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CIAT is a nonprofit organization devoted to the agricultural and
economic development of the lowland tropics. The government of
Colombia provides support as host country for CIAT and furnishes
a522-hictaresite nearCalifor CIAT's hradquarters. [n addition, the
Fundacién para la Educacion Superior (FES) makes available to
CIAT a 184-hectare substation in Quilichao and a 73-hectare
substation near Popayan. CIAT also co-manages with the Instituto
Colombiano Agropecuario (1CA) the 22,000-hectare Carimagua
Research Center in the Eastern Plains of Colombia, and carries out
collaborative work on several of ICA's experimental stations in
Colombia. Similar work is done with national agricultural agencies
in other Latin American countries. CIAT is financed by a number of
donors represented in the Consultative Group for International
Agricultural Research {CGIAR). During 1981 these CIAT donors
are: The Reckefeller IFoundation, the Ford Foundation, the
International Bank for Reconstruction and Development (IBRD)
through the International Development Association (IDA), the
Inter-American Development Bank (1DB), the European Economic
Community (EEC), the International Fund for Agricultural
Development (IFALM, the International Development Research
Center (IDRC), and the foreign assistance agencies of the
governments of Australia, Belgium, Canada, the Federal Republic
of Germany, Japan, Mexico, the Netherlands, Morway, Spain,
Switzer'and, the United Kindgdom, and the United States. in
addit.on, special project funds are supplied by various of the
aforementioned donors, plus the Kellogg Foundation, and the
United Nations Development Programme (UNDP).

Information and conclusions reported herein do uot necessarily
reflect the position of any of the aforementioned agencies,
foundations or governments.
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The Program

The principal objective of the CIAT Bean Program
is to develop multiple disease- and insect-resistant
germplasm in grain types that meet local consumer
requirements. The primary focus is on development
of resistance to bean common mosaic virus,
leai’ pers, rust, anthracnose, common bacterial
blight and angular leaf spot.

Technology es designed to fit the cropping systems
of bean producers, most of whom are small farmers.
Genetic variability such as tolerance to drought and
low soil P is exploited. Economic methods of
obtaining symbiotic nitrogen fixation to meet the
bean crop’s nitrogen requirement are also being
sought.



*Germplasm improvement, especially for genetic
resistance, continued to be the Program’s major effort.
Resistance to bean common mosaic virus (BCMYV) is a
requirement for advance to uniform (multidisciplinary)
evaluations, and ail new breeding lines are true-breeding
resistant. BCMY resistance has been especially difficult to
obtain in large-seeded red genotypes. Common bacterial
blight resistance increased greatly among entries iu the
1980 Bean Team Nursery (VEF), bringing the frequency of
resistant genotypes to a more acceptable level. Rust
resistance remained stable for hybrid lines selected for
international testing in the International Bean Rust
Nursery. Anthracnose resistance frequency increased, and
parents resistant te angular leaf spot were identified for
future crossing. Selection for increased leafhopper
resistance is feasible as a two-step approach — first
eliminating susceptible lines according to visual damage
scores and then selecting highly resistant lines on the basis
of reproductive adaptation and yield loss data comparing
protected and non-protected yields. The Program has
moved increasingly toward multiple factor resistance
breeding.

In on-farm trials, bush bean varieties from both the
Instituto Colombiano Agropecuario (ICA) and CIAT
outyielded farmers’ varieties with and without chemical
protection. Associated cropping systems were much more
profitable tha.a the monoculture system. In climbing beans,
the combination of high density and disease control was
again highly profitable; yields were more than 2 t/ha.

During 1980, the Program identified drought-resistant
materials for CIAT conditions and evaluated screening
methods for future drought tolerance research. Hybrid
selections with tolerance to low P are being evaluated in
growing regions where low soil P is an important
_production constraint.

 Results of the 1979 International Bean Yield and
:Adaptation Nursery (IBYAN) showed improved lines to be
superior to local checks and comparable to or better than

.Highlights

international check varieties such as ICA Piian and
Jamapa. Climbing bean selections such as V/917 and
E1056, the latter an Ecuadorian material, were promising
inthe IBYAN. Line E1056, IBY AN bush bean entries BAT
561, BAT 41 and ICA lines 23 and 24 outyielded local
checks in several locations where the grain color and size
are acceptable. With better resistance sources available, the
Program has increased its emphasis on color and seed size
in breeding activities. Hence, the IBYAN has been further
refined todeliver only experimental lines which correspond
to grain colors specific to national program interests.

A set ol the 10 best Rhizobium strains was tested in 17
locations, with bean yields of the best strains superior to
non-inoculated plots by 50%.

Dry beans treated with vegetable oils to protect against
storage insect pests are being sold in the Cali, Colombia,
market. This cheap safe measure was adapted and
evaluated at CIAT to protect bcans during marketing.

Training remained one of the Program’s most important
activitics. Professionals representing all Latin American
countries received training in CIAT during the year. Most
participated first in short course preparation in bean
production and then continued in extensive, discipline-
oriented training. The Bean Program also trained five MS
candidates and two PhD candidates to enhance national
program research capabilities.

Following initial contacts made with Eastern Africa
bean research programs in 1979, the Bunda College of
Agriculture of the University of Malawi, along with CIAT,
organized a conference on the potential of field beans in
Eastern Africa. In its final session, the conference
requested that CIAT form a regional collaborative
research and technologyt ransfer program for beans in that
region.

During 1980, CIAT acquired use of an intermediate
altitude (1800 masl) station near Popayan, Colombia. The
station, to be known as CIAT-Popayan, bas 35 ha of
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tillable land; 13 of these were planted for bean research
purposes during the second semester of 1980. Use of this
facility will greatly enhance selection for wide adaptation
and resistance to anthracnose andar.gula: leaf spot, as well
as screening for N fixation and tolerance to moderately
acid soil conditions.

In Cuba an estimated 23,000 ha were planted to a
previous IBYAN entry originally from ICA. In Bolivia

about {000 ha have been planted to BAT 10 and BAT 76,
while in Honduras, 50 ha were planted to Acacias 4. CIAT
shipped 2.8t of BAT 41 seed to Nicaragua where it has been
released as “Revolucién 79”. The three varieties resistant to
bean gelden mosdic virus that were released in Guatemala
late in 1979 were multiplied for large-scale distribution of
certified secd in the first semester of 1981.



Climatic Dats Base

The climatic data base being utilized for this study, the
South American Monthly Meteorobogical Data, SAMM-
DATA (CIAT Bean Prog. 1979 Ann. Rept.), now contains
data from about 3000 meteorological stations. Con-
siderable cffort was directed this year to data validation
and error correction. A sensitive technique of error
detection was developed, based on the relative amplitudes
of the high and low frequencies of the Fourier t ransform.
The technique uncovered crrors not only in transcription
but also in the source documents.

Bean Production Areas subject to Anthracnose

Asanexample of the utilizatio. of the climatic data base,
Bean Frogram staff desired to obtain a characterization
and listing, including production figures, of those areas
susceptible to anthracnose attack. At the present level of
information in the microregion cropping system files, this
was not possible for the entire target area on the basis of
observed occurrence of the diseace; thus, the alternative
method was chosen of defining climatic limits for the
disease.

Agroclimatology .Study

A mean growing season temperature of between 17° and
22°C and a daily rainfall of more than 3 mm during the
fiowering period were chosen as preliminary limits. The
lower temperature limit failed to include such known
anthracnose regions as Chihuahua and Valle de Mexico,
but these were included after lowering the minimum
temperature limit to 15°C. Likewise, Chihuahua and the
Highlands of Guatemala were excluded by the 3 mm/day
rainfall limit; their inclusion was obtained by dropping this
requirement to 1.5 mm/day. While this would appearto be
a rather low figurs, it may reflect the large year-to-year
rainfall variability in these regions. Thus, anthracnose may
be present in only those years that are wet.

The total at-risk bean production amounts to 57% of the
total target area production, according tc results of the
above search. This is likely an overestimate, since these
figures do not account for year-to-year fluctuations. It is
hoped that as meteorological data become available effects
of this variability may be estimated.



Germplasm Screening and Genetic Improvement

Germplasm Collection and Preservation

The Genetic Resources Unit of CIAT has the respon-
sibility for collecting, evaluating, conserving, maintaining
and distributing germplasm of Phaseolus species, in
cooperation with the Bean Program.

Acquisition of Phaseolus Germplasm

Luring 1980 the Phaseolus germplasm collection of
CIAT increased to 30,692 samples with the addition of
1475 accessions this year. In addition to the four cultivated
species (P. vulgaris, P. lunatus, P. coccineus and P.
acutifolius), the collection also includes 10 “wild" species
identified in collaboration with the University of
Gembloux, Belgium. The major Phaseolus collections of
the United States Department of Agriculture and of
Cambridge University, England, have now been duplicated
in CIAT as have traditional materials from other banks in
Japan, Europe and other locations.

Field collections over the past four years have added
numerous new materials to the germplasm bank. In 1980
two collection trips in Brazil provided 338 samples of P.
vulgaris and 55 P. lunatus materials (as well as various
samples of Vigna sp., Cajanus cajan and Arachis hipogea).
These trips were conducted by CIAT and the Empresa
Brasileira de Pesquisa Agropecvaria (EMBRAPA) with
financing by the Inte national Board for Plant Genetic
Resources (IRPGR). Other field collections have also been
made in Perii, Mexico and Spain.

Of the total number of accessions of the Phaseolus bank,
some 51% are from Czntral and South America; 10% came
from Asia, the Middle East and the Far East; 9% originated
in Europe; Africa and North America each were sources for
49%; and the other 22% are from other regions or their
origins are unknown.

PREVICLS T2

Seed Increase and Evsaluation

Insofar as possible, materials of higher priorities for
utilization by the Bean Program or others have been
multiplied, assigned a CIAT accession number and
evaluated. Table 1 shows the present status of seed
multiplication, indexing and evaluation, as of September
1980.

Table 1. Numbers of Phaseolus accessions on hand, seed increased
and evaluated by the CIAT Genetic Resources Unit, as of
September 1980.
Species No. No. accessions No. of No. of
of increased accessions descriptors
samples and evaluated
indexed
Phaseolus vuigaris 27,404 13,495 10,000 32
Pliaseolus lunatus 1900 698 200 32
Phaseolus coccineus 1098 300 - -
Phaseolus acutifolius 129 118 50 32
Wild Phaseolus spp.! 73 10 - -
Unidentified Phaseolus
materials? 88 5 - -
Total 30,692 14,626 10,250

! Identified as P. anisotrichus, P. metcalfei, P. ritensis, P. filifformis, P. wrightii
P. microcarpus, P. pedicellatus, P. polystachyus, P. galactoides and P. parvulu.
2 Most are herbarium specimens.

Commercial specles. Since 1977, considerable emphasis
has been given to imp-oving the quality of seeds in the
Phaseolus bank. During seed increase all materials
showing virus symptoms (i.e., bean common mosaic virus),
bacterial blight and anthracnose are rogued routinely. Of
the 14,626 accessions now increased and stored in the
germplasm bank, most have been replaced with recently
harvested seeds, providing them a high germination
percentage and a lower frequency of seed borne diseases.

ﬂ.DJLI- n.o"h\'-—" """‘“1*\



Thirty -two descriptors of bean growth performance and
seed qualities are sought during evaluations for later
indexing. Table 2 summarizes the numbers of accessions
for which various characters have been obtained. Evalua-
tion of more accessions continues; mcanwhile, a catalog
has been completed with evaluation information for 10,000
accessions. Jointly with the Phaseolus Germplasm Ad-
visory Committee of IBPGR new descriptors have been
added to provide a more intensive documentation of the
collection.

Preliminary evaluation of P. lunatus and P. acutifolius
have begun and will utilize some of the P. vulgaris

Table 2. Numbers of accessions of Phaseolus vulgaris evaluated at
CIAT-Palmira for each of 30 primary pertormance
characters.

Charactes No. accessions
evaluated
Days to emcrgence 4929
Hypocotyl length 4918
*Hypocotyl color 8684
Leaflet length 4801
Canopy height 6401
Leaflet width 4801
*No. nodes at flowering 6845
*No. nodes at maturity 5832
*Days to flowering 6971
Flowering duration 6938
Flower color 8694
*Growth habit 9846
*Plant height 7360
Stem thickness 4786
No. racemes per plant 7690
No. pods per plant 8890
Braach angle 3665
Sceds per pod 6544
Seed shape 10,258
*Major seed color 10,256
*Secondary seed colur 10,256
*Seed brilliance 10,290
*Seed weight 9940
Yield per plant 4542
Total dry matter 4562
Reaction to rust 2084
Reaction to anthracnose 10,000
Reaction to bean common mosaic virus 10,000
Reaction to bacterial blight 4000
Reaction to leafhopper 8682

* Characters with asterisks are those recommended by the Phaseolus Germplasm
Advisory Committee to the International Board for Plant Genetic Resources
in July 1978,
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descriptors. More than 200 accessions of P. lunatus have
been evaluated; selected materials from this collection have
been distributed widely in Latin America.

Other Phaseolus materials. The use of some wild forms
of P. vulgaris and P. coccineus for improving crops of P.
vulgaris is being studied in collaboration with the
University of Gembloux, Belgium.

In the case of wild P. vulgaris, some 336 accessions have
been seed-increased. Of the 90 accessions evaluated up to
now for morphological and agronomic characters, none
was interesting as a source of plant architectural
characters.

For disease and pest resistance, promising materials
have been selected for their promise against common
bacterial blight (three accessions), angular leaf spot (one
accession), bean golden mosaic virus (two accessions) and
the leafhopper (15 accessions). These materials will be
considered as sources of germplasm fora crossing program
with cultivated P. vulgaris, after additional testing,

A method for increasing seed of P. coccineus was
initiated. The efficiency of pollination (measured in seed
production) increased 10-309% wlzn honeybees were used
instead of manual pollination. All pollinations were done
in cages each of which hold nine plants, to prevent
outcrossing among accessions.

Pollination experiments are now being repeated to
compare seed yield and cross-pollination by manual
means, honeybees and bumblebees. A large-scale seed
increase of the P. coccineus collection will be made
following this study.

Distribution of P. vulgaris

In addition to distributing P. vulgaris germplasm to
team members of the Bean Program, for their respective
disciplinary evaluations and for utilization in the crop
improvement projects, the Genetic Resources Unit also
sends materials to other centers, institutiors and national
programs. A total of 3245 samples were distributed outside
CIAT during 1980.

These materials are being evaluated and promising
materials will form the parents of their crossing programs.
Within CIAT, those accessions that conform to the
commercial types (seed size, color, etc.) are further
evaluated between the Genetic Resources Unit and the
Bean Program.



Bush Bean Improvement

The preliminary evaluation of germplasm bank
accessions for general adaptation and agronomic traits
continued during 1980. All Bean Program disciplines
contribute to the screening and selection of germplasm
accessions, and in the reselection of hybrid progenies.
Selected accessions from the first 13,500 bank entries
(previously evaluated in hill plots) were reevaluated in row
plots at CIAT-Paimira and Popayan. Some 500 acccssions
subsequently entered the crossing nursery and another
1700 accessions have been multiplied for more thorough
evaluation.

Hybridization activities during 1980 focused on specific
character development, the improvement of selected
widely grown cultivars, and the recombination of multiple
disease and insect resistances into well-adapted progenies
with commercial grain types.

Table 3 reports crosses made during 1980, grouped by
breeding project or objective. The apparent reduction in
the number of crosses for architectural traits and for low
soil P and the absencc of new crosses for national program
cultivars, reflect the lack of new base parents in those
projects, as well as the incomplete disposal of segregating
materials from the previous cycle of crosses.

Bush bean crosses made in the CIAT Bean Program during
1980.

Table 3.

Breeding project No. of crosses

Diseases

Angular leaf spot 101
Anthracnose 115
Bean common mosaic virus (backcrosses,

multiple genes) 220
Bean g~lden mosaic virus 151
Common bacterial blight 322
Halo blight 1
Pawdery mildew 51
Rust 38
Web blight 51
White leaf spot 16
Insects ’

Bean pod weevil (Apion) 51
Leafhopper (Empoasca) 85
Other factors

Architecture 55
Early maturity 4
Late maturity 2
Long-term germpiasm improvement 181
Low soil P tolerance 1
Miscellaneous 48
Multiple factors 665
Improved nitrogen fixation 202
Total 2380

Breeding activities for resistan:c to powdery miliew and
halo blight were initiated in 1980, and the project on long-
term germplasm development has been divided due to its
unique management. In this project general improvement
of germplasm accessions is designed to amplify the genetic
base of future experimental lines, and to increase the value
of hybrid populations from subscquent cycles. The
selection and grouping of bank accessions for hybridiza-
tion are based on geographic origin and grain type. This
should gradually reduce the need for improvement of
specific national cultivars. Since hybrid populations from
these crosses are seldom subjected to severe climatic and
disease stress and selection pressure is gznerally low (30-
35%), relative progress is expected to be slower.

Crosses designed to improve national cultivars have
produced, within a relatively short period of time,
improved experimental lines with grain types similar to
Flor de Mayo, Pinto and Qjo de Cabra (all from Mexico),
Carioca, Mulatinho, Bica de Ouro and Roxao (all from
Brazil), an array of small-seeded red types for Central
American preferences. and several Pompadour and Calima

_ types. While all of these new lines are resistant to BCMYV,

many also carry desirable sources of resistance to
anthracnose, bacterial blight, halo blight and/or rust. For
several color groups, Empoasca resistance is markedly
superior to that found in comparable local varieties,

A list of experimental lines, grouped according to
specific and multiple factor projects, which were advanced
to the 1980 VEF for testing, is summarized in Table 4.

Table 4, Experimental bush bean lines that were advanced to the 1980

Uniform Bean Team Nursery (VEF).

Breeding project No. of Grain type
lines
Diseases '
Angular leaf spot 19 Brazilian
Antirracnose 32 Brazilian, Mexican,
others
Bean golder mosaic virus 19 Central American,
Brazilian
Common bacterial blight 71 Various
Halo blight 15 Mexican
Insects
Bean pod weevil (Apion) Central American
Leafhopper (Empoasca) 11 Various
Other factors
Architecture 40 Brazilian
Long-term germplasm improvement |1
Low soil P tolerance 22 Brazilian
Multiple factors 112 Various
Improvement of national cultivars 13 Various
Total 374
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Climbing Bean Improvement

Methodology. This year parental varieties selected from
the germplasm bank and from advanced breeding lines
were formed into populations for improvement by
hybridization and selection (Table 5). Variability is sought
in parents of other grain types only when a population
lacks some specific variability, as is especially the case with

seme disease and pest resistances. The purpose is to define
more clearly the objectives for particular grain typesand to
limit segregation insofar as possible to the priority factors.
International trials of climbing bean lines are formed from
the best of the appropriate populations.

Table 5. Climbing bean improvement projects and priority disease and insect resistances sought by the CIAT Bean Program, in relation to climatic
regions of Latin America and grain type preferences.
Climate Population  Grain type Diceases! Insects!.
BCMV? BYMV  ANT ANG ASC RUST CBBR HALO EMP APION
Warm VNB Small black X X X X
(18°-25°C)
VRB Small red X X X X
vC3 White, creme,
yellow, coffee X X X X
Cool VNA Black (X) X X X X
(13°-18°C)
VRA Red (X) X X X X
VCA White, creme,
yellow (X) X X X X
VNU Nufa 4 (X) X X X X

! BCMV=bean common mosaic virus; BYMV=bean yellow mosaic virus; ANT=anthracnose; ANG= angular leaf spot; ASC=Ascochyta leaf spot; C BB=common bacterial

blight; HALO =halo blight; EMP = Empoasca; APION = Apion.

2 BCMYV resistance is desirable in all material but is not normally an important disease in cool climates (X).
* V stands for VINAR (International Yield and Adaptation Nursery for beans in Latin America); N, Rand C for black, red and creme color, respectively; B for lowlands,

Aforhighlandsand U for the fiufia bean region (all in Spanish.)
+ Nufia is a type of bean popped in hot oil and common in highland regions.

Table 6.  Cropping systems used for selection purposes in climbing

bean improvement projects.

Climate and Mean Nursery and generation
location temperature )
Single plant Family Advanced
selection trials trials (VEF)
°C) F2/F4 F3/Fs Fq
Warm
CIAT-Palmira 25 R! A? A
CIAT-Popayan 19 R A A
Cool
ICA-La Selva 17 R R R
ICA-Obonuco 13 A A A

| R=Relay cropping with maize (beans planted close to physiological maturity
of maize).
! AwAssociated cropping with maize (beans planted simultancously with maize).
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Climbing bean breeding projects were divided among
locations last year with most selection for the warm climate
populations being done at CIAT-Palmira and CIAT-
Popayan, and for cool climate populations, at ICA-La
Selva and 1CA-Obonuco. All field selections are done
under relay cropping or association (simultaneous plan-
ting) with maize, according to the scheme presented in
Table 6. Relay cropping with its higher seed multiplication
rate is more suitable for single plant selection but is not
possible at ICA-Obonuco due to the long growing cycles of
both crops.

Germplasm Evaluation. In CIAT-P:.Imira and CIAT-
Popayan a collection of 479 climbing varieties from
Guatemala, mainly with small black grains, was evaluated
in association with maize for yield and field resistance to
local diseases and pests. A total of 17 selections was taken



from the two locations. In ICA-La Selva, 723 materials
were evaluated in relay cropping with maize; these were
collections from Spain and Portugal, and the highlands of
Colombia, Ecuador and Peru. Fifty-six selections were
made. In ICA-Obonuco, 204 materials consistingmainiy of
collections from the highland of Ecuador and Peru were
evaluated in association with maize, and 16 selections were
made.

Yield trials were also planted in the four locations to
evaluate more thoroughly the 180 selections from germ-
plasm made last year. Among the five highest-yielding
varicties in cach location, black-seeded materials from
Guatemala predominated at CIAT-Palmira, various grain
colors including black accessions from Guatemala and
Mexico were predominant at CIAT-Fopayan and 1ICA-La
Selva, and various colors except black from Colombia and
Ecuador predominated in ICA-Obonuco. Table 7 shows

yields and other characteristics tor the groups at each
location. Days to flowering and physiological maturity
increased as temperature decreased; day length was
constant as ull are within 6° of the equator. Seed weight
also increas=d as temperature decreased. Genetic effects
were similar to the environmental effects; varieties adapted
to cold temperature locations (group 4) tended to be later
and have larger grains at all locations.

Large interactions of varieties with temperatures were
evident, particularly between groups 4 and 1. At CIAT-
Palmira, there was no significant difference between yields
of groups 2 and 3 and at ICA-Obonuco, groups | to 3 did
not differ (Table 7). Otherwise, all differences were
significant. The results indicate that none of the locations
is dispensable but that ICA-La Selva anid CIAT-Popayan
are the most similar. The best overall performance of all
varieties occurred at ICA-La Selva.

Table 7. Characteristics of four groups of climbing bean varieties evaluated with maize in four locations.

L.ocation Planting Varietal Bean Days to Days to 100-seed
system' aroup? yield flowering physiological weight

(kg/ha) maturity (®

CIAT-Palmira A 1 1406 46 93 21

(25°C) 2 804 42 93 24

3 752 42 94 25

4 23 64 102 32

LSD 5% 150 Mean 49 96 26

CIAT-Popayan A 1 871 52 93 23

(19°C) 2 1574 47 100 30

3 1277 52 102 30

4 96 67 13 3l

LSD 5% 208 Mean 55 102 29

ICA-La Selva R 1 2127 63 137 26

(17°0C) 2 2611 62 130 35

3 3076 63 139 32

4 1186 76 153 40

LSD 5% 348 Mean 66 140 33

1ICA-Obonuco A | 84 99 188 22

(13°C) 2 139 96 189 38

3 78 96 188 36

4 1635 103 188 56

LSD 5% 222 Mean 99 188 38

' A= Association with maize; Re relay cropping with maize.
? Groups: 1= highest yielding five varieties at CLAT-Palmira; 2= highest yielding five varietiesat C1A'1-Popayan; 3 =highest yielding five varieties at 1CA-La Selva;
4 =highest yielding five varicties at 1CA-Obonuco.
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The behavior of varieties in group 4 (adapted to cold
temperatures) was completely opposite that of varieties in
the other groups, indicating a sharp break in adaptation
between 13° and 17°C. Varieties in group 4 have certain
characteristics in common with P. coccineus subsp.
polyanthus, from which natural introgression may have
occurred.

Single Plant Selection Nurseries. Single plant selection
nurseries in each location consist of populations in

generations Fy and Fg4 | the latter having passed the
progeny yield trials in F3 . The number of populations
handled and the number of selections made are shown in
Table 8.

Considerable emphasis was placed on selecting materials
with highland adaptation since the large grain types
adapted to cool temperatures had previously received little
attention.

Table 8. Distribution of climbing bean single plant selection nurseries (Fy /F4) in 1979-80 scasons.
Activity Location and season Total
CIAT-Palmira CIAT-Popayan ICA-La Selva 1CA-Obonuco
19798 1980A 19798 19798 1980A 1979B
No. of populations 77 132 84 25 17 345
No. of plants 16,600 13,120 3600 32,680 7511 5100 78,611
No. of plants selected 188 279 42 707 334 291 1841

Progeny Trials. Progeny trials were planted for the first
time in 1CA-La Selva and ICA-Obonuco in the second half
of 1980. Beans were planted at relatively low densities
(40,000 plants/ha) with no disease control and only
minimum control of pests, so as to favor relatively rustic
types capable of producing under low input conditions.

Likewise, in CIAT-Palmira and CIAT-Popayan, a total
of 881 progenies in 228 families was tested (Table 9). The
usual negative relationship between bean and maize yield
was found at CIAT-Palmira and selections were taken
from above the regression line, as reported last year (CIAT
Bean Prog. 1979 Ann. Rept.). Selected lines not only
yielded more beans but also permitted a higher than
average maize yield. Selected progenies were either
returned to single plant selections in F4; or passed on to the
VEF stage of testing in Fg .

The efficiency of the early generation selection
methodology, used to maximize bean yields while
minimizing losses in maize yield due to competition, was
tested in a special trial carried out at CIAT-Palmira with
the maize variety Suwan-1. The objective was to discover
the heritability of selecting for bean and maize yield in F3
families. Families froman F3 progeny trial, therefore, were
divided into the following groups: A) low yield of maize
and beans (families 22, 25, 32, 37); B) high yield of maize
and low of beans (families 1, 2, 12); C) high yield of both
crops (families 5, 15, 18, 28); and D) low yield of maize and
high yield of beans (families 10, 21, 29). Lines from these
families were planted in the F4 generation in a lattice design
and the mean yields of beans and maize per family were
calculated and compared with those obtained in the Fy
generation grown the season before (Fig. 1).

Table 9. Yields of climbing beans and maize in association in bean F3 and Fs progeny trials, at two locations,

Season Location No. of No. of No. of Mean Mean bean Mean Mean maize
bean progeny families bean yield of maize yield with

families selected yield selections yield bean selections
(kg/ha)! (kg/ha) (kg/ha)! (kg/ha)

19798 CIAT-Palmira 80 253 527 876 5518 5609

1980A CIAT-Popayan 45 140 629 755 - -

1980A CIAT-Popayan 58 488 592 696 . .

" Regression coclficient between bean and maize yields was -1.15%%%,
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Figure 1.

The lowest value (1.6%) for maize stem lodging was
obtained with group B and the highest value (10.0%) with
group D. This latter group was also the latest to flowering
(38 days) and physiological maturity (81 days) while group
B was the earliest for both (36 and 77 days, respectively).
Group C families were intermediate for all characters and
generally had a type 1Va growth habit. These results
indicate that bean lines can be selected in the early
generations for combined bean and maize yield in
association.

A totai of 86 brezding lines of climbing beans were
advanced from progeny trials to the VEF, together with 79
selections from the germplasm bank.

Resistance to Viral Diseases

Bean Common Mosaic Virus. A screening methodology
for bean common mosaic virus (BCMV) has been
developed and implemented. It is based on information
available about the genetics of resistance of the host P,
vulgaris and the pathogenicity of the virus. The BCMV
screening procedure is outlined in Figure 2. Table 10 shows
the most representative bean cultivars and BCMYV strains
grouped according to their respective resistance and
pathogenicity genes.

Screening of bean germplasm
for its reaction to BCMV
Materials with Materials with
recessive resistance dominant resistance

Hybridization

1
3

F
Field evaluation and roguing of infected plants,
individual plant selection

>
F3

Progeny test, screenhouse
inoculation with
Fla + NY IS5
(o

Confirmation test, screenhouse

a Y

Advanced lines necrosis test,
inoculation with
L BCMV- NL3

~
BCM V-resistant breeding lines
homozygous for the I-gene J

Screening methodology of the CIAT Bean Program seeking
resistance to bean common mosaic virus (BCMV).

inoculation with
\_ NL 4« NY |5 J
)

Figure 2.
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Table 10.  Genetic interaction ! between Phaseolus vuigaris and representative bean common mosaic virus strains!present in LatinAmerica.
Cultivar Resistance BCMYV strain? and pathogenicity genes
group genes
Type FLA NY 15 NL 3 NL 4
PO Pl 12 Pl1.2 PLI2 Pl.1222
Recessive resistance:
Double White +3 + + +
Imuna be-1 + + + +
Redlands Greenleal B be-1¢ + + +
Michelite bc-2 + +
Pinto 114 be-1, be-2 + +
Great Northern 3) be-12, be-22 +
Dominant resistance:
Widusa i N3
Jubila I be-1 N
Top Crop 1 be-1 N
Amanda I be-12

' According to E. Drijthout, Plant Breeding Institute (1VT), the Netherlands.

° FLAx=FHorida; NY 15 =New York 15; NL = Netherlands.
' +=Mosaic reaction: N=systemic necrosis reaction; blanks a no reaction.

As a first step, an attempt is made to introduce a
dominant gene, called the necrosis (1) gene, into mosaic-
susceptible bean germplasm. The dominant I gene prevents
the systemic infection of the plant and, consequently, the
transmission of the virus in the seed of plants possessing
this gene. Since beans are the primary source of BCM Vin
the field, the dominant l-gene has conferred stable
resistance against BCMV to some of the bean cultivars
grown for many years in Latin America such as Porrillo
Sintetico, Jamapa, ICA Pijao, Mulatinho and Bico de
Ouro.

Recessive genes can also protect bean cultivars aga‘=st
some but not all strains of the virus (Table 10). Therefore,
considering that BCMV strains have been widely dis-
tributed into most bean-growing areas via infected seed,
the Bean Program is not entirely relying on these recessive
genes as a stable source of BCMYV resistance. Some of these
genes, specifically be-12 and/ or bc-22 of the Great
Northern 31 group of bean cultivars, however, protect
dominant-1-gene materials against BCMYV strains such as
NL2, NL3, NL5, NL6 and NLS8, which can induce a
hypersensitive reaction resulting in the death of the plant.
This phenomenon of systemic necrosis known as “black

root” has not, however, been observed at significant.

incidence levels in commercial fields of cultivars possessing
dominant resistance. Nevertheless, the Bean Program, asa
second step in the breeding for BCMV resistance, is already
attempting to incorporate these recessive genes into l-gene
materials. This year, F3 families from crosses of multiple
(recessive + dominant) sources from the Plant Breeding
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Institute (1VT), the Netherlands, crossed to tropically
adapted CIAT lines were reselected in the Netherlands and
backcrossed to the best CIAT breeding lines.

The actual screening methodslogy (Fig. 2) consists of
four main steps:

a) Inoculation of bean germplasm with several BCMV
strains to furnish breeders with information on the
genetics of resistance of selected accessions.

b) Roguing of BCM V-susceptible plants in F3 nurseries
planted under high natural virus incidence conditions
to facilitate the selection of individual symptomless
plants.

¢) Inoculation oi seedlings grown from 20-seed samples
of the individual s:lections made in the field, with a
mixture of BCMYV strains, to detect homozygous
resistant k3 lines under screenhouse conditions (Fig.
3).

d) Confirmation test on F, lines to identify and eliminate
materials which possess only recessive genes for
resistance to BCMYV; and performance of the necrosis
test on selected symptomless lines to ascertain the
presence of the doniinant 1 gene (Fig. 4).

The combined field, screenhouse and glasshouse
evaluations done this year for BCMYV involved morethan
one-quarter million plants or an average of 2000 inoculated
and evaluated per working day. The efficiency of seiection
of homozygous BCM V-resistant lines in the F4 was above
95% for those materials which followed the recommended
screening procedure.


http:P1.12.22

Figure 4. Use of the necrosis test to detect presence of the dominant I gene for resistance to bean common mosaic virus (BCMV). The leaf at left

indicates that the plant carries the I gene but the leaf at right shows no necrotic symptoms following the inoculation with a necrotic
strain of BCMV.
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Bean Yellow Mossic Virus. Bean yellow mosaic virus
(BYMYV) continues to be a severe problem in some bean
growing areas around the world. In Latin America, Chile is
the country most affected due to the favorable environ-
ment, abundunt vectors and both mosaic- and necrosis-
inducing strains of the virus.

CIATs iuitial efforts to control this virus are, therefore,
directed towards the development of resistant cultivars,
with the cooperation of Chilean scientists. It has been
observed that the resistance sources selected to transfer
recessive genes that protect dominant I-gene bean cultivars
against necrotic strains of BCMYV, namely Great Northern
and IVT selections, seem to confer some degree of
resistance to some BYMV strains. Thus, progenies of
crosses with these materials will be simultaneously
evaluated in Chile for their resistance to mosaic- and
necrosis-inducing strains of both BCMV and BYMV.

Soybean Mosaic Virus. Reports from Brazil were
investigated concerning the development of systemic
necrosis in dominant I-gene bean cultivars infected with
some strains of the common soybean mosaic virus (SMV).
At CIAT several isolates of SMV obtained from infected
soybean seed were tested on the BCMV differential
cultivars. Results indicated that while all isolates induced
vein necrosis on inoculated primary leaves of some I-gene
cultivars it remained localized, unlike the necrosis induced
by BCMY .iecrotic strains which spreads from inoculated
leaves to the entire plant. Also, the SMVisolates tested at
CIAT caused systemic necrosis in some non I-gene
cultivars such as “Double White™, suggesting that genetic
interaction between P. vulgaris and BCMV differs with
respect to SMV. Soybean mosaic virus, however, should be
taken into account whenever beans are grown near soybean
fields.

Bean Chlorotic Mottle. In 1980 a preliminary study on
the etiology of this disease was completed. Results
obtained so far indicate the existence of a virus complex
rather than a single white-fly-borne virus as believed
earlier. The viruses frequently found associated with the
chlorotic mottle syndrome include: cucumber mosaic
virus, bean mild mosaic virus, and a strain of bean southern
mosaic virus. Also, a geminivirus similar to the whitefly-
borne agents was isolated at Wageningen, the Netherlands,
from plants collected at CIAT. The epidemiology of the
virus complex will be studied in bean nurseries at CIAT to
further delimit the problem and assess its economic
significance.
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Bean Golden Mosaic Virus. Breeding efforts in the bean
golden mosaic virus (BGMV) project during 980 shifted
towards specific goals for several grain types. For black-
seeded types, where excellent levels of BGMV resistance
exist in the new Guaternalan varieties (CIAT Bean Prog.
1979 Ann. Rept.), crosses and progeny management are
designed to incorporate earliness and resistance to
common bacterial blight and anthracnose into superior
BGMYV materials.

For bean consumed in Central 2nd South-central Brazil,
good ievels of BGMYV resistance have been available for
scveral years. But testing and resel:.ztion of more resistzut
progenies, as well as the recombination with additional
factors, have become difficult due to the prevalence of
severe virus, insect, and temperature conditions in the
BGMYV nurseries. More work is needed in Brazil to clarify
the problem.

Work ot Pompadour types for the Dominican Republic
has progressed slowly for two reasons: a)the susceptibility
of parental types to BCMV, which necessitates reselection;
and, b) the general susceptibility of Pompadour to
Empoasca and common bacterial blight. Several in-
teresting selections with a small Pompadour grain type are
currently being progeny tested.

Small, brilliant-seeded reds have also been slower to
advance due to overall disease susceptibility (including
BCMV) and a lack of continuity in the evaluation/selec-
tion/progeny testing process.

Most BGMYV crosses now involve only parental lines
resistant to BGMV, so that the best Fy plants with
resistance to rust and the leafhopper may be bulk-
harvested according to grain type and evaluated in the F
under local (BGMYV) conditions by the national program.

Results from testing the 1979 International Bean Golden
Mosaic Virus Nursery (IBGMVN) in two locations are
reported in Table 11. Few hybrid selections were well-
adapted in both locations.

The adaptation and BGMYV resistance of the
predominantly non-black hybrids were generally less than
that of the five blackseeded check varieties, which have
been extensively used as parents in the BGMYV project. A
few materials were superior to the group of checks at each
location.



Table 11. Mean adaptation and bean golden mosaic virus scores for 145 advanced selections evaluated in Guatemala and Brazil, compared
to mean values for the five best selections and a group of five resistant check varieties.
Location Adaptation ! Bean golden mosaic virus 2
Average, all Best 5§ Checks Average, all Best 5 Checks
selections selections selections selections
Guatemala 3.9 27 36 1.5 4.6 6.4
Brazil 38 2.6 32 7.2 5.4 6.0

! Mean value for adaptation, where [ =excellent; 5= very poor.

¢ Mean value for bean golden mosaic virus susceptibility, where 1= immune; 9~ very susc.'ptible.

Resistance to Fungal and Bacterial Diseases

Bean Program germplasm and breeding progenies were
routinely evaluated for their disease resistance in specific
breeding projects, and nurseries such as the 1980 Bean
Team Nursery (VEF) and Preliminary Trials (EP).
Primary emphasis continued on identifying and selecting
for resistance to rust, anthracnose, angular leaf spot and
common bacterial blight. Advanced materials, primarily
EP entries, were also evaluated for resistance to pathogens
causing the lower priority diseases powdery mildew, hale
blight, white leaf spot, root rots and root knot nematodes.

Various germplasm accessions and Program-developed
materials were resistant to halo blight, white leaf spot and
powdery mildew; the latter disease reduced yields of
susceptible materials up to 69%in Popayan. Very few or no
advanced lines expressed promising levels of resistance to
root rot or root nematodes, respectively.

Fungal Pathogens

Uromyces phaseoli (rust) and Colletotrichum
lindemuthianum (anthracnose) are highly variable
pathogenically due to the existence of numerous
physiological races that differentially infect diverse sources
of plant resistance.

Recent research at CIAT confirmed reports that
Isariopsis griseola (angular leaf spot) also exhibits
pathogenic specialization. This inherent varia‘ion has
complicated CIAT-based efforts to identify and develop
improved germplasm with resistance to rust, anthracnose,
and/or angular leaf spot pcoulations endemic to diverse
bean production regions throughout Latin America and
now Eastern Africa.

Primary emphasis is placed upon utilization of CIAT-
based resources and scientific expertise to most efficiently
screen large numbers of germplasm at CIAT-Palmira for
resistance to local populations of the rust fungus, and at
Popayan for resistance to local populations of anthracnose
and angular leaf spot pathogens. Entries with high or
intermediate resistance levels are sequentially evaluated at
the primary site to verify their disease reactions, and/or at
secondary field sites or in the glasshouse to identify more
stable and widely based sources of resistance effective
against different regional populations of each pathogen.
This disease resistance strategy allows the Bean Programto
identify and then distribute agronomically desirable
resistant materials for further testing on an international
basis in formal nurseries such as the International Bean
Yield and Adaptation Nursery (IBYAN)and International
Bean Rust Nursery (IBRN), or in informal nurseries, upon
request by collaborators and out-posted CIAT staff.

The value of this regional testing for identifying more
stable resistance to rust,angular leaf spot, and anthracnose
is apparent in Figure 5, which illustrates the degree of race
and site-specific resistance that was eliminated in the 1979
VEF/1980EP test. Subsequent international testing
schemes, such as the IBRN, further confirm stability of a
resistance source or alert programs to the presence of races
that differ from those available in Colombian screening
populations. Table 12 summarizes the internatioaal
reactions received to date for various entries submitted to
the 1979/ 1980 1BRN hased upon their rust reactions in the
previous 1978 VEF-1979 EP regional trials in Colombia.
Anthracnose- and angular leaf spot-resistant germplasm
identified in Colombian trials will also be increasingly
tested on an international basis in order to identify more
stable disease resistance for use by collaboratorsand CIAT
workers.
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lor- - - 1978, 32 bush bean lines involving five different sources of
3) b) ©) resistance were developed for Brazil and Mexico. Now that
more and better siurces of resistance are available, and
since hybrid lines from tl:is project also carry resistance to
75k N 5 BCMYV, bush bean crossing activity in 1980 was expanded
to include commercial grain types for Argentina and the
I Andean highlands. Also, up to three parents have been
E |/ crossed together with the objstive of combining unique
§ 50 n | sources of resistance in represvntative commercial types.
g /
. In the climbing bean breeding program, germplasm
selected from 1979 evaluations was advanced to multiloca-
25 o - tion yield trials and separately tested under controlled
conditions for resistance to anthracnose and bean common
mosaic virus (BCMYV). Disease reactions given in Table 13
// —h /\07 / indicate a high _frequegcy of resistance to antl.lracnose
0 = == == among the selections. High levels of natural infection were
< ;5 2 - % 3 - ;f - présent in the field, especially in ICA-La Selva. The levels
3 E ? g E g 3 E g of resistance to BCMV were much lower and all resistant
S E 3 & £ 2 & 2 Z material had either black or white grain color.
Reactions
VEFO) EPPA The modified backcrossing program, initiated in 1979 to
Figure 5. Reactions of 105 bean entries in the 1979 Bean Team Nursery incorp.orato.? re.SlStan_ce ¥° both amhraf:nose and BCMV
(VEF) and the 1980 Preliminary Trial (EP) to pathogenically into high yielding climbing bean accessions, was extended
variable races of three diseases. to include, in addition to Cargamanto, two red-seeded
a) Angular leaf spot; b) Rust; c) Anthracnose. highland adapted lines ICA-L 32980 M(4) and ICA-L
32980 M (8) and two Peruvian highland varieties (canarios)
Table 12. International Bean Rust Nursery (IBRN).pcrfo‘rmancc's of Ancash 143 and Compuesto 1. The program was initiated
CIAT germplasm sclected for rust reactions in previous using Cornell 49-242 as the donor parent for BCMV +
regional trials in Colombia. . .
anthracnose resistance, but this source has now been
Entry Rust reaction in Rust ratings in superseded by three climbing beap breeding lines, V7917,
1978 VEF and 1979/1980 IBRN! V7918. and V7920. These are resistant to BCMY and at
least six races of anthracnose including those known to be
1979 EP R 1 S . . o
virulent to the Cornell resistance source (as determined in
Finto No. 650 the collaborative program with IVT, the Netherlands).
(Susceptible From the backcrossing program with Cargamanto, 57
check) Susceptible 1 0 17 progenies from double resistant plants are in yield trials.
BAT 445 Intermediate It 7 0
BAT 256 Intermediate 14 3 1
BAT 76 Intermediate 15 3 0 Table 13. Frequency of resistance to anthracnose and bean common
BAT 332 Resistant a 4 3 mosaic virus detected by inoculation under controlled
BAT 93 Resistant 12 6 0 conditions in selections from climbing bean germplasm
BAT 261 Resistant 13 5 0 evaluations.
! Preliminary reports from the following number of IBRN locations: Brazil, 3; Discase No. of  Disease reaction frequency (%)
Colombia, 5; Dominican Republic, 1; Ecuadci, |; Mexico, 2; Peru, 1; Republic of .
South Africa. |; Tanzania, 1; United States, 3. selections
R rzuistant: I= intermediate; S=susceptible. tested R 1 i* S
Anthracnose ! 58 19 28 19 34
Anthracnose. Emphasis has again been given to Bean common
identifying sources of anthracnose resistance broader than mosaic virus ? 57 14 - - 36

those found in Cornell 49-242 (G 5694). More than 50 bank
accessions are in the final stages of evaluation and
purification. From a limited number of crosses made in
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! Anthracnose:  Reresistant; lsmoderately resistant in  hypocotyl leaves;
*+moderately susccptible in hypocotyl leaves; Sssusceptible.
? Bean common mosaic races Florida and NY 15: Reresistant; Sesusceptible,



Angular leaf spot. Crossing activities were intensified
in 1980 when six new parents resistant to Colombian
isolates of angular leaf spot were identified. All hybrid
materials, including 19 experimental lines developed from
the crosses involving line A 21, were transferred to this
project. However, it was learned thatin Costa Rica, A 21
was among the most susceptible materials to the angular
leaf spot pathogen. This information and the fact that
pathogenic variation has recently been noted between
isolates collected from different parts of Colombia may
make breeding for resistance to this disease relatively
difficult.

Bacterial Pathogens

Xanthomonas phaseoli (common bacterial blight) and
Pseudomonas phaseolicola (halo blight) are serious
bacterial diseases of beans. They vary in pathogenicity due
to the existence of various isolates or strains differing in the
degree they may infect a variety. Some researchers feel that
halo blight pathogenic variation actually occurs from
pashogenic races that differentially infect sources of
resistance. Work is currently underway at CIAT to
characterize the pathogenic potential of Colombian
collections of halo blight, and to determine whether this
variation is caused by races or simply by isolates possessing
different degrees of virulence, a- is the case for colamon
bacterial blight.

CIAT's common bacterial blight research has concen-
trated its efforts upon identifying and incorporating high
le . . of foliage resistance into agronomically desirable
germplasm, based upon field and glasshouse inoculations
with the single most highly virulent isolate of X. phaseoli
previously collected at CIAT. Emphasis is then placed
upon progeny verification of this foliage resistance, and
upon improving the level of pod resistance to reduce
potential seed transmission of the pathogen. The frequency
of resistant entries in the 1979 and 1980 VEF trials,
reported in a later section, clearly indicates the progress
obtained. Future efforts will emphasize incorporation of
resistance into small-seeded brilliant reds and opaque-
cremes, as well as increasing leafhopper resistance in
blight-resistant populations.

Research was recently conducted to determine the
effectiveness or stability of resistance sources and progeny
when inoculated individuai: ' in the glasshouse with a range
of X. phaseoli or X. phaseoli var. fuscans isolates collected
from different regions of Colombia and the world. Figurc 6
illustrates the response of materials with different levels of
resistance, ranging from that of the resistant check (P.I.
196932, an accession of P. acutifolius) to that of the
susceptible check (Porrillo Sintetico). The figure clearly

demonstrates the advances that ClIA1l has made In
improving the level of resistance in our breeding lines
(resistance derived from the material from the USA which
came originally from an interspecific cross between P.
vulgaris and another accession of P. acutifolius), selected
upon their response to CIAT's single isolate (XP 123).
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The figure also illustrates the extent of pathogenic
variation that is inherent within collections of X. phaseoli
(XP) and X. phaseoli var. fuscans (XPF) isolates. Isolate
XPF did incite more infection than XP 123. Therefore,
disease resistance strategy will continue to be based on
screening with the most virulent isolate. However, the
overall stability of advanced resistant selection to collec-
tions of X. phaseoli, X. phaseoli var. fuscans, and
eventually other pathogenic species of Xanthomonas will
also be monitored routinely.

Halo blight. Fifteen advanced lines for halo blight
resistance were developed from older crosses of G 2858 and
Acte 1/37, the two sources of resistance to this bacterial
disease. Currently, however, emphasis is on seeking better
sources of resistance and transferring available levels of
resistance into grain types for the Andean highlands and
the semi-arid, temperate regions of Mexico.

Resistance/ Tolerance to Insect Pests

Emphasis in 1980 continued to be directed to identifying
potential parent materials for use in stvengthening
resistance levels against the leafhopper. The screening
methodology was modified to provide more accurate
assessments of resistazce levels expressed in yield trials.
Basic studies were begun on resistance mechanisms against
the spider mite.

Leafthopper

Germplasm e¢valuation. Almost 4000 materials from
various nurseries were evaluated for resistance to the
leafhopper (Empoasca kraemeri) in 1980. Only 1.3% of
these were rated as resistant (less than 2 on a 1-5 visual
damage score basis); most were utilized as parents in the
recurrent selection program to increase resistance levels.
No resistance sources were identified among 128 wild P.
vulgaris entries; a few selections were made from
interspecific crosses between P. vulgaris and P. coccineus
and in studies related to the heritability of Empoasca
resistarice in P. lunatus.

New non-black entries were included in the international
Empoasca resistance nursery. Updated versions of this
nursery were sent to Brazil, the Dominican Republic,
Guatemala, Honduras, Mexico and Peru for further
evaluation.

Analyses of yield trials. Disappointing results were
obtained last year in a yield trial to assess progress in

24

Empoasca resistance after two cycles of recurrent selection
and intermating (CIAT Bean Prog. 1979 Ann. Rept.).
Accordingly, a series of yield trials were planned to
examine, among other factors, the potential interactions
between planting date and resistance, expressed by yield
losses.

Five sequential yield trials were conducted in 1980.
Materials from initial crosses were compared to those from
the second cycle of recurrent selection. Results confirmed
the poor and nonsignificant correlations between insect
populations and visual damage scores and between visual
damage scores and percentage yield reduction caused by
Empoasca. On the other hand, the rank correlation
coefficient between unprotected yields and percentage
yield reduction was high (-0 748) and significant at the 1%
level. This suggested that insect counts and visual damage
scores could be misleading in selecting for Empoasca
resistance and that unprotected yield could be a better
selection criterion. Reproductive adaptation scores in
segregating populations under heavy leafhopper pressure
should then also be recorded.

Based on these results, selection procedures utilized in
breeding for Empoasca resistance were modified thusly: (a)
potential parents would be selected based on visual damage
scores and yicld loss; (b) individual selections in the F,
would be done on a visual score/reproductive adaptation
basis; (c) F3 nurseries would have as many replications as
possible and families would be selected for their low visual
damage scores and good reproductive adaptation scores;
and, (d) replicated trials would be done in the earliest
generation possible; they are now being done in the Fy
stage. In addition, trials will be repeated at least twice per
season, since a significant genotype X environment
interaction was detected.

Twenty-eight F3 families from the third cycle of
intermating were then yield-tested at the Fy4 stage. Under
heavy infestation (5.8 nymphs/leaf and 3.8 adults/ plant),
significant progress was detected (Table 14). Thus, non-
black materials such as EMP 81, EMP 90, EMP 83 and
EMP 89 not only have a good yield potential when
protected, but also are significantly superior to the
susceptible checks Bunsi and BAT 4l in terms of reduced
yield losses. Insect counts again did not correlate with
percentage yield losses, whereas the rank correlation
coefficient between unprotected yield and percentage yield
loss (ry =-0.77) was significant at the 19 level. In terms of
unprotected yield, the difference between the susceptible
check (BAT 41) and the best material (EMP 81) stresses the
importance of this parameter for selection (Figure 7).



Table 14. Mean yields of protected and unprotected plots and yield
losses in F4 bean materials selected for their resistance to
the leafhopper (Empoasca kraemeri), at CIAT-Palmira,
1980B.

Identification Seed color Yield (kg/ha) Yield

loss
Protected  Unprotected (%)

EMP 8l Creme 2385 bc ! 1978 a 16.8 ¢

EMP 90 Brown 2115 cd 1497 bc 28.6 be

EMP 83 Brown 1716 de 1215 bede  30.5 be

EMP 89 Creme 1923 cde 1290 bede  31.8 be

EMP 84 Black 3278 a 2112 a 35.7 be

EMP 94 Purple 1903 de 1160 bede  36.3 be

EMP 92 White 1456 ¢ 908 ef 39.1 b

EMP 93 White 1912 cde 1048 ¢ 437 b

EMP 82 Black 2774 b 1467 bed 46.8 b

EMP 85 Yellow 2059 cd 1077 de 472 b

ER 5029-6 Red 2252 bed 1093 cde 57.1 ab

EMP 70 Creme-black 2187 cd 1539 b 28.9 be

ICA-Tui ¢ Black 1954 cd 882 ef 54.3 ab

ICA-Bunsi 4 White 2102 cd 94| ef 55.7 ab

BAT 41 ¢ Red 2120 cd 605 704 a

! Values within columns fellowed by the same letter are not significantly
different at the 5% level.

* Improved check; ' Intermediate check; ¢ Susceptible check.
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Figure 7. Relationship between unprotected yield and percentage yield
reduction caused by the leafhopper (Empoasca kraemeri) in

F4 bean lines selected for resistance, at CIAT-Palmira, 1980.

During this experiment significant differences were
found among nymphal and adult populations (Table 15).
This suggests the possibility of further studying the

mechanism of resistance to Empoasca. Other interesting
differences in population counts were found when resistant
and susceptible P. acutifolius accessions were tested for
yield losses. Some of these materials will be used in the
future for this type of basic studies.

The Empoasca breeding project continued this year into
the fourth cycle of intermating. Under very high insect
infestation (14.0 nymphs/leaf and 8.9 adults/plant), 232
individual plants were selected from 123 F, populations.
Secondary emphasis was placed on non-black, non-
mulatinho commercial grain types having resistance to rust
and bacterial blight. Leafhopper-resistant progenies of
other commercial grain colors are now available.

Table 15.  Average nymphal and adult populations of the leathopper
(Empoasca kraemeri) on F4 bean materials selected for their

resistance, at CIAT-Palmira, 1980B.

Identification Nymphs per leaf Adults per plant

EMP 82 83 a! 4.2 abc
EMP 85 7.4 ab 45 a
BAT 41 2 7.4 ab 4.1 abcd
EMP 84 6.9 abc 4.3 ab
EMP 93 6.5 bed 4.0 abcd
ICA-Tui ? 6.4 bed 4.6 a
ICA-Bunsi 2 6.0 bede 3.4 abcd
EMP 70 ¢ 5.8 bede 3.8 abed
ER 5029-6 5.5 cde 3.4 abcd
EMP 90 5.2 cdef 3.8 abed
EMP 92 5.0 def 29 cd
EMP 81 4.9 def 3.5 abed
EMP 83 4.6 efg 3.8 abed
EMP 89 37 g 3.2 bed
EMP 94 32 g 28 d

! Values within columns followed by the same letter are not sigmificantly
different at the 5% level.

! Susceptible check; ! Irtermediate check; 4 Improved check,

Spider Mites

After developing a reliable screening methodology for
spider mites (CIAT Bean Prog. 1979 Ann. Rept.), more
than 500 materials were studied under field conditions. Of
these, 81 were selected for further screening and five were
used to study the possible mechanisms of resistance to
Tetranychus desertorum. In the laboratory, the total life
cycle of T. desertorum lasted t wo days longer (12.26 days)
when reared on the resistant material BAT 93. The
oviposition pattern and adult longevity were also
significantly affected by this material.
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Total mortality on BAT 93 was 30% higher than onthe
susceptible check, ICA-Pijao. These results, which have to
be confirmed both under greenhouse and laboratory
conditions, suggest that antibiosis migat play a role as a
resistance mechanisr to T. desertorum on beans.

Yield and Plant Architecture

A general reduction in foliage size, internode length and
pod size is being sought across the three growth habits of
bush beans. The objective is toincrease thenumber of pods
and seeds per plant, two characters highly associated with
grain yield. Forty lines were developed from crosses made
in 1978; in some ¢ them it was possible to transfer the
principal architectural traits mentioned above into BCM V-
resistant lines with better grain types. While none of these is
exceptionally high yielding, all are bett-r ihan the original
base parents. It is hoped thatthese could be directly used by
national programs or as parents in crosses {0 maximize the
yield potential of commercial cultivars and further improve
specific character expression.

Among the lines showing one or more positive
characteristics are: lines A 55 and A 56 with suppressed
branching and erectness; A 132 and A 133 with short
internodes; A 199 (type 1) with 10 or more nodes on the
main stem; and lines A 64 to A 68, A 152-157 and A 201
with a combination of small foliage, short internodes, and
crect canopy.

Tolerance to Moderately Acid Soils

The screening methodology for selection of materials
efficient in using low soil P and tolerant to moderately high
levels of soil Al and Mn has been described previously
(CIAT Ann. Rept., 1978 and CIAT Bean Prog. 1979 Ann.
Rept.).

During late 1979 the breeding lines -—hich had been
tested for yield in the 1979 EP were tested for Pefficiency.
Yields were generally high, ranging from 700 to 2300 kg/ha
in low-P plots and from 900 to 3100 kg/ ha in high-P plots.
Nevertheless, the screening method still permitted dis-
tinguishing between efficient and inefficient materials.

Similar to last year's results, the 10 materials most
efficient in using low soil P and tolerant to moderately
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acid soils were aii black or non-red inseed color(Tables
16 and 17).

Lines such as EMP 28, BAT 458 and Carioca were
among the 10 best in the combined evaluation for tolerance
to acid soils (Fig. 8). Last year's report that plants efficient
in using low soil P were not necessarily tolerant to
moderately high Al and Mn was confirmed.

Table 16. Yield responses to two levels of applied P for the 10 most
efficient low-soil-P bean materials on a soil with less thap

109 Al saturation, at CIAT-Quilichao, 1979B.

Identificacién ~ Seed Growth Bean yield (kg/ha) at P

color  habit Response
50 kg/ha 300 kg/ha factor!
P;0s P05
Carioca Creme H! 2558 3129 23
BAT 449 Black 1l 2543 3045 20
EMP 28 Creme 1 2216 2739 2.1
BAT 115 Black 11 2155 3063 36
A 22 Creme 111 2107 2824 29
BAT 458 Black 1l 2061 2717 26
BAT 450 Black 11 2057 2715 o6
BAT 263 Black 1l 2049 2660 %5
BAT 317 Creme 11 2011 2698 28
BAT 76 Black 1l 1977 2436 1.8

Yield at high P - Yicld at low P
High P rate - Low P rate

! Response factor =

Table 17. Yield responses to two levels of Al saturation for the 10 most
tolerant materials to moderately high Aland Mn levels in the
soil, at C1AT-Quilichao, 1979B.

Identification Seed Growth Bean yield (kg/ha) at Response
color habit 65% Al 10% Al factor!
saturation saturation
BAT 64 Black 1 616 2394 32
BAT 520 Rlack 11 555 2297 32
BAT 458 Black 1l 555 2717 39
Carioca Creme 1ll 472 2311 33
G 3645 Black 11 466 2354 34
EM 28 Creme 11 457 2739 42
Sataya 425 Black 11 456 2584 39
A 25 Brown 1l 452 2446 36
BAT 518 Black 11 450 2806 43
BAT 470 Black 11 450 2406 36

Non-stressed yield — Yiceld stressed for Al + Mn

' Response factor =
A Al saturation (Non-stressed — Stress lor Al + Mn.)
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Figure 8. Combined yield evaluations for bean materials selected for

their tolerance 1o moderately acid soil conditions.

Stress levels for evaluations. One efficient (G 4000) and
three inefficient materials (ICA Pijao, Diacol Calima and
BAT 54) were compared at eight levels of applied P
fertilizer (from O to 1600 kg P20s/ha). The experiment
was done nearby and on a soil similar to that at CIAT-
Quilichao.

All materials responded to additional P. Twenty-one
days after germination, efficient plants looked smallerthan
inefficient ones, but at flowering time efficient plants were
slightly more vigorous, especially in stem development.
Measurement of leaf and stem weights 21 days after
germination and at flowering confirmed this pattern of
development in both types of plants. Total leaf area index
(LAIl) showed little difference between efficient and
ineficient plants at lower P levels, but above 200 kg P2 05
/ha, efficient plants produced slightly higher LAI’s.
Vegetative growth cannot, therefore, be used as a
parameter for distinguishing between materials that are
efficient or inefficient in utilizing soil P.

Within the stress range at the experimental site (0 to 75
kg P2 05 /ha), the efficient line G 4000 outyielded the
inefficient ones (Fig. 9). Diacol Calima yielded similarly to
G 4000 at the two lowest levels of applied P. This may be
explained by its large seed size, which supplies sufficient P
from the cotyledons during early growth; large seed size is

common in many Latin American commercial varieties.
Yield differences at the lowest P levels are very small.
However, between 50 and 75 kg P> Os / ha yield differences
are large enough for selection. The yield increases up to 800
kg P2 Os /ha indicate that the unstressed level of 300 kg P,
Os set in previous screenings still permits a response to
additional P vertilization.

22001-

12001~

Bean yield (kg/ha)

g

g

| 7 | i

i i
0255075 200 400 800 1600
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Efficient/responsive plant A
Inefficient/responsive plant ®

Figure 9. Yield patterns of bean plants that are efficient and inefficient
in their response 10 applied P, whengrownona moderately
acid soil,

P content and absorption in bean planis. Increasing
the rate of P fertilization increased the P content in leaves,
stems, pod walls and seed of efficient and inefficient plants
21 days after germination, at flowering and at physiological
maturity. No significant differences were found in P
content and P absorption between the two types of plants
but a consistent tendency was observed. At 21 days after
germination efficient plants had more P in the leaves but a
lower P absorption. Phosphorus content and P absorption
were higher in stems of efficient plants at flowering and at
physiological maturity. In the pod wall P content and P
absorption were the same in both types of plants. And, in
the seed, P contents were the same but P absorption was
higher in inefficient plants. It can be concluded that
materials efficient at low levels of soil P (<75 kg P;0s/ha
applied) absorb less P but produce higher yields than do
inefficient materials (Fig. 10).
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acid soil.

Breeding to improve tolerance to moderately acid soils.
All of the 22 advanced lines developed from crosses made
in 1978 are of Brazilian grain types similar to Carioca or
Mulatinho (see Table 4). A few of them are lines derived
from crosses in which both parents were tolerant to low soil
P. More extensive hybridization in this project has been
delayed until lines from the earlier crosses have been
thoroughly evaluated in CIAT-Quilichao and CIAT-
Popayan to measure advance under selection. New crosses
made in 1980 were designed to combine tolerance to low P
with resistance to anthracnose, angular leaf spot and
common bacterial blight.

Table 18.
temperature differential (£AT°C).

Ineificient plants O

Bean yield and absorption of P in lines that are efficient and inefficient in their response to applied P, when grown on a moderately

Tolerance to Water Stress

Screening for drought-tolerant lines continued in 1980
using the two criteria, percent yield reduction and the
summation of the canopy temperature differential
(ZAT°,C) during the period of stress.

In the past, the soil variation found in the fieid has
caused problems. A linked randomized block design was
used in the field to eliminate this variation.

Phaseolus vuligaris lines exhibiting drought tolerance according to percentage yield reduction and the accumulated sum of the canopy

Identification Yield (kg/ha) Yield Rank
Control Under reduction Yield reduc.
drought %) FATSC! (%) AT, C

G 5743 2389 2310 33 28.9 | 3
A 54 2644 2292 13.3 32.7 2 8
BAT 336 2519 2028 19.5 38.6 7 10
BAT 258 2411 1844 235 31.0 12 7
A 27 2987 2126 28.8 279 18 2
BAT 131 1932 1391 28.0 25.5 19 1

Range 3.3-93.7 25.5-123.1 1-216 1-216
LSD (0.01) 25.6 314

! Summation for 23 days of stress.



Whith the aid of the Agroecological Studies Unit a
computer program was devised for this experimental
design to allow for the screening of a large number of lines.
The design eliminated 16% of the soil variation normally
found in this field. Results for the lines that proved to be
drought tolerant are presented in Table 18.

Factors associated with yield reduction. An experi-
ment was conducted at CIAT-Palmira to determine the
causal factors associated with yield reduction due to
drought stress. Information was sought to aid in evaluating
populations segregating for drought tolerance.

Ten lines varying in their tolerance to drought were
planted so that they flowered at the same time. Irrigation
on the stress plots was withheld for 15 days starting at
flowering. Physiological data were recorded weeklyd uring
the entire period of plant growth.

The results for the ten lines are shown listed in order of
ascending yield reduction (Table 19). In this table all
figures shown are differences between controlled and
stressed plots, expressed as percentages. A general
reduction of LAD, almost equally over all lines, was
possibly responsible for a basic reduction in yield of not less
than 30%. In some lines the reduction was much greater
than this and the yield depression in excess of that
proportional to LAD varied greatly between lines; from
zero in line BAT 66 to a 33% extra reduction in G3776. This,
variation in the ability of the canopy to produce under
~tress would appear to be genetically determined and could
possibly be exploited in the breeding programs.

Table 19 shows the lines listed by ascending yield
reduction with the percent reduction between control and
drought plots, and selected morphological components.
For all lines Jeaf area duration (LAD) was reduced by the
stress treatment; however, genetic diversity did exist
between the lines. Yield loss was highly correlated with
both reductions of LAD (R2=0.96) and yield/LAD (R2=z
0.93), the latter being a measure of leaf area efficiency. The
data suggest a strong effect of drought stress on
photosynthetic efficiency and senescence.

Measuring photosynthetic efficiency can be very time-
consuming. Therefore, lines that proved to be drought-
tolerant by the evaluation described above could be further
tested for photosynthetic efficiency under stress to
determine the best possible parents to be used in a breeding
program,

Since yield/ LAD measures leaf area efficiency, it givesa
good estimate of the residual effects of other physiological
and morphological components affecting yield reduction
due to stress. Yield per LAD was highly correlated (R2=
0.91) with the ZAT of the canopy. The value of Z AT isan
index of the stress received by each stressed plot during the
stress period (CIAT Ann. Rept., 1978). The major
morphological components affected by the decrease in leaf
area efficiency are the number of pods containing seed,
grain growth rate (GGR) and seed weight. Grain growth
rate decreased from 10.5 to 8.5 for the tolerant line and
from 16.5 to 5 for the susceptible line (Fig. 11).

These data further confirm the effect of drought stress on
photosynthetic efficiency and possibly photozvnthate
partitioning.

Table 19. Percentage reduction of selected growth parameters for diought-tolerant and susceptible lines of Phaseolus vulgaris.
Identi- Yield LAD' Yield ;C) Yield No. No. of No.of No.of Seed Biomass Harvest Max. Max. Max.
fication LAD day of filled unfilled branches weight index  leaf crop  grain

ﬁ nodes  pods pods? area growth growth

index rate rate
BAT 83 33 29 6 30 27 11 31 0 9 7 37 0 20 14 28
BAT 66 39 40 0 27 35 29 24 42 11 0 33 0 30 39 23
C 4459 42 30 18 28 38 8 32 17 3 7 39 13 18 21 22
G 4495 st 29 33 43 4 28 43 13 8 5 56 12 12 6 4]
G 4445 55 32 35 57 50 19 48 15 2 13 64 8 14 19 48
BAT 71 57 30 33 46 53 24 24 8! 0 6 36 14 19 30 4
BAT 70 58 42 29 42 55 3 30 62 2 12 47 4 40 34 6l
G 2005 59 23 47 44 54 14 48 31 27 11 48 3 2 5 46
G 0076 62 34 41 47 6l 5 35 49 16 38 49 40 28 9 62
G 3776 69 36 53 49 70 25 44 72 14 41 62 38 28 12 67
r :—--YILd - - - 91 - .76 .87 7 .63 91 .88 - .62 73 .92

LAD

' LAD= Leaf area duration.
2 Summation of canopy temperature differential during period of stress.
' Percent increase in number of unfilled pods.
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Itisinteresting to note that even though crop growth rate
is affected by drought stress, it does not greatly affect the
reduction in leaf area efficiency (yield/ LAD). Thisis due to
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Figure 11, Grain growth rate for a drought-tolerant and a drought-

susceptible line of Phaseolus vulgaris.
a) Drought-tolerant (BAT 83)
b) Drought-susceptible (G 3776)

the high genetic diversity for GGR that exists in the
germplasm

Variability from Interspecific Hybridization

Viability and fertility in interspecific crosses. Research
has continued to determine the factors influencing viability
and fertility in P. vulgaris x P. coccineus crosses and the
ways to alleviate those problems.

Viability and fertility in the F| generationwere discussed
last year (CIAT Bean Prog. 1979 Ann. Rept.). Important
factors were:t he subspecies of P. coccineus involved in the
cross (F1 ’s of P. vulgaris x P. coccineus subsp. polyanthus
crosses are more viable and more fertile compared to F) ’s
of P. vulgaris x P. coccineus subsp. coccineus) and the
combination of parents.

This year’s results confirmed those conclusions for the
F2 generation. This generation is characterized by a very
important segregation for both viability and fertility. Data
in Table 20 show that germination was lower than for
intraspecific materials and some of the plants did not
produce any seeds (either because they did not reach the
flowering stage or their flowers remained sterile). The
proportion of seed-producing plants was higher in the
vulgaris x polvanthus F3's but variation existed according
to the combination of parents, especially in the vulgaris x
coccineus progenies.

Secd production also varied considerably according to
the type of cross (vulgaris x coccineus vs. vulgaris x
polyanthus) and the combination of parents (Fig. 12). On
the average, vulgaris x polyanthus F,'s were about five
times more fertile than vulgaris x coccineus F 2’s. In some
progenies very fertile plants were observed (Fig. 12).

In previous trials the size of the F, populations had
always been quite low. Efforts were, therefore, made to
increase the production of F, plants. Manual self-
pollination (i.e. tripping of flowers to place pollen grainson
the stigma surface) was known to significantly increase
production of F) ’s (CIAT Bean Prog. 1979 Ann. Rept.).
An additional increase was obtained by planting F; ’s
directly in the field at very low densities (1x1m) instead of
in the meshhouse. Increases ranged from six- to eightfold
for vulgaris x coccineus progeny and from four- to
thirteenfold for vulgaris x polyanthus crosses.

By combining manual self- pollinations and field
planting, abundant seed production was obtained for some
combinations of parental genotypes. Large F, populations
will allow more meaningful assessments of potentials of
these interspecific crosses.



Table 20. Viability and fertility of F).progeny of crosses Phaseolus vulgaris x P. coccineus and P. vulgaris x P.coccineus subsp. polyanthus.
Cross No. of No. of Plants Plants Seed-
seeds seeds without flowering producing
planted germinated flowers but sterile plants
vulgsris x coccineus
Nep 2 x NI 132 52 34 14 10 10 (19.2%)
NI 161 x NI 191 11 6 2 1 3 (272.3%)
NI 161 x NI 2 29 23 6 8 9 (31.0%)
N1 161 x NI 229 76 68 23 28 27 (35.5%)
ICA Palmar x NI 2 13 9 I 2 6 (42.2%)
Pl 310805 x Pucbla 56-C 29 25 4 5 16 (55.2%)
Total 230
Averages', g, 1.7 21.7 235 309
vulgaris X polyanthus
NI 161 x P’1 201304 56 39 4 3 32 (57.1%)
Pl 165078 x NI 490 88 64 4 5 55 (62.5%)
ICA Pijao x NI 490 o7 51 5 4 42 (62.7%)
G 2047 x Pl 201304 328 279 24 29 226 (68.9%)
Total 539
Averages ', 80.3 6.9 7.6 65.9
' Averages as a percentage ol total seeds planted.
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Figure 12.  Distribution of seed production in the F) generation from crosses of (a) Phaseolus vulgaris x P. coccineus subsp. polyanthus, and (b) P.

vulgaris x P. coccineu
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Variability of progeny. Research also continued on the
variability generated in progenies. Preliminary results
suggest a strong differential sclection against coccineus
characters. The intensity of this selection seems to depend
on the combination of parents involved. On the other hand,
plants which showed a higher number of coccineus
characters produced less viable and less fertile progeny
compared to plants with a lower number of coccineus
characters.

An additional potentially useful character—a long
hypocotyl and epicotyl— was observed and tested. This
character, if associated with lodging resistance, may reduce
disease transmission from soil to foliate, thereby reducing
yield losses from pod rot. This material is an example of
novel variation as neither parent expressed this character
with the same intensity.

Specific crossing projects are now underway or will be
started for plant architecture, resistance to a disease
complex of the Guatemala highlands and resistance to
bean golden mosaic virus.

Nitrogen Fixation

Breeding for enhanced N fixation in agronomically
acceptable bush bean cultivars was initiated in 1978. In
1980 two further cycles of glasshouse selection and
intermating were undertaken, and field evaluation of F,,
r3 and F4 materials was initiated at Popayan and CIAT-
Quilichao.

In the glasshouse phase, 202 new crosses were made in
1980. Many of these were between hybrid materials active
in Ny fixation and agronomically promising, but not
necessarily active N fixing lines from the EP nursery. To
facilitate the introduction of these new gene sources into
the population developed for N fixation, the EP lines were
planted one week after the other materials, grown in N-rich
soil, and always used as the female parent in crosses. A total
of 114 lines {from single plant selections among F;and F;
populations at CIAT-Quilichao and Popayai: aic being
evaluated for Nj fixation and resistance to anthracnose.
Confirmation tests for BCMV resistance showed that all
except six lines were resistant to BCMV,

Nutritional and Quality Factors

The Food Quality and Nutrition Laboratury evaluates
bean quality (nutritional value and consumer acceptance
factors) of all materials of interest to the Bean Program,
Screening for bean quality has explored the following
factors: protein content, water absorption, cooking time,
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broth thickness, flavor, storability and overall consumer
acceptance. In addition to monitoring quality factors of
beans selected for advanced testing, research emphasis
during 1980 was on the problem of hard seed coat
development in poorly stored beans and on the
methodology of conducting limited consumer preference
surveys. The applicability of bean flour as a component in
inexpensive high-protein foods was also studied.

Quality Evslaations

It is impo ‘tant to combine quality factors such as high
protein anc short cooking time with selection for
agronomic. factors. Within the 1980 EPlines, the following
tendencies were observed during several specific studies:

- Selection for high yield potential did not adversely
affect seed protein content (correlation coefficient, r=
0.104).

- Selection for large seed size was not significantly
related to seed protein content (over a 100-seed weight
range of 14.2-22.7 g).

- Selection for disease and insect resistance did not
seem, from preliminary data, to be a selection against
seed protein content.

- Selection of entries for incorporation in the 1980
IBYAN was neutral towards both protein content and
cooking time, but showed a rather strong tendency
against hard seed coat, which will be discussed later.

These studies took into account the effect of storage
conditions and hard seed coat development. Special care
was taken to obtain freshly harvested seed, so that
variability from storage under uncontrolled conditions
could be avoided.

Effects of storage time and temperature. A group of 30
such freshly harvested lines (all color classes) was tested for
quality factors within seven days after harvest and also
after being stored eight months at about 25°C in sealed
laminate bags to maintain seed moisture at 12%. A second
group of 50 lines was tested within seven days after
harvesting and then every seven days (up to 49 days) while
stored at 40°C. For nearly every line studied, the cooking
time for freshly harvested material was 30 minutes. After
beans were stored eight months, cooking times ranged
from 30 to 70 minutes.

The validity of the accelerated storage test developed last
year was shown in these studies (CIAT Bean Prog. 1979
Ann. Rept.). A line which developed a cooking time of 115
minutes during 49 days storage at 40°C had a cooking time



of 100 minutes after eight months storage at 25° C (Fig. 13).
Lines that increased in cooking timme to 70 minutes after
accelerated storage had cooking time of 60 minutes after
eight months of normal storage. An intermediate group
was found to have cooking times of 90-100 minutes after
accelerated storage, and of 70 minutes after longer normal
storage. The cooking time determined after 28 days of
accelerated storage was an excellent predictor for cooking
times after long-term storage. It is proposed that this
standardized test be used on all lines to estimate cooking
times likely to befound in common commercial marketing. .
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Figure 13. Effects of accelerated (a1 40° C)and normalstorage (at 25° C)
on cooking times of beans.

The effects of storage time and storage temperature were
studied on a group of 50 1980 EP lines maintained at 12°C
and 30°C for two and four months, respectively. Seeds
stored at 12°C (at 129 moisture) had only small increases
(from 30 to 34 or 35 minutes) in cooking time, even after
four months storage. Seeds stored at the higher
temperature (and 129% moisture) showed nearly doubled
and tripled cooking times at two and four months,
respectively.

Although cooking times changed, neither storage time
nor temperature caused bean thickness to change
significantly. Changes in flavor and texture after cooking
were evaluated for the 50 bean lines above by eight-member
taste panels. Cooking time was not closely related to flavor;

varietal differences in flavor predominate. The correlation
between flavor and presence of hard seed coat wasstrongly
negative (r=-0.611) for materials where quality had
deteriorated markedly. It was not possible to separate
clearly the factorof texture in the cotyledon from texture in
the seed coat so that the expected positive correlation
between cooking time and presence of hard seed coat was
not observed.

Water absorption. Thevarious measures of bean quality
tested at CIAT have been found to be essentially unrelated
(Table 21). The exception was for water absorption during
the initial four hour soaking period and subsequent
cooking time; in the case of 30 1980 EP lines carefully
stored as freshly harvested seed, the correlntion coefficient
was -0.564 for these two factors. For the group of 160 1979
EP materials, a multiple regression analysis indicated that
67% of the variation in cooking time was due to initial
water absorption. Both water absorption and cooking time
are related to starch, emphasizing the role of starch
structure in the cooking properties of beans. For this same

significantly affected cooking time.

Table 21. Correlations between various bean quality factors.
Factors r Value
Protein content vs. water absorption 0.095
Protein content vs. cooking time 0.216
Protein content vs. broth percentage 20.109
Cooking time vs. broth percentage -0.240
Ccoking time vs. water absorption 0.564

! Measurcd on lines from the 1980 EP stored eight months at 25°C after harvest.
The same corrclations measured on freshly harvested materials were similar.
Values tor r based on logarithmic transforms were not significantly different from
the values given. i.c.. variances were homogeneous.

Hard seed coat. The effect of hard seed coat (not a
starch-related phenomenon) on water absorption by the
bean during the initial four-hour soaking period is
considerable; one line with hard sced coat absorbed 40%
less water than eight normal lines. In another group of
materials stored eight months, average water absorption
(measured as the percentage of seed dry weight) for seeds
without hard seed coat was 599, while for hard-coated
seed, it was 21%. Neither protein nor seed yield was
significantly different for those two groups of materials,
Reduction in water absorption is now considered the most
sensitive measure of hard seed coat, since this character is
somewhat diluted out during the cooking test and cannot
be determined precisely in the mouth,
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From present understanding, changes in cooking time
and water absorption that occur in a bean seed during
storage may be summarized as follows:

Stage I (fresh seed), where cooking time is very nearly the
same for most varieties and is independent of water
absorption; Stage Il (intermediate) in which cooking
time increases and becomes correlated with water absorp-
tion; and Stage Il (seeds with hard seed coat), where
cooking time reaches a maximum and is no longer
correlated with water absorption.

Selection by breeders in the Bean Program has been
against lines having hard seed coats, even though this
character was probably not recognized as different from
other seed characters. Of 43 lines tested and found without
hard coats, 10 were selected for the 1980 IBY AN; of 15 lines
found to develop hard seed coat, only 2 were selected for
the IBYAN.

While not studied extensively, treating seeds with edible
oils (to reduce storage insect infestation) had a marked
influence on water absorption. Seeds treated with either
maize or soybean oil retained or increased their initial level
of water absorption over a 49-day storage period at 40°C.
Non-treated seeds lost 459 of their ability to absorb water.
In this sense, oil treatment has eliminated the development
of hard seed coat in the variety studied. Unfortunately, oil
treatment did not reduce the cocking time for this variety
(110 minutes aiter 49 days accelerated storage).

Presently "he standardized tests for bean quality have
been weli characterized and can be recommended for
routine use in any quality evaluation program. The
procedure is summarized in Figure 14. Based on ex-
periences in the CIAT Food Quality and Nutrition
Laboratory, one technician could perform over 1200 of
these tests per year.

r~ 50 g freshly rarvested material (field dried)

— 5 g for moisture determination (ISTA method)

=~ 5 g finely ground for protcin determination (micro-Kjeldahi)
=20 g for measurement of initial cooking characteristcs: water

absorption, cooking time, broth thickness, flavor, hard seed
coat

=20 ¢ scaled in laminate pouch for 28-day storage at 40°C followed
by measurement of cooking characteritics (as above)

Figure 14.  Summary of the standardized tests for bean quality used at
CIAT.
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Consumer Surveys on Bean Utilization

The first objective of this work wasto define and analyze
those factors that are important to Colombian families in
selecting, purchasing and consuming beans. A second
objective was to develop a survey methodology that will
permit any national or regional bean improvement
program to determine consunier preferences and consump-
tion patterns systematically and at relatively low cost.

Two surveys were made, in Cali and Medellin,
Colombia, covering 450 households representing about
2500 persons. Supplementary surveys at supermarkets and
small local markets were also made to gain a clearer idea of
buying habits for beans.

Surveys were based on background information and
previous experience made available by the marketing
group of Productos Quaker, in Cali. The surveys were
conducted within three socioeconomic strata of the
population. The high, medium and low strata comprised
15, 35 and 50%, respectively, of the sampling population.
Surveys were done in urban areas previously characterized
for socioeconomic factors.

It was assumed that for the major part of the
consumption patterns, differences between inhabitants of a
given community (taken as a city or group of nearby cities)
would be relatively small. For the inhabitants of different
regions, consumption patterns for beans are likely very
different and very characteristic. These hypotheses were
shown to be true.

The main results of the surveys are given in Table 22.
Distinct differences wcre evident between consumer
preferences in Cali and Medellin. In Medellin, the
Cargamanto variety is preferred almost exclusively and
beans are eaten more than twice as frequently as in Cali,
even though more people thought beans were expensive. In
both cities, people eat beans because they like them,
although a large fraction of people in Medellin recognized
beans’ nutritive value. Beans are usually eaten as a soup
with other ingredients. Most houscholds prepare beans in
pressure cookers; usual cooking times reported were one-
half to one hour.

The factor that seemed to limit bean consumption in Cali
(and even in Medellin where beans are eaten by many
people every day) is that people like to vary their diets.
Some said that if other bean recipes were available, they
would try them. Many housewives indicated they would
like to try new bean products such as flour (40 and 70%
positive responses in Cali and Medellin, respectively).



Table 22. Consumer preferences and utilization habits for dry beans,
determined from househo!' surveys done in Cali and
Medellin, Colombia.
Factor Cali Medellin
1. Households using beans (%) 95 96
2. Reasons for cating beans (%)
a. Personal prefcrence 44 79
b. Nutritious food 1S 59

3. Frequency ot consumption
(times, month)
a. High, medium, low
sociocconomic classes 6.1/5.0/9.1 13.4/11.0/16.5
b. Average 6.5 14.1

4. Bean dishes caten
(V¢ of respondents),

soup/puree/ sauce 56/6/50 96/4/2
5. Use of pressure cooker (%) 80 89
6. Grain size preferred (%),
small; medium/large/very large 6/41/44/20 25/63/6/9
7. Grain color preferred (%),
red/ mottled/ white/ black 74/23/25/9 27/81/21/-
8. Commercial variety preferred (%)
a. Cargamanto 17 92
b. Calima 40 -
c. Mortifio 23 -
d. Nima - 6
9. Opinion of bean costs (%),
high/ moderate/low 13/48/40 51/36/13
10. Quantity purchas=d monthly (kg) 24 45

Such surveys can be carried out by a group of six
interviewers (university students were used in these cases)
plus one supervisor. Four days were required after initial
planning, organization and training. Such survey methods
are directly applicable to other areas; it is hoped that
national agricultural prograins will utilize these methods to
gain a clearer picture of bean consumption and preference
patterns.

Bean Flour Development

Studies are under way in the Food Quality and Nutrition
Laboratory to study the feasibility of using bean flour as a
substitute for defatted soy flour in a low-cost nutritious
product suitable for subsidized child feeding programs.
The product Colombiarina , fashioned after the famous

Incaparina but based on rice and soy, was introduced to
Colombia in February 1978 as a part of the Plan Nacional
de Alimentacion y Nutricion (PAN). The Laboratory
began tests on a rice and bean flour product called
Nutribueno, formulated to optimize the nutritional value
of its two components for protein content and amino acid
balance. For comparative purposes, 1009% bean flour was
also used in the product testing.

The two cereal-legume products Colombiarina and
Nutribueno were initially tested in various recipes for
flavor, texture and appearance (including color). In breads,
bufiuelos and coladas there was no significant difference
between Colombiarina and Nutribueno. However,
recipes made from bean flour, either at the 10-15% level in-
breads and bufiuclos or at the 100% level in coladas,
generally received higher scoies, especially in terms of
flavor. Studies were then directed to the question:can bean
flour be utilized in a wide range of recipes, as a low cost
source of protein (Table 23) that enhances flavor and,
hence, consumer acccptability?

At the present time, bean flour is potentially a lower cost
source of protein than the other high-protein flours in
Colombia (Table 23). Rice is a relatively expensive source
of protein, although second grade rice can be used for
Colombiarina, and Nutribueno. Because of its relatively
poor pretein quality (amino acid balance) bean flour is
more expensive on the basis of a kilogram of balanced
protein than either of the cereal-legume flours (but not
wheat). However, since these products are eaten in
conjunction with other foods, which tend to balance the
overall amino-acid composition of the diet, the more
important consideration here is cost per kilogram of
protein, and here bean flour is clearly less expensive.

Table 23.  Nutritive contents and relative costs of four high-protein
flours.
Factor Wheat  Colombi- Nutri- Bean
flour arina bueno flour
(30% soy/ (40% bean/
70% rice) 60% rice)
Protein content (%) 1.0 18.6 14.7 259
Amino acid score 33 82 80 54
Limiting essential Lys Lys Met/ Met/
amino acids Cys Cys
Ingredients cost!
per 1000-kg weight 24,000 17,050 14,740 19,000
per kg crude protein 218 92 100 73
per kg reference protein 574 112 126 135

! Col. pesos: prices as of September 1980,
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GERMPLASM DEVELOPMENT AND EVALUATION SCHEME USED BY THE BEAN PROGRAM OF CIAT
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VEF - Bean Team Nursery

"Tie Bean Team Nursery (Vivero del Equipo de Frijol,
VE!%) is composed of advanced, coded CIAT hybrid lines
fron various breeding projects, as well as lines from the
gerrrplasm bank and lines submitted by national pro-
gram s. It is the first uniform and multidisciplinary evalua-
tion for adaptation and disease and insect resistance. Se-
lected materials proceed subsequently to the Preliminary
Yield Trial (EP) and ultimately to the International Bean
Yieid and Adaptation Nursery (IBYAN). Due to the
progressive nature of evaluation, materials selected from
t'ie 1980 VEF will appear in the 1981 EP.

The VEF nursery has as its principal objectives: 1) the
evaluation of multiple factor lines for overall agronomic
merit; 2)- the evaluation of specific character lines to
determine their value as parents in crosses; and 3) the
assessment of arnual progress for specific factors, and in
the recombination/reselection of multiple traits. Since the
inauguration of the VEF trial in 1978, several
modifications have made the comparison of years (and
thereby the measurement of progress) difficult: a) a shift
from germplasm collections to hybrid lines, and from
predominantly black-seeded entries towards an array of

Progeny Evaluation in Uniform Nurseries

most commercially acceptable colors; b) an increasing
frequency of climbing bean entries; c) the establishment of
resistance to BCMYV as a VEF precondition for nearly all
entries; d) changes in the rating scales used by disciplines;
and e) the search for a group of standard check varieties
that would remain constant from year to year. Efforts are
underway to better standardize data takingand to facilitate
comparisons; meanwhile, several results from the 1980
VEF merit special mention.

® The distribution of bush and climbing bean entries,
grouped according to grain type and reaction to bean
common mosaic virus (BCMV) is summarized in Table
1. An ever-increasing number of larger seeded, mottled
types, which are more difficult to classify for BCMV
reaction, increased the frequency of BCMV-susceptible
lines as compared to 1979 results. This was especially
true for climbers.

e Among the bush bean entries, 16% showed resistant rust
reactions, and another 209 were intermediate. Ad-
vances were also made in the climbers over 1979 results
(see Tables 2 and 3).

Table 1. Numbers of bush and climbing bean entries of the 1980 Bean Team Nursery (VEF) showing different reactions to bean common
mosaic-virus (BCMYV),
Source and grain type BCMV Reaction Totai
Resistant Variable Susceptible
CIAT hybrid lines
Small blacks 33 (97.1) I 29) 0 34 8.7
Small reds 54 (94.7) 2 (35) 1 (1.8) 57 (14.6)
Small, other colors 192 (92.8) 11 (5.3) 4 (19 207 (52.9)
Medium and large 47 (71.2) 7 (10.6) 12 (18.2) 66 (16.9)
National program lines 9 (75.0) 0 3.(25.0) 12 @)
Check lines 14 (93.3) 0 1 (67) 15 (39
Totals 349 (89.3) 21 (5.4) 21 (5.4) 391 (100)
Climbing bean entries 34 (21.3) 39 (24.9) 87 (54.4) 160 (100)

! Percentage within each seed group
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Table 2,  Number and proportion of bush bean entries in the 1980 VEF according to their reaction to disease and insect pests.

Rating Empoasca Rust Common Anthracnose Angular
bacterial leafl spot
blight

Resistant 63 (15.9) 4 (1L.1) 114 (30.2) 366 (95.6)

Tolerant 12 3.1 - - - -

Intermediate 41 (10.3) 80 (20.2) 96 (24.2) 104 (27.6) 6 (l.6)

Susceptible 344 (86.7) 254 (64.0) 257 (64.7) 159 (42.2) 11 (29)

No data available - - - 20 14

Average score 2 4.5 ’ 36 37 33 11

! Percentage within each seed group.
? Score based on scale of 1= immunc or highly resistant, 5= highly susccptible.

Table 3. Number and proportion of climbing bean entries in the 1980 VEF according to their reaction to disease and insect pests.

Rating Empoasca Rust Common Anthracnose Angular
bacterial leaf spot
blight

Resistant - 51 (31.9) 0 (0 69 (44.8) 63 (39.6)

Tolerant 2 (L3)! - - N -

Intermediate 4 (2.5) 29 (18.1) 6 (3.8) 33 (21.4) 40 (25.2)

Susceptible 154 (96.3) 80 (50.0) 154 (96.2) 52 (33.8) 56 (35.2)

No data available - - - 6 1

Average score 2 4.8 3.2 44 29 2.8

! Percentage within cach sced group.
* Score bused on scale of | =im-.une or highly resistant, 5= highly susceptible,

Table 4. Comparisons of bean lines from the CIAT bacterial blight breeding project and other lines for reactionsto the disease in the 1980 Bean
Team Nursery (VEF).
Source No. of Bacterial blight rating (No.)! Average
lines rating
2 3 4 5
Breeding project 71 35 (49.3) 2 29 (40.8) 7(99) 0 2.6
Other entries 465 17 ( 3.6) 70 (15.1) 260 (55.9) 118 (25.4) 4.0

! Rating s ale: 1= immune; 2 =resistant; 3 =intermediate; 4=susceptible; and §= highly susceptible,

* Percen’ age within the respective groups.

® The averall frequency of entries resistant and in-
termediate 1~ anthracnose jumped to 34% and 249,
respectively, a significant advance from 1979 results.

® Common bacterial blight results were especially en-
couraging in the 1980 VEF, where 71 lines from the
blight breeding project (BAC code) were compared to
465 other climbing and bush bean lines (Table 4 ). One-
half of the selected lines showed resistance in this trial,
compared to only 4% among all other entries. The
overall frequency of resistant lines for bush bean entries
in the 1980 VEF was 119% representing anenormous
gain over results from the past iwo years.

® Resistance to the leathopper, Empoasca kraemeri, is
very difficult to compare between years due to large
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fluctuations in population levels. The 1980 VEF trial
was, however, subjccted to the highest pressure ever, as
evidenced by the visual damage rating of variety 1CA-
Tui(Table 5 ), used as a common check since 1978. The
frequeancy of lines equal to or superior to ICA-Tui was
greatest in 1980. However, the frequency of black-
seeded entries, which tend to be more resistant to
Empoasca, was greater in 1978. Results this year were
particularly exciting considering the low frequency of
black entries and the very heavy pressure. The value of the
refined selection methods in the thirdcycle of intermating
and selection for Empoasca resistance, discussed in the
previous section, were clearly supported by results of the
1980 VEF. The mean reading (visual score) for
Empoasca- resistant selections in the 1980 VEF was 3.2
while the score for all other entries was 4.6.



Table 5. Frequency ot visual damage scores for the leathopper
(Empoasca kraemeri) on bush beans in three Bean Team
Nursery (VEF) trials, compared to scores of the intermediate

check variety 1CA-Tui.

Visual score No. of entries within VEF trials
1978 1979 1980
Less than ICA-Tui' 222 (15.3)2 33 (6.2 47 (12.0)
Equal to ICA-Tui 88 ( 6.0) 71 (13.3) 7 (18
Greater than ICA-Tui 1149 (78.7) 429 (80.5) 337 (86.2)
Totals 1459 533 39])
Black-sceded materials 636 (43.6) 100 (18.8) 46 (11.8)

! Average scores for 1CA - Tui: 3.2 (1978); 2.2(1979); 3.8 (1980).
* Percentages of all entries cach year.

EP - Preliminary Yield Trials

The 1980 Preliminary Yield Trials (Ensayos
Preliminares, EP) consisted of 105 lines selected from 594
evaluated in the 1979 VEF. Of these, six were obtained
from national programs, three from the CIAT germplasm
bank, and the remainder were produced by CIAT before
June 1979.

The 91 bush materials and 14 climbers were grouped into
seven classes based on their grain types. Table 6 shows
growth habits and grain types for all tested materials.

Table 6.  Growth habits of various seed grain groups evaluated in the
1980 Preliminary Trial (EP) of beans.
Grain type Growth habit Total
| 1 111 IV Variable
Small black 0 22 3 8 | 35
Small red 0 3 k) 0 0 6
Small creme 0 3 2 0 12
Small white 0 2 0 0 8
Small, other colors 2 15 4 2 0 23
Small, variable 0 4 1 0 0 5
Medium and large K} 5 4 2 2 16
Totals 5 63 20 14 3 105

All entries were evaluated by Bean Program scientists at
several locations within Colombia andin Costa Rica (web
blight), in the United States (by Dr. F. Bliss of the

® The frequency of lines combining important traits also
increased in the 1980 VEF. For example, 103 entries
combine resistance to BCMV and anthracnose with
non-black grain color, factors neccesary for acceptabili-
ty in Africa.

® The increased number of hybrid selections among
climbing bean entries in the 1980 VEF resulted in greater
resistance to anthracnose and rust for that group (Table
3).

® Among climbing bean types, resistance to Empoasca
and common bacterial is only important for small
seeded black and red varieties for Central America.

University of Wisconsin, for seed protein), in the
Netherlands (by Dr. Drijfhout at the Institute for Plant
Breeding, for races of anthracnose not found locally), and
in Tanzania (by Ms. Anatolia Mpunami, for bean fly).

Screening for reactions to disease and insect pests was
done in the field, screenhouse and/or glasshouse. Field
nurseries for common bacterial blight, rust, anthracnose,
and angular leaf spot were inoculated with a mixture of
isolates of the pathogens collected from previous nurseries
grown at the same location.

Data on web blight (Costa Rica), powdery mildew, white
leaf spot, leathopper, tropical mite, and bean fly (in
Tanzania) were obtained from natural occurrences in the
fields.

Resistance to Diseases and Insect Pests

All EPentries were required to be resistant to the Florida
and NY 15 strains of BCMV. Also, all materials were
resistant to at least one additional disease or insect pest.
The frequency of materials with resistance to first- and
second-priority diseases and insect pests is given in Tables
7 and 8, respectively.

A total of 68 materials, out of 105 evaluated, possessed
resistance to two or more diseases and insect pests besides
resistance to BCMV. Some of thesz combinations, for bush
beans with commercial grain types, are given in Table 9.
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Table 7.  Frequency of materials resistant and intermediate to first prionty disease and insect pests, evaluated inthe 1980 Preliminary Trials (EP)

of beans.!

Bean type Rust Angular Arthracnose Common Lcafhoppgr Totaf

leaf spot bacterial blight evaluated
R | R | R | R | |

Bush

Small black 2 5 k) 6 0 0 0 | | 27

Small red 0 0 0 1 0 0 0 1 0 6

Small creme 0 1 0 k] 0 0 0 2 2 10

Small white 0 k) | 1 0 0 0 1 0 8

Small, other coors 0 4 0 9 1 0 0 4 | 21

Small, variable 0 0 k] 0 0 0 0 | ! 5

Medium and large 1 4 1 3 1 0 1 4 0 14

Climbers

Black 0 2 0 0 0 1 0 0 0 8

Other colors 0 0 0 0 k) 0 0 0 k) 6

Totals k) 19 8 23 5 1 | 14 8 105

! All materials tested were resistant to bean common mosaic virus. Ra resistant; 1= intermediate.

Table 8. Frequency of materials resistant and intermediate to second priority discase and insect pests, evaluated in the 1980 Preliminary Trials (EP)

of beans. !
Bean type Halo White Powdery Web blight Tropical Bean fly Total
blight leaf spot mildew mite damage evaluated
1 R 1 R | R | | 1-5% 9-15%
Bush
Small black 21 0 2 4 k) 0 | 12 7 8 27
Small red 4 0 0 2 | 0 | 4 2 2 6
Small creme 4 0 2 1 k) 0 I 5 4 6 10
Small white 5 0 0 0 2 0 5 5 1 1 8
Small, other colors 10 5 4 3 | 0 2 7 10 10 21
Small, variable | 0 0 0 | 0 | i i 4 5
Medium and large 5 7 i 0 i | | 7 6 6 14
Climbers
Black 8 8 0 0 | 0 k) ] 5 3 8
Other colors 3 6 0 0 k) 0 0 4 2 2 6
Totals 6l 26 9 10 16 I 15 48 38 42 105

! All materials were resistant to bean common mosaic virus, R resistant; 1= intermediate,

Table 9.  Experimental bush bean lines of commercial grain type besides the required BCMV resistance.
showing combinations of resistance to two or more factors

Grain type Identification Factor combination Grain type Identification Factor combination
Small black BAT 148, BAI 451, Angular leaf spot, Rust, Mcdium and BA'l 841 Common bacterial blight,
BAT 912, BAI 527,  Powdery mildew Canario Anthracnose
BA'l %71
BA1 910 Angular leaf spot,
Empoasca
Smatl creme BAT 966 Angular leaf spot, Medium, brown BAT 1105 Common bacterial blight,
Common bacterial blight, mottled Powdery mildew
Empoasca
A 51 Angular leaf spot, Medium, creme BAL 792 Angular leaf spot, Rust
Powdery mildew mottled




Yield Trials

The trial at CIAT-Palmira was not protected against
disease or insect attack. At Popayan, both a protected and
an unprotected trial were grown. During the crop cycle
severe attacks of tropical mite and powdery mildew
occurred at CIAT-Palmira and Popayan, respectively, in
unprotected fields. Since resistance to either constraint is
not sought in the breeding program, few materials showed
resistance.

Bush bean yield trials

All entries were placed into nine groups according to
their seed colors and growth habit. Each group was
compared to the same checks as last year, plus inter-

national checks and elite checks (the best-performing
materials from the 1979 EP).

All EP trials were conducted under moderate fertiliza-
tion, in order to select materials under :onditions close to
those of the small farmer. At CIAT-Palmira, 200 kg/ha
of 14-14-14 fertilizer were applied, primarily to neutralize
the effect of decomposing sugarcane bagasse, incorporated
three ‘months before planting,to improve the physical
structure of the field. At Popayan, 1000 kg/ha of 10-30-10
fertilizer and 4 t/ha of lime were broadcast. These
applications were needed to obtain a reasonable yield at the
Popayan site, which is not a bean-growing area due to the
high Al and Mn toxicity and the high P-fixing capacity of
the soil.
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Figure 1.

Breeding lines @ Controls @

Yield patterns of the 10 best breeding lines of three color groups in the 1980 Preliminary Trials (EP), under unprotected conditions, at

CtAT-Palmira, and compared to protecied trials in previous years. a) Red-seeded; b) Black-seeded; c) Other colors.

CIAT-Palmira trials. Figure I (above) shows yield
comparisons between the best breeding lines and controls
during the three years of EP trials. The 1978 and 1979 trials
were heavily fertilized and protected while this year the trial
was unprotected and grown under lower soil fertility.

Moreover, this year all lines evaluated in the EP
nurseries were much closer to commercial color
requirements so that some high-yielding ones with non-
commercial colors had been eliminated before enteringthe
EP. Nevertheless, all breeding lines in all seed color groups
outyielded the controls.

Only four red breeding lines entered the EP trials aud
three of them outyielded the best control and the average of
the elite checks (Table 10). The ten best black breeding
materials under unprotected conditions outyielded the
controls, but not significantly (Table 11).

The largest yield difference between the breeding lines
and controls was in the colored group. The ten best
breeding lines outyielded the control by 500 kg/ ha despite
some controls being famous varieties such as Carioca and
Aroana (Table 12). Yields of the elite checks were far below
last year results but higher than the controls except for
the black-seeded entries.
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Table 10. Yields of red-seeded bush beans tested in the 1980 protected conditions.
Preliminary Trials (EP) at CIAT-Palmira, under un-

dentitication Growth habit DPM! Yield (kg/ha) Identitication Growth habit  DPM Yield (kg; ha)
Breeding materials
A 40 ] 80 139¢ G 0687 | 78 624
BAT 896 11 80 1253 Zamorano 2 i 84 583
BAT 37 m 81 1180 Mean 814
BT 95 L

ICA L 24 | 80 954
Control varieties BA'T 41 11 77 1269
Forty Days 1 80 1097 A 2] 1l 80 1247
Nahuizalco il 78 1004 Mcan 1157
ICA-Guali 1 80 908
Huila 141-652 - 80 874
Sangre Toro | 80 865 Mcan ol 4 breeding matcrials 1128
Rojo 011 m 81 811 CV (%) 17.5
Diacol Calima? | 80 740 L.S.D. (0.05) 321
' DPMaDays 10 phy siological maturity. *International check.

Table 11.  Yields of outstanding black-seeded bush beans tested in the Table 12.  Y:elds of outstanding colored bush beans tested in the 1980

1980 Preliminary Trials (EP) at CIAT-Palmira, under Preliminary Trials (EP) at CIAT-Palmira, under un-
unprotected conditions. protceted conditions.
Identification Growth DPM! Yield Identification Growth DPM! Yield
habit (kg/ha) habit (kg/ha)
Breeding materials Breeding materials
BAT 1057 11 80 1734 A 51 11 80 1783
BAT 913 11 80 1617 BAT 794 111 81 1755
BAT 873 111 84 1562 BAT 874 1l 80 1739
BAT 910 11 80 1527 IAPAR-RAI-54 1 80 1734
BAT 945 11 80 1520 BAT 947 11 84 1587
BAT 832 1l 80 1498 G 6520 111 84 1478
BAT 589 11 80 1394 BAT 936 I 80 1464
BAT 871 It 80 1388 BAT 331 I 80 1425
G 0489-1-CM 11 80 1386 A 48 11 80 1424
G 3658 1 80 1385 BAT 805 11 80 1411
Mecan 1501 Mean 1580
Control varieties .
Porrillo Sintetico : I 80 1678 Control varieties :
. Carioca I 8« 1502
Jamapa* n 80 1644 . .
" Ex Rico 23° 11 80 1303
ICA-Pijao 11 80 1581
G 4421 | 80 1300
G 2959 111 84 1521
; Nep Bayo 22-C-286 11 80 1224
ICA-Tui 11 80 1472
Aroana I 80 1206
G 2005 111 84 1468 .
Brazil 343 m 84 1141
Iguacu 11 80 1397 oo
Brazil 2 | 80 1106
G 3607 111 84 1327 . 1 80 693
Rio Tibaji I 80 1292 rsq‘“‘d;“ Brown I 415
Puebla 152 1l 84 1084 P M ) 1099
Mean 1446 can
Ellte checks Elite checks
BAT 261 1 80 1601 Carioca 1 84 1549
BAT 448 Il 80 1427 BAT 93 1 80 1339
BAT 76 1 80 1201 BAT 332 1 80 1132
Mean 1410 Mean 1340
Mean of 27 breeding materials 1390 Mean of 61 brecding materials 1161
CV (% 14.8 CV (%) 18.7
L.S.D. (0.05) 349 L.S.D. (0.05) 378
" DPM=days o physiological maturity. ? International checks. ! DPMa days to physiological maturity. ¢ International checks.
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Popayan trials.

Figure 2
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Figure 2. Yield patterns of the 10 best breeding lines of three color groups in the 1980 Preliminary Trials (EP), under protected and unprotected
conditions, at Popayan, and compared 1o protected trials in previous years. a) Red-seeded; b) Black-seeded; ¢) Other colors.
Table 13, Yiclds of red-sceded bush beans tested in the 1980 Preliminary Trials (EP) at Popayan, under protected and unprotected conditions.
Identification Growth Protected conditions Unprotected conditions Yield
habit loss
DPM! Yield DPM! Yield
(kg/ha) (kg/ha) (%)
Breeding materials
BAT 995 11 105 1536 93 1390 10
A 40 11 160 2626 86 1356 48
RAT 37 111 90 1665 86 1297 22
BAT 896 111 105 2004 92 1022 49
Mean 1958 1266
Confrol varieties
Zarnorano 2 111 95 2725 86 2268 17
Rojo 011 1 100 2536 86 1821 29
Sangre Toro | 90 2138 86 1699 21
Nahuizalco 1 90 1896 86 l614 15
Diacol Calima* 1 90 2680 86 1349 50
1CA-Guali | 91 2767 86 1333 52
G 0687 | 90 2720 86 1294 52
Huila 141-652 11 105 2394 86 1211 49
Forty Days ] 90 2105 86 1146 46
Mean 2440 1514
Elite checks
A 2l 1l 97 2782 86 2074 25
BAT 91 1 90 3008 86 1954 37
ICAL 24 1 90 2351 86 1064 55
Mecan 2714 1697
Mean of 4 breeding matericls 1958 1266
CV (%) 10.2 7.8
1.5.D. (0.05) 421 234

"DPM = days 10 physiological maturity.

¢ International check.

43



high yields as they are well-adapted to Popayan conditions
(Table 13); since the red breeding lines were selected at
CIAT-Palmira, they were poorly adapted at Popayan.

The mean of the 10 best black breeding lines was 300
kg/ha more than the control average under both protected
and unprotected conditions (Table 14). The greatest yield
increase in the EP trials this year was obtained in the
colored seed groups; the best breeding lines as a group
outyielded controls by more than 600 kg/ha under
protected and unprotected conditions (Tabie 15).

The elite checks were superior to the 10 best 1980
breeding lines in the red-seeded materials but were inferior

in the black seed group, both under protected and
unprotected conditions. In the colored seed group, theelite
checks outyielded the controls but not the breeding lines.

Comparing the 10 best breeding lines or accessions
across all seed colors, a few, including BAT 873, BAT 871,
BAT 936, BAT 874 and G 6520, were represented in both
locations. This suggests that EP trials should be tested
more than one semester in several locations to obtain better
information on yield performance of the breeding
materials. The growth cycle in unprotected plots at
Popayan was 10-14 days less than in the protected field
(Tables 13, 14 and 15). Powdery mildew (Erysiphae
polygoni DC ex Merat) apparently reduced yield by

Table 14.  Yiclds of outstanding black bush beans tested in the 1980 Preliminary Trials (EP) at Popayan, under protected and unprotected

conditions,
Protected conditions Unprotected conditions
Identification Growth Days to Yield Identification Growth Days to Yield
habit physiological habit physiological
maturity (kg/ ha) maturity (kg/ha)

Breeding materials !
BAT 1056 1l 105 3173 BAT 527 Il 87 2627
BAT 1057 11 105 3171 BAT 1037 11 90 2175
BAT 235 11 105 3105 BAT 804 Il 95 2109
BAT 137 11 105 3099 BAT 873 1 86 2079
BAT 1037 11 105 3045 BAT 906 1l 93 1975
BAT 910 11 105 3058 BAT 832 111 90 1944
G 4489-1-CM 11 1G5 304 BAT 871 111 95 1905
BAT 589 11 105 3024 BAT 912 11 89 1890
BAT 871 11 105 3019 Preto-132 11 93 1875
BAT 913 11 105 2978 BAT 1056 1l 90 1848

Mean 3071 2043
Control varieties
Puebla 152 11 105 3207 90 2365
G 3607 111 105 292! 92 1946
G 2005 111 100 2397 90 1930
Rio Tibaji 11 105 2837 95 1847
Jamapa 2 1} 105 2798 90 1803
G 2959 11 105 2808 87 1755
Iguacu 11 105 2912 87 1385
ICA-Tui 11 105 2499 89 1373
ICA-Pijao ? 1 105 2502 95 1280
Porrillo Sintetico 11 105 2627 95 1204

Mean 2751 1689
Elite checks
BAT 448 11 105 2830 95 1465
BAT 76 1l 105 2459 92 1455
BAT 261 11 105 2438 90 1207

Mcan 2576 1375

Mean of 27 breeding

matcrials tested 2879 1800

CV (%) 13.5 11.6

L.S.D. (0.05) 0658 356

! Materials in boldface type performed well under both protected and unprotected conditions. ¢ International checks.
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Table i5.  Yields of outstanding colcred bush beans tested in the 1980 Preliminary Trials (EP) at Popayan, under protected and unprotected
conditions.
Protected conditions Unprotected conditions
ldentification Growth Days to Yield Identification Growth Days to Yield
habit physiological habit physiological
maturity (kg/ha) maturity (kg/ha)
Breeding materials*
BAT 1088 I 105 3304 G 6520 il 89 2569
BAT 799 1l 101 3249 BAT 936 1l 93 2557
BAT 838 11 105 3200 BAT 839 1 95 2257
BAT 331 11 105 3126 BAT 799 11 90 2233
BAT 477 111 105 3105 BAT 1105 11 93 2179
BAT 792 11 96 3097 BAT 337 11| 87 2174
BAT 839 111 105 3081 BAT 838 11 95 2142
BAT 1061 11 105 3002 BAT 874 11 95 2066
BAT 874 11 105 3002 CENA 164-2 11 87 2063
BAT 947 111 101 2945 BAT 1127 111 93 2044
Mean 3111 2217
Control varieties
Carioca 11 105 3219 89 2365
Nep Bayo 22 C 286 11 105 2139 93 1905
G 442! 11 105 2503 90 1831
Brazil 2 ? 1 90 2413 89 1539
Aroana 11 105 2861 89 1503
Brazil 343 1 105 2662 95 1359
Swedish Brown 1 90 2467 86 1251
Ex Rico 23 ? 1l 105 1438 86 827
Mean 2463 1573
Elite checks
Carioca 11 105 3002 87 2329
BAT 332 11 105 2908 95 1364
BAT 93 1 101 2468 86 1355
Mean 2793 1635
Mean of 59 breeding 1739
materials tested 2547 14.6
CV (%) 12.1 423
L.S.D. (0.05) 546

! Materials in boldface type performed well under both protected and unprotected conditions.

? International checks.

Table 16.  Sclected bush bean materials that performed well under both
protected and unprotected conditions in the 1980
Preliminary Trials (EP) at Popayan,

Identification  Seed Yield (kg/ha) Yield
color Protected Unprotected (%)

Carioca Creme mottled 2905 2673 8.0
G 6520 Creme 2763 2569 7.0
BAT 527 Black 2691 2627 24
BAT 1113 Brown 2310 2105 8.9
BAT 1129  Brown 2228 2025 9.1
Mean 2579 2400 7.1

shortening the plant growth cycle, especially the period
between flowering and physiological maturity. While
powdery mildew reduced yields up to 65%in some lines and
in most of the controls, some materials (Table 16) showed
an insignificant vield loss. They could be used as parental
sources if this disease becomes more important.

Climbing bean trials

The 14 climbing bean entries and three controls were
grown separately from the bush beans because of different
plant density, spacing and their artificial support system.
Results for all trials are shown in Table 17.
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Table 17.  Yields of climbing bean breeding materials in the 1980
Preliminary Trials (EP) at two locations, under protected

and unprotected conditions.

Identification Yield (kg/ ha)

Unprotected conditions Protected
conditions
At CIAT-Palmira At Popayan At Popayan
Breeding materials
vV 7936 1862 2366 2622
vV 7939 1640 2035 2723
vV 7923 1610 2308 2510
V 7944 1591 1963 2733
V 7945 1457 1979 2040
V 7955 1425 1441 2382
vV 7917 1415 2617 3123
vV 7920 1244 2999 3240
vV 7921 1210 1668 2617
vV 7913 1189 1339 1588
vV 7918 1148 2750 3206
V 7959 1073 2157 2738
V 7949 983 2345 2919
vV 799 769 1965 2370
Mean 1330 2138 2629
Control lines
G 2006 2245 1732 2518
G 2525 1664 1789 2144
G 2258 1581 2446 3135
Mean 1830 1989 2599
CV (%) 16 12 12
L.S.D. (0.05) 388 400 545

The average yield of the breeding lines was lower than
controls at CIA'l-Palmira, whereas at Popayan, the
breeding lines were slightly better than their controls under
both protected and unprotected conditions..

All breeding lines in the climber group had commercial
seed colors. Improvement of the climbing materials may be
slower than that of bush beans because only one to two
generations can be harvested per year, whereas in bush
beans three gencrations can be evaluated per year.

Adaptation of EP Lines

Bush beans were generally better adapted than climbing
beans in the 1980 EP. Good yielders at CIAT-Palmira
often performed well at Popayan or vice versa, but in
climbing beans, good yielders at CIAT-Palmira often
performed poorly at Popayan. This suggests that, like the
bush bean situation, more locations are needed for
conducting EP trials with climbing beans.
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IBYAN -International Bean Yield and
Adaptation Nursery

The 1979 International Bean Yield and Adaptation
Nursery (1BYAN) was the first since testing began in 1976
comprising lines selected through the sequential evalua-
tion system developed by the Bean Program: VEF-%: 2-
IBYAN.

Bush Beans

Selected materials were ‘ested in two trials, one for
black-seeded lines only and the other formed of lines with
allotherseed colors. A total of 157 trials were distributed to
33 countries. Distribution was as follows: 140 nursery sets
within Latin America, 13 in Africa, 1 in Asia and 3 sets in
other regions. As for the end of October 1980, data had
been received from 64 trials.

Black-seeded trials. Fifteen black-seeded lines were
selected from the 1979 EP to be compared in the IBYAN
with three international checks and three local checks at
each location.

Table 18 shows the results obtained in two seasons at
CIAT-Palmira and Popayan.

In both trials at CIAT-Palmira, the line BAT 271 was
outstanding and BAT 140 also performed consistently,

Results at Popayan seemed to indicate the existence of a
location x genotype interaction, since with the exception of
BAT 179, BAT 240, BAT 448 and BAT 518, the most
outstanding lines at each location were different, even in
the different seasons,

Conditions in both Popayan and CIAT-Palmira during
the 1979B semester were more favorable than in 1980A.
Under favorable conditions, the experimental lines showed
a net superiority over ICA-Pijao, one of the best-adapted
materials in the Cauca Valley.

Under moisture stress and heavy attack by diseases, as
ocurred in 1980A, differences between the best experimen-
tal lines and the local variety were slight.

Figure 3 shows the behavior of materials tested in
Popayan with and without disease control. Although yields
of lines were strongly reduced by diseases, principally
powdery mildew, reductions were proportionate in all
varieties so that the best and the worst lines remained the
same under both methods of management.



Table 18. Average yields of the five best black-seeded bush breeding materials tested in the 1979 International Bean . Yield and Adaptation Nursery (IBYAN) in each of two

semesters, at two locations.

Trials at C1AT-Palmira

Trials at Popayan

Semester 1979B Semester 1980A ' Semester 1979B Semester 1980A

Identification Yield'in a Identification Yield! in a Identification Yield! in a Identification Yield! in a

growth cycle growth cycle growth cycle growth cycle
(kg/ha) (kg/ha) (kg/ ha) (kg/ ha)

Breeding materials

BAT 271 4737-77%a (148)! BAT 271 273269 a  (142) BAT 261 3131-100 a (164) BAT 518 2454-94 a (118)

BAT 179 4050-73 abc (126) DOR 15 2056-67 bc (106) BAT 76 2912-102 ab (152) BAT 445 2415-99 ab  (116)

BAT ¢4 3911-74 bede (122) BAT 518 2025-70 bed (105) BAT 450 2894-100 ab (152) BAT 240 2282-98 abc (110)

BAT 140 3711-75 bede (116) BAT 140 2005-73 bed (104) BAT 448 2878-100 ab  (151) BAT 179 227495 abc  (109)

BAT 448 3659-74 bede (112) BAT 240 1993-72 bed (103) BAT 518 2722-99 abc (143) BAT 450 2260-96 abc  (109)

Best local check

ICA Pijao 3200-69 bcde (100) ICA Pijao 1928-67 bed (100) ICA Pijao 190993 e (100) ICA Pijao 2078-94 cdef (100)

Best international check

Jamapa 3174-71 cde (99) Porrillo 1928-67 bcd (99) Jamapa 2654-96 abcd (139) Jamapa 2183-94 abede (105)

Sintético

Best elite check

BAT 15 4071-71 ab (127) BAT 7 2279-70 ab (118) BAT 1§ 2634-100 abed (138) BAT 15 2394-98 ab  (115)

Mean 3526 1813 2385 2125

CV (%) 12.6 20.8 11.2 6.9

! Values with different letters are significantly different at the 5% level according to Duncan’s Multiple Range Test.
* Figures after the hyphen are days to physiological maturity.
' Values in parentheses are percentage yiclds compared to the local check.
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Figure 3. Yield performance of black-seeded materials in the 1979 International Bean Yield and Adaptation Nursery (IBYAN) with and without

protection against diseases, at Popayan, 1980A.

Results from some trials outside of Colombia
demonstrated the wide adaptation of some materials like
BAT 304, which performed well in Brazil, Chile, : 'osta
Rica, Cuba, the Dominican Republic, Fl Salvador and
Venezuela. Others were more specifically adapted, for
example BAT 240 in Venezuela. Line BAT 445 behaved
consistently in three locations of Brazil. BAT 304, BAT 58
and Jamapa all performed consistently in two locations in
Chile.

Other seed colors. T'wenty-five lines with seed of various
colors were selected from the 1979 EP and tested together
with a line from ICA, three international checks and three
local checks. Table 19 shows the results obtained in CIAT-
Palmira, and Popayan during two planting seasons.

With the exception of BAT 317, the best lines in the two
seasons at C1AT-Palmira were different. As was the case
with the black-seeded beans, results in Popayan showed an

environment x genotype interaction. Orly Carioca, BAT
561 and, to a lesser extent, BAT 614 behaved with any
consistency in both locations and seasons.

Using the international check Ex Rico 23 as a reference,
the superiority of the lines tested becomes evident,
particularly under low-stress,conditions like those prevai'-
ing in CIAT-Palmira. Figure 4 shows the behavior of
those lines differing significantly from the general average
at Popayan, with and without disease control. Although
the prevalent disease was only powdery mildew, still the
best varieties in the protected and unprotected trials were
the same ones. Only G 2618, however, maintained its
position under both conditions.

Lines BAT 85, BAT 41, BAT 332, BAT 336, BAT44and
G 2618, together with Ex <ico 23, suffered the least yield
reduction from powdery mildew.
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Table 19.
locations.

Average yields of the five best colored bush breeding materials tested in the 1979 International Bean Yield and Adaptation Nursery (IBYAN) in each of two semesters, at two

Trials at CiAT-Palmira

Trials at Popayan

Semester 1979B

Semester 1980A Semester 1979B Semester 1980A
Identification Yield! in a Identification Yield! in a dentification Yield! in a Identification Yield! in a
growth cycle growth cycle growth cycle growth cicle
(kg/ha) (kg/ha) (kg/ha) (kg/ha)

Breeding materials

BAT 85 4611-752a (192)* Carioca 2511-72 a (146) Carioca 2990-103 a  (121) G 2618 2803- 96 a (143)
(creme) (creme striped) (creme striped) (creme)

BAT 336 4150-72 ab (173) BAT 317 2506-67 a (146) BAT 561 2911-100 a  (118) BAT 613 2485- 93 ab  (126)
(creme) (brown mottled) (creme) (variable,

BAT 419 3964-74 bc  (166) A 21 2462-70 ab (144) BAT 93 2837- 98 ab (115) Carioca 2448- 99 abc (129)
(brown mottled) (red) (ycllow) (brown striped)

BAT 317 3920-71 bed (164) BAT 614 232264 abc  (136) A 25 2791-100 ab (113) BAT 561 2315-100 bed (119)
(brown) (variable) (brown mottled) (brown)

BAT 340 3802-75 bede (159) BAT 561 230069 abcd (134) EMP 28 2780- 99 ab (113) Aroana ° 2267- 95 bede (115)
(white) (creme) (creme) (brown)

Best local check

Diacol Calima 2395-69 g (160) Diacol Calima 1714-66 f (100) Diacol Calima 2468-93 abc (100) Diacol Calima 1964- 93 def (100)

Best intemational check

Brasil 2 361569 cdef (151) Ex Rico 23 2006-66 cdef (117) Ex Rico 23 1876-97 cd ( 76) Ex Rico 23 2108- 94 bedef (107)

Best elite check

BAT 21 3382-71 bede (141) BAT 21 2354-67 abc  (137) BAT 1188 2976-100 2 (121) BAT 21 2018- 93 cdef (103)

Mean 3323 2054 2286 2032

CV (%) 9.5 9.0 15.8 11.6

1
?
3

Values with different letters are significantly different at the 5% level according to Duncan’s Multiple Range Test.
Figures atter the hyphen are days to physiological maturity.
Values in parentheses are percentage yields compared to the local check.
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Figure 4,
protection against diseases, at Popayan, 1980A.

Results from [6 locations in 12 countries besides
Colombia showed the variety Carioca and the lines BAT
85, BAT 561, all creme-seeded, to be the most outstanding
in most sites.

Climbing Beans

International trials of climbing beans commenced in
August 1978. Climbing beans have historically received less
breeding attention than bush beans and are normally more
sensitive to photoperiod and more specifically adapted to
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Yield performance of colored materials in the 1979 International Bean Yield and Adaptation Nursery (IBYAN) with and without

temperature. Testing in the IBYAN represents the first
attempt to study and broaden adaptability in climbing
beans.

Trials are designed for planting in association or relay
with maize, or in monoculture, depending on local custom.
Three grain types — small blacks, small reds and other
colors — were tested. In the second IBYAN for climbing
beans,the third category was redefined as “large grains” of
the Andean and Mexican types, principally for adaptation
to cool highlands conditions.
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Table 20.  Preliminary results of international trials with climbing beans, through September 1980,

Grain type Trial location System ! Yield (kg/ha) Days to flowering
Test lines Contral Control
. et
Mecan Best variety Mean Best vanety
1978-79 IBYAN
Black Chillan, Chile A 878 1053 925 51 48 49
Black Chimaltenango, Guatemala R 330 845 1813 52 53 78
Black Chimaltenango, Guatemala R 581 1187 1928 52 52 70
Red Mairana, Bolivia A 658 1158 772 - - -
Red San lIsidro, Costa Rica M 2638 3417 3333 37 35 36
Red Buenos Aires, Costa Rica A 876 1350 748 - - -
Other colors La Platina, Chile A 728 1774 1574 39 43 36
Other colors Cajabamba, Peru A 988 1751 395 63 64 114
Other colors Carhuaz, Peru A 243 594 190 81 82 83
Other color* Santiago Nayarit, Mexico A 217 380 230 41 43 40
Mean 814 1351 1191 52 53 63
1979-80 IBYAN
Black Alajuela, Costa Rica M 2077 23313 1988 - - -
Black Palmira, Colombia A 566 860 686 41 42 41
Black La Habana, Cuba M 1805 2481 2022 4 39 49
Red Danli, Honduras M 961 1281 875 41 41 43
Red Alajuela, Costa Rica M 1545 1919 1418 - - -
Red Palmira, Colombia A 626 765 794 39 38 41
Red La Habana, Cuba M 2499 2756 2293 40 41 41
Red Cajabamba, Peru A 288 685 391 65 64 117
Red Coroico, Bolivia A 1541 2191 1350 52 41 145
Large grains Rio Negro, Colombia R 900 1327 903 72 73 67
Large grains Santa Catalina, Ecuador M 2714 4167 2469 n 64 72
Large grains Cajabamba, Peru A 758 1145 691 81 81 98
M 1357 1826 1323 55 52 71

! A= Association with maize; R= relay with maize; M= monoculture.



. In the 1978-79 IBYAN, all materials distributed were
from the germplasm bank; they consisted of nine black
lines (13 trials), nine reds (16 trials) and 24 lines of other
colors (13 trials). The first CIAT bredding lines entered the
1979-80 trials. Materials distributed included: two germ-
plasm and seven breeding lines of small blacks (21 trials);
seven and two lines, respectively, of small reds (40 trials);
and, seven and two lines of large-seeded materials (8 trials).
Preliminary results of the two sets of tests are shown in
Table 20.

In the 1978-79 series, the average gain in yield from the
best variety over the local control was slight (13%).
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Tre principal improvement over local controls was in
earliness —reflected by days to flowering— especially in
the highlands of Peru and Guatemala.

In the 1979-80 trials, yield improvement of the best
variety over the local control averaged 38% and was again
combined with earliness, particularly for the highland
areas. Some of the first breeding lines in these trials were
promising.



The Bean Program concentrates its resources prirnarily
on genetic improvement. Specific studies are needed to
support this principal activity. Studies reported this year
include: one comparing grain production efficiencies of
Phaseolus vulgaris and eight other legumes; preliminary
results in defining yield models of the four growth habits of
P. vulgaris; calculation of phenology models of P. vulgaris;
and bean performance under stress and non-stress con-
ditions.'

Comparisons of Grain Legume Species

Grain legumes are morphologically similar in that the
basic building block of the plant is a nodal unit with leaf
and pod attached. A comparative experiment was
conducted at CIAT-Palmira to evaluate the yield efficien-
cies of P. vulgaris and eight other legume species. A similar
experiment with five legumes was reported two years ago
(CIAT, Ann. Rept., 1978).

The best-adapted genotypes for most of the species were
selected from previous yield trials. The trials included
materials available from international and mational
programs. The climatic conditions at CIAT-Palmira are
considered sufficiently moderate (mean temperature
23.8°C) that no species was at a disadvantage. Phaseolus
coccineus was not included as it is relatively unadapted at
local temperatures.

Mean species grain yield ranged from 2.2 to 4.5 t/ha
(Table ). Leaf area duration (LAD), days to maturity and
total biomass were all highly and positively correlated with
yield.

Common beans were intermediate in yield and unlike
some other species (c.g., Vigna spp.) were highly syn-
chronized with pod maturity. Harvest index and

' Ross, P.J. 1971. A computer program for fitting non-linear regression models to
data by least squares. Australis. Commonwealth Scientific and Industrial
Rescarch Organization (CSIRO). Divn Soils Tech. Paper no. 6. Tyldesley, J.B.
1978. A method of evaluating the effect of temperature on an organism when the
response is non-Unear. Agric. Mcteorol. 19:137-153.

Studies of Yield-Limiting Factors

yield/ LAD were comparable with soybeans and higher
than those of other species. The difference in crop growth
rate (CGR) between soybeans and common beans was
consistent with the difference in maximum leaf area index
(LAI). A detailed comparison of growth parameter trends
with time for one cultivar each of common beans (Porrillo
Sintetico) and soybeans (ICA-Tunia) indicated that
growth patterns for the two species are similar (Fig. 1).
However, common beans mature much earlier and thus
have lower LAl and CGR values. Peak grain growth rate
(GGR) is much higher in beans and the grain growth phase
is proportionally much shorter.

While soybeans commenced flowering at the same time
as beans, the post-flowering phase was much longer. The
soybean cultivar had a longer flowering period due to the
extra nodes on the main stem which must go through the
flowering process.

The grain filling process in soybeans proceeds at a lower
maximum rate and is spread over a longer period than
common bean (Fig. 1). The rate of decline in LAl during
senescence is slower in soybeans.

Common beans apparently adjust potential sink size
(pod number) to the available source (leaf area) and then
proceed to fill the sink (grain growth rate) as quickly as
possible.

Soybeans continue their high GGR during the period of
senescence. This suggests that the common bean is more
efficient than the soybean in its use of assimilates produced
by photosynthesis.

Seed yield versus LAD for each of the 16 genotypes
tested is plotted in Figure 2. Arachis hypogea (peanuts) is
the only species in the list with a different morphology. The
data are remarkable in that one variable (LAD) can be used
to explain a large proportion of the yield variation of 15
genotypes from four genera and eight species. Since all of
the species are constructed with similar building blocks, it
can be concluded that yield among grain legumes is simply
related to the number of nodal units present, which is, in
turn, chiefly a function of time.
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Table 1. Grain yield and values of selected yield components for nine legume species.

Species and Yield (14 %) Yield/day Number of Maximum Crop Growth Leaf Area Yield/ LAD? Total Harvest
(number of days to Leaf Area  Rate at max. Duration, biomass index
genotypes) la:;rt;l':tt flowering  maturity e LAT A LAD!

(kg/ha) (% (kg/ha/day) (g/m ?/day) (g/m?/day) (kg/ha) (%)
Cajanus cajan (1) 4479 68 26 67 174 52 10.1 298 IS 9400 41
Glycine max (2) 3899 100 38 34 102 4.2 14.9 195 20 5440 62
Phaseolus lunatus (2) 3682 68 26 35 139 3.6 8.5 179 2.1 5990 53
Vigna unguiculaia (2) 3292 82 30 43 109 4.0 8.7 147 2.2 6145 46
Arachis hypogea (1) 3080 100 27 28 114 6.0 13.8 323 1.0 5570 48
Phaseolus vulgaris (3) 2637 100 34 35 78 2.8 10.0 103 24 3733 61
Vigna radiata (2) 2533 83 26 38 99 3.0 10.8 9 2.6 4295 51
Vigna angularis (1) 2748 100 31 35 88 4.0 14.3 158 1.7 3930 60
Phaseolus acutifolius (2) 2170 100 29 39 76 3.6 12.4 105 2.1 3125 60
L.S.D. (0.05) 277 - 3 49 23.7 29 6.9 25 1.0 1428 38
C.V. (%) 9.4 94 9.9 1.4 3.1 14.3 11.9 16.0 24 16.7 5.8
r value (versus yield) - - - 0.56 0.86 0.50 0.16 0.93: — 0.91 —

! Integrated arca under LAl curve (emergence to physiological maturity)
2 Dry seed yicld/total biomass minus leaves at petioles, at maturity;
} Without A. hypogea.
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Figure 2.  Seed yield (14% moisture) versus Leaf Area Duration

integrated from emergence to physiological maturity, for 16
genotypes of eight legume species. (r=0.997, without A.
hypoges; r=0.93, with A. hypogea).

Growth Habit Yield Models

The relationship between morphological and
physiological factors and grain production was studied in
preliminary experiments. Forty lines varying in the length
of their preflowering vegetative growth phase and seed-
filling time, and seed size were selected for each of the four
growth habits of P. vulgaris. The selection was done to
obtain the variation that exists in the germplasm within
each habit.

Table 2 shows the means and ranges of selected yield
components and yield for each growth habit. Similar data
have been reported in earlier annual reports; however, this
study concentrates on the variation obtainec within each
growth habit and the basic data on which the eventual
models are to be built. Leaf area index (LAl), crop growth
rate (CGR), days to flower and number of nodes were
chosen as the basic components of the model. All of these
components except CGR increase from growth habit 1 to
IV. The other components do not vary so much or show
trends for the mean values. The ranges of each component
do vary depending upon the growth habit.

Yield models were designed for each growth habit. The
general form of the models is illustrated in Figure 3.
Details within habits are discussed separately since the
yield models differ depending upon the growth habit.
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Table 2.

Means and ranges of selected morphological components of 40 lines from each growth habit of Phaseolus vulgaris.

Growth habits

I 1l 1t v
Mcan Range Mean Range Mean Range Mean Range
Yield (kg/ha) 1066 (164-1436) 1376 (795-2058) 1377 (406-2056) 1366 (507-2053)
Number of seeds/m? 423 (97-1002) 789  (147-1442) 761  (354-1187) 668 (132-1102)
Weight/sced (g) 0.25  (0.12:0.45) 018 (0.140.31) 0.18 (0.220.33) 024  (0.14-0.47)
Number of pods/m? 136 (39-240) 190 (72-313) 173 (107-270) 153 (62-267)
Seer 4 3 24) 4 (2-6) 4 (3-6) 4 (2-6)
Nv .o of nodes/m? 356 (224-565) 425 (263-586) 476  (318-719) 583 (417-832)
Pods/node 04 0.1-0.8) 0.5 0.20.7) 0.4 (0.2-0.6) 0.3 (0.1-0.5)
Days to flower 28 (24-44) 32 (27-38) 33 (24-39) 32 (24-38)
Seed filling time* 40 (3049) 39 (32-50) 4] (28-53) 52 (44-58)
Leaf area index (LA 2.7 (1.74.2) 29 (1.34.8) 33 (1.9-5.4) 35 (2.2-6.0)
Crop growth rate (CGR)? 103 (5.0-20.6) 108 (5.2-22.9) 98  (6.1-17.4) 10.6 (5.5-24.7)
Node growth rate (NGR) 53 (2.98.3) 6.0 (3.7-8.5) 64 4.19.3) 7.0 (5.59.4)
Grain growth rate (CGR)? 4.8  (0.7-10.8) 5.6 (2.4-11.6) 57 (2.3-10.5) 5.7 (2.1-10.1)
Days trom (lowering to physiological maturity.
* g/m?/day
Leaf Area Index
Grain Growth Rate
. » Number of Seeds
Seed Weight == X
Seed Filling Time
X
P—————
Number of L eaf A _}
Seeds/ Pod | Leal Area
Yield= ( Duration |
I
—_——J
X
Pods/Node
Number of Pods | == X Days to Flower
Number of Nodes = X
X
Node Growth Rate| = | Crop Growth Rate
Plants/ m?
Figure 3. Preliminary general yield model of selected growth parameters for the four Phaseolus vulgaris growth habits.

Growth habit 1 only T3
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Growth habit 1. Number of total seeds, number of pods,
number of seeds per pod, number of pods per node, CGR
and grain growth rate (GGR) are all correlated with yield
{Table 3). Days to flower is negatively correlated to yield.

Table 3. Correlation coctficients of grain yield with various yield

components, for four growth habits of Phaseolus vulgaris.

Morphological Growth habit

Component i I ! v
Number of seeds; m- 0.51**  0.91*** (0.54*** (.B4***
Weight/seed 0.26 -0.44**  0.16 0.46*
Number of pods 0.56%** 0.74*** 0.51** 0.65%**
Seeds/ pod 0.41**  0.66%** 0.51**  0.63%*
Number of nodes -0.15 0.41* 0.18 -0.13
Pods; node 0.49%**  0.60**  0.60*** 0.66***
Plants; m? 0.05 0.21 0.20 0.46*
Days to flower -0.55*** Q.10 0.0l 0.24
Seed filling time -0.06 -0.17 -0.28 -0.26
Leaf area index (LAI) 0.08 0.42% 0.33** 0.07
Crop growth rate (CGR)  0.47** 0.50** -0.01 0.24
Node growth rate (NGR)  0.23 0.43**  -0,07 -0.10
Grain growth rate (GGR)  0.37* 0.64*** 0.19 0.58%**

The length of the preflowering vegetative phase does not
have an effect on the number of nodes formed but is
correlated (.47**) to the leaf area duration (LAD). LAD is
negatively correlated (-.50**) to the number of pods per
node which does have a strong relationship with the final
yield. Seed size is negatively correlated (-.57**) to the
number of seeds per pod. Since number of seeds per pod is
highly correlated to yield, selection for a large seed size in
this growth habit can also be a selection for lower yields.
According to the early model for this growth habit,
selection for a plant with many nodes, a long preflowering
vegetative phase and an increased number of seeds per pod
should result in selection for higher yields. The large
number of nodes is essential to provide sites for pod and
leaf formation.

Growth habit II. All yield components exc~ot seed size,
days to flowering and the length of seed-filling period are
correlated to yield (Table 3). Seed size, as in growth habit
1, is negatively correlated to yield and to the number of
seeds per pod (-.u5***). Therefore, a selection for large seed
size can result in fewer seeds per pod and can also be a
selection for lower yield. This is the only growth habit
showing a correlation between maximum LAI and yield.
This isdue to the direct relationship of LAl with GGR and
the number of seeds per pod. The correlation (.61***)
between plants/m? and the number of nodes suggests that
plant density for this growth habit can affect final yield.
The growth habit 11 model implies that both the LAI and
the number of nodes are the major limiting factors towards
increased grain production.

Growth habit 111 The yicld components correlated with
yield are the number of total seeds, number of pods,
number of seeds per pod and the maximum LAI(Table 3).
The model for this growth habit tends to be less obvious in
the selection of yield components for increasing grain
production. Although LAl is correlated with yield, it does
not have a direct relationship with any yield components
used in this model.

The model does, however, suggest that selection for
more nodes or large seed size can also be a selection for low
yield. The lack of relationship between GGR and final
grain yield and negative correlation (-40**) with pods per
node suggest that leaf area is limiting to support pod
formation and pod filling.

Growth habit IV. This growth habit differs from the
others in that seed size and number of seeds per pod are
correlated to yield (Table 3). Even though seed size and
number of seeds per pod are negatively correlated (-.57**)
to each other, selection for both large seed size and more
seeds per pod should result in higher yields. A negative
correlation (-.57*) existed between GGR and the length of
the seed-filling period. Since GGR is cor-=lated to yield,
this suggests that shortening the period from flowering to
physiological maturity could be benefic.al.

General observations. In all growth habits except 1V,
selection for large seed size without enough seeds per pod
can result in a selection for lower yields. Since these models
are in the early stages of development,it is not known
whether the limits of seed size will have detrimental effects
on the number of seeds per pod.

The number of pods per node or the number of total
pods for all growth habits except type 1 were correlated
with yield. There was no direct relationship between these
two parameters with LAl and LAD, implying that there is
sufficient leaf area to support the growth of pods.

In growth habit 1, LAD needs to be increased either by
increasing the maximum LAl or the time to physiological
maturity. However, for growth habit 11, a relationship
(.56***) existed between LAl and GGR, suggesting that
leaf area is limiting in the filling of these pods.

It should be noted that changing one of these com-
ponents will, of course, increase or decrease that com-
ponent’s or other components’ effects on grain production.
The limits at which a component can be changed before it
will cause other factors to become yield limiting are
unknown.
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Prediction of Bean Flowering Date

In order to evaluate the suitability of a new line or
cultivar for a particular region, its expected phenology
must be known. Since the phenologic response depends
upon temperature and photoperiod, it is essential to have a
model that predicts the effects of these variables,

Such a mathematical model was developed by the
Physiology Section of the Bean Program. The derivation
and form of the model are not presented in this report, but
results from testing the model will be described.

Data for testing the model were those available from
growing a common set of 20 cultivars in the 1976
International Bean Yield and Adaptation Nursery
(IBYAN) at 39 international locations. The flowering
similarity of the 20 cultivars had been evaluated previously
by comparing their performance at 27 world locations with

independent tests of their photoperiod sensitivity at CIAT-
Palmira (CIAT Ann. Rept., 1978). In constructing the
current model, the estimated critical daylength was
increased to 13 hours 30 minutes (materials had been tested
at CIAT-Palmira under a normal daylength of 12 hours 20
minutes and an extended daylength of 18 hours). After the
earlier evaluations, materials were placed in cluster groups
according to their phenologic behavior at world locations,

By applying the model to these previous groupings,
reasons for their behavior became evident (Table 4). In the
table, the photoperiod response class and cluster groupings
in the columns at the right are those determined from the
earlier analyses. The coefficient of photoperiodicity was
calculated from the model. It is at or near 0 when there is
little or no flowering delay as daylength increases above the
critical point (i.e., the photoperiod response is essentially

Table 4. Parameter cstimates for flowering models compared to cluster analysis based on flowering phenology at the 1976 International Bean Yield
and Adaptation Nursery (IBY AN) locations.
Minimum Cocfficient of Base Root Photoperiod  Cluster Bean Dendrogram bascd
days to photoperiodicity temperatures mean response group material on obse.ved phenology
flowering (°C) square class ! no.
error
Bo B, B, B; By (days)
Normal temperature response
34 .008 11.0 23.7 275 3.8 3N 1 G4495 (P566)
37 .027 1.7 20.7 287 4.2 3N G3834 (Psw);'—
36 011 I 222 283 4.4 3N G4451 (P757)
38 .030 10.6 20.8 220 38 3N G4454 (P458)
38 0 1.1 206 29.0 38 IN 2 G3645 (P459)
38 0 11.8 204 304 39 IN G4525 (P675) |
38 0 1.5 20.1 29.3 42 IN G1820 (P302)
39 .014 1.0 20.6 29.0 38 2N 3 G4122 (P512)
40 0 11.0 20.5 29.6 4.2 2N G4421 (P524)
Mixed temperature response
34 0 8.5 260 26.1 4.3 IN 4 G4459 (P643)
40 027 10.2 20.7 28.6 43 2N 5 G3776 (P539)
36 .001 11.9 203 27.5 5.3 2N 6 G3353 (P498)—y
37 019 11,6 20.0 28.0 4.6 2N G4446 (P758)—t
38 127 5.1 17.7 280 59 4A 7 G4523 (P637)
37 028 10.2 21.0 298 3.6 3N 8 G3807 (P402) e J
Broad temperature response
37 0 144 162 340 35 IN 9 G4445 (P756)
35 0 148 163 340 kN | 2N G4498 (P392)~—d
35 .073 1.9 160 31.8 28 4A 10 G4494 (P692)— '
35 .056 127 160 340 29 4A G4460 (P755)—J
33 0 143 17.0 333 4.0 IN 11 G0076 (P759)

! Photoperiod classes: 12<4 days flowering delay in 18 hours (h) compared to 12 h 20 min; 2=4-10 days; 3= 11-20 days; 4=2

-3 days; 5>30 days; N=normal

flowering (in 18 h) when flowering commences; A= abnormal flowering with abscission.
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neutral); this value approaches 1 as a material becomes
more sensitive to photoperiod. The base temperatures,
beta-2, beta-3, and beta-4, are also parameters of the
model. They are those temperatures that, respectively,
indicate the point where a cultivar shows an initial response
to temperature, where temperature response reaches a
plat-au, and where the higher temperature causes a
decrease in cultivar performance. From the original cluster
patterns, it is possible to see that groups |, 2 and 3 formed a
discernable pattern; after that, however, response types
became numerous and varied. The new model indicates
that a variety of temperature response were the causes.

The first three groups comprise a temperature response
type here called “normal”. At the bottom end of the cluster

Plant Development under Leafhopper Stress

groups are several with varied photoperiod responses, buta
readily identifiable temperature response type, called the
“broad” response, is due to the wide temperature plateau.
Between these extremes is a group of cultivars with
“mixed" responses. Given the possible sources of error in
reporting phenology data from a large international
network, the root mean square (RMS)errors of about four
days confirm that the data and the model rather accurately
describe the interactions of temperature and photoperiod
in bear cultivar performance. The results are important in
that they open the way to possibly estimating the model
parameters from simple (and presently routine) screenings
at CIAT stations. This would enable predicting the
phenology of both existing cultivars and new lines for the
full target area, and thus aid in determinig their suitability
for any location.

Table 5. Yield and selected growth parameters for lines varying in their tolerance to Empoasca kraemeri, under protected and unprotected
conditions.
Parameter Protected Unprotected L.S.D.(0.01)
Tolerant!  Intermediate! Susceptible’ Tolerant Intermediate  Susceptible
Yield (kg/ha) 2000 1610 1948 1067*2 846 816 16
Yield/day (g/m?/day) 28 23 3.0 1.5+ 1.2 1.2 2
Number of pods/m? 299 254 335 267 248 261 38
Number of nodes/m? 581 422 453 595+ 492 482 70
Leaf area index (LAI) 49 5.0 4.2 3.5* 4.1 2.6 0.7
Leaf area duration (LAD) 173 154 137 119+ 126 79 12
Yield/ LAD 1.1 1.0 1.5 0.9 0.7 1.0 0.1
Crop growth rate (CGR) 16.7 13.0 15.6 12.1* 12.4 8.8 29
Grain growth rate (CGR) 6.9 59 7.3 4.1 2.8 3.5 1.3
Stem lenght (cm) 106 66 67 64* 53 49 10
Biomass (kg/ ha) 3671 2661 3316 2261 1916 1615 52
Harvest index (%) 44 46 44 42 43 42 7
Number of Empoasca nymphs 0 0 0 117 155 132 N.S.}
Number of Empoasca adults 0 0 0 679* 559 591 60

! Tolerant lines: EMP 9, G0124; Intermediate line; ICA-Tui; Susceptible lines: BAT 41, Bunsi.

! Values with asterisks showed no significant difference (P =0.01) between tolerant and susceptible lines under unprotected conditions,

An experiment was conducted to study the effects of the
leathopper (Empoasca kraemeri) on bean yield com-
ponents and final grain yield. Two tolerant lines (EMP 9
and G 0124), two susceptible lines (BAT 41 and Bunsi)and
an intermediate line (ICA-Tui) were grown in protected
and unprotected plots at CIAT-Palmira.

Yield and most of the major yield components decreased
significantly from protected to unprotected treatments,
regardless of whether lines were tolerant or susceptible
(Table 5). Significant yield reductions of 47% for tolerant

' N.S=non signilicant.

lines and 59% for the susceptible lines were recorded. Yield
differences were due to decreases in the number of nodes,
leaf area index (LAIl) and leaf area duration (LAD). Only
in the later plant growth stages did leafhopper nymphs and
adults show different preferences between tolerant and
susceptible lines.

Figure 4 compares curves for the different g:owth
parameters and insect populations; all insect population
curves represent total counts per plant. The nymphal
population curve for the tolerant lines remained high
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because the vegetative material (measured by LAl and total
biomass) decreased less during this period, compared to the
susceptible lines. The nymphal population on tolerant lines
began to drop when plants reached physiological maturity;

LAl and total biomass then decreased rapidly from insec
feeding. Adult populations increased rather steadily it
both tolerant and susceptible lines. Only after th
susceptible lines were severely damaged did insects migrate
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Figure 4. Growth parameters of main stems and branches of Phaseolus vulgaris lines tolerant and susceptible to Empoasca kraemeri. (Curves
derived from 1rigonometric curve fitting procedures) CGR= Crop Growth Rate: GG R =Grain Growth Rate.

a) Stems; b) Branches.
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to the green growth of the tolerant lines, shown by the
significant increase in the number of adults near the end of
the season.

The sudden decrease in total biomass production and
crop growth rate (CGR) for the susceptible lines coincided
with peak nymphal populations. Stem LAl but not branch
L A1, decreased significantly between tolerant and suscepti-
ble lines. Due to this lack of leaf area, grain growth rate
(GGR) also decreased on stems, but not on branches.

Plant Development under Low-Input Stress

Yield parameters in beans were also studied under high
and low levels of inputs. High inputs included complete

contro! of insects and diseases and applications of fertilizer
at planting; low inputs involved only applying a small
amount of fertilizer at planting (Table 6).

Yield differences on both stems and branches were
significant between the two treatments. An interesting
point was that seeds were larger, but not significantly so,
for low-input treatments. This probably was duz to the
significant decrease in seeds per pod. These two parameters
were shown to be negatively correlated in the earlier
discussion on yield modeling,

The data in this experiment suggest that a major cause
for decreased yield under low inputs is the number of seeds
per pod and that most of the yield loss may be traced to low
yield on branches.

Table 6. Relationships of selected yield components to bean yield for Phaseolus vuligaris lines receiving two levels of inputs.

Yield Input level! L.S.D. r Value (versus yield) C.V.

component
High Low High inputs Low inputs (%)

Yield (g/m2)

stem 1002 65 17 464 460 21.2

branch 84+ 54 19 .20 J7es 28.2

total 184+ 119 35 - - 14.1
Pod number/m?

stem 125 100 70 ) R 4] 19.5

branch 106 89 76 .01 34ee 244

total 231 189 108 .23 46 16.1
Seeds/ pod

stem 4.7¢ 2.1 1.6 40 A7 11.9

branch 42 2.1 2.2 490 27 17.2

total 4,5% 2.1 1.5 518 .26% 114
Weight (8)/100 seeds

stem 19 31 22 -19 -.05 27.0

branch 19 28 18 =21 -04 239

total 19 30 19 -.20 -.03 240
Biomass (g/ m?)

stem 210* 127 42 3l .36* 159

branch 137+ 86 44 .04 .20 21.3

total 347+ 214 63 .25¢ .36* 15.8
Harvest index (%)

stem 51 57 12 .28* 38w 149

branch 62 68 13 21 J3gee 13.5

total 55 61 11 .28+ 4] 12.6
Yield/day (g/m?)

stem 1.5 L1 9 44 46%%* 14.3

branch 1.1 1.0 9 .19 37 18.7

total 2.5+ 1.5 9 9B e 9guse 14.7
Days to flower 37 37 4 -.04 .06 7.3
Days to maturity 75* 81 5 -01 -.02 4.2

' High inputs consist of regular spraying for insects and diseases as well as fertilizer at planting. Low inputs consist only of an application of a low amount of

fertilizer at planting.

2 High-input values with asterisks were significantly different from the comparable low-input values.
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Evaluation and Imp-  vement of Agronomic Practices

Nitrogen Fixation by Rhizobium phaseoli

Strain testing. Testing of Rhizobium phaseoli strains Table 2. Nodule number/plant for locations in the 1978-79 IBI1
continued 1n 1980 with both glasshouse and field trial,
evaluations of several new isolates.
Location Nodules/plant Range among
Final results were obtained during 1980 for the first inoculated
International Bean Inoculation Trial (1BIT) involving 10 -N *N treatments
superior R. phaseoli strains tested in seven countries Chapingo, Mexico 1| 1025 1027 68.0 - 223.7
(CIAT Bean Prog. 1979 Ann. Rept.). Chapingo, Mexico 2 147.2  154.7 64.5 - 173.7
Chiclayo, Peru 15.4 7.1 122 - 324
Bean yield increases following inoculation were obtained Cochabamba, Bolivia 26.7 26.2 31.0 - 205.2
in five of the trials with strains CIAT 632 and 640 in Jalisco, Mexico 45.9 32.4 36.1 - 60.9
particular, showing consistency in N, fixation (Table 1). In La Selva, Colombia N.T. N.T. NT- NT
the first trial at Piracicaba, Brazil, strain 640 outyielded the Maui, U.S.A. 0.1 0 0.1 - 262
+N control to which the equivalent of 100 kg urea/ha was Piracicaba, Brasil | 13.9 3.6 24.6 - 50.7
applied. Piracicaba, Brasil 2 50.0 422 50.5 - 88.1
San Andres, El Salvador | 36.1 0.8 28.8 - 54.3
Uninoculated control plants were well-nodulated at San Andres, El Salvador 2 228 0 33.3 - 403
Central American sites (Table 2), suggesting that competi- Santander, Colombia NT. N.T. NT- NT.

tion between native soil rhizobia and inoculant strains

could have been a major problem there. ' N.T.«data not taken.

Table 1.  Yield data (g/plant) by location for the 1978-79 IBIT series.
Location of trial' Yield Yield Yield range in Best strains Yield increase
-N +N inoculated treatments with best strain
(%)
Chapingo, Mexico 1 11.0 9.5 7.7 - L1 640 0 ns
Chapingo, Mexico 2 6.7 54 50 - 72 632 74 ns.
Chiclayo, Peru 48.5 388 301 - 515 255 6.3 n.s.
Cochabamba, Bolivia 8.6 7.6 68 - 9.1 893, 904 5.5 n.s.
Jalisco, Mexico 15.7 14.9 129 - 168 632, 640 7.3 n.s.
La Selva, Colombia 11.5 19.3 13.18 - 1795 632, 640 563 *
Maui, US.A. 7.2 6.3 73 - 116 57, 893 61.1 *
Piracicaba, Brasil | 30.2 374 27.2 - 48 632, 640, 903 483 *
Piracicaba, Brasil 2 1.3 3.6 10 - 19 903 46.1 *
San Andres, El Salvador 8.58 791 68 - 9.1 57 5.5 n.s.
San Andres, El Salvador 5.11 527 48 - 17 632, 640, 905 399 *
Santander, Colombia 53 55 48 - 6.1 632, 640 15.5 n.s.

‘The experiments at Chapingo, Mexico, were damaged by hail.
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Nevertheless, significant yield increases following
inoculation were achieved in one of two trials at
Ahuachapan, El Salvador. The high background nodula-
tion in the Mexican and El Salvador trials emphasizes the
need for more detailed studies on competition (see later
section on Competition tor nodule sites).

In the only location where nodules were typed
(Piracicaba), the inoculant strains produced 60-100% of
the nodules with strains 632 and 903 proving extremely
competitive; strains 45 and 904 induced a lower perceniage
of the nodules on inoculated plants.

A second IBIT including additional new strains of R.
phaseoli was distributed this year. Fourteen collaborators
i 10 countries will be participating in this second test.

Acid soil tolerance. The ability of some isolates of R.
Pphaseoli to grow on synthetic media (witha pH of 4.6 and
in the presence of excess Al and Mn) was reported (CIAT
Bean Prog. 1979 Ann. Rept.). Further studies to evaluate
the relevance of these findings to field conditions were
undertaken this year. Figure 1 shows the survival of CIAT
strains 640 (sensitive to low pH in media) and 899 (able to
grow on modified Keyser's medium, at pH 4.6) when
inoculated into the unlimed soil at CIAT-Quilichao (pH
4.15) or into the same soil limed to either pH 4.5,4.9 or 5.8.
The greater ability of the acid-tolerant strain to survive
under unfavorable soil conditions is evident; populations
of CIAT 640 in the pH 4.5 soil declined to fewer than 102
cells/ g of soil only five days after soil inoculation. Studies
to examine the nodulating ability of strain 899 in acid soil,
and how this could be affected by the bean cultivar, are
underway.

Log No. of rhizobia. g suil
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Temperature tolerance. Studies begun last year at
CIAT-Quilichao showed the inability of some strains,
especially CIAT 57, to function under high soil
temperature conditions. With new growth room facilities
now available at CIAT, experiments were initiated to
evaluate the performance of currently important strains.
Results from one trial showed most strains to be relatively
weak in N; fixation at the 34°/28° day/ night temperatures
used. Some host specificity was also evident. Further
studies are underway with the more effective strains CIAT
632, 166, 125, and 126.

Competition for nodule sites. Given the high popu-
lations of soil rhizot.4 found in the Mexican and Central
American sites used for the first IBIT test, studies were
initiated to evaluate the competitive ability of the
commonly used CIAT strains of R. phaseoli. Antibiotic-
resistant mutants, which can be recovered from nodules
and easily identified, were prepared from all strains used in
the 1979 and 1980 IBIT trials. Extensive testing of these
strains has been necessary as many of the mutants showed
modified symbiotic properties, evident from data in Table
3. Initial studies with selected mutants confirmed the poor
competitive ability of strain CIAT 904. Studies to select
highly competitive strains of R. phaseoli are continuing.

Table 3. Some parameters of nodulation and nitrogen fixation for
parental and mutant strains of Rhizobium phascoli.
Strain Symbiotic trait

Days to Nodule Plant

first nodule  fresh weight dry weight!
(8/plant) (8)
640 - Parental 6 1.38 3.55
- Mutant-b 8 0.79 234
- Mutant-¢ 6 1.13 3.63*
125 - Parental 6 1.07 4.25
- Mutant-b 6 1.61 4.35%
- Mutant-f 6 1.23 3.92
899 - Parental 6 1.39 3.29
- Mutant-a 8 0.58 1.82
- Mutant-i 6 1.66 3.86*
632 - Parental 6 0.62 3.46
- Mutant-a 11 0.49 1.16
- Mutant-b 14 0.26 1.08

! Strains with asterisks were chosen for studies of competition on nodule sites.

Nitrogen fixation in low-soil-P-tolerant bean cultivars.
Concern that low-soil-P-tolerant cultivars (CIAT Bean
Prog. 1979 Ann. Rept.) might achieve P use efficiency at
the expense of nodule P, and thereby limit N, fixation,
prompted studies of N, fixation in the cultivars lguacu
(low P tolerant) and Puebla 152 (sensitive). Initial
results indicated the sensitive cultivar did apportion a
greater fraction of total plant P to nodules. However, the
cultivars differed little in N, fixation at low soil P. Up to
the 35-day harvest, the two cultivars also showed little
difference in their ability to absorb P from the soil.

Nitrogen fixation at Popayan and CIAT-Quilichso.
Witha mm:ch zreater proportion of the N2 fixation work in
beans being (one at the warmer CIAT-Quilichao station,
experiments were conducted to determine if the assay
methods used at Popayan were appropriate for this other
site. Two bean lines, BAT 76 and BAT 332, previously
shown to be active in N> fixation \ “en inoculated with
appropriate strains, were grown in both locations and some
parameters of N fixation were measured weekly. At
flowering in each location, N, fixation was followed overa
24-hour period to determine optimum times for measuring
activity. As was evident in earlier temperature studies,
nodules developed more slowly at Popayan, although
greater nodule fresh weight/plant was eventually obtained
there. Differences in N, fixation were not so marked
although peak activity was observed 35 days after planting
at CIAT-Quilichao and 40-50 days after planting in
Popayan.

In the diurnal study, maximum N, fixation/unit fresh
weight of nodules (SNA) was obtained at the 10 a.m,
sampling in both locations; SNA declined steadily
thereafter. At CIAT-Quilichao, SNA was paralleled by a
steady decline in the soluble carbohydrate content of
nodules, but at Popayan, this was not observed.

Biology and Control of Insect Pests

Cultural control of Empoasca kraemeri. Last year it was
reported that when beans were associated with sugarcane,
Empoasca kraemeri and other bean pests occurred in lower
numbers than in beans grown a'one. The association had
no effect on insect populations of the sugarcane or on
biological control programs maintained in this ore)
Although beans initially affected sugarcane development,
final sugar yields were only affected when beans were
planted 45 days after the sugarcane.

This trial was repeated in 1980 with minor modifications.
Again, bean insect pests were fewer in associated beans and
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no effect on sugarcane insects and control programs was
detected. Bean yiclds were satisfactory and highest in
association when both crops were planted at the same time
(Table 4). From these experiments, it is concluded that the
sugarcane-bean association is both agronomically and
entomologically feasible.

Yields of bean variety Diacol Calima in monoculture and in
association with sugarcane, as influenced by different
planting dates. !

Table 4.

Relative planting Yield
date of beans

Cropping system

(days after sugarcane) (kg/ha)
Beans 15 1543 a ?
Beans 0 1433 ab
Beans and sugarcane 0 1332 be
Beans and sugarcane 15 1218 ¢
Beans 30 865 d
Beans and sugarcane 30 577 e

! Values are means of four replications (C.V.a 8.9%).
? Mecans followed by the same letter are not significantly different at the 5% level of
confidence (Duncan).

Chrysomelids. Final studies on populations of
Cerotoma facialis indicated that four adults per plant is a
critical level during early bean growth stages (8-15 days)
and, to a lesser extent, during the flowering period. When
an attack lasts for two weeks, Cerotoma is more damaging
than Diabrotica balteata. Bath species consume flowers
and pods but when attacks occur between 36 and 50 days
after planting, damage does not affect final bean yields.

Larvae of Cerotoma and Diabrotica caused significant
damage to plants less than 14 days old (Fig. 2). Sezond-
and third-instar larvae affected plant germination and
reduced leaf area, especially during the initial growth
period (0-7 days after planting). These results confirr
previous reports and are conclusive.

Validation of storage technology. One of the principal
problems in bean production is the price collapse at
harvest. Low-cost on-farm storage might help farmers
overcome this problem. Bruchids are responsible for most
storage losses but it has been shown they can be easily
controlled by using a low dosage of vegetable cooking oil
applied to the seed before storage (CIAT Bean Prog. 1979
Ann. Rept.).

To introduce this technology, a series of seven on-farm

demonstration trials was established in the Huila region of
Colombia. After four months of storage no damage has
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Figure 2. Damage caused by first, second and third instar larvae of

Diabrotica balteata and Cerotoma facialis ar different
growth stages of the bean plant.

been observed and farmers are satisfied. The system may
allow them to sell their product at a better price and/or
utilize some of the seed for planting next season,

Oil-treated beans have been seen in popular markets in
the Cauca Valley. To test their acceptance, 200 kilograms
of soil-treated Diacol Calima variety were offered for sale
in the same area. All were sold easily at normal prices.



Plant Density versus Disease Incidence
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Figure 3.  Effects of three plant densities upon disease development in beans. (Experiment { was inoculated with local isolates of the angular leaf
spot pathogen and naturally infected with anthracnose; Experiment Il was naturally infected by powdery mildew and white leaf snot
pathogens.)  a) Anthracnose; b) Powdery mildew; c) Angular leaf spot; d) White leaf spot.
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A series of experiments was planted in 1980 to study
effects of different plant population densities upon disease
development after inoculation with or under natural
infection by various bean pathogens. Three population
densities (67,133 and 267 x 10} plants/ha) of three to 10
entries were planted in a split-plot design (6 m?2 per entry-
density combination) which was separated by border rows
and replicated four times in each experiment. Disease
evaluations were made periodically to estimate the
percentage leaf area infected by each pathogen.

Figure 3 illustrates selected data obtained from two of
the experiments conducted at Popayan. Experiment | was
inoculated with a mixture of local isolates of the angular
leaf spot pathogen and was naturally infected by anthrac-
nose; Experiment 2 was naturally infected by powdery
mildew and white leaf spot pathogens.

White leaf spot development was significantly less in
higher plant densities which agrees with other reports.
Anthracnose and powdery mildew infections (71 days after
plant germination) were significantly increased in the high
plant density of BAT 160 or BAT 332 and BAT 93 or BAT
331, respectively. Angular leaf spot development (65 days
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after germination) was likewise favored by increased plant
density. Similar trends were observed in other experiments
for rust, Ascochyta, leaf spot, halo blight and common
bacterial blight. Therefore, high plant population densities
generally favored disease development in susceptible
materials. This interaction may be counter-productive to
the yield gains commonly expected from standard
agronomic recommendations to maximize yields, and must
be considered when developing bean production policies.

Cropping systems also influenced bean disease develop-
ment in determinate and indeterminate materials grown in
monaoculture or associated with maize at CIAT-Palmira
and Popayan. Natural infection by rust was initially greater
in monoculture than in association, but the relative
difference between the two systems lessened as the season
progressed at CIAT-Palmira. Natural infection by
anthracnose was initially greater in association than in
monoculture, and the relative difference between the two
systems lessened as a mild rainy season progressed at
Popayan. More recent results indicate that a heavy rainy
season may completely overcome the cropping system
effect, and incite severe anthracnose infection in either
system,



The principal objective of the farm trials is to provide
feedback to the technology generation/ varietal improve-
ment process rather than to develop specific recommen-
dations for each micro-region. Moreover, the collabora-
tion with the national research and extension organization,
ICA, is essential in this research process and is gratefully
acknowledged.

In farm trials there is little interest in separating input
effects. First, the principal research problem is the
profitability of the new combined treatments: Can the
farmer make money with the new technology? Secondly,
one-input changes are expected to have little effect in
agriculture due to the interrelated or systems nature of crop
production. Modifying one part of the system causes other
changes. For example, increased density in the Antioquian
region's bean production may require better disease
control due to higher disease incidence, an improved
support system or less vigorous varieties, and
modifications in methods of performing the other cultural
practices, such as weeding and spraying,

The second principal research problem in farm trial is the
between-farm variation of the new technology. The large
within-treatment, between-farm varience generally en-
countered even in the same environment results from
variations in microclimate, discase and insect incidence,
initial soil fertility and cropping history, and farmers’
management ability. To stratify the farms according to the
variation in economic response t¢ .“e new technology
treatment (s), a large sample size is sought, approximately
15 farms in each environment. Rather than minimize non-
treatment variance, as in regional variety trials and most
other agronomic experiments, on-farm trials need to
analyze the sources of this variance to answer the research
problem of which farm level factors are affecting the
economic performance of the new technology.

Farm trials reported this year were done in the Huila
region (10 farms in 1980A) and in Antioquia (14 farms in
1979 A and 1980 B) and in the marginal coffee regions of

Validation of Technology in Farm Trials

Restrepo (5 farms in 1980 B) and Darien (7 farms in 1980
B). Between one-fourth and one-third of Colombian beans
are produced in Huila and Antioquia. The coffee zones are
a potential production zone with the presently declining
coffee price.

Farm Trials in Huila

In the first two years (1978 and 1979) of farm trials in
Huila, the principal focus was on improved agronomic
practices for monoculture bean production. Improved seed
quality did not affect yields; seed quality improvements of
present commercial varieties are apparently poor sub-
stitutes for new varieties. Fertilizer also gave no yield
response on 80% of the farms. However, in monoculture
systems, improved agronomic practices of higher planting
density and curative chemical control of diseases and insect
pests increased farm yields between 31 and 50% and was
highly profitable both years (CIAT Ann. Rept., 1978 and
CIAT Bean Prog. 1979 Ann. Rept.). In 1980, two new
varieties appeared promising for farm testing after
advanced trials. ICA L-24, a variety from the Colombian
national bean research program, has resistance to bean
common mosaic virus (BCMYV), the first research priority
in CIAT's Bean Program, and has a grain type almost
identical to Diacol Calima and Nima, the commercial
varieties of Huila farmers. BAT 332, a line from CIAT's
Bean Program, is resistant to BCMYV, has moderate
resistance to angular leaf spot and rust and resistance to the
lambda race of anthracnose, although it is susceptible to
other races of that disezee. BAT 332 is a small, creme-
colored bean so is not a commercial type for Colombia.
Accordingly, it has no market price and only yield
comparisons were made in these trials. However, its yield
performance can be utilized for partial evaluation of the
disease resistance strategy of the Bean Program.

In Huila, as in most of tropical Latin America, beansare
predominantly grown in direct association with maize.
Improved agronomic technology identified in monoculture
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ean production was put intot wo bean-maize associations
featuring the improved maize, Suwan 1, and the local bean
variety Diacol Calima. One association system had 1 m
between the maize rows with one row of beans between
them; plant populations were 100,000/ ha for beans and
50,000/ ha for maize. In the second association, two rows of
beans were planicd between the maize rows, which were 1.2
m apart (162,425 plants/ ha for beans and 42,000 plants/ha
for maize).

Previously, curative spraying with a maximum of two
applications to control principally anthracnose and

Empoasca had been applied. In the 1980 trials, all five
treatments were repeated on each farm with and without
the two sprayings. This provided evaluations of varietyand
association performance at a minimum input level as well
as with the chemical treatments that were already shown to
be highly profitable in previous years.

Yield results of the bean monoculture systems are shown
in Figure 1. Without spraying, variety Calima yielded
only 88 kg/ha more than the estimated farmers’ yields. ICA
L-24 with BCMYV resistance had only slightly higher yields
than Calima without spraying, but differences were large
with spraying (266 kg/ha).

Yield
increase With Yiclds
(kg/ ha) spraying (kg/ha)
1568
164 BAT 332 Yield
Yields Without increase
(kg/ha) spraying (kg/ha)
1404 1387+
266 ICA L-24
BAT 332 324
1138
1063
199 Diacol Calima 1027 ICA L-24 36
Diacol Calima 88
939
Eitimated farm yields
Monoculture beans 2
Huila, 1980A
717
Actual .aean farm yields
L Beans in association
{ Huila, 1980A (

Figure 1.
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Farm yields of three bean varieties with and without protective spraying, in the Huila region, 1980A.



BA'1 332 was very impressive without spraying, yielding
324 kg/ha more than L-24 and 164 kg/ha more when both
varieties were sprayed twice. The improved agronomy with
farmers® seed, high density, two sprayings, and herbicide,
which in 1978 had yielded 1.5 t/ ha, dnly yielded 1.1t/ hain
1980. This was probably due to the heavy web blight
epidemic and the lodging from high winds (see following
section on Disease incidence). The improved agronomy
monoculture system was still more profitable than the
farmers’ monoculture system. However, ICA L-24 was
more profitable than this improved agronomic check
treatment either with or without spraying (Table 1).

In 1980, the farmers’ associated syste- was
substantially more profitable than the improved a, my
monoculture system. This performance can be priu._pally
attributed to the excellent yields from Suwan | maize,
which was about double that of the local maize yields.
Moreover, there was a price premium for Suwan I,

apparently due to its earliness and marketing before the
price decline when local maize went to market. Bean yields
were sharply lower in both associations, compared to
monoculture yields. However, the high maize yields more
than compensated for the reduced be. n yields. The lower
bean density in association was more .. ofitable at the 1980
price ratio of beans to maize, whereas the higher density
system in association was more profitable at the price ratios
of earlier years (Table 2).

The substantially reduced bean yields in association
make selection of bean varieties more difficult due to the
smaller yield differences; nevertheless, the economic
analysis indicates the importance of more research on
association. Finally, the yield advantage of BAT 332 with
and without spraying validates the Bean Program’s
strategy placing emphasis on breeding 1or disease
resistances, if these characteristics can be put into
commercial grain types.

Table 1. Economic comparisons uf various farm trial treatments in bean monoculiure, in the Huila region, 1980A.

Economic variable Farmers’ Farmers’ New variety (ICA L-24)
traditional seed (Calima) without with
practices with spraying spraying. spraying

Bean yicld (kg/ha) 939 1138 1063 1404

Gross revenue' (Col. $/ha) 31,580 35,920 33,110 43,460

Variable costs (Col. $/ha) 14,756 18,472 15,196 19,252

Net income (Col. $/ha) 16,824 17,448 17,914 24,208

Increase in net insome (Col. $/ha) - 624 466 6294

Increase in costs (.ol. $/ha) - 3716 -3276 4056

! Also includes the value of beans damaged by disease staining or at harvest.

Table 2.

Economic comparisons of various farm trial treatments in bean-maize associations, in the Huila region, 1980A.

Economic variable

1980 price ratio beans:maize (2:1)

1979 price ratio beans:maize (3:1)

Farmers’ Calima beans and Farmers' Calima beans and
traditional Suwan | maize traditional Suwan | maize
practices! Low bean High bean practices! Low bean High bean
density density density density
Bean yield (kg/ha) 717 590 731 717 590 731
Maize yield (kg/ha) 2660 5008 *2 4672 2660 5008 4672
Gross revenue (Col. $/ha) 63,050 106,840 105,857 75,035 116,440 118,097
Variable costs (Col. $/ha) 20,920 37,232 38,292 20,920 37,232 38,292
Net income (Col. $/ha) 42,130 69,608 67,565 54,115 79,208 79,805
Increase in net income (Col. $/ha) - 27,478 22043 - 25,093 597
Increase in costs (Col. $/ha) - 16,312 1060 - 16,312 1060

' Included Diacol Calima beans and a native type of maize.

! Values with asterisks were significantly different from farmers® yields at the 99% confidence level.
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Disease incidence. The Pathology and Entomology
sections of the Bean Program evaluated incidences of
diseases and insects in the uila farm trials. From these
observations, the followiug equation was set up to explain
yield variation between farms: Yield=f (N, WB, ALS, P);
where N is the number of Empoasca on 30leaves; WB is a
severity scale for web blight; ALS is a severity scale for
angular leaf spot; and, P is a dummy variable for protected
and unprotected plantings. The function was estimated in
both linear and semi-logarithmic forms with the latter
preferred for theoretical reasons and for its more consistent
estimates,

The intercepts of the plotted function estimate the yield
potential of the three varieties in the absence of the
biological constraints. Diacol Calima yielded akmost 1
t/ha over protected and unprotected conditions, whereas
ICA L-24 yielded 1.2t/ha(Table 3). The yield potential of
BAT 332 was substantial (2.5 t/ha). However, web blight
also seriously affected yield of this variety.

Differentiating with respect to inciaence, the yield effect
of two levels of resistance to web blight was obtained. If the
average disease severity is reduced from 3.6 to 0 (on a scale
of 0-5), yields of BAT 332 would increase by 1.6 t/ha. If the

average severity is only reduced to 1.8, yields are still
increased by 840 kg/ha. Web blight has a much more
significant effect once the new higher yielding ~aterials
become available. Clearly, this disease has now been
identified as an important second generation constraint in
Huila.

Fi- ally, holding the effects of the threc principal
constraints c.nstant, spraying can increase yields of BAT
332 by another 529 kg/ha. Even in the presence of a high
web blight infestation, BAT 332 outyielded the farmers’
variety and the other improved variety. Further substantial
gains are possible if progress with web blight can be
achieved.

Mulching has been shown effective as a cultural control
of web Llight in Costa Rica. In Huila, two farm
observations with mulching and without any chemical or
fertilizer applications provided mean yields of 1.5 t/ha, a
net income of 27,174 Colombian pesos/ha and input costs
of 18,876 pesos/ha. Farm yields increased 59% and farm
income increased 62% (Table 1). Since there were only
two preliminary observations, further farm testing of
various types of mulching must be undertaken.

Table 3.  Effects of the principal biological constraints in yields of three bean varieties, in the Huila region, 1980A.
. =2(1)
Varicty Yield (kg/ha) R? R
Intercept Log Protection?
Empoasca Web Angular
nymphs? blight leaf spot
Diacol Calima 983 -29 45 133 0.29 0.19
(2.5 ¢ (0.9) (0.2) 22)
ICA L-24 1190 68 -45 48 .16 0.05
(1.6) (1.6) (.08) (0.5)
BAT 332 2538 56 -1210 -78 529 0.66 0.58
5.7 (1.3) 4.3) (1.4) (1.9)

(") & is the R? corrected for the degree of freedom.

* Various measures of incidence were utilized: however, in the rainy season there is not much problem from Empoasca.

' Blanks indicate no significant effect from inclusion of the dummy variable, hence the equation was estimated without it.

4 Values in par: .adeses are “t” values.

i‘arm Trials in a Marginal Coffee Zone

Previous farm testing in Restrepo (CIAT Report, 1980)
indicated a dramatic yield response to increased fertiliza-
tion. In the 1980 farm trials in two marginal coffee regions
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the same three varieties, Calima, ICA L-24, and BAT 332
were utilized as in the Huila trials. Three fertilization levels
were employed on each of the varieties. All treatments were



sprayed twice with benomyl and azodrin, and improved
agronomy of reasonably high density and good weed
control (two weedings) was utilized. The better farmers
were found tu be already utilizing high fertilization levels
and attaining reasonably high yields at 1.1 t/ha in the
prevaling mono-culture bean production system.

Due to the intense rainfall disease incidence was heavy in
spite of the two sprayings especially for web blight and
anthracnose and on some farms angular leaf spot, rust, and
sclerotinia. Hence, diseases were the principal constraintin
this production season, and there was no response to

Yields
(kg/ha)

increased fertilization except on BAT 332, the new variety
with more resistances. Yields of BAT 332 with improved
agronomy and 2 t/ha of chicken manure were 1.6 t/ha
and increased to 1.9 t/ha with increased fertilization
(Figure 2). These absolute yields were almost identical to
those of Calima in 1978, when there was much less disease
pressure. When conditions for these two potentially
devastating diseases, web blight and anthracnose, are
favorable, the disease pressures become the principal
constraint. When rainfall is less (1978) or varieties with
some resistances are available, then there is a large response
to fertilization in the marginal coffee region,

Yields
Increase in
(kg/ha)

1932

BAT 332, monoculture
10-30-10 400 kg/ha, Benlate, Roxion

196

1736

Bat 332, monoculture
10-30-10 200 kg/ha, Benlate, Roxion

17

1619

BAT 132, monoculture
Chicken manure, 2 ton 497
Benlate, Roxion

1122

Better farmers
Chicken manure, 2 ton
10-30-10 250 kg/ha, Benlate, Roxion
Calima, monoculture

263

839

Average farmer yields
Calima, monoculture
Chicken manure, 2 ton
200 kg/ha 10-30-10
Dithane

Figure 2.

Farmers' and new technology yields in Restrepo and Darien, 1980 B.
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Farm Trials in Antioquia

The 1979 and 1980 farm trials in the Antioguia region
evaluated: a) improved agronomy including different
support systems (1980); b) new bean selections with
anthracnose resistance and having generally less vigorous
growth than the local variety Cargamanto; and <)
Rhizobium inoculation (1979).

In 1978, farmers of the region reported yields of | t/ha.
In 1979, farmers’ measured yields were 1.2t/ ha, so that the
measurement error from asking farmers their yields or
harvesting their fields was only 209%. The input shift from
the fungicide maneb to benomyl increased yields 323 kg/ha
(27%), compared with an estimated yield increase of 55% in
1978. This was a very large effect from a one-input change

Yield
Yields increase
(kg/ha) 1979 (kg/ha)
2019

Farmers' seed
Improved disease control
High density 504
(66,000 plants/ha)
Artificial supports,

1515
Farmers' seed
Farmers® density 323
Improved diseasc control
1192
Farmers® yields,
1979 624
568

Local mean farm
yields of beans,
Antioquia, 1975

Figure 3.
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and shows the importance of effective disease control, in
this case, principally anthracnose.

The combined effects of higher density (66,000 plants/ha
from 22,000), improved disease control, and artificial
supports to reinforce the maize and support the very
vigorous Cargamanto bean increased yields 0.5 t/ha and
provided absolute yields of over 2 t/ha each of the past
three years. In 1980, one of the treatments utilized a higher
density without artificial support and achieved a yield
increase of approximately one-half the 0.5 t/ ha difference
between the farmers’ system and the high-density/ artificial
support system (Fig. 3).

Yield
increase
(kg/ha)

Yields

(kg/ha) 1980
2287

Farmers® seed
Improved disease control
High density
(66,000 plants/ ha)
Artificial supports.

490

1797
Farmers' seed
Improved disease control
High density
(66,000 plants/ ha).

240

1557

Farmers' yields

with improved, 600

recommended
chemicals.

957

Farmers® yields
without improved chemicals, | 3g9
1980

568

Local mean farm
yields of beans,
Antioquia, 1980, !

1

e

Effects of different technologies on bean yields in farm irials, in the Antioquia region, 1979 and 1980.



With promotion from the Instituto Colombiano
Agropecuario (ICA), farmers in the local area are shifting
from maneb to the use of benomyl. The differences in yield
on the farmers’ harvested plots with and without this input
are shown in Table 4.

Not all the yield difference should be attributed to the
fungicide since the better farmers are expected to be the
early adopters; hence, edaphic and management
differences may also be operating. Nevertheless, in this
small sample, 40% of the farmers were following the
recommended practice this year despite the higher cost of
benomy!l. Stratifying the sample into these two groups

highlights the need for a large sample size in the farm trials.

From 1979 to 1980 net incomes of bean producers in the
region declined sharply. The cause was a price collapse for
Cargamanto, from 75 Colombian pesos/ kg to 45 pesos/ kg
(Fig. 4). In 1980 farmers began utilizing benomyl, hence,

Table 4. Yields in farmers’ plots, with and without benomyl, and in
the treatment with farmers’ practices and improved
chemicals in the Antioquia region, 1980B.

Farm Bean yields (kg/ha)

Farmers’ plots Experimenia!
treatments
Farmers Farmers not Farmers' practices
using benomyl using benomyl  and benomy!'
1 772 1515
2 924 1743
3 977 1968
4 934 1119
5 990 1062
6 1925 1669
7 656 1049
8 532 693
9 1729 2079
10 1365 2368
11 1421 2153
12 1413 1618
13 1446 1563
14 1921 1942
Mean 1557 957 1610
S.D. 381 319 485
All farmers’ plots
Mecan 1215
S.D. 453

) Farmers' seed and planting density were utilized in this treatment.

gains from the treatment (B) disappeared (A’ to B). The
profitability of the shift in cultural practices to higher
density and artificial supports with the farmers’ variety
declined substantially in 1980 with the lower price. In 1979,
a shift to higher density and artificial supports (treatment
C) resulted in a 1.5 peso gain in net income for each peso
invested whereas in 1980, this gain declined to 0.37 pesos.

In 1980, a new variety, E 1056, earned almost the same
net income as the farmers’ variety at high density, if no
sprayings were neccesary, but at a substantially lower cost
of inputs. To shift from farmers production to the new
variety at high density (C to E) would involve decreased
costs of 26,658 pesos with an income loss of only 2261
pesos.

Clearly, the new variety would be preferred over the
farmers’ variety at the high density if it were possible to
eliminate the input expenditures due to the resistance of
this variety.

Net income (‘000 Col. $/ha)
o
(=]
L )

'l
40 44 48 52 56 60 64 68 72

Input costs (‘000 Col. $/ha)

1979 © 1980 ®

A = Farmers' fields

A's Farmers fields utilizing benomyl

A'= Farmers' fields without benomyl

B =Farmers’ seed and practices, with benomyl

C =Farmers’ seed, benomyl, higher density (66,000 plants| ha) and
artificial supports

D =Variety E 1056 with cost of cheniicals

E =Variety E 1056 without chemical and at same yield as D.

Net income and input costs of various new technologies
compared with farmers' technology, in the Antioquia region,
1979 and 1980. (1979 incom. and costs were inflated to 1980
values for direct comparison.)

Figure 4.
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However, farmmers in Antioquia commonly use
fungicides. With chemical protection in the farm trials, the
local Cargamanto outyielded both selections in 1979 and
the farmers’ expected price discount from 75 pesos/kgto 30
pesos/kg, for the smaller red-seeded varieties, was
especially dramatic.

Even at a small price discount of 75 to 60 pesos/ kg, and
assuming it would not be nccessary to spray the new
variety, net income would only be 64% of the income from
the farmers' variety at the high density. Again, the farm
trials identified other production and economic constraints
not observed in the regional variety trials. The extreme
vigor of Cargamanto enables it to resist early attacks of
root rots and insects much better. The new varieties were
treated with carbofuran against early attack from
nematodes but this treatment was not necessary with
Cargamanto.

In the 1980 farm trials, yields of new varieties were much
better but still below the local variety. Net income wasalso
much closer to that of the farmers’ practices because the
price discount was only 12.5% due to the larger seed size of
the new variety. Were it not necessary to spray E 1056, net
income from producing it would almost equal income from
Cargamanto, but at a substantially reduced nput cost
(point E in Figure 4, and Table 5).

Conclusions

The bush bean trials with the new varieties in Huila
indicated that a disease resistance strategy could increase
farmers’ yields with and without spraying. Moreover, with
the improved maize price and the doubling of maize yields

with the new variety, the maize/bean association was much
more profitable than any of the mono-culture systems. In
future trials new varieties will be put into the associated
system. Analysis of disease and insect incidence on these
new varieties indicates the importance of the second
generation problem of web blight resistance.

In the coffee zone the showing of the BAT 332 variety
with multiple disease resistances, was impressive. Only on
this variety was there a response to fertilizer, as disease and
irregular 1ainfall decimated the yields of the other two.
Even in the marginal coffee zone with its poor soils,
diseases continue to be the principal constraints.

In Antioquia rapid diffusion of improved control of
anthracnose with benomyl is taking place. Small farmers
rapidly adopt fiew inputs, which are more profitable and do
not imply high input costs. Another 0.5 t/ha in increased
yields can be obtained with the farmers’ variety at higher
densities with some artificial support reinforcing the maize
stalks. This innovation requires a large expenditure on
stakes or the substitution of less vigorous varieties and
some changes in cultural practices, i.e. weeding and
spraying. The relative performance of new selections with
respect to Cargamanto in the farm trials improved
substantially from 1979 to 1980; however, the absolute
income performance of all the new technologies decreased
drastically with the abrupt price decline of Cargamanto.

Gains appear to be more rapid in climbing beans where
the seed size requirement is not as difficult as in bush beans,
and there has been less research in the past. Previous
research efforts in Colombia have had preference for large
seed size.

1



International Cooperation - Outreach Projects

Central America

The year 1980 saw the initiation of a cooperative project
between Central American countries and CIAT in support
of increased bean production in the region. This Swiss-
funded project stimulated the following activities.

Interinstitutional technology transfer. Numerous
nurseries from CIAT (including nurseries for yield and
adaptation, heat and drought tolerance, Empoasca
tolerance, Apion tolerance, web blight tolerance, rust
tolerance), plus early and advanced breeding lines tailor-
made for specific countries, were distributed for the
February, May, September and December plantings.
Some 1500 kg of seed were given to participating countries.

Yield and adaptation nurseries from the national
programs (i.e. VINARs) in Guatemala and Costa Rica
were distributed throughout the region. Bean researchers
in each of the countries receiving these VINARs freely
added selections from CIAT or their own breeding
materials. The recently developed black varieties ICTA-
Jutiapan, ICTA-Quetzal and Talamanca, as well as the
red-seeded varieties Acacia 4 and Revolucion 79, per-
formed well throughout the region.

Seed production. Throughout the year, emphasis was
put on the development of strong seed programs in
participating countries of the region. The countries
receiving strong project support were Guatemala, Hon-
duras, Costa Rica, Nicaragua and Cuba. At the same time
large quantities of CIAT-produced foundation seed was
passed on to national programs in El Salvador, Cuba,
Honduras, and Nicaragua. The production of foundation
seed at CIAT was a collaborative effort between the Bean
Program and the CIAT Seed Unit.

Training. In support of the project’s objective to
strengthen the bean research and development capabilities

of national programs in the region, project scientists
identified some 25 young bean researchers in the region
who received postgraduate training in CIAT. Also under
the auspices of the project, technical and organizational
assistance was provided for an in-country short course on
bean production held in Cuba for 25 agronomists.

Screening for bean golden mosaic virus. Most of the
project’s screening efforts for bean golden mosaic virus
(BGMYV)concentrated on the development of tolerant, red
materials. These efforts resulted in the identification of
various promising tolerant materials of the red and
red-mottled type.At the same time, black materials with
improved BGMY tolerance were identified.

Peru

The Swiss-funded project in Peru completed its second
year of operation. This project is designed to strengthen
local research and seek solutions to Peruvian bean
production problems. One important aspect of the project
is to help achieve coordination among the various research
efforts through meetings and integrated research plans for
the coastal and Sierra regions. These efforts concentrate
mostly on beans for locai consumption.

CIAT's IBYAN materials are an important source of
genetic variability, and are being used in regional trials
together with superior local materials. Also, foundation
seed is being increased with black-sseded superior entries
from the 1979 IBYAN, among them Porrillo Sintético,
which is especially promising. Over 400 hectares have been
planted for seed production partly for commercial use.

Training at CIAT of local researchers is aleo an
important component of the project.
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Appendix A

Description of Phaseolus vulgaris L.Growth Habits

Type I: Determinate growth habit; reproductive ter-
minals on the main stem; with no further node production
on the main stem after flowering commences.

Type II: Indeterminate growth habit; vegetative ter-
minals on the main stem with node productionon the main
stem after flowering commences; erect branches borne on
the lower nodes of the main stem; erect with relatively
compact canopy; variable guide development depending
on environmental conditions and genotype.

Type Illa: Indeterminate growth habit; vegetative
terminals on the main stem with node production on the
main stem after flowering; relatively heavily branched with
variable number of facultatively climbing branches borne
on the lower nodes: variable main stem guide development
but generally showiug climbing ability.

Type IIIb: Indeterminate growth habit; vegetative
terminals on the main stem with node production on the
main stem after flowering; relatively heavily branched with
variable number of facultatively climbing branches borne
on the lower nodes; variable main stem guide development
but generally showing climbing ability.

Type 1Va: Indeterminate growth habit; vegetative
terminals on the main stem with heavy node production
after flowering commences; branches not well-developed
compared to main stem development; moderate climbing
ability on supports and pod load carried evenly along the
lenght of the plant.

PRFRER B 40 R

i .
. ¥
. 2t

VERT

Type 1Vb: Indeterminate growth habit; vegetative
terminals on the main stem with heavy node production
after flowering commences; branches not well-developed
compared to main stem development; strong climbing
tendency with pod load mostly borne on the upper nodes of
the plant.

Notes: The growth habit classification has been
expanded for the climbing types since the 1977 Annual
Report. Type 1l materials with some tendency to climbare
now recognized as Type 111b,and Type 1V has been divided
on the basis of vigor and pod distribution.

The most important distinguishing features of the
growth habits are as follows: terminal raceme on mainstem
for Type I; indeterminate with erect branches for Type 11;
indeterminate with prostrate branches for Type Illa;
indeterminate with semi-climbing main stem and branches
for Type lllb; indeterminate with moderate climbing
ability and pods distributed evenly up the plant for Type
IVa; indeterminate with aggressive climbing ability and
pods carried mainly on the upper nodes of the plant for
Type 1Vb.

Growth habit is not necessarily a stable characteristc
since changes in growth habit may occur from one location
to another. The classification of growth habit for a
particular genotype is only useful in a defined environment,
particularly with regard to climbing ability.
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Appendix B

CIAT Accessions of Phaseolus Referred to in this Report

CIAT No.! Identification Local register Source?
G00057 Swedish Brown PI 136735 USA
G00076 Red Kloud USA
G00lL18 Forty Days PI 162566 USA
G00124 P1 163372 USA
G00159 Cali Fasulya PI 165078 USA
G00489 Raytal Pl 175269 USA
G00687 Windsor Long Pod Pl 182026 USA
GO01507 Ojo de Cabra Pl 281988 USA
G01820 Negro Jamapa P1 309804 USA
G01854 Nima PI 310512 USA
G02005 PI 310739 USA
G02006 PI 310740 USA
G02047 Pl 310805 USA
G02258 Morada del Agua P1 311904 USA
G02333 Colorado de Teopisca P1 311998 USA
G02525 Magdalena 3 Pl 313624 USA
G02618 Col No. 168 P1 313755 USA
G02858 Zacaticano P1 319665 USA
G02959 Pecho Amarillo GTA-014 GTA
G03353 Puebla 152 MEX
G03607 C.C.G.B.-44 1462 VNZ
G03645 Jamapa 1-810 VNZ
G03652 Puebla 152 1-820 VNZ
G03658 Mexico 27N 1-867 VNZ
G03776 Venezuela 2. 1-1062 VNz
G03807 Brasil 2, Pico de Oro 1-1098 VNZ
G03834 51051 1-1138 VNZ
G03942 Michetite B-33 CRA
G04000 NEP Bayo 22 C-286 CRA
G04122 S-166-A-N N-555 CRA
G04393 Tlaxcala 62-C MEX
G04421 $-630-B C-63 CRA
G04434 Antioguia |1 P-111 CRA
G04435 Diacol Calima P-146 CRA
G04445 Ex-Rico 23 CLB
G04446 Ex Puebla 152 Brown Seeded MEX
G04449 Pinto Ul 114 USA
G04451 9-Al-2 USA




Appendix B (continued).

CIAT No.! Identification Local register Source?
G04452 ICA Guali CLB
G04454 ICA Tui CLB
G04459 NEP 2 CRA
G04460 Pompadour 2 CRA
G04470 Pompadour DOM
G04482 Zamorano 2 HDR
G04489 Guilapa 72 GTA
G04494 Diacol Calima CLB
G04495 Porrillo Sintético HDR
G04498 Sanilac USA
G04503 Widusa FRC
G04505 Top Crop USA
G04523 Linea 17 CLB
G04525 Linea 32 CLB
G04727 Ancash 66 PER
G04816 Mulatinho BZL
G0482] lguacu (Lote 4) BZL
G04824 Roxfo BZL
G04825 Carioca BZL
G04830 Rio Tibagi (Lote 10) BZL
G04978 Amanda NLD
GO5158 Bico de Ouro 1445 BZL-905 BZL
G05270 Sataya 425 MEX
G05653 Ecuador 299 ELS
G05694 Cornell 49-242 USA
G05702 Cargamanto CLB
G05708 Sangretoro CLB
G05743 Preto 897 ATL
G05745 Redlands Greenleaf B ATL
G05768 Pinto No. 650 USA
G05773 ICA Pijao CLB
G05897 Flor de Mayo MEX
G06361 Great Northern USA
G06520 AETE 2 CA-21 UTK
G06719 Jubila NLD
G06721 Double White NLD
G07932 Nahuizalco Rojo ELS
G07951 Aroana BZL
G09446 Imuna FRC-542 FRC
Gl11249 Pinto IVT-771004 NLD
Gl11274 Brasil 343 Mulatinho IVT-77039 NLD
G11488 CENA 164-2-CM-CM (12-B) F5 BZL
Gl2631 Ancash 143 PER
G12709 Mortifio Saiiudo 45 CLB
G13497 AETE 1/37 BZL
G13499 Petro 132 BZL

! The G cod. of an accession is the number assigned to it by the germplasm bank of the CIAT Genetic Resources Unit. BAT, A, EMP,
BAC, DOR and V codes belong to materials improved by CIAT Bean Program.

! ATL = Australia, BZL = Branl, CLB = Colombia, CRA = Costa Rica, DOM = Dominican Republic, ELS= El Salvador, FRC=
Francia, GTA = Guatemala, HDR = Honduras, MEX = Mexico, PER = Peru, UTK = United Kingdom, VNZ = Venczuela.
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Senior staff

Aart van Schoonhoven, PhD, Entomologist,
Coordinator

Jeremy H.C. Davis, PhD, Agronomist,
Plant Breeder

Guillermo E. Galvez, PhD, Coordinator for
Central America (stationed in San José,
Costa Rica)

Peter H. Graham, PhD, Microbiologist

Francisco J. Morales, PhD, Virologist

Silvio H. Orozco, MS, Plant Breeder
(stationed in ICTA Guatemala)

John H. Sanders, PhD, Agricultural Economist

Federico Scheuch, MS, Agronomist
(stationed in Lima, Peru)

* Howard F. Schwartz, PhD, Plant Pathologist

Shree P. Singh, PhD, Plant Breeder

Steven R. Temple, PhD, Plant Breeder

Michael D. T. Thung, PhD, Agronomist

Oswaldo Voysest, PhD, Agronomist

* Kazuhiro Yoshii, PhD, Plant Pathologist

(stationed in ICTA, Guatemaia)

Visiting scientist
César Cardona, PhD, Entomologist

Posidoctoral feilows
Stephen Beebe, PhD, Plant Breeding

* Paul Kretchmer, PhD, Physiology/ Climatology
Marcial Pastor-Corrales, PhD, Plant Pathology

Visiting research associates
* QGustavo Arcia, MS, Economics
Robin Buruchara, MS, Plant Pathology
* Aurora Susana Garcia, Agronomist, Agronomy
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Personnel
(as of 31 December, 1980)

Upali Jayasinghe, Ir., Virology
Mary Katherman, MS, Plant Pathology
Julia Kornegay, MS, Breeding

Research associates

José Ariel Gutiérrez, MS, Plant Breeding
Nohra R. de Londoiio, Agronomist, Economics
Marceliano Lépez, MS, Training

Research assistants

Alfredo Acosta, Agronomist, Entomology
Bernardo Alzate, Agronomist, Agronomy
Carlos Bohérquez, Agronomist, Agronomy
Horacio Carmen, Agronomist, Plant Pathology
Mauricio Castafio, Agronomist, Virology
Jesus Castillo, Agronomist, Physiology
Aurora Duque, Agronomist, Microbiology
Myriam C. Duque, Math., Economics
Oscar Erazo, Agronomist, Agronomy

Jaime Garcia, Agr. Adm., Seeds

Jorge Garcia, Agronomist, Entomology
Ranulfo Gonzalez, Biologist, Entomology
Luis Hernandez, Agronomist, Plant Breeding
Oscar Herrera, Agronomist, Economics
Nelson Martinez, Agronomist, Agronomy
Pedro Pineda, Agronomist, Plant Pathology
Gerardo Tejada, Agronomist, Agronomy
Silvio Viteri, Agronomist, Microbiology
Hugo Zapata, Agronomist, Agronomy
Silvio Zuluaga, Agronomist, Physiology

* Left during 1980.
** Assigned to Training Program.
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