy.

Montes de Oca, Gustavo. Ing, Agr., Agronomy.
Montoya, Carlos Anibal, Plant Pathology.
Niegsen, Andrea. M.S5c., Virology.

Ocampo, Gloria Isabel. Bact,, Miercbiology.
Ochoa, Iwvan., M.Sc., Breeding.

Pino, Carios. Ing. Agr., Physiology.

Posse, Carmen Elisa. Biol., Entomology.
Prager, Martin. Ing. Agr., Agroncmy.

Quirez, Jaivo. Ing. Apy., Breeding.

Santacruz, Diego. Ing. Agr., Agronomy.

Tejada, Gerardo. Ing. Agr., Agronomy.
Truejilie, Fernando. Ing. Agr., Cropping Systems.
Urrea, Carles. Ing. Agr., Breeding.
Valdervama, Hernando. Ing. Agr., Economy.
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APPENDIX I - LIST OF COLLABORATING

CARDI

CATIE

ChaA

CEWARGEN

CENICAFE

CENTA

CE3ZPA ~ CENDA

CGIAR

CGPRT

CIAB

CTAGOC

CIANOC

CIMMYT

Cip

CNP

CNPAF

CiPa

CPATU

INSTITUTIONS

Caribbean Agricultural Research
Development Institute, West Indies.

Centro Agronbmico Tropical de Investi-
gacidén y Enseflanza, Costa Rica,

Collaboration for Development in Africa.

Centro Nacional de Recursos Genéticos,
Brazil.

Centro Internacional de Café, Colombia.

Centro Nacional de Tecnologia Agropecuaria,
Ban Salvador, E1 Salvador.

Centro Sur de Desarrollo, Centro Norte de Desarrollo,
Dominican Republic.

Consultative Group for International Agricultural
Research, New York, New York.

Course Grains, Pulses, Roots and Tuber
Crops Center,

Centro de Investigaciln Agricola del
Bajie, Méxiceo,

Centro de Investigacidn Agricola del
tolfo Centro, México.

Centro de Investigacidn Agricola Worte
Central, México,

Centro Internacional de Mejoramilente de
Malz v Trigo, México.

Centro Internacional de 1la Papa, Lima,
Perfl.

Consejn MNacional de Produceidn, Costa
Rica.

Centro Nacional de Pequisa em Arroz e
Feijao, Brazil.

Centro de Investigacién vy Promocidn
Agropecuario (I and II), Perd.

Centre de Pesquisa Agropecuaria de Trépico
Umido, Brazil.
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CRSP

cve

DIGESA

DRI

EEAQC

EMBRAPA

EMCAPA

EMGOPA

EMPASC

EPABA

ESAL

FAO

FEDECAFE

TAPAR

IAR

IARC

1BPGR

ICA

ICARDA

ICTA

34

Collaborative Research Support Program, Tanzania

Corporacidn Autdnoma Regional del Valle
vy Cauca, Colombia,

Direccldén General de Serviclos Agropecuarios,
Guatemala.

Desarrolio Rural Integrado, €Colombia.

Fet, Exptl. Agricola Obispo Colombres,
Brazil.

Empresa Brasileira de Pesquisa Agropecua-
ria, Brasilia, Brazil.

Empresa Capichaba de Pesquisa Agropecuaria,
Brazil.

Empresa Goiania de Pesquisa Agropecuaria,
Brazil,

Empresa de Pesquisa Agropecuaria de Santa
Catarina, Brazil.

Empresa de Pesquisa Agropecuaria de Bahia,
Rrazil.

Escola Buperior de Agricultura de Lauras,
Brazil,

Food and Agriculture Organization of the
United Wations, Romey Ttaly.

Federacidn Wacional de Cafeteros, Colombia.

Fundacao Instituto Agropecuario de Parand
Brazil.

International Agricultural Research.

International Agricultural Research
Centers Network.

International Board for Plant Genetlc
Regources, Rome, Italy.

Insgtituto Colombiano Agropecuario, Colombis.

International Center for Agricultural Research
in the Dry Areas, Beirut, Tebanon.

Instituto de Ciencia v Tecnologia Agricola,
Guatemala. Cita, Guatemala.
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IDTAP

IICA

I1TA

INCAP

INERA

INTA

INTAP

INIPA

INRA

INTA

TNTA

INTA

IPA

IPAGRO

ISABU

18AR

TENAR

VT

Instituto de Investigaciones Agricola Pana-
mefias, Panama.

Instituto Interamericano para la Cooperacidn
Agricola, Costa Rica.

International Institute of Tropical
Agriculture, Nigeria

Institute de Nutrifcidn de Centroamérica v
Panami, Costa Rica.

Institut Nacional des Etudes es Recherches
Agricolas, Zaire.

Instituto Nacional de Investigacién
Agricola, Perd.

Instituto Waclonal de Investigaciones
Agropecuarias, Ecuador.

Ingtituto Nacional de Investipaciones v
Promocifn Agraria, Lima, Peri.

Ingtitut Nacional de Recherches Agronomiques,
Guadalupe.

Ingtituto Naclonal de Teenologia Agrope-—
cuaria, México.

Instituto Nacional de Tecmologia Agrope-
cuaria, Argentina.

Instituto Nicaraguense de Tecnologia
Agropecuaria, Nicaragua.

Instituto de Pesquisa Agropecuaria,
Pernambuco, Brazil.

Instituto de Pesgulisas Agrondmicas, Brazil.

Institut de Bciences Agronomigques du
Burundi, Burundi,

Institut Scientifique et Agronomique du
Rwanda, Rwanda.

International Service for National
Agricultural Research, The Hague,
Netherlands.

Institot Veredeling, Tuinbouwgewassen,
The Netherlands.
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ONS

PCCMCA

PESAGROD

SADCC

5D

SEA

SEARCA

VISCA

VICOSA

3i6

National Vegetable Research Station, Costa Rica.
Oficina Nacional de Semillas, Costa Rica.

?ragrama Cooperative Centroamericano de
Mejoramiento de Cultivog Alimenticios.

Pesquisa Agropecuario, Brazil.
Seouthern Africa Development Coordination Conference

Swisge Development Cooperatiom,
Switzerland.

Secretaria de Estado de Agricultura, Dominican Republic

Southeast Asian Regional Center for
Graduate Study and Research in Agriculture.

Secretaria de Estado de Recursos Naturales, Honduras,

Unidad de Exzecucac de pesquisa de Ambirto
Estaduzsl, Brazil.

Visayas State College of Agriculture,
the Philippines.

Universidade Federal de Vieosa, Brazil,
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