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CIAT is a nonprofit organitation devoted to the agricultural and

economic development of the lowland tropics Fhe Government of

Colombia pro-*ides support ms host country for CIA and furnishes a

522-hectare farm nar ( al for CIA I's headquarters. In addition, the

I undacl6n para Ia Ldut.i1%o superior (P LS) makes available to CIA I

the 184 hectare substation of Quilhchao, situated near Santander de

Quilichio, Deparlamento del (Atica Collaborative work with the

Institute Colombiano AgropcLuario (IC A) is carried out on several of

its experilnental stations and smilar work is done isith national

agricultural agentiLs in other I .tin Amierican countries CIAl Is

financed b) a number if donors represented in the Consultative Group

for Inteinational Agricultural Research (CGIAR). During 1977 these

donors ,vere the Lorted States Agency for International Development

(USAIL), the Rockeleller I oundation, the 1F ord F oundation, the W. K.

Kellogg F oundation, the ( anadian International Development Agency

(LIDA), the International Bank for Reconstruction and Deselnpment

(IBRD) throughl tie International l)ekehpinent Assoc:Iaton (IDA) the

Inter-At ierican Deselopment Bank ( )fl) And tile gosernments ot

Australi i, Belgium, the I ederal Republic ol German), Japan, the

Netherli nds, Ss tierland and the L nited Kingdom Ini addition, special

project l ands are SuppIhiLd h) sariots of the aforementioned entities plus

the Intei national Des lopmeiit teseardh ( entre(IDR( ) of( anada and

the .nied Nations Des LIopMIent Proganme (UN)P) Information

and con lusions reporled herein do not necessaril, refleCLt the position of

an) of tie aforemientt.ned ageILes, founditlons or gosernments.
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Bean Program

With the arrival of the second breeder In physiologicil experiments, itfor the Bean Program, the importance of appeared that large vegetative structuresvarietal development activities by the team leads to increased yields if lodginggreatly increased. Large numbers of new resistance can be found. Lodging
crosses were inititated and the first CIAT resistance is also thought of as an impor-hybrids entered the international yield tant mechanism for disease avoidance.
testing program this year. At this level,
they will compete with germplasm
accessions and entries from various Also in 1977, the second pathologist
national programs, arrived and greater attention was given to

moving segregating populations through a
The results of the first International set of pest resistance nurseries as well as

Bean Yieid and Adaptation Nursery screening them for wide adaptation The
(IBYAN) showed a 35 percent yield close collaboration with national program
difference between the five best eatries virologists in El Salvador, Guatemala, the
furnished by CIAT and the five best local Dominican Republih and Brazil identified
materials, in favor of the former group. sources of germplasrn resistance to beangolden mosaic virus. The first multiple-

The yield differences observed in the first county testing of hybrids between golden
IBYAN were equal in the tropical as well as mosaic-tolerant parents resulting from
in the temperate zones. These nurseries respective breeding pi ograms showed
showed that wide adaptation to en- transgressive segregation and gave promise
vironments exists within Phaseolus of future reduction of this increasingly
vulgarts. This testing regime greatly important virus disease i CentralAmeica
increased the intensity of the Program's and Brazl.
Latin American network. The 1977
IMYAN was composed of two different Sources resistant to bacterial blight insets, according to seed coat color tests in the Umted States were rated
preference - that is, a black-seeded susceptible in tests at CIAT due to lack ofnursery and a non-black nursery, each adaptation. Adapted, moderately tolerantcontaining 25 entries. germplasm was located.
Bean Program 8-1'



Vegetable oils, at a 4osage of only 5 second intensive course for bean research
millimeters per kilogram of bean seed, scientists was held; 30 Latin American
appeared to effectively control insect pests professionals participated. The program
of stored beans. This method is safe, cheap was also active in training individuals 't
and easily adapted to household use. the postgraduate intern levels and several

MS and PhD thesis research requirements
were fulfilled with projects done in the

Training again formed an important Program. A total of 71 professionals were
part of the Bean Program activities. The trained in 1977.

B-2 1977 CHAT Annual Report



Breeding
Major nurseries were planted at CIAT were validated by Agronomy in yield tests,

during the 1977 rainy seasons and a seed were emphasized in planning crosses.
increase Enpoasca resistance nursery was Priority was given to identifying better
planted in the intervening dry season. non-black parents for hybridization (Table
Nurseries were planted in collaboration I). With mechanized field operations the
with other program disciplines and the chances were increased of getting a larger
Instituto Colombiano Agropecuario volume of hybrid progenies and a greater
(ICA) in four locations outside CIAT. number of segregating plants per popula-

tion and to obtain non-black segregants
Selected families were evaluated in with multiple resistance factors. A large

replicated yield trials and r 'ultilocation number of parents and progenies have
observation nurseries wer planted to been discarded (especially those suscepti-
select progenies for international testing in ble to Problem X) based on more com-
1978. With the addition of a second plete information provided by program-
breeder to the program in mid-1977, disciplines to the information system
increased emphasis was given to breeding (SIFFlI).
for improved plant architecture, yield, and
adaptation. Also, with improvements in
screenhouse facilities the program reached Progeny Management-Early Generation
a capacity of 1500 crosses/year. Screening

MAINSTREAM BREEDING The breeding program has modified the
previous system of progeny management

Parental Selection and Hybridization (CIAT Annual Report, 1976) such that
program disciplines contribute to genetic

Parents which consistently gave a high improvement through the screening of
frequency of good offspring, most of which selected bush bean progenies (Fig. 1).

Table I. Frequencies of crosses within and among black and non-black parents' for the periods 1974-1976
and 1976-1977.

Blacks Black x Color Colors

1974-Nov. 1976 1111(36%) 1712(56%) 259 ( 8%)
Nov. 1976-Nov. 1977 152(22%) 216 (31%) 336 (487)

Does not include 402 intMnautp Or proatni.

Bean Program B-3



Socrmplam7 __Introductions from national Special projects:
Bank and international programs VEF, EP, IBYAN, ESE, etc.

Parental Selection for Hybridization I
700 crosses yearly- CIAT-meshhouse --

and highland site

Screening of Segregating Populations& Famodies -

(various generations)

Palmira 1000 masl Popayan 1800 mast

Rust Colleiotrichum /
BCMV Isariopsls

Bacterial Blight Ascochyta/
Leafhoppers Cercospora

0100 selectsenreliatednure e

bulk populatons to
national programs

08 upon specific request

uniform for mtenationa Special uniform for

reaction programs reaction

iB VEF: Un form Screening Nurseries
2000-3000 selections, non-replicated nurseries - _ _

Simultaneous clean seed production for EP

I EP: Preliminary Trials

500-800 selections, replicated trials within Colombtia
Simultaneous clean seed production for IBYAN ,) ,

IBYAN: International Bean Yield & Adaptatln Nurserl
120-140 selecti ons, replcated trial s lw

August: distribution in Latin America
February. distribution worldwide ,

Simultaneous clean seed productioi , for ESE ,

ESE. International Bean Elite Trial -'

F 20-30 selections, replicated trials worldwide -

Figure 1. Program for simultaneous and sequential development and evaluation of bean germplasm.
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Large plantings were inoculated with International Progeny Testing
bean common mosaic virus (BCMV) rust
and infested with Empoasca (see Fig. 3, During 1977, breeding distributed to
Pathology). Also, angular leaf spot and national programs a total of 646 F2 and F3
bacterial blight tolerance were recently populations, and 526 early and advanced
elevated to a high priority. Selections for generation selections fur evaluation. All
multiple disease and insect resistance were selections and seed from F 2/F 3 pop-
made in a range Gf agronomic types and ulations originating from the breeding

seed color combinations. Homogeneity is program are accompanied by information
being sought for field tolerance to rust and from the SIFRI regarding parents and
anthracnose, rather than homozygosity for their key characteristics.
specific gene resiscance. Progeny
evaluations for anthracnose, angular leaf
spot, and root rot resistance also began in SPECIAL BREEDING 'ROJECTS
the latter part of 1977.

A relatively remote combination of bacterial Blight Tolerance

parents produced red-seeded progenies Segregating populations and selected
with reasonably erect, indeterminate families were evaluated for bacterial blight
growth habit combining resistance to tolerance to select parents for the first cycle
BCMV and rust, which demonstrated the of intermating. In greenhouse studies,
value of massive crossing. A number of narrow-sense heritability estimates of 0.68
populations and selections from crosses of and 0.27 were obtained from leaf ;l:pping
promising bush type parents x climbing inoculation of progenies from crosses of
donors were given to the climbing bean P566 x P698, and P712 x P684, respective-
section for evaluation. ly. This suggested that selection for

existing levels of tolerance in tropically-

Progeny Testing (Colombia) adapted progeny of tolerant x susceptible
crosses will be easier than selection to

Relatively homogeneous families increase existing tolerance levels.

selected at CIAT or Popayin from
mainstream, disease-insect resistance and Bean Golden Mosaic Virus Tolerance
architectural-yield breeding, and from the
national programs enter preliminary Black-seeded progenies from crosses of
testing. This includes replicated yield trials parents identified by the 1976 IBGMV
by Agronomy, multilocation observation nursery performed very well in Central
nurseries in contrasting environments; and America. As a result, crosses were made
screening by the program disciplines for all among the best non-black entries in the
principal disease, insect and edaphic 1977 IBGMV nursery and a recurrent
factors (Fig. I). Summarized data from selection and intermating effort was
SIFRI is used to select entries that initiated with the collaboration of scien-
progress to international progeny testing, tists in Guatemala, El Salvador, the
and to plan future crosses. Dominican Republic, and Brazil.

Yield trials of selections from earlier
crosses in the program were conducted in Bean Architecture, Yield and Adapta-
each rainy season during 1977 but results tion Breeding (BAYAB)
were unreliable due to persistence over
several semesteas of the disturbance, CIAT bean breeding initially conben-
Problem X. trated on the improvement of bean yield

Bean Program B-5



through breeding for resistance to the habits were found only for total number of
principal bean diseases and insects in Latin first order lateral roots and length of the
America. Selection for morpho-agronomic primary root (Table 2). The value of these
characters in the segregating populations characters is being assessed.
was alho practiced to maintain or improve
current levels of yield potential. Fourteen lines were selected for more

extensive evaluation in sand culture. The
With the arrival of a second breeder, factors considered were: number of first

improved bean plant architecture and order laterals; length of the primary root;
lodging resistance, maximization of adap- weight of roots and shoots; and shoot/root
tation to climatic and edaphic factors and ratio. Five plants of each genotype were
upgrading of yielding ability were further harvested at 10 and 24 days after planting.
emphasized. In the F2 (or equivalent) The greatest differences were in the
populations, emphasis was placed on number of first order laterals and total root
selection for architectural characters. and shoot weights of growth habit I lines as
Grain yield and adaptation selection compared to those of growth habit II and
criteria will be imposed on the F 3 and F4 III. The latter two showed similar patterns
generations. Presently, parents from germ- of growth.
plasm collections, introductions, breeding
nurseries, etc. are being sought. BREEDING STUDIES

Earliness
The importance of other characteristics

are also being determined. Root A special project was conducted in
phyllotaxy of 36 selected pprents of growth which a series of crosses were made to
habits I, II, and III was studied to generate early maturing material and to
understand the variation of important obtain heritability/inheritance estimates
characteristics within and between growth for earliness in three tropically-adapted F4
habits and to determine if any root populations. Eighteen supehor, black-
characters are associated with resistance to seeded F 4 lines were selected combining
lodging, drought, early vigor, and stability, earliness with good yielding ability. Days

to flowering and days to physiological
Ten seeds from each of 36 lines with maturity were both found to be highly

three different growth habits were grown in heritable (Table 3). Crosses from 2 of the 3.
seed germinators for seven days. donors demonstrated a single dominant
Differences within tind between growth gene for earliness, with no maternal effects

Table 2. Mean values for five root characteristics of seven day-old seedlings of bush bean lines grown In a
seed germinator.

Days to No. of
No. of Days to Appearance of Positions of No. of Length of

Growth Entries Radicle First Order First Order First Order Primary
Habit Tested Emergence Laterals Laterals Laterals Root (cm)

1 21 2 3 4 11.1 160.3
11 12 2 3 4 9.2 150.1
ill 3 2 3 4 9.4 181.5

Mean 2 3 4 9.9 164.0

B.6 1977 CIAT Annual Report



Table 3. Inheritance aid heritability of earliness in three tropically-adapted source populations'.

Days to Hb 2  Hn 3  Fit to 3:1 Maternal

Cross Pedigree Flower Maturity Flower Maturity Flow Ratio4  Effects

18, 19 P569 x 11721 30 60 .80 .87 .77 No Yeb

16, 17 P739 x P721 32 70 .73 .70 .72 Yes No

20, 21 P780 x P721 30 55 .72 .80 .60 Yes No

I Values represent means of reciprocal crosses
B Broad.sense heritabitty, based on vartances
Narrow-sense herithbility. based on parent-offspring regressions
One major gene. earlincss dominant to lateness

(Fig. 2) while earliness in the third parent Evaluation of the Honeycomb Design

was controlled by two or more genes, with
evidence of partial dominance for earliness An experiment was designed to test the

and maternal effects. Data suggest that feasibility of using the screening

modifier genes were present in some honeycomb design in early generation

crosses. Thecoefficientofgeneticvariation yield testing. Forty-seven pure lines of

was high in all crosses, and days to first beans were compared in two sets of four

flower and days to physiological maturity randomized complete blocks and in screen-

were always highly correlated. Thus, ing honeycomb designs with 1.15 and 0.70

selection for earliness could be practiced meters between plant spacing. All varieties

from the F 2 generation using a combined occurred randomly once within each of

pedigree-bulk method. Transgressive eight replications.
segregation was observed for days to

,'physiological maturity. Results (Table 4) showed that there was

Percent of Population

- oP (P721)

A P (P780)

40- - - - - bF 2

30,

20\

22 23 24 25 227 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Days to First Flower

Figure 2. Frequency distribution (percent) for parents, and FI and F2 progenies from the cross P721 x P7o.

Bean Program



I ,ible 4. Correlations between mean yields of 47 varieties (as a group and separated by growth habit) from
randomized Lomplete blocks and mean yields, modifikd and unmodified, from 8 replications of a
imuilalhd screening honeycomb design with 1.15 m. and 0.70 m. between plant spacing.

Unmodified
Mean Yields Mean Yields Neian Yield!,

from Corrected Corrected'
Spacing Honeycomb' (Triangle) (iexagon)

Yield2 ol 1.15 0,36* 0.36* 0.40*
4" Varieties
in RCB's 0.70 0.48** 0.43* 0.47**

Yield! of
21 Determinate 1.15 0.48* 0.53* 0.51*
Varietie%
in RCB's 0.70 0.49* 0.37 0.53**

Yield 2 of 1.15 0.29 0.24,, 0,36
24 indeterminate
Varieties in 0.70 0.52** 0,49** 0.47*
RCB's

Yields of individual spaced plnts in the honeycomb modified eitherisi percent of the surrunding tringle o LontrulstscI is. I) or asapercent of the surrounding equidistant hexagon of 5 random varlos..'n and I conirc,
. Signficant at the 005 and 001 level, respectively

ao advantage in employing the honeycomb plots, and two pure stands and three
Jesign (in which mean yield was expressed proportions of i andi as subplots. Table 5
is a percent of the surrounding hexagon or shows mean values for yields in pure stands
:ontrol triangle) over the randomized and in mixtures over two replications and
-omplete block design. three proportions.

Competitive Ability vs. Yield Correlations between the yield of a
Studies of competition were initiated to variety in pure stands and its average yield

iptimize the effectiveness of CIAT bean over mixtures were 0.94** for the indeter-
reeding methodologies. If the best minate and 0.83* for the determinate
ielders in pure stands were also the best varieties, if the yield of the pure stand (the
ielders in mixtures, bulk breeding for mixture of a variety with itself) were not
ield could be used. 1 not, another method included among the values used to
sing spaced plants would have to be used. calculate the means over mixtures The

yield rank order for mixtures and pure
lines was identical for the indeterminateSix determinate and six indeterminate varieties(if P46 which was heavily infected

arieties were evaluatcd for their com- with BCMV, were not considered)
etitive ability in separate tests. Between Although rank order was not the same for
lant spacing was 6.7cm and between row mixtures and pure stands among the
macing was 0.6 m in a split plot design with determinate varieties, the top three and the
I1 possible ij (i #j) combinations as main lower three varieties were the same.
1-8 1977 CIAT Annual Report



Table 5. Matrices of yields In mixtures for the 6 determinate and the 6 indeterminate varieties, based (n

means over 2 replications and 3(1:3,1:1, and 3:1) proportions for the mixture plots and means oer

10 individual plots for the pure lines'.

Determinate varieties

Associates
V'arlt)

P89 P560 P623 P635 P637 1P788 Mean

1189 562.1 265.7 461.8 546.2 342.8 632.7 468 5

P560 482.12 623.4 515.5 862.0 625.3 955.7 6773

P623 255.1 110.4 205.9 297.4 107.8 2326 201.5

P635 7307 501.7 5420 628.0 421.2 5770 5668

P637 958.4 650.9 721.1 731.5 649.6 1000.7 785.4

P788 567.0 268.3 480.4 475.8 360.2 588.5 456.7

Mean of
Associates 592.6 403.4 487.8 590.1 417.8 664.6

Indeterminate Varieties

Associates
Variety

P246 P498 P524 P566 P643 P698 Mean

P246 201.6 225.8 149.9 160.6 194.9 147.0 180.0

P498 198.4 442.2 279.8 382.3 243.3 515.8 343.6

P524 599.3 683.0 613.1 597.0 619.3 1099.2 701.8

P566 780.9 722.2 619.5 665.5 681.0' 1018.5* 7479

P643 493.4 476.3 508.5 545.9 470.0 885.6 563.3

P698 175.6 138.5 58.4 76.2 128 I 306 2 147.2

Mean of
Associates 408.2 4480 371.5 404.6 389.4 662 I

1 All . alues adjusted Io a grambtl 0 plant basis meatis for pure lines based on 00 plani, nitans iM0 ni~iui n d on 720 plantu
1 ihis %alue (482 1) is the average yield ol P560 whben grown in mixtures with 1I'l

Correlations between yields in mixtures and -0.973" for the indeterminate and
and the average yields of associates grown determinate types, respectively.
with each competitor were -0.675 (n.s.) for This experiment strongly suggests that
the indeterminate varieties and -0.420 (n.s.) the best yielding bush beans in pure stands
for the determinate varieties. However, are the best competitors in mixed stands at
when P246 was removed from the analysis high densities These results suggest that
of the indeterminates, as well as the bulk breeding may prove to be the most
aberrant variety (which produced normal effective methodology for yield improve-
growth but almost no seed due to Problem ment. Results are being retested in
X) analysis of the determinate varieties, segregating hybrid populations from
correlations between yields in mixtures crosses between parents with contrasting
and yields of associates became -0.884* plant architectures.
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Pathology

VIRAL DISEASES recessive i gene; and, (3) the susceptible
varieties P634, P645, and Stringless Green

Bean Common Mosaic Virus (BCMV) Refugee.

Strain Evaluation. St veral isolates of Table 6 shows the results of isolation of
BCMV, obtained from infected seeds of the virus from field-infected plants with
several varieties in the CIAT germplasm -ystemic necrosis Table 7 shows the results
bank originating in -atin American of inoculation with sap from BCMV
countries and the United States, were systemically infected plants (Table 6)
increased in the susceptible variety, Boun- which had been previously infected with
tiful. Fifteen to 21 days after inoculation, sap from field-infected plants. A com-
the virus from Bountiful was inoculated parison of Table 6 and 7 shows that while
onto a set of differential varieties the susccptible varieties presented mosaic
developed by Drijfhout in Holland and symptoms, Great Northern 123 with the
Silbernagel in the Unitec States. recessive t gene was immune to the virus

strain. On the other hand, varieties with the
The most common s rain found was temperature sensitive, dominant I gene

BCMV-I (NL-I, Westlania or type strain) showed leaf vein necrosis and many plants
(60%) followed by: ECMV-3 (NL-6, died from systemic necrosis. The low
Florida, Western, Idaho, B, or Colana); number of plants with localized or systemic
BCMV-4 (NL-8); BCMY-2 (NL-7); and symptoms (Table 6) was due to the low
BCMV-5 (NL-2, New York 15 or Imuna). concentration of the virus in the inoculum
Strains BCMV-6 and 7 w re not registered. source plants with ssstemic necrosis. It was

concluded that systemic necrosis was
Epiphytotic of BCMV. An epiphytotic caused by BCMV, probably by strain

of black-root (systemic n,:crosis) occurred BCMV-I, NL-I or type strain.
in June, July, and Augusi at CIAT during
which abnormal drought :ondition- raised Purification and Stability of the Virus.
temperatures above the average 240C. This To obtain maximum infectivity of the
coincided with a high population of BCMV strain for later use in field infec-
aphids, the natural vectors of BCMV tions and to produce an antiserum with a
During this epiphytotic, riany segregating higher titer specific to the virus, stability
materials showed a hypernensitmve reaction experiments were done in the greenhouse
to BCMV as evidencd by vascular with different buffers, at different
necrosis of the roots, stims, leaves, and molarities and pH's, and combined with
pods, which produced rapid death of the reducers, oxidizers, and chelating agents
plant, thus demonstratini, the presence of Infectivity was 95-100 percent when sap
the dominant I gene. was extracted with water from mechanical-

ly infected plants. When buffers were used,
To determine which BCMV strains were molarities superior to 0 5 reduced infectivi-

present, field and greentouse tests were ty 25 percent. The virus was more stable
done with infected sap f'om plants con- with a sodium citrate buffer, 0 05M, pH
taming the dominant I gc ne and showing 7.5.
systemic necrosis ilhe virus was
mechanically inoculated on the following Methods of Mechanical Inoculation.
varieties: (1) P458, P459, '566, P675, and Various mechanical mcculation systems
P714 with the dominant I gene for were tested. Mechanical inoculation was
tolerance, (2) Great Northern 123 with the tried with a pestle, index finger and thumb,
B-I0 1977 ClAT Annual Report



Table 6. Reaction of susceptible and tolerant varieties after inoculation with sap from field-infected plants

with black-root In the greenhouse at 28-300C.

No. of No. ol Plants
No. of Plants No. of utth Ipical

Type of Plants with Vein Dead BCNIV
Variety Resistance Inoculated Necrosis Plants S)niptom

P458 (Tul) I! 145 24' 2b 0

P459 (Jamapa) il 155 35 39 0

P566 (Porrillo Sint6tico) Ii 30 0 I 0

P675 (ICA-Pijao) 11 149 30 25 0

P714 i 43 19 II 0

GTeat Northern 123 If 44 0 0 0

Stnngless Green Refugee Susceptible 60 0 0 14

P634 (Duva) Susceptible 43 0 0 14

P645 (Nima) Susceptible 28 0 0 3

1 Web-type necrosis of the veins on the inoculated leaves

sponge, hand brush, or an airbrush at 40 were evaluated of which 234 were resistant
kg/cm2 of pressure. While all were equally and 555 susceptible.
effective, the index finger and thumb were
more practical for mass screening. In PopayAn (1800 msl), BCMV-I, was
However, the airbrush method required mechanically inoculated on 724 promising
less inoculum, and reduced the possibility materials; 296 were resistant and 428
of contamination by other mechanically susceptible. While it was thought that
transmissible viruses, symptoms would develop better with the

lower temperature, and contamination by
Selection for Resistance. Some 789 the bean rugose mosaic virus (BRMV)

naturally inoculated, promising materials would be avoided, appearance of symp-

Table 7 Reaction of susceptible and tolerant varieties inoculated with sap from BCMV systemically

Infected plants (Table 6) originally Inoculated with virus from field-infected plants.

No. of No. of piants
No. of Plants No of %ith lypical

Type of Plants with Vein Dedd BCMV
Variety Resistance Inoculated Necrosis Plants Symptoms

P458 (ICA-Tw) I1 20 201 5 0

P459 (Jamapa) 11 21 21 17 0

P566 (PornUo Sint6tico il 21 21 4 0

Great Northern 123 UI 30 0 0 0

P634 (Duva) Susceptible 13 0 0 12

P645 (Nima) Susceptible 15 0 0 15

Stnngless Green Refugee Susceptible 24 0 10 24

I Web-type nectosis of veins on the inoculated leaves.
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toms was delayed, and they were not as Selection for Resistance. Some 1150
clear as those in CIAT. germplasm accessions were preliminarily

evaluated in El Salvador and Guatemala.
Some red, cream, brown, and white

Bean Golden Mosaic Virus (BGMV) accessions were identified as tolerant to the
virus and include: G651, G716, G729,

Presence of BGMV in America and G738, G765, G843, G1069, G1080, and
Africa. The presence of BGMV was G1157. The black bean varieties (G951,
confirmed in Brazil, Cuba, Dominican G1018, and G1257) showed the highest
Republic, Mexico, Venezuela and Nigeria. tolerances so far. In Brazil, local materials,
While different concentration levels were Rio Tibagi and Gioianio Precoce and a
registered in the different isolates, the mutant, TMD-I, showed low tolerance
presence of different strains of the virus levels.
was not suggested. However, further
analyses will be made. Selection for Resistance in Different

Species of P. vulgaris. Under greenhouse
Characterization of the Virus. To conditions, 141 CIAT accessions were

improve efficiency and reliability of screen- mechanically inoculated and evaluated.
ing progenies for BGMV tolerance under Seven species of Phaseolus, 6 of Vigna,
controlled conditions, a special project was Macroptilhum lathyroides, Glycane max,
initiated on characterization of BGMV, its Lens culinaris, and CajanIs' cajan were
concentration in the plant and stability in tested. All accessions of P. lunatus, P.
plant tissues. coccineus, M. lathyroides, and V. ses-

quipedalis tested were susceptible. Resis-
It was found that viral infectivity was tant materials of P. acutifohus: P1310,800;

preserved up to 30 days in dissected leaves PI 313,205; PI 319,443; and PI 307,805 will
or sap when stored at 41C. However, when be included in a program of interspecific
leaves or sap were frozen, infectivity was crosses (see Breeding). No accession of P.
lost at five days. vulgaris was resistant to BGMV; only

tolerance was found.
When samples were taken at 10, 15, 20,

25, 30, and 40 days after inoculation, International Bean Golden Mosaic
maximum concentration and infectivity of Virus Nursery (BGMN). The 190 entries in
the virus were obtained 20 days after the 1977 BGMN were sent to 3 locations in
inoculation in both susceptible and Brazil, 2 in Mexico, and I each in the
tolerant varieties. However, the concentra- Dominican Republic, El Salvador,
tion was much greater in the susceptible Guatemala, and Nigeria. Accessions
plants, and in the leaves above the third previously classified as tolerant in Central
trifoliate if the primary leaves were America (Puebla 441, Guatemala 388,
inoculated. The first two trifoliates showed P488, P545, P704, and P709) were also
only slight disease symptoms indicating a tolerant in Brazil and Africa. Tolerance
correlation between .concentration of the was defined, by symptom intensity com-
vi:us and symptom severity. Analytical pared with susceptible and to!'rant local
density-gradient centrifugation also controls.
demonstrated Lhat tolerant varieties which
did not show as severe symptoms as
susceptible ones had a lower concentration Chrysomelid Transmitted Bean Viruses
of the virus. The tolerance rating in
descending order for the accessions tested Chrysomelid beetles are the most impor-
were as follows: P709, P458, P704, P675, tant vectors of bean viral diseases whose
P635, and P714. characteristic symptoms are mosaics
B-12 1977 CIAT Annual Report



associated with malformations and leaf to those caused by BGMV but not as
rugoses or yellow or green mottles. They intense. The virus was easily isolated and
are often confused with symptoms of the purified from beans and also from cowpea
bean common mosaic virus (BCMV). The (V. anguiculata) and M. lathyroides which
extent of their presence in Latin America appear to be its natural hosts and principal
and the Caribbean is unknown. However, inoculum sources While the symptoms are
bean rugose mosaic virus (BRMV) cultures easily identifiable, no resistant bean
from Costa Rica, Colombia, Guatemala, varieties have been found. However,
and El Salvador were analyzed in BYSV does not appear to cause major yield
pathogenicity trials and with specific reduction in P. vulgaris.
antisera and the existence of strains of the
virus was determined, confirming results
by Gamez in Costa Rica. Seed Pathology

Bean Southern Mosaic Virus (BSMV). Clean Seed Production. During 1977,
The symptoms of systemic infection of the production of pathogen-free seed con-
bean southern mosaic virus (BSMV) on tinued on 351 accessions in the screenhouse
some varieties under certain environmen- and 400 accessions of promising materials
tal conditions are similar to those induced multiplied in the field.
by the bean rugose mosaic virus (BRMV)
or the bean common mosaic virus Serology of Seed-Borne Viruses.
(BCMV), depending upon the virus strain Depending on the variety and environmen-
and the bean variety. Frequently, it does tal conditions, there are several viral
not show any symptoms on beans. Since diseases which do not express disease
BSMV is seed transmitted, it interferes symptoms - remaining latent in their
with screening for other bean viruses, hosts. One of these is the bean southern
Serology was done on the cotyledon, testa, mosaic virus (BSMV). This is a limiting
embryo and whole seed and a 25 percent factor in a seed cleaning or seed certifica-
seed transmission rate was obtained (Table tion program. However, by soaking bean
8). seed overnight, the presence of the bean

southern mosaic virus (BSMV) could be

Bean Yellow Stipple V irus (BYSV). This determined by immunodiffusion serology.
virus was isolated from beans in TuripanA, Bacterial seed pathogens could also be
Colombia and its symptoms were similar detected.

Table 8. Seed transmisslon of the bean southern mosaic (BSMV) shown by agar gel serology.

Seed Plants

Varieties Whole Cotyledon Testa Embryo No. %

Bountiful (CIAT) + + - -

Bountiful (Burpec's) - - - 1300 25

P714 (Topcrop, CIAT) - + - -

P714 (Topcrop, Burpee's) + + + - 100 0

Improved Tendergreen (Burpee's) - + - -

Stringless Green Pod (Burpee's) .....

P704 (Porrillo I) + + - 1000 0

P634 (ICA-Duva) . . . .
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FUNGAL DISEASES setting. Two-three weeks before plantinE
of nursery entries, a mixture of 10-15 rusl

Bean Rust spreading cultivars which were susceptible,
intermediate and resistant to rust were

Over the past two years, no cuitivar or planted four rows wide and parallel tc
line was immune or resistant to Uromyces every 20 rows of nursery entries (Figure 3).
phaseoli at every International Bean Rust Thr~e to four weeks after germination,
Nursery (IBRN) location. However, some spreader plants were inoculated (Figure 4)
entries were resistant or tolerant at many with a composite of rust races collected
locations and were incorporated into the during previous epidemics (Figure 5). Th
1977 IBRN along with recent CIAT mixture of vaneties maximized survival ol
accessions (Table 9). The highest propor- all pathogenic variability inherent within
tion of susceptible IBRN entries occurred the lo~a! bean rust population.
at locations in the Dominican Republic,
Costa Rica, Mexico and CIAT. These sites Germplasm and progeny were evaluated
should be useful to screen hybrid materials according to the following scale:
for resistance to diverse populations of rust resistant= no infection or a few minute
races. pustules; intermediate= few to many small

pustules, usually present only on the lowei
At CIAT, field nurseries were planted to leaf surface, or pustules with limited

simultaneously screen hybrid progeny for necrotic development; or susceptible=feA
resistance to the bean common mosaic to many large pustules on the lower and/ o
virus (BCMV) and rust. Progeny were upper leaf surfaces.
hand-inoculated with BCMV as seedlings
(CIAT Annual Report, 1976) and then rust A total of 1643 germplasm accessioni
epidemics were generated on the BCMV were evaluated for rust reactions in the
resistant plants before flowering and pod- field: 89 were resistant; 69 were tolerani

Table 9 Reactions of the most widely resistant entries to bean rust ( Uromyces phaseol) in the 1975 ant
1976 International Bean Rust Nursery (IBRN). Data on number of locations where the entrie
received disease ratings'.

Number of Locations

Promising , 1975 1976
Lines Identification I R INT S ND I R INT S ND

P793 Compuesto Chimaltenango 3 4 3 2 i 5 5 9 2 i 0

P709 Turrialba 1 4 3 2 3 3 3 7 6 I 0
P675 ICA-Pijao 3 1 4 3 4 3 6 7 1 0
P699 Mexico 309 6 5 I 0 3 6 3 3 2 0,

Mexico 235 21 ! 2 0 10 6 4 4 2 -1

P509 San Pedro Pinula 72 4 3 3 2 3 '4 '6 5 2 0.
P693 Ecuador 299 5 7' i 0' 2 3 6- 6 2 "'0
P685 Cornell49-242 3 5 4 1 2 2 ,4 9,2 0

P239 P.1.226-895 '4 6 2 0 3 1 5 7 2 2

I=immunc. R-resitant INT= intermediate; S=suceptible, ND=no data
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and 1194 were susceptible -he remaining AnIhracnose
291 accessions were variable in the-
reaction and provided additional sources
of resistance/ tolerance Greenhouse techniques were developed

I gturt. 4 Iinotultiioi of I)t. rust spreuder roits 4 Aeeks after plant eniergeme

Bean Program B-15



I f . . ,- . resistance/tolerance to various root rot
-''S pathogeps, principally to Fusarium solani

f. sp. phaseoh and also to Rhizocionta
solant, Scleronum rolfsn and Pythum sp.
Individual pathogen nurseries were

-- developed by inoculating seed and furrows
with a mixture of isolates grown on

.1 sterilized media such as rice hulls. Op-
timum moculum concentration, plant
density and reliable rating scaleb for
evaluation of segregating progeny are still

0being determined. However, preliminary
data indicate that various accessions
exhibit resistant/tolerant reactions to
many or all pathogens tested (Table 10).

Some 240 accessions were also planted
"' ' for field evaluation at Popayfn under

natural infestation with Fusartum and
N, Rhizoctonia: 32 percent were resis-

tant/tolerant but 10 percent of these
entries contained a mixture of susceptible

r plants Promising selections will be

I lgtirt 5 Rust i l umLU 1h11 (nowitre f rate,,) stored
'Alilt Cdlt11,111 Lthloridte I I~t, tiltUl 12- n ilt) nosed %, lilt

20 drops I Acen 211 in 4 liltrs dlsillid Aater and
,slrated onlfl lants-

this year to screen for resistance to races of
anthracnose prevalent in Colombia A
spore suspension, primarily of beta and
gamma races at 1.2 x l06/ml (Fig 6), was
sprayed on leaves and injected into stems
of seedlings which were incubated in a
moisture chamber at 19-240C and 90-100 IVT (1 ('

percent RH. Materials were evaluated as'
resistant = no infection on leaves or stems, o

intermediate = small, limited lesions on
leaves with little development or stems, or
susceptible = large lesions on leaves and
stems, often causing plant death. Ap-
proximately, 100 promising lines resistant
to anthracnose races in field nurseries in
PopayAn were also tested at other Colom-
bian locations to identify candidates for an
International Bean Anthracnose Nursery.

Root Rots I igtre 0 11 podrnt inttulaton of bean seedling

Ilt a l,lll, 113 pattrfk IIU.liiIl !2 Ii I!0Uf \leoedi/l)

This year, experim ents were initiated to u i Iia d ill e "hrat ur iwlpt n i 1 2 % spores/in1)

develop field techniques for screening for (if bcall .thrUlose islate.
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I able 10 Esuluation of rool rot reactions' on promising germplasm selections at CIAT in 1977.

Promising
Line Fusarium Rhizoctonta Sclerottunt Pythluiin

11009 INT INT-R S INT
P 168 S INT INT IN'I
11432 S R R R
P458 R S R, R
1P461 INT-R S R INI
P566 R Rz R R
P622 R S INT R
P646 INT-R INT S R
1P718 R S R R
1746 R R R R
1775 INT-R INT-R R INI

I I =internncdtate, R tesistan., S =suiceptible
1566 has been moderately susceptible in other tests at CIAT.

retested in artificially inoculated field soil to produce abundant qdantities of
nurseries at CIAT to determine their range basidiospores. Eight to fifteen days after
of reactions to root rot pathogens. germination, plants were spray-inoculated,

incubated and evaluated five days laterAngular Leaf Spot according to the following scale: I = no
symptoms; 2 = little growth, chlorosisGreenhouse techniques to screen germ- around the inoculation point; 3 = vein

plasm for resistance/tolerance to angular necrosis, with 33 percent leaf chlorosis; 4 =
leaf spot were developed. Seedling leaves vein necrosis, 50 percent leaf chlorosis; and
were spray-inoculated in the greenhouse 5 = complete leaf necrosis. P17, P358,
with a spore suspension at 2 x 10/ml and P488 and P566 were highly tolerant to web
incubated in a moisture chamber(90-100% blight.
RH) for 24-48 hours at 19-240C. Symp-
toms appeared 12-14 days after inocula-
tion. Field inoculations (2x 104 spores/mi) BACTERIAL DISEASES
were done at PopayAn and an evaluation
scale is being developed. Common Bacterial Blight

Web Blight
Greenhouse experiments were done toThis year, techniques were worked out determine if pathogenic variation of

to screen germplasm for resis- common bacterial blight at CIAT were due
tance/tolerance to web blight in the to distinct races or variations in isolate
greenhouse at temperatures above 280C virulence. The primary leaves of six
with 95 percent R H. The fungds was grown cultivars with different degrees of tolerance
on potato dextrose agar (PDA) and after or susceptibility were clip-inoculated at 5 x
four days, transferred to potato yeast 107/ml with isolates from Latin America
dextrose agar (PYDA). After five more and the United States. Virulence between
days, the fungus was then mixed in sterile isolates and tolerance of the cultivars
Bean Program B-17



Severity

3

S001 102 051 057 120 ESI R2 B15 053 003 033

Isolate

Figure 7 Interaction between common bacterial blight isolates with different levels of virulence and bear

cultivars with different levels of tolerance.

varied, but there was no interaction at the then inoculated onto a susceptible cultivar,

P = 0.05 level between isolates and cul- ICA-Pijao, to recover and estimate fre-

tivars to imply the presence of races quency of highly virulent isolates in natural

(Figure 7). These isolates and others from populations (Table 11). Isolates from
different locations in the Americas were nearly every location were as virulent as

Table 1I. Frequency of virulent common blight isolates collected from different locations In Latin and Nort

America, and clip-inoculated onto primary leaves of susceptible ICA-Pijao.

Isolate Number of Number of Isolates as Range in

Origin Isolates Tested Virulent as XP 123 Virulenwl

Colombia, Cauca Valley 13 I 1.4- 9

Colombia, Restrepo 9 6 7.4-10.9

Colombia, other 5 0 5 0- 7.5

Puerto Rico 12 5 1 8-13.3

Mexico 8 3 4.6- 96

El Salvador 7 2 6.7- 8.9

Brazil 10 o 6 7.1-10.2

U.S.A., Michigan 2 0 5.7- 7.6

Data normalu.. to Iolate XP 123 with a vimlence raiig of 10 (LSD. s" 1 S)
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XP 123 from Colombia. Therefore, the virulent Colombian isolate, CIAT XP 123
bacterial blight screening will use the most (5 x 107/ml). At 22 and 33 days after initial
highly virulent isolate in local populations inoculation, the light treatment significant-
of the pathogen to evaluate germplasm for ly delayed flowering and leaf senescence,
resistance/tolerance, increased foliage development and pro-

duced a tolerant response in the non-
Several varieties tolerant to common adapted P698. These differences were also

bacterial blight (Xanthomonas phaseoh confirmed with yield data, thus
and X. phaseoli var.fuscans) in temperate dpmonstrating the effect of poor plant
zones are susceptible under tropical con- adaptation on common bacterial blight
ditions at CIAT. This makes parental tolerance. The CIAT breeding section will
selection and progeny screening more select parents with bacterial blight
difficult. Therefore, studies were initiated tolerance and/or incorporate tolerance
in 1977 to investigate the influence of plant from poorly adapted parents within an
adaptation and environmental factors agronomic background well-adapted to
upon disease reaction, and to develop tropical conditions.
reliable greenhouse and field techniques to DISEASE OBSERVATION TRIALS
evaluate common blight tolerance at
CIAT. In collaboration with the Instituto

Colombiano Agropecuario (ICA), CIAT
Five cultivars were selected which were bean breeding and pathology planted

susceptible, tolerant, and varied for nurseries in several areas of Colombia to
photoperiod sensitivity (Table 12). The simultaneously evaluate germplasm for
poorly adapted cultivars, P684 and P698, plant adaptation and disease resistance.
were treated with supplemental lighting to Several promising accessions possessed
simulate temperate zone lighting and to multiple disease resistance or tolerance to
extend time to flowenng. Beginning at 20 various plant pathogens such as rust,
days after germination, plants were in- anthracnose, web blight, powdery mildew,
oculated at weekly intervals by water- gray spot, Ascochyta blight and common
soaking with bacterial cells of a highly bacterial blight (Table 13).

Table 12. Effect of different environments on common blight (Xanthomonas phaseoh) reactions.'

Common Blight Reaction

Temperate Tropical

Promising Adaptation Normal Normal Extended
Lines at CIAT Photoperiod Photoperiod Photoperod2

P684 Poor S S S
P698 Poor T S T
P498 Good S S S
P566 Good S S S
P597 Good T T T

msuseptibl. T: tolerant

1 18 hour day; supplementation with incanducent liWhts in fieid.
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Table 13. Promising lines with multiple disease resistance or tolerance to fungal and bacterial pathogens in
various field nurseries in Colombia.

Disease Reaction'

Promising Web Powdery Gray Common
Lines Rust Anthracnose Blight Mildew Spot Blight

P167 INT R S S INT-R S

P168 INT R S S INT-R T

P179 R R T N N T

P189 R R S S INT-R S

P203 INT R S S S T

P204 R INT S S INT-R T

P256 INT INT S INT-R S S

P334 INT R T S INT-R S

P349 INT S S INT-R S S

P507 INT R T S T T

P631 R R S S INT-R S

P670 R R T S S S

P782 INT R T S INT-R T

SR= resatani.T= tolerant. INT= intermediate, S=susoeptible. INT-R= resistant during natural cpdrmich, iuirk - ..u igit

to confirm resistance Ni P Line not observed for reaction to specific pathogen

Entomology

Moderate to low levels of resistance to found in new germplasm accessions. The
Dnpoasca, mostly based on tolerance, International Bean Rust Nursery (IBRN)
were identified in the germplasm bank and contains several entries - e.g. G05942 and
recurrent selection initiated to increase Turrialba 1 - with promising resistance to
resistance levels. Cultural control of Empoasca.
leafhoppers also appears promising. The
biology of the Chrysomelid species,
Diabrotica balteata, was studied in the To test the feasibility of screening
laboratory and damage of the different life segregating populations for resistance
stages to beans at different levels of based on individual plant damage scores,
maturity. Treatment of stored beans with 38 promising lines having known and
vegetable oils was found to be a cheap and varying resistance levels identified in
effective method of protection against previous replicated trials were used to
Zabrotes subfasciatus. simulate resistant x susceptible crosses of

an F2 population. Individual damage
LEAFHOPPERS scores taken twice weekly, and yield per

plant in one replicate were correlated with
Screening for Resistance the other seven replicates. Rank correla-

tion coefficients between individual and
Additional sources of resistance to the replicated scores were highly significant

leafhopper, &npoasca kraemeri, were (Table 14), indicating that selection of
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Table 14. Correlation coefficients of individual lines deviated significantly indicating
plant damage scores in I replicate with variety x treatment interactions, i.e.
the 7 remaining replicates for simulated genetic differences in resistance.
F2of 38 P lines scored twice weekly for
leafhopper damage (damage scale 0-5). A 15 x 15 diallel cross was made and F2

plants and their F 3 progeny families were
Spearman's evaluated in the same manner as the

Rank simulated F 2 population (calculated forNo. Correlation - F eeto s.H rtblt
Evaluation Method Observations Coefficient 50% of the 9.5 F2 selections). Heritability

estimates (regression of F3 family mean on

Visual damage score 13 0.592 F2 plant value) of six crosses with black

Visual damage score 7 0.574 and non-black parents were low (Table 15).

Visual damage score 5 0.549 This may have been due to limited genetic
variability and relatively large non-

Visual damage score 3 0.533 additive, genetic variation. Few F3 families

Visual damage score 1 0.441 from superior F2 plants demonstrated a

Visual damage score uniformly high tolerance level to Em-

with more weight poasca; most showed wide segregation.
given to later
observations 0.653

Seed yield 0.585 Capture of leafhopper nymphs on

Combined visual dam. hooked epidermal hairs is an important
score and yield 0.639 resistance mechanism against &npoasca

fabae. Therefore, the effectiveness of
single plants in the F2 grneration may be pubescence as a resistance mechanism
an acceptable screening method. against E kraemeri was studiec'. Maxi-

mum capture rate of 24 percent was
Scoring leafhopperdamage once a week observed only once on Redcloud and the

was as accurate as scot ing damage twice a best average rate of nymphal capture was 5
week while yield data . upplement damage percent on Calima, followed by 4.7 percent
scores. Yield regression between un- on Redcloud. While hairless, black-seeded
protected and protected plants was signifi- varieties already have superior E. kraemert
cant. Average yield/plant decreased from resistance, nymphal capture ranged from
10.42-2.63 g, respectively, but individual 0.8-1.4 percent indicating that incor-

Table 15. Correlations between individual F2 plant damage scores of 50 plants per cross and their F3 family
damage score in 6 selected crosses using resistant and susceptible parents.

Spearman's Rank Narrow % Significance
Correlation Sense Level of

Cross Coefficient Heritability Herit. Estim.

P512 x P478 0.127 0.28 5

P682 x P692 0.155 0.14 31

P720 x P681 0.221 0.40 0.4

P560 x P458 0.257 0.18 20

P420 x P692 0.274 0.21 14

P682 x P681 0.422 0.22,-, 13
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porating pubescence into black-seeded Two experiments were done to deter-
varieties may further increase resistance, mine at which growth stage th, bean plant

is most susceptible to leafhopper damage.
The growing season of susceptible Diacol-

Economic Damage Calima was divided into 18 day periods
and during each of these four periods

Studies were conducted to determine the plants were protected with monocrotophos
economic threshold of leafhopper pop- or left unprotected in the control (Table
ulations on Diacol-Calima, a standard 17).
susceptible control. Table 16 shows
nymphal populations permitted per leaf
before initiating chemical control, bean In both trials, yields were highest when
yields, production costs and sale value. As beans were protected during flowering and
nymphal populations per leaf were reduced podset at 26 to 44 days but in the first
to nearly zero, production costs were experiment in which leafhopper attack
estimated to increase exponentially with came later than in the second experiment,
the number of chemical applications. A the period from 44-62 days was most
linear relationship between production critical. The presence of leafhoppers on the
(total returns) and nymphs per leaf was plants from 8-27 days or from 62 days on
assumed and an asymptotic relationship did not influence yields.
between the number of nymphs and
production costs. These results have important im-

plications. First, early chemical control,
The highest profit was made at 0.81 Le. carbofutan as a soil treatment, is less

nymphs per leaf. Therefore, the economic cffective and protection by mulching does
threshold population of leafhoppers was not have maximum influence as the plants
defined as the level which allows maximum are already large when the most susceptible
profit and not as the level at which cost of growth stage begins. By that time, plants
control equals expected value of yield loss have mostly covered the mulch.
(Fig. 8).

Table 16. Yield value of harvest and cost of production (average of four repilcats) with various lefhopper
nymphal populations on Uiacol-Callma when sprayed with monocrotophos at 0.25 Uter
a.i./ha/applcation.

No. of Nymphs/Leaf
Observed Value of Cost of
to initiate No. of Yield Product2  Production

Planned Sprayifig Sjirays (kg/ha) (Col S) (Col $)

0 0.63 5 1294a 20.704 10.572
1 1.22 4 1118b 17.888 '10.257
3 3.55 2 670€ 10.720 9.629
5 5.07 1 641cd 10.096 9.314
7 7.45 1 503d 8.048 9.314

Control 8.671 0 38e 608 9.000
I Maximum population at 44 days counts from 2949 days after pjantiqj wire mosty above 5 nympha/lea

I I beans valued at S1&O0
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Value of Product
(x$ 1000)

20 Prod. (in $) = 20025 - 1958 x, no. nymphs, leaf
(rl = 0.81)

6 Prod. cost (in $) 524.6 -9.389
(No. nymphs/leaf)

14 (r2 =0.73)

-I-
12 --

2 3 4 5 6 7 8

05 No. of Nymphs/ Leaf I olerated

Figure 8. Relationship between leafhopper nymphal population, value of product and production cost (In

Co.S).

Table 17. Yield of drybean lDms followingh ide treatment duringdifferent pantgrowth.

stages. (Avg. 4 replicates).

Dry Bean Yield tkg/ha)
Chemical Protectipn No. of
Period (in days Insecticide First Second

after planting) Applications Experiment Experiment

8-80 4 1359bc' 141 la

8-62 3 1385bc 1550a

- 844 .. . . .. .- 2 1-327bc - 24la

8-26 1 1073d 553b

Untreated 0 1002d 475b

27-80 3 1655a 1467a

45-80 2 1549ab 847b

63-80 1 1012d 583b

27-62 2 1480ab 1276a'

8-27 and 62-80 '2 ilBlcd 532b

I Tntmnts followed by the sme letter were not tsifcfmatly diffemnt at P<O OS.
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Table 18. Yield of Dlacol-Callima with different mulches providing leafhopper control (avg. 4 replicates).

Dry Bean Yield (kg/ha)

,% Light Insecticide
Treatment Reflection Protected Unprotected

Ricc straw mulch 8.0 1671d 861b
Aluminum foil mulch 20.3 2312e 1296c
Black plastic mulch 5.2 1725d 395a

Control 5.4 1753d 416a

Mulching but doubled by rice straw mulching.
Aluminum foil mulch tripled yield as

Studies continued on tte influence of compared with the control plots. It appears
straw and aluminum foil mulches on that light reflection and/or color contrast
leafhopper populations and bean yield, are the principal factors involved in
When beans were chemically protected and reducing leafhopper populations.
mulched, yields increased 32 percent with
aluminum foil mulch (Table 18), probably In another experiment with susceptible
due to increased light intensity. Diacol-Calima and P-14, a resistant
(Aluminum foil reflected 20 percent of variety, the nymphal populations in straw-
incident light comparec to 5 percent mulched and aluminum foil-mulched plots
reflected in non-mulched and black plastic- were 30 and 17 percent of the control,
mulched plots.) Yields in the non-mulched respectively, during the first half of the
plots and the black plastitc-mulched plots growing season (Table 19). However, later
were very low due to heavy insect pressure, populations were higher on mulched plots

Table 19 Plant dry weight, dry bean yield and average nymphal populations per leaf on the leafhopper
susceptible varlet), Di icol-Calima, and P-14, a resistant variety, following different insect control
treatments.

Dry Weight at Flowering (g/plant)

Treatment Diacol-Calima P-14

Control 4.26 11.07
Insecticide-treated 6.78 15.25
Straw mulch .. 7.65 -- 15,97
Aluminum foil mulch 9.95 15.50

Nymphs/Leaf
Up to After Up to After

41 days 41 days 41 days 41 days

Control 3.39 2.85 2.20 5.41
Insecticidal treated 0.06 0.01 0.11 0.01
Straw mulch 1.01 3.64 0.75 4.87
Aluminum mulch 0.59 2.46 0.59 4 76
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due to increased plant vigor and reduced Table 20. D. balteata larval survival on bean and
leafhopper damage during earlier stages. maize roots.
However, plant dry weights at flowering Dayt after Food Medium
for the mulched plots were equal to or Hatching Maize Bean Bean Root
higher than plant weights in non-mulched: and Infestation Roots Roots Nodules
insecticide protected ones. Yields were
generally very low, due to unusually hot 0 200 200 200
weather during the flowering period, but 3 189 87 0
dry bean yields of the resistant variety on 6 178 14
non-protected plots were nine times those
of the susceptible variety, confirming the 9 170 1
value of plant resistance to the leafhopper. 12 162 0

Adults obtained 95 0 0
CHRYSOMELIDS

larvae were often found dead on the
While Neobrotica variabilis is most hooked trichomes of the hypocotyles.

commonly found in flowering beans at The effect of larval feeding on seedling
CIAT, the Chrysomelid, Diabrotica development was also tested. When young
balteata, the banded cucumber beetle, is larvae attack beans prior to plant
generally more common in the fields and emergence, feeding on primary leaves and
its biology was studied in the laboratory. cotyledons, primary leaves emerge with
Eggs of D. balteata hatched in seven days perforations, resembling symptoms of
in the laboratory and the three larval stages adult feeding. When seeds were infested
required 12 to 14 days. Pupation also took with older larvae, one day after planting,
12 to 14 days. Although bean root damage severe damage to cotyledons and stems
from Chry~omelid larvae is common in the occurred, often impeding plant ,mergence
field, LUrvae could not be reared on bean or reducing plant growth. First instar
roots or nodules in the laboratory. larvae were most damaging to seeds when
However, rearing was successful on maize infested one day after planting. However,
roots. When larvae were fed maize roots second and third instar larvae caused more
for three days, then placed on beans, damage, especially when seeds were in-
survival greatly increased (Table 20). Older fested at planting (Table 21).

Table 21. Leaf area of Diacol-Callms beans measured 10 days after planting as percentage of leaf area of
control plants, after Infestation with Diabrotica balreata larva on three dates after planting.'

Leaf Area
Infested as % of

Control on days after Planting

No. of Larvae/Plant Larval Stage 0 1 4

5 Ist instar 93.3 89.3 96.8

2nd instar 22.3 37.3 76.0

3rd instar 0 10.8 20

10 Ist instar 95.3 53.4 84.2

2nd instar 12.1 9.1 31.7

3rd instar 0 0.5 0.8
* Plantis grown in the jirenhouse(HP-35C avg 23.YC. RH 65-100% avg. 98.5%) Average of 20 replikates for it inslarand 10 replcates for

2nd and 3rd mstart
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Table 22. Relationship between Infestation level, bean leaf area and yield (avg. 3 repliates Dlacol-Caltna).

Remaining
Feeding Estimated Leaf Area Yield

Period (days Infestation Level as % of as % of
after planting) (adults/plant) Control Control

8 -I5 0.9 82.9 96.1

1.4 67.0 79.8
3.0 52.5 72.4

15-22 1.2 83.7 113.8

1.4 71.2 111.4

3.7 58.3 70.1

22-29 1.1 89.0 89.8

1.0 77.4 75.7

3.7 53.1 48.8

The effect of adult feeding on bean yield Tarsonemid mite, Polyphagotarsonemus
was also studied. Preliminary results latus, was reported to cause up to 56
showed that up to 22 days after planting, 19 percent yield losses. Fifteen pesticides were
percent defoliation or up to 1.4 adults per tested for P. lotus control, in which beans
plant can be tolerated without significant were sprayed with dimethoate to protect
yield loss (Table 22). From 22 to 29 days them from leafhopper attack and which
after planting, one adult per plant enhances P. latus attack according to the
significantly reduced yields, literature and previous observations at

CIAT. Results of the best eight compounds
BROAD MITES are shown in Table 23. Bean yield was

highest following endosulfan treatment
but kelthare and hostathion were also

In the CIAT Annual Report 1975, the effective. Tetradifon was highly effective

Table 23. Damage grade, mite population and dry bean yield following treatment by different hnw'teiides
(avg. 3 replicates, ICA-PJao).

Avg. Dam. Grade No. of
(0-3) of P. lats No. of P. latu T. desertorum

Dosis 7 Days after 5 Days 10 Days after Yield
Product (a.i./ha) 1st Applic. after Ist Applic. 2nd Applic. (kg/ha)

endosuifan 1.23 liter 0.Ig 95 - _ 178hc . 2015a..

dicofol 0.84 liter 0.8efg 124de 30c 1783ab

triazophos 0.40 liter 0.Sfg 115.de 127c 1765ab

omethoate 0.50 liter 1.Scde 351 119bc 171 lb

carbaryl 1.60 kg 1.0ef 223bcde 894a 1664b

Amitraz 0.06 liter l.Scde 104e 42c 1648b

monocrotophos 0.28 liter 1.8cd 264bc 286bc 1578b

carbofuran 0.12 kg 2.1bc 318bc 617a 1540b

Control - 3.0a 349b 237bc 1155c
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Table 24. Effect of different vegetable oils tumbler-applied on Bruchid biology on beans (avg. 5 replications,
100 g each, Infested with 7 pairs of adults).

% Adult Mortality after No. Emerged
/Al t Progeny

ml oil/ Applhcaton at Days No. Eggs/ Adults/
Oil kg weed 2 7 Replic. Replic.

Soybean 1 15 52.9 107.8 6.4
5 100 100 0 0

10 100 100 0 0

Mixed 1 9 84.3 121.6 13.0
5 100 100 0 0

10 100 100 0 0

Maize 1 22.5 88.6 89.0 13.2
5 100 100 0 0

10 100 100 0 0

Control 0 1.4 318.8 208.0

against Tetranychus sp. mites but not entry but selections P364 and P507
against P. latus. By contrast, carbaryl was maintained a low resistance level. This
effective against P. lotus but caused a resistance was expressed in reduced
Tetranychus outbreak. Elosal may be more oviposition and emergence, or prolonged
effective by increasing the dosage. development period for Zabrotes.

STORED GRAIN INSECTS Vegetable oils were tested for control of
Bruchids infestations in stored beans.

About 2000 germplasm bank accessions Three cooking oils were tumbler-applied to
were tested for resistance to the Bruchid, the beans which were then infested with Z.
Zabrotes subfasciatus. In the three trials, subfasciatus (Table 24). At 5 ml/kg, 100
there were variations in resistance for each percent adult mortality was observed.

Table 25. Seed germination and water absorption following treatment with maize oil and storage for I or 180
days (avg. 5 and 3 replicates, of 50 seeds and 100 g, respectively).

Percent Germination of Percent Weight Incicase by
Seed Stored after Oil Sonking for 24 Hrs after Oil

ml oil/ Treatment for:. Treatment and Storage for.
kg beans day 180 days I day 180 dayb

I 88.7 85.9 107.8a 103 8b
5 87.1 82.4 102.2b 102.2b
10 88.7 77.6 100.3b 103.5b
Control 90.0 79.6 107.7a 107.7a

Sign. level n.s. n.s.
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Additionally, when beans heavily infested than manual applications; only I to 2 ml of
with larvae were treated with 5 ml of oil tumbler-applied gave complete control
cottonseed oil/kg of beans, adult while up to 5 ml were required when
emergence was also significantly reduced, applied manually. Oil applications did not
indicating that the oils also affected affect seed germination or water absorp-
Bruchids after their penetration in the seed. tion (Table 25).
Tumbler applications were more effective

Physiology

Physiological studies continued on yield with yield (r = -0.94). Mean radiation and
limiting factors and adaptation com- temperature data recorded during the
ponents of Phaseolus vulgaris germplasm experiments (Table 28) show extremely
at CIAT and Dagua (altitude 830 msl) and low climatic variability.
at Popayin (altitude 1,900 msl) during
1976-1977. Yield variation for one variety at one

location over a number of seasons provides
GROWTH AND YIELD OF a useful means of evaluating the impor-
PORRILLO SINTETICO tance of various physiological parameters

in yield determination. The highly signifi-
In 1975 Porrillo Sint6tico was selected as cant correlation of pods/m 2, total dry

a representative variety to study yield matter at maturity and maximum
limiting factors under tropical conditions. node number, shown at the bottom of
Results are now available for 12 growth Table 26 supports the preliminary
analysis experiments conducted at CIAT conclusions (CIAT Annual Report, 1976)
from 1974-1977 under irrigated and that crops with larger vegetative structure
protected conditions. Yield and other have higher yields. Increased dry matter
parameters studied are presented in Table production (correlation with yield
26. Results for experiment 7616 are r= 0.96) and a relatively constant
included where Porrillo Sint6tico was harvest index (r = -0.28) were associated
grown at four distances from a line of with this yield trend. Increasing node
incandescent lights with a 16 hr 30 min structure increased leaf area index
daylength, causing progressive lengthening resulting in higher levels of photosynthate
of the growth cycle due to the photoperiod supply at least up to ceiling leaf area which
sensitivity of the variety. The highest yield was from 4.1 to 4.2 m2 /m2 in this variety
(4.1 t/ha) in the series was recorded for the under non-lodged conditions. Further
plots adjacent to the light source (CIAT increases in leaf area in the upper nodes
Annual Report, 1976). after flowering were balanced by leaf area

loss due to senescence at the lower nodes.
Yield variability for the 12 cycles was

associated with factors summarized in
Table 27. Lodging, bacterial blight Leaf area duration (LAD),the integrated
(chemical control was not effective) and leaf area available over a particular period
soil factors such as high sodium saturation of the growth cycle, is a measure of the
in one field were probably most important total availability of green leaf area with
although the relative importance of these time. Figure 9 shows the linear relationship
factors cannot be accurately indicated yet. of maximum node number to LAD for the
The sum of the seventy scores for the six whole growth period (emergence to
factors in Table 27 was highly correlated physiological maturity) for the 12 cycles.
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Table 26. Yield and yield components for Porrilo Slntritco In growth analysis experiments at CIAT from 1975-76.-U
V

Yield[ in Yield)/Day Pods4/ Beans/ Bean Tota' Harvests Maximum
g/m21at Days to Days to in m Pod Size in Dry Matter Index Node No.

Experiment 14% Moisture Flowering' Maturity2  glm2 lday I/m 2  I/pod mg/bean in g/m 2  in % I/m

7616 412 (37)5 51 95 4.12 314 5.71 197 698 52 1010

7630 . 55 j25) 33 69 4.79 276 5.49 200 503 61 732

7616 347 139) 43 84 3.99 255 5.79 201 562 53 806

7707 312 (28) 33 75 3.90 256 5.72 182 475 56 572

7616 298 (37) 36 71 3.92 215 5.69 208 474 54 560

7609 295 ((26) 32 72 3.83 220 5.65 204 410 62 545

7616 2771(39) 36 69 3.74 202 5.59 210 409 58 549

7541 277 1(4) 34 72 3.59 208 5.93 191 384 62 576

7612 265 (20) 33 76 3.27 204 5.97 186 381 59 607

7629 232;(26) 34 81 269 180 5.29 214 349 57 492

7503 227,(20) 32 74 2.87 210 4.87 191 343 57 598

7622 21§ (30) 33 67 3.04 192 5.52 176 337 56 612

Mean 293 36 75 3.64 227 5.60 197 444 57 638

Stand. Dcv. (57) (5.6) (7.6) (0.59) (39.3) (0.30) (12) (106) (3.3) (145)

r (vs. yield) 0.74 0.85 0.85 0.94 0.41 0.17 0.96 -0.28 0.81

I Yeld measurd on7 to 1O in haemste ar* per rplicauion. 4 replcatuions per muL
Days from cmersencn.
Yaddlday from plantiq to phymolnJOa maturity

4 Data corrected by ratio of y eld of main plac yield in Itn2 componnt subuopk.
5 Ratio yu: total dry matr at arve (mnm laves and penoks at maturity).

W * Standard dviauon.
Co



Table 27. Severity scores' for possible limiting factors in each of the growth analysis experiments wit
Porrillo Sintitico at CIAT from 1975-77.

Bacterial Hellothis Soil Poor Total
Experiment Lodging Blight2  sp. Mites 3  Salinity4  Drainage Score

7630 1 I 1 1 I 6

7707 1 1 1 1 1 1 6

7609 1 1 1 1 2 1 7

7541 2 3 1 1 1 1 9

7616 2 1 3 1 1 1 9

7612 3 1 1 3 1 I 10

7629 4 1 1 1 1 3 11

7503 5 2 3 1 I 1 13

7622 4 1 1 1 4 1 12

i Seventy score- I -factor not present. 5-factor at high level of severty estimates based on global experience in physiology
experiments at CIAT

I Bacterial blight control was ineffective with available chemicals.
I Mite resistance to various materials was encountered.
4 Maximum uliity 2-3% Na saturation in exchange complex.

LAD (emergence to maturity)

Table 28. Data for mean solar radiation and mean
temperature for growth analysis ex- 21C- -

perLments' (for period from emergence
to physiological maturity)with Porrillo 200-- -

Sinttico at CIAT from 1975-77. !

Radiation in Temperature 180 -

Experiment cal/cml/day in OC 1

7616 (a) 497 23.1

7630 496 23.3

7616 (b) 506 24.1 150 - -,

7707 472 23.4 1 Y 32.3 + 0165 X

7616 (c) 504 24.3 1

7609 "496 23.3 3 r = 0.87

7616 (d) 503 24.3 12 ,

7541----- 426- &6

7612 460 23.2 0

7629 483 23.1 500 600 700 9 l0 100(

7503 444 22.9 Maximum Node Number/m 2

7622 473 23.0 Figure 9. Regression of LAD (leaf area al
days/m 2 land area) from emergence to physiologlici

Mean 480 23.4 maturity on maximum vegetative node numbe
measured after flowering for Porrillo Sint6tico in I

I Data Source: ICA Meterologieal Station, Palanra. growth analysis experiments at CIAT from 1976-71
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Crops with a larger total node structure canopy cignt in cm

maintained leaf area at a higher level * Exp. 7609

throughout the growth cycle. Increased 90 1 1

LAD is in turn correlated with final yield o Exp 7622

(Figure 10). Hc,vever, the relationship was ,----
somewhat influenced by lodging. Three of
the crops in the bottom left of Figure 10 70 , - --

were heavily lodged (experiments 7629,
7503, and 7622) which resulted in an 60 -
apparent decrease in the efficiency of the
leaf area available. This suggests that an 50 - /I- - -

increase in leaf area duration without a
concurrent improvement in lodging 4-
resistance will not produce higher yield
levels due to the inefficient use of solar 30

radiation by lodged canopies. 20?
flowering Physiological

-. -- matrY -

The influence of lodging on canopy 10mtrt

height for two typical experiments is
shown in Figure 11. Experiment 7622 10 20 30 40 5o 60 70 80

lodged immediately prior to flowering Days after Emergence

during a heavy storm while 7609 suffered a
gradual decrease in canopy height as the Figure II. Effet of lodging on canopy height in

two growth anal)sis experiments with Porrillo

Sintitico.
Bean Yield g/m; crop approached maturity. The most

common type of lodging does not involve
400 - stem bending per se but rather root lodging

which causes the whole plant to fall over.

350---- The regression of yield on LAD for
various periods of growth are shown
below:

300 _Z Y = 55 173 X Yield (Y) vs. LAD (emergence to maturi-

% ,/ty): Y = 55 + 1.73X,r = 0.82
0 = 82 Yield (Y) vs. LAD (emergence to flower-

250 -
ing): Y=155 + 3.49X,r=0.80
Yield (Y) vs. LAD (flowering to maturity):
Y = 45 + 2.94X,r = 0.78

200 From these data, it is obvious that a
2010 120 130 140 5o 160170 180 190-200 210 general increase in leaf area at all growth

LAD (emergence to maturity) stages may be necessary rather than

Figure 10. Regressionofgrainyield(14%moisture particular emphasis on the post flowering

basis) on LAD (leaf area m' days/n' land 2rea)from period. It is also obvious from the overall

emergence to ph)siological maturily for 12 growth data that a high LAD before flowering

analysis experiments for Porrillo Sintitico at CIAT normally means a high LAD after flower-

from 1975-77. ing. This also implies that an increase in

Bean Program 
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LAD and presumably photosynthate not be associated with increases in CGR at
supply, leads to increased sink size and also higher LAI values. However, if lodging
to increased post-flowering source to fill resistance can be improved, increased
the available sink. maximum l.,af area should result in the

maintenance of a higher LAD.
The relationship of crop growth rate

(CGR, g/m 2/day) of Porrillo Sintitico for High yields in experiments 7616, 7630
the above-ground portion of the crop to and 7707 were associated with either (a) an
leaf area index (LAI) is an important increased length of the growth cycle by
consideration with respect to the above manipulating the flowering date using
conclusions. Crop growth rate was photoperiod response (for 7616), or (b)
calculated from the weekly total dry matter were within the normal growth cycle for
samplings up to 56 days from emergence this variety (for 7630 and 7707). In the
(heavy leaf loss after 56 days prevents an latter case, both crops had little lodging
assessment of CGR for the whole crop and disease, insect and soil problems were
during the maturation phase). The data minimal (Table 27).
(Figure 12) show a curvilinear relationship
to mean LAI with a mean maximum GROWTH AND YIELD IN RELATION
growth.rate of r,., 12 g/m 2/day at LAI TO GROWTH HABIT
between 3 0 and 4.0. Up to a mean weekly
LAI of -' 4.0 m2/m2 there is no real A summary of growth analysis data for
suggestion of an optimum type response in five varieties, representative of the four
these data. Variability of CGR within a growth habits defined at CIAT is presented
particular LAI range was probably in Table 29. Mean yield i ange in the data is
associated with lodging, solar radiation typical for the varieties at CIAT under
received, and other factors. Research is monoculture conditions. Mean data for
continuing on the factors associated with Porrillo Sint~tico from Table 26 is includ-
this variability. Any improvement in ed for comparison (treatments in experi-
maximum LAI above average levels may ment 7616 which were influenced by

artificially increased daylength have been
CGR g/m 2/day excluded).

-While less data is available for these
6 -~ _ [_ - growth habits the conclusions which can be

14- drawn are similar to those for Porrillo

12 T Sintitico. Increased node structure and
- leaf area are strongly related to yield. The

10i 7 - comparative earliness of the determinate
varieties (P635 and P788) apparently limits8 . I the maximum leaf area and thus the LAD.

6 - _ Mean yield per day is slightly lower than in
4Y= U so + tY,19 X" 090X Porrillo Sintetico.

r r0905_ I ea
2 r= 905Leafarea efficiency (bean yield/LAD)o0 - 1 _ for the four nonclimbing varieties is very

10 20 30 40 similar ranging from 1.95 to 2.12 g/m 2

LAI days/m 2. This strongly suggests that the
Figure 12. Relationship of CGR (g/m'/day) to differences in canopy type in these lines

mean LAI. Mean of weekly samplings In 12 growth does not greatly influence the yield
analysisexperimentsulthPorrilloSintiticoatCIAT, capacity of the photosynthetic system.
from 1975-77. However, leaf area efficiency for the
B-32 1977 CIAT Annual Report



Table 29. Mean yield and other parameters measured for five cultivars from four types in growth analysis
experiments at CIAT, 1975-77.

Cultivar and Growth Habit

P635 P788 P566 P498 P589
Parameters 1 1 11 111 IV

Mean yield (14% moisture), g/m2  230 242 273 322 365

Number of exp:nments 3 2 9 3 3

Pod number/m 2  142 246 216 265 294

Bean per pod 2.55 3.20 5.56 4.36 5.69

Bean size. mg/bean 544 272 195 240 185 -

Maximum node number/m 2  363 413 587 923 864 0.94

Maximum leaf area index 3.03 3.43 3.57 4.14 5.99 0.94

LAD 2 (E-F)3 23 18 36 41 81 0.93

LAD (F-M) 95 96 94 123 180 0.91

LAD (E-M) 118 114 130 164 261 0.93

Days to flowering (E-F) 25 25 33 33 41 0.95

Days to maturity (E-M) 64 67 73 81 89 0.99

Yield/day (planting to maturity) 3.31 3.36 3.51 3.73 3.88 0.83

Yield/LAD (E-M) 4  1.95 2.12 2.10 1,96 1.40 -

* Correlation with yield (r)
LAD m

2 
days/rn'

E=emeigence F= flowering, M= physiological maturity
I car area efficiency, g/m' daysiml land area

climbing variety used here was much lower topped, ventilated chambers over two
even when supported on a trellis, possibly growth periods: (a) Period 1(-5 to + 15 days
due to excessive leaf area development from flowering); and (b) Period 2(-5 to +35
(maximum LAI 5.99) which caused self days from flowering). The objective was to
shading of the lower leaves. This conclu- evaluate the relative importance of in-
sion is supported by yield profiles by node creased photosynthate supply durirg the
reported for P589 in the CIAT Annual period after first flowering when final pod
Report, 1976. number is being determined (Period 1)

compared to the whole of the flowerng,
Crop growth rate data for the limited pod set and ben flhng perwod up to

number of cycles with P589 suggests a physiological maturity (Penod 2). A 40
lower rate of growth at higher LAI values percent yield increase was obtained in
than was the case with P566. Further data Period 1, compared to 43 percent in Period
will be needed to reach firm conclusions. 2 (Table 30). The benefits of increased

photosynthate supply appear to be of
CROP MANIPULATION primary importance dunng the immediate

post-flowering period due mainly to
Carbon Dioxide Fertilization increased pod set and mature beans/pod.

In the first experiment carbon dioxide An additional 20days ofCO2 supplemen-

supplementation (1200 ppm) was aliplied tation in Period 2 produced only a 3

to Porrillo Sint6tico growing in I m2 open- percent yield increase over Period 1.
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Table 30. Effect of carbon dioxide fertilization' applied over two periods on yield and other parameters of
Porrillo Sintitico at CIAT.

Yield in No. No. Mean Node No. Total
g/m 2 (14% Pods/ Beans/ Bean Wt. Maturity Dry Harvest

Period2  Treatment moisture) m2  Pod mg/bean I/m2  Weight Index

-5 to +15 C02 340 (140) 264 5.63 195 545 494 (59.1)

Control 243 (100) 221 5.11 185 507 367 (56.9)

-5 to +35 C02 446 (143) 328 5.44 215 542 660 (58.3)

Control 311 (100) 244 5.16 213 535 466 (57.4)

L.S.D. 0.05 33 25 0.32 11 53 54 (2.1)

C.V.% 9.0 8.9 4.4 3.9 7.8 8.0 (3.7)

1 Applied to Im3 ventilated open topped chamber in the field at 1200 ppm C0 2 (approx. 900 ppm above ambknt CO2 Levehcontrol
chamber ventilated at ambient CO2 1evel
Days from flowering

Increased photosynthate supply did not possibility. The possibility of an interac-
significantly alter final node number tion between increased photosynthate
suggesting that overall canopy structure supply and increased nutrient supply was
was not altered. The increased dry matter also evaluated. The results of a 2x2
production was divided between vegetative factorial experiment with the appropriate
and reproductive parts with a slight treatment combinations are presented in
increase in harvest index in the C02 Table 31. The overall yield increase due to
treatment in both periods. C02 fertilization from -5 to +35 days from

flowenng was only 21 percent (Treatment
The results strongly suggest that 1) compared to 43 percent m the first

photosynthate supply in the immediate experiment. The crop was well grown and
post-flowering period controls pod set and lodging was not a problem: leaf area of
yield in this variety. An improvement in adjacent control crops approached
photosynthate supply should be possible 4.0m 2/m 2. Probably, the control canopy
by either increasing leaf area and leaf area was more efficient in this experiment
duration or by increasing the suggesting that photosynthate supply was
photosynthetic efficiency of the available not as limiting. The effects of NPKS
leaf area. Both will be aided if stem fertilization were entirely additive with no
erectness and lodging resistance can also be suggestion of a positive interaction. A 6
improved. percent increase in yield was recorded for

NPKS application with or without C02
Carbon Dioxide/Major Element fertilization. In this experiment, the yield
Fertilization increase due to C02 supplementation was

related almost entirely to an increase in
A second experiment was conducted to pod set which emphasizes the importance

test the hypothesis that foliar application of photosynthate supply during this phase.
of major nutrients (N, P, K and S) to the
canopy could increase yield although the Foliar Fertilization at Different Growth
crop had been fertilized with all the critical Stages
elements at sowing. Research in soybeans
in the United States had suggested this An experiment was also conducted to
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Table 3 1. Effect of carbon dioxide fertilization (-5 to +35 days from flowering) and follar application of
NPKS on yield and parameters of Porrillo Sintitico at CIAT.

Bean Node Total Dry Harvest, '

Yield Pods/ Beans/ Weight in Number Matter Index
Treatment' g/m 2  m2  Pod mg/bean l/m2  S/m, %

C02 471(121) 328 5.64 219 605 706 57.4

NPkS 412(106) 286 5.73 216 501 608 58.3

CO2 + NPKS 493(126) 330 5.83 220 505 716 59.2

Control 390(100) 273 5.59 219 504 574 58.4

Field plot 353( 90) 248 5.78 212 527 510 59.5

L.S.D. 0.05 45 36 0.52 13 62 63 3.8

CV. % 6.6 6.5 4.8 3.1 6.2 5.4 3.4'

I Treatments 1.4 in lm chambers, CO2 treatmctu 1200 ppm CO2 ;NPKS equivalent to 801223 5 kalhalinSfoit applications, field
plot and control yel.k without chambers

evaluate the effects of NPKS application at data is presented in Table 32. Most
different growth stages and with increasing treatments produced a slight but non-
applications up to a maximum of 80: significant increase (mean 5.2 percent) in
12:23:Skg/haof NPKS, respectively. Yield yield which supports the results of the

Table 32. Yield and yield components of Porrillo Sintitico for 10 foilar spray application treatments, of
NPKS applied at S different growth stages at CIAT.

Total Nutrient
Application Stages2  Yield No. No. Bean
NPKS of (14%) Pods Beans/ Wt. in N %
kg/ha growth g/m I/m2  pod mg/bean Beans

Control - 312 (100) 239 5.71 228 4.21

80:12.0:33.05.0 1,2,3,4,5 323 (104) 252 5.51 232 4.02

16: 2.5: 6.6:1.0 1 339 (109) 253 5.70 235 4.10

16: 2.5: 6.6:1.0 2 313 (100) 231 5.72 236 4.14

16: 2.5: 6.6:1.0 3 333 (107) 257 5.59 239 4.08

16: 2.5: 6.6:1.0 4 332 (106) 249 5.33 234 4.10

16: 2.5: 6.6:1.0 5 320 (103) 244 5.26 237 4.22

32: 5.0:13.22.0 1,2 328 (105) 255 5.49 233 , 4.11

48: 7.5:19.8:3.0 1,2,3 339 (109) 280 5.13 223 4.18

64:10.0:26.4:4.0 1,2,3,4 324 (104) 250 5.39 237 4.18

L.S.D. 0.05 39 36 0.59 16 0.20

C.V. % 8.2 9.5 7.5 4.8 3.3

Applied as urea. potassium sulphate and potassium polyphosphate neutralized with phosphonc aid and applied In aqueous solution at
the rate ef 16.2.5 &l kglha of NPKS per growth stiLe I
Growth stages. 1-7 days from nowenni 2: day oi flowering 3=+7 days. 4=04 days; 5=+21 days.
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previous experiment. While further Screening for Photoperlod Response
research may be necessary, it appears that
when a bean crop is well provided with soil- Photoperiod screening of all promising
applied nutrients at planting there does not lines has been completed by studying the
appear to be any real response to the use of phenology of the material under the lights
foliar-applied soluble nutrients during the (18 hr/day) compared to that of controls
growth cycle. On the other hand, where grown at the normal day length ( 12hr 20
definite soil deficiencies exist, foliar min). The field light system for screening
applications could be of value when was altered prior to the last two screenings
applied at critical growth stages. to accommodate more materials. The new

system utilizes an overhead light bank (83 x
ADAPTATION COMPONENTS 300 w incandescent bulbs mounted 2.5 m

over an area 25 m x 25 m). The system
Research continues on physiological accommodates 500 different materials

components of adaptation considered grown in staked hill plots (1 m x 50 cm) in
important in determining the range of two replications per treatment.
adaptation of germplasm. Screening
methods arc being developed to select A comparison of the earlier linear light
suitable parents with desirable system with the new overhead method for
characteristics. The components under 10 test varieties is presented in Table 33.
evaluation include: photoperiod sensitivi- The close agreement between methods
ty, excess soil watcr tolerance, water stress suggested that the results for all four
resistance, temperature (altitude) adapta- screenings could be combined. A summary
tion, planting density response and growth of the combined data for 808 materials,
habit stability. The latter is under study at mostly P lines, is presented in Table 34.
Cornell University in a collaborative Forty-one percent of the lines tested were
research project; work in this area at CIAT photoperiod insensitive (< 4 days flower-
will begin in 1978. ing delay in 18 hr days). The data also

Table 33. Comparison of two systems to screen for photoperlod response at CIAT: comparison of data for
number of days of flowering delay In 18 and 12hr 20 min photoperlods for 10 control varieties.

Days of Flowering Delay
Linear Light Overhead Light

Promising Line Source Source
Tested/ Experiment Experiment Experiment Photoperod'
Experiment 7501A 7501B 7617 Cldssification

P005 17 10 15.5 3N
P006 0 1 1.5 IN
P008 15 15 15 3N
P012 -1 2 0.5 IN
P302 1 -2 0 IN
P306 23 21 23.5 4N
P459 7 3 0.5 IN
P566 14 10 13.5 3N
P514 29 18 16.5 3N
P540 16 16 17 3N

I IN -,4 days delay; 2N=4-10 days delay; 3N=10-20 days delay. 4N=20-30 days delay. 5N - 30 days delay. N:abvcncC of

abnormal flower abscisason In long days.
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Table 34. Summary of combined data for photoperlod response screenings by growth habit of germplasm
selections at CIAT, from 1975-77.

Growth Classification of Photopertod Response
Habit I 2 3 4 5 1 otal

<41 4-10 11-20 21-30 > 30

i 97 22 59 30 18 226
(43)2 (10) (26) (13) ( 8) (100)

I! 163 40 67 17 7 294
(55) (14) (23) (6) ( 2) (100)

111 61 26 41 38 40 206
(30) (13) (20) (18) (19) (100)

IV 15 7 18 10 32 82
(18) (9) (22) (12) (39) (100)

Total 336 95 185 95 97 808
(41) (12) (23) (12) (12) (100)

I Days of flowering delay at 1ghr days as compared to natural daylength of 12hr 20 mm
Data in table gives number and percent of genotypes within growth habits

confirmed the tendency reported earlicr for lateness for higher latitudes (i.e.> 15QN or
a lower proportion of insensitive materials S) could be improved by using parents with
in growth habits Ill and IV. In particular, intermediate levels of sensitivity. Provided
the very high proportion (39 percent) of the relevant cropping system allows
extreme sensitivity (>30 days delay) in the production during long days (i.e._12
Type IV material is an interesting feature hours), an increase in the preflowering
of these data. Evaluation of possible period should result, relative to
reasons for this tendency is somewhat photoperiod insensitive material.
hampered sincc the exact origin of the
original germplasm material is often un- Screening for I olerance to Excess Soil
known. Water

The importance of photoperiod insen- Bean production in some parts of the
sitivity in beans with respect to wide world islimited byheavyrainfallleadingto
adaptation has not yet been fully water logging in poorly drained soils. Two
evaluated, but when complete results of the experiments evaluated a possible screening
first IBYAN have been analyLed a clearer method for tolerance to excess soil water
picture should emerge One of the objec- underCIATconditions. Asuitablesitewas
tives of Ideotype B breeding (CIAT leveled and banks constructed so that
Annual Report 1976) at CIAI is to water could be maintained in furrows at a
increase the preflowering period. While the height of 5 to 8 cm below the crest of two
search for lateness to flower in row beds (I m center to center). Water was
photoperiod insensitive and acceptable maintained at this height from 12 days
agronomic types in the germplasm bank after emergence until physiological maturi-
has not proved very fruitful to date, ty. In the first experiment 25 P lines were
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Table 35. Yield t data for first experimental screening at CIAT for excess soil water tolerance for selected
varieties.

Yield g/rn
Growth Excess % Yield

P Line Name Habit Control Water Reduction

P566 Porrillo Sintitico 11 (B)2  240 207 14

P757 Porrilio 1. 11 (B) 228 175 23

P675 ICA-Pijao 11 (B) 260 190 27

P458 ICA Tui 11 (B) 243 175 28

P511 S-182N 11 (B) 241 141 41

P302 P1 309 804 11 (B) 248 135 46

P643 Nep 2 11 (W) 219 117 47

P788 P1 284 703 1 (Y) 216 115 47

P737 Jamapa (VEN) I11 (B) 268 142 47

P459 Jamapa (CRI) 11 (B) 271 141 48

P692 Diacol Calima I (R) 242 112 54

P637 Linea 17 1 (R) 252 109 57

P512 S-166 AN III (B) 297 118 60

L.S.D. (Var x Treat.) 0.05 49.9

C.V. % 16.2%

I Mean of three replications per treatment
Seed color B= black, W=%vlute, Y=yeUow R= red

evaluated and 100 lines iu-the second. The Table 36. Results' of the second excess water

results suggest that large genetic tolerance screening experiment at

differences exist for resistance to excess CIAT: data for the number of varieties

water in the material evaluai ed. Table 35 within three tolerance classifications by

shows that the'Porrillo' types (P566, P757, growth habit.

P675) showed excellent tolerance while the Growth Percent Yield Reduction 2

'Jamapa' type material (P302, P737, P459) Habit Low Moderate High Total
had a relatively uniform yield reduction of
46 to 48 percent. The larges-t yield reduc- 4 40-68% > 68%
tion in the first experiment (60%) was for 6 14 1 21
the black-seeded P512 While black Type
11 varieties showed the highest tolerance (29) (67) (4) (100)
level, it is clear that the reslponse is not 11 4 26 5 35
related to seed color per se. A summary of (11) (74) (14) (100)

the screening results for the second 2 19 6 27
experiment is presented in Table 36. (7) (71) (22) (100)

Screening for Water Stress Resistance Total 12 59 12 832

(14.0) (71.1) (14.4) (100)

In previous stress screenings, many I 0 0vgncetcened. 17 excluded due to the vrus symptomsL

materials were poorly adapted to Peruvian, I Percent yidd reduction. Yield Control.Yield Trutment/Yield

coastal plain conditions at La Molina. An Control (in percent), mean percent yield reduction 54.t 14
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experiment was conducted at CIAT to Table 37. Summary of canopy temperature
evaluate a possible screening method using screenings of 44 materials according to

infrared thermometry. A hand-held ther- the numbers of materials in each growth

mometer, sensitive to ± 0.2.°C, with a habit within differential canopy

target zone of 20 to 30 cm diameter was temperature ranges.

used to evaluate the canopy temperature Growth 0C
differential (AT) between irrigated plots Habit Differential Canopy Temperature Total
and those experiencing water stress during <0.20 0.20-04 > 0.40
a drying cycle following irrigation.
Stomatal closure during the onset of stress 1 3 4 7 14
normally results in higher canopy 8 8 4 3 is
temperatures up to a limit determined by
the reradiation characteristics of the I1 6 5 4 15

leaves. Varieties experiencing progressive-
ly higher A T values during a drying cycle
suffer higher levels of tissue water stress. genotypes P692 and P729. Measurements
Measurements were initiated at ap- for P692 indicated that it suffered greater
proximately maximum leaf area index (7 stress which was also verified by visual
days afterpreviousirrigation) at 1100-1230 observation. P729, which.was previously
daily in 44 varieties (growth habits I,1I and identified in Peru (CIAT Annual Report,
III). Results are available for five days of 1975) as having possible stress resistance,
measurements before the first rains of the had a stressed canopy temperature slightly
wet season in September 1977 forced early below the control plot. Table 37 sum-
termination of the study. Data in Figure 13 marizes the A T readings over five days
show A T values for two extreme according to growth habit. There is a

definite tendency for higher "stress" in
Canopy Temperature Difference in uC (AT) Type I materials compared to the indeter-

minate types which was also verified in

2.field observations.

The results are promising for quickly

2.0- and quantitatively evaluating water stress
resistance on large numbers of materials
without relying on the subjective method

i~.Jof visual scoring or other more time-
P692 (1) consuming methods. Dry season research

i.G -- - at CIAT is planned to correlate the results
of the metliod with yield reductions in

.5 -stress 
treatments. The method could

Mean provide a useful tool for screening of
44 Cutivars advanced material.

I - \J I Screening for Temperature Adaptation

--.5 In uniform yield trials by the agronomy
i3 5 l6 P72 (, , group at various altitudes in Colombia and
I? Ecuador certain germplasm selections

16 17 18 19 20 showed good adaptation over a range of
September altitudes, from 14-1,900 msl. On the other

Figure 13. Canopy temperature differences (days) hand, other materials showed poor adapta-
for 5daysduringadryingcyclefor 2 varietiesshowing tion at lower altitudes. Forty contrasting
contrasting responses and the mean of 44 cultivars. genotypes (10 from each growth habit)
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were selected for physiological evaluation lower altitudes but very well adapted at the
at four altitude/temperature regimes. Soil highest altitude, almost equalling yield of
fertilization and liming were applied to P637 at 1900 msl. This same pattern was
reduce the influence of adverse soil repeated for P589 in the Type IV group
conditions. Disease control was also which showed excellent adaptation at all
effected to avoid interactions with respect altitudes, while P590 (Cargamanto)
to differential disease resistance in the produced virtually no yield at the lower
mate,'ia! altitude locations Although P590 plants

were vegetatively vigorous, they produced
Experimental data are available for the only isolated pods with very few seeds. The

first three locations. Of the 40 varieties, cultivars P759 (1) and P260 (IV) showed
data for 8 were not included due to severe some tendency to decrease relative yields
virus symptoms at CIAT. In addition, the with increasing altitude but this could be
trial at Popayfn suffered water stress at related to the dry conditions at Popaysn in
various growth stages due to lack of the latter part of 1976 rather than to
irrigation facilities and overall yields were temperature conditions per se The ex-
low. periments are being repeated this year and

the physiological factors associated with
The data in Table 38 gives yield of these interactions are being evaluated.

cultivars in Types I and IV where the
largest cultivar x temperature interactions
were measured. In Type 1, P637 showed The data in this and other trials
above average yields at each location while including the 1976 IBYAN show that
Diacol Andino proved poorly adapted at Phaseolus germplasm has quite a wide

Table 38. Yield of selected varieties from temperature adaptation experiments at three altitudes In Colombia:
CIAT; Las Guacas, Cauca; Dagua, Valle.

Location Dagua CIA I l.as (iueas
Altitude, m 825 J001 1850

Temperature mean oC 25 1 23 9 19 i
Temperature max. OC 29.7 28.7 24.7
Temperature min. OC 20 6 19.2 13.5

Identification Bean Yield in g/m 2 (14% moisture)

Growth Habit I
P637 198(120)1 314 (113) 169 (115)
Diacol Andino 36 ( 22) 200 ( 72) 166 (113)
P759 206 (124) 316 (114) 115 ( 78)
Mean of G.H. I (n = 8) 165 (100) 278 (100) 147 (100)

Growth Habit IV
P589 402 (142) 382 (130) 197 (113)
P590 7 ( 2) 20( 7) 150(86)
P260 323 (114) 298 (102) 161 ( 92)
Mean of G.H. IV (nu8) 282 (100) 293 (100) 175 (100)

Percent of the mean yied within each growth habit
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adaptation with respect to temperature small farms in Latin America. One-conditions within a range 18-269C mean hundred promising materials were screen-growing season temperature. ed at two densities (8 plants/m 2 and 30
plants/m 2 ) in early 1977 to evaluate
parents for this ideotypc. Results suggest
that there are differences in densityScreening fbr Response to Planting response characteristics. The fieldDensity variability encountered was very high and
the experiment is being repeated. ResultsResults reported in 1976 showed a of density trials at CIAT were heavilyvariety x density interaction in bush beans. influenced by lodging and to some extent,

Recommendations for ideotype develop- by "Problem X" which appears to bement at CIAT include Ideotype C with density dependent for its expression.expected adaptation to low density Symptom severity is highly variety-
production conditions typical of most dependent.

Microbiology

This year, varietal differences in fixation than the other cultivars (Fig. 14)nitrogen fixation and cultural factors with a peak N2 fixation of 37.7 umoles
affecting active nitrogen fixation were C2 14 produced/plant/hour, six weeksemphasized. Computer programs for data after planting. When corrected for diurnal
storage relating to the Rhzobium collec- variation in N2 fixation and using the
tion were also developed (see also hypothetical 3: 1 ratio for C2 H2 :N2Microbiology section, Beef Program and conversion, this cultivar fixed theBiometrics Unit reports). equivalent of 73.7 kg/ha of nitrogen/cycle
VARIETAL DIFFERENCES IN (Table 39). This was considerably higher
NITROGEN FIXATION than had been obtained with this cultivar inprevious studies. P498, a bush cultivar,

During 1977, more than 700 P lines were also achieved a relatively high fixation rate
evaluated for symbiotic nitrogen fixation
with CIAT 1057 at Popay.ln. Although N 2 fixation (umo C2H 4 produced/plant/hour)
cultivars were generally poorly adapted to
the lower temperatures, determinate, early o Average of 6 cultivars (G H. I)

4 Average of 3 cultivars (G.H. 11)flowering cultivars such as P635 con- A P498
sistently fixed less nitrogen than indeter- 40- eP590-2
inmate cultivars in Types Ill and IV. While
this experiment is still being analyzed,
these varietal differences were confirmed in 0G
other studies undertaken this year.

In Popaydn, Type I and 11 cultivars were
evaluated for nitrogen fixation potential in 1_02
relation to Types Ill and IV. Eleven K.
cultivars of P. vulgaris analyzed included:
Type I - P243, P403, P536, P635, P637, 4 6 8 10 12
and P692; and Type 1I - P561, Seafarer
and Nep 2. P498 (Type III) and P590 (Type Weeks after PlantingIV) were the controls. As in previous Figure 14. Varietal differences In nitrogen fixation
studies P590 proved stronger in N 2  in relation to growth habit.
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Table 39. Parameters of nitrogen fixation in I I cultivars of Phaseolh; vulgarts, 6 weeks after planting.

Nodule Dry Acetylene Theoretical
Weight Reduc- N2 Fix- Growth Days to Dayh to Y ield

Identification mg/plant SNAl tion3 ation/ha Habit Flowering Maturity kgl ha

1'243 24 371 8.9 122 I 45 110 2200

P635 32 349 11.2 135 i 44 104 2200

P692 35 318 12.8 27.6 1 47 104 1.900

P637 41 383 15.8 25.1 1 47 114 2.300

P402 59 339 20.1 25.1 1 47 110 2300

P536 34 294 10.0 18.2 1 41 114 2.800

P561 34 257 8.8 19.8 i1 43 110 3 000

Seafarer 33 539 17.6 21.2 11 46 120 1.900

NEP-2 29 447 12.9 26.0 11 53 116 2.600

P498 75 431 32.2 34.5 !11 50 104 3.600

P590 106 355 37.7 73.7 IV 66 130 3 800

I monl -2114 produced V nodule dry weightlhour

2 )JmOl ( 2114 produced plant/hour

but no other Type I or II cultivar basis, N 2 fixation of P590 peaked at 8.5
approached this level. It is often inferred plants/m 2 and rapidly declined at higher
that cultivars active in nitrogen fixation densities (Fig. 16). P498 reached a maxi-
will be poor yielders. Here, P498 had both mum at 18.5 plants/rn and slowly declined
higher yield and more active nitrogen
fixation than other bush cultivars. Soluble Carbohydrate

Content of Nodules (mg/plant)
I

In this experiment, the soluble car- o P590
bohydrate content of nodules and concen- 16 * Average for 6 cultivars, growth habit 

tration of soluble carbohydrates were 1 Average for 3 cultvars, growth habit II

greater in P590 than in P498 (Fig. 15). 14 1

Further studies with these two cultivars are
underway. I2

ID-
DENSITY EFFECTS ON NITROGEN
FIXATION

The effect of planting density on 68

nitrogen fixation in P498, P590 and P635
was studied using the Bleasdale parallel
row design. Between and within row 2

spacings were varied on a 1.1 / 1.0 ratio and
plant densities increased from 5.5 to 120 4 6 8 10 I:
plants/m 2. Weeks After Planting

At 39 days after planting, the effect of Figure 15. Differences In the soluble carbohydrate

population density on nitrogen fixation content of nodules In 11 cultivars of Phaseolus

varied according to cultivar. On a per plant vulgaris, in relation to growth habit.
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N2 Fixation (umol C2H4 produced plant-' hour')
18

16

12

20 40 60 80 I00 120
plants/n 2

Figure 16. Influence of planting density on nitrogen fixation in 3 cultivars of Phaseoha vulgariso 39 days after
planting.

at higher densities. However, N2 fixation elevated concentrations of soluble car-
per unit land area showed that all three bohydrate (Fig. 20).
varieties had maximum fixation at the
highest density (Fig. 17a). The relative N2 Fixation/ha (mol C2 H4 producedlha/hr)
insensitivity of nitrogen fixation in P498 to
plant density parallels yield-density A P635
responses in this cultivar (CIAT Annual 0 P590
Report, 1976). 0 P498

50 -0-Z -

Although some variation in specific 40- - -

nodule activity (SNA) was detected (Fig. 3 -

17b), much of the difference m fixation was 20
attributable to change in nodule fresh 2 , I --
weight/plant (Fig. 18). Increasing density -0

also changed the pattern of nodulation in
all three cultivars. At the higher plant Plan0s/rn2

densities, nodules contained both an plants/m
increasing proportion of the total plant Figure 17a. Effect of planting density on nitrogen
carbohydrate (Fig. 19) and somewhat fixation in 3 cultivars of Phaseolus vulgarls.
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SNA (u mol C2H 4 produced/g fresh wt.nodule/hr) tion on bean nitrogen fixation wan
20.o evaluated using bean cultivars P590 and

-- P526 and two maize populations - one a
16.0 vigorous type used on small farms and the

_ •- other similar to improved maize types.
12.0 __ ___ __

8.0 - I - Bean plant and pod weight/plant for
P590 in monoculture, or associated with

4.0- the two maize populations is shown in
Figure 21. When P590 was grown with
Amarillo Tropical, plant growth and pod

40 580 100 120 development was not significantly
different from that obtained in

Plants/m 2  monoculture, even at 92 days after plan-
Figure 17b. Effect of planting density on specific ting. However, plant and pod development

nodule activity in 3 cultlvars of Phaseolus vulgarls. was reduced when P590 was associated
with the more vigorous landrace maize.

EFFECTS OF BEAN/MAIZE Plant development for the bean cultivar
ASSOCIATION ON BEAN NITROGEN P526 was inhibited by association with the
FIXATION landrace maize (Fig. 22) as early as 50 days

after planting. Although monoculture
The influence of a bean/maize associa- maize plots were not planted for com-

Nodule Fresh Weight (mg pl - 1)
1600

A P635
1400 0 P590

93 P498

100
00

600-

400

2001

20 o40 so 80 n00,12

Plantsfn2

Figure 18. Influence of planting density on nodule fresh weight In 3 culdvars of Phaseolus vulgarls 39 days
after planting.
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% Total Plant Carbohydrate in Nodules Figure 23 shows seasonal profiles ofN 2
3.5 fixation for P590 and P526, grown in

monoculture or associated with maize.
25 -With P590, fixation reached a maximum

of 20.6,umoles/plant/hour, 68 days after
___ _planting and declined rapidly thereafter.

15' A P635 No difference was detected between fixa-
0 P590 tion levels and duration in monoculture or

0.5 _ P498 associated with maize. In the symbiotically
__ I weaker P526, maximum fixation in

20 40 60 80 100 120 monoculture occurred 50 days after plant-
Plants/M 2  ing. Fixation was reduced slightly by

Figure 19. '-.fluence of planting density on the association with either maize. By the 68
)ercentage of total plant carbohydrate recovered In day harvest, fixation in all P526 treatments
iodules of 3 cultivars of Phaseolus vulgaris had declined, and no further differences
parison, both maize populations tested were apparent. It appears therefore that
developed less vigorously in association while competition for light and/or
with the more aggressive P590 than with njitrients limits plant development in
P526. maize/climbing bean associations, this

Soluble Carbohydrate Concentration of Nodules (% fresh wt )
20

18 A P635

* P590

20 
40 0 P498 

80 __101

Plants/n 2

Figure 20. Effect of planting density on the ethanol soluble carbohydrate content of nodules In 3 cultivaus of
7haseolus vulgaris.• ., ,
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Fresh Weight g/plant
160

140 - m P590 plant wt., monoculture
* P590 plant wt., with CIMMYT maize
* P590 plant wt., with landrace maize

120 o P590 pod wt., monoculture
o P590 pod wt, with CIMMYT maize

100 - & P590 pod wt., with landrace maize/ l___"

80

60 
/

40

20 40 60 80 100

Days after Planting

Figure 2i. Bean plant weight and pod weight for the cultivar P590 grown in monocultureor associated with a

landrace or CIMMYT maize.

growth limitation does not normally occur fixation. Studies are in progress to evaluate

during the period of active nitrogen fixation in maize/bush bean associations.

Fresh Weight g/plant

o P526 plant wt, monoculture
100 9 P526 plant wt., with CIMMYT maize

A P526 plant wt., with landrace maize

8 0 P526 pod wt., monoculture
o P526 pod wt., with CIMMYT maize
a P526 pod wt., with landrace maize

40

20

20 40 60 go

Days after Planting

Figure 22. Bean plant weight and pod weight/plant for the cultivar P526 grown in monoculture or associated

with a landrace or CIMMYT maize.
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1 *-] I -- -

A P590, monoculture
O P590, with CIMMYT maize

20 0 P590, with landrace maize
0 P526, monoculture
0 P526, with CIMMYT maize

16A P526, with andrace maize

12

20 40 60 80

Days after Planting

Figure 23. Seasonal profiles In N2 fixation for P590 and P526 grown alone or associated with a landrace or
CIMMYT maize.

PHOSPHORUS FERTILIZATION Nodule Fresh Weight (mgm/pl)
AND NITROGEN FIXATION

400 - Type IV _
Type IlIThe CIAT Annual Report for 1976 -Type II /

showed tested black beans slightly more 350 _ _ Type i /
tolerant to low soil phosphorus than ,,
colored cultivars. This year, cultivar- 300"-
phosphorus interactions and their in-
fluence on nitrogen fixation were studied. 250-
A continuous phosphorus gradient was
established in which fertilization with 200 /
triple superphosphate varied from 0-750
kg/ha in increments of 50 kg/ha. Thirty 150- - .
cultivars of P. vulgaris were sown along the .
P gradient and evaluated at flowering and 100 - - ... .
maturity for plant development,
phosphorus uptake and nitrogen fixation. 50 -.-- - -

As shown in Figure 24, nodule fresh 0 100 200 300 400 500 600 700
weight at flowering in each type increased Triple Superphospiate Applied (kg/ha)
with increasing levels of phosphorus. Type Figure 24. Response In nodule fresh weight
III and IV cultivars consistently produced development to P fertilization as Influenced by
more nodule tissue/plant. growth habit. (Data taken at flowering.)
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Nodule fresh weight increased from 28 Phosphorus (%)
to 257 mgm/plant and percent of nodule 0.30
phosphorus from 0.20 to 0.27 percent with
increasing phosphorus but root fresh Noduleweight increased from 941 to only 2211
mgm/plant and from 0.14 to 0.16 percent P 0.25-- -

content. Thus increasing P levels increased Leaf
the percent of P in the nodules and leaves
more than in the roots (Fig. 25 a, b).

N2  fixation at flowering was ilso 0.20
markedly influenced by phosphorus jup-
ply, though not all cultivars reacted Stem
equally. Figures 26 and 27 show nodule .te.
fresh weight and fixation increases in four
cultivars of P. vulgaris relative to the mean .- Roots ...--

for all 30 cultivars. These differences were -"€ -

not due to the production of more nodule 0 100 200 300 4 500 600700
tissue per mgm of P in the nodules; to Triple Superphosphate Applied (kg/ha)
differences in specific nodule activity; nor Figure 25b. Increase in%phosphorusin plant parts
to the plants' ability to provide a greater as a consequence of increasing P fertilization.
percentage of the available phosphorus to (Average of 30 cultiiars.)

Nodule Fresh Weigh' (mgm/plant)

Fresh Weight g/plant P0100 P

0c900-----
/ P04 8 '

e///700- -

//
Stem ,0/

7 i s t ,4 
0 0 - - - P498,.t300--

2 Root -200-- -i -

Nodule P.9

0 100 200 300 400 500 600 70 0 100 200 300 400 500 600 700

Triple Superphosphate Applied (kg/ha) Triple Superphosphate Applied (kg/ha)

Figure 25a. Fresh weight increases In individual Figure 26 Nodule fresh weight increases In
plant parts as a consequence of increasing P cultivars of Phaseolus vulgaris as Influenced by
fertIliztion. (Average of 30 cultivars). Increasing P fertilization. (Data taken at flowering.)
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N2 fixation (umol C2H4 produced pI- h-1)
30 - _____

27- P498

24 - -I

'I

1

12

/ ,X 30

./00.
'- P392

------ -11

0 100 200 300 400 500 600 700
Triple Superphosphate Applied (kg/ha)

Figure 27. N fixation in selected cultivars of Phaseolus vulgaris as Influenced by increasing P fertilization.
(Data taken at flowering.)

the nodules. Although P8 and P498 grew than most cultivars, P590 was below
proportionately better at low phosphorus average. Further sdies are'being done.
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Soils and Plant Nutrition

Research continued on major and minor two plantings. The same P levels were
element nutrition of beans; germplasm reapplied for the second planting.
accessions were screened for tolerance to
low soil phosphorus; plant phosphorus Since the direct yield ratio at low/high P
requirements were estimated; methods of levels tended to select varieties with low
application and sources of phosphorus yields at the high P level due to poor
were tested. Nitrogen fertilization and the adaptation, a tolerance index was
management of alkaline soils were also calculated by multiplying yield ratio with
studied. the relative yield at the low P-level.

SCREENING FOR TOLERANCE TO In the first screening, average yields were
LOW SOIL PHOSPHORUS 85 and 189 g/m2 at the 50 and 300 kg

P20/ha, respectively, giving an average
Germplasm selections continued to be tolerance index of 15. Germination was

screened for tolerance to low phosphorus poor due to severe drought after seeding,
levels in PopayAn. Since previous work and plants suffered from water stress
indicated that the zero P level was too throughout the growth cycle. However, 11
severe a stress to screen varieties for P varieties yielded over 200 g/ m2 at the low P
tolerance, germplasm was screened at 50 level and 4 varieties yielded over 350 g/m 2

and 300 kg P20 5/ha, band-applied as at the high P level.
triple superphosphate (TSP) under the
seed. Some 432 varieties were planted in Table 40 shows the yields of the 10 most
single rows with two replicates in each of P -tolerant varieties and their tolerance

Table 40. Yield and tolerance Index of the 10 most P-tolerant varieties selected In two field screenilpa in
Popayin.

1976B 1977A
Yield in g/m2  Yield in g/m
kg P2Os/ha kg P2Os/ha

Tolerance Tolerance
Variety 50 300 Index' Variety 50 300 Index'

P178 259 249 104 P744 256 173 130

P401 219 201 92 P438 229, 183 99

P743 193 163 88 P678 201 145 96

P194 255 302 83 G44231 236 230 83

.P289 235 296 72 P649, 291 :351 83

PO 188 201 68< P439 231 229 80

P211 196 231 64 P778 199 187 73

P169 122 094 61 P763 214 220 71'

P589 186 222 60 P779 161 130 68

P699 206 281 58 P259 '204 ' 221 65

(Yield low )2  Yield low PS to le ra n c e In e x =' 1 0

Yield high P HIghest yield low P x 100 %
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index. P 178 gave the highest yield at low P Figure 28 shows the response to applied
and had the highest tolerance index. This P for both plantings. While plants suffered
was followed by P401 and P743. Thus, it from severe drought during the first
can be -:en that several varieties may yield planting, yields increased from 500 kg/ha
as weil or better at a low P level than at a without P to 3.7 t/ha at 2060kg P20 5/ha.
high rate of application. Although no additional P was applied in

the second planting more favorable
For the second set of varieties tested, climatic conditions produced higher yields

yields were 121 and 181 g/m 2 at the 50 and with a maximum of 3.7 t/ ha with the initial
300 kg P205/ha levels, respectively, giving application of 870 kg P20 5 /ha.
an average tolerance index of 28 percent
(Table 40). Due to better climatic con- Figure 29 shows the relative yield of the
ditions and residual effect of P applied in two bean plantings in relation to the P
the first screening, yields of the second set concentration in soil solution. The external
were considerably higher. There were 29 P requirement of the crop was defined as
varieties yielding over 350 g/ m2 at the high the P concentration at which 95 percent of
P level. The highest yielding varieties were: maximum yield was obtained. Thus, the
P507, P167, P495, P639, and P468. requirement for beans was calculated as

0.08 ppm for the first and 0.054 ppm for the
second planting, which is comparable to

EXTERNAL P REQUIREMENT OF the 0.06 ppm determined for corn in
BEANS Hawaii. Although both crops have similar

P requirements for maximum yield, bean
Conventional soil analysis provides a yields (especially during the drought-

relative measure of phosphorus availabhi- affected first seeding) wert much more
ty, but does not indicate the P fertilization affected by a lack of P than corn. This
level required to obtain certain yield levels indicated the high susceptibility of beans to
sitice this depends on the crop's P require- P deficiency.
ment, i.e. the P concentration in soil
solution to obtain nearly maximum yield, A critial P content in the leaves of 0.38
as well as the P fixing capacity of the soil. percent was determined, which agres with
The latter can be determined by shaking
soil for six days with 0.01 M CaCI2 of Bean Yied ,'n t/ha
various P concentrations and analyzing the 4
supernatant solution for P. From this the
P-sorption isotherm can be calculated,
indicating the amount of P to be applied to. -- _

a certain soil to obtain a specific P
concentration in soil solution.

2I

To determine the P requirement of 0 0 First seeding
beans, the variety ICA-Huasano was 0Second seding
planted in Popayfn in plots to which TSP 0

was applied and incorporated at eight
levels ranging from 0 to 2060 kg P20 5 / ha 0
corresponding to a soil solution concentra- 092 320 460 870 1280J
tion range of 0.01 to 0.112 ppm P. The P Applicatin i KgP2Os/ha
plots were limed at 2 t/ha and received 100
kg N,5 kgMg, and I kgB/ha, and twobean Figure 28. The Initial (first seeding) and residual
crops were planted. The second crop effect (second seeding) of various levels of applied P
measured the residual effect of applied P. on bean yields in Popayin.
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Relative Yield in % source and the rate of P fixation by the soil:
I zslow release sources require good soil-

Critical Levels fertilizer contact to dissolve and should be
Beans Corn Beans broadcast and incorporated, but banding

is recommended for water soluble P
100 Isources to reduce fixation. The optimum

application method for each source may be
80 00 something between broadcast and band-

ing, depending on the release and fixation
rates.

60 67- 13Bans-first seeding rts

* Beans-second seeding To determine the optimum application
40 .0 Corn method, three P fertilizers - TSP, basic

slag, and Huila rock phosphate - were
applied in small triangles as shown below

20 -- Figure 30; the triangle base simulated
broadcast application; the tip, band

0b application; and the intermediate section,
o-----b2-004 0 6 0.08 0.10 0.12 strip application. Fertilizers were applied

ppm P in Solution at the rate of 75, 150, and 300 kg P205/ha.

Figure 29. The relative )ield of corn and-two Figure 30 shows the response to the
seedIngs of beans as affected by; the P concentration In different application methods for the three
solution as determined from sorption isotherms. Corn levels and sources. Yields wcre significant-
data are from two volcanic ash soils In Hawaii. ly better when TSP was band-applied than

when broadcast or strip-applied, especially
the 0.34 - 0.40 percent reported in 1976. at the higher rates. Severity-five kg
Similarly, the critical level of Bray 11 P20 5 /ha band-applied was as effective as
extractable soil P was found to be 14 ppm. 300 kg/ha broadcast. Thus, minimum soil-

fertilizer contact increased efficiency by
Soil analysis after each harvest showed reducing fixation of this highly soluble

that high P application increased soil pH source. Application method did not affect
from 4.7 to 4.9 and from 4.5 to 4.8 in the efficiency of basic slag, but that of rock
first and second planting, respectively, phosphate was slightly higher when incor-
However, in these two consecutive bean porated. Basic slag gave slightly higher
plantings, pH declined 0.4 units and Al yields than TSP whde both w-re
increased 0.4 me AI/ 100 gm. This decrease significantly better than the rock
in pH may be counteracted by application phosphate.
of about 400 kg/ha of lime at each
planting. High P applications (especially of The second trial was reseeded in the
basic slag or rock phosphates) are also same rows as the first without disturbing or
effective. reapplying the P treatments. Figure 31

shows the average response for the initial
APPLICATION METHOD and residual effect. In the second seeding,

application method had no effect on the
In soils with high P fixation, tlke efficiency of any of the P sources. Thus,

application method is as important as the banding [SP was beneficial for the first
level of application - the optimum planting, but was not subsequently effec-
method often varying with the P source. tive for maintaining a high P cor.centra-
The P concentration in soil solution tion. In the residual plots, yields were
depends on the rate of P release of the almost twice those of the first planting,
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Bean Yield in t/ha Bean Yield in t/ha

Triple superphospate (Initial)

I i i I -_ 1 2~

A15 kg P20sha
2 4 300 kg P205 /lha ,

0 1 2 3 5 6 7 9

Seed

0 R o Broadcast Strip Banded

Basic Slag Bean Yield in t/ha

I(Residual)
* Triple superphosphate

Huila Rock Phosphate A Basic slag

A Huila rock phosphate
0 - - I I _L_-- I

I 2 3 4 5 6 7 8 9

Figure 31. Bean yield (average of three P-leveb)

rI I showing Initial and residual effects of the distribution
of fertilizers applied as three sources of phosphorus.

1 2 3 4 5 7 9

Seed the residual effect of 300 kg P205/ha
applied as rock phosphate still produced

Row Broadcast Strip Banded 2.4 t/ha of beans. Plots without P in an
adjacent trial produced only 930 kg/ha.

Figure 30. The effect of fertilizer distribution,
applied at three levels and sources of phosphorus, on PHOSPHORUS SOURCES AND
bean yield in Popayin. LEVELS

The 1976 Annual Report reported the
indicating the importance of the residual response of beans to various application
effect of these P fertilizers and improved levels and sources of rock phosphate. This
moisture supply. Basic slag was significant- year, the same trial was repeated in two
ly siperior to TSP which in turn was consecutive plantings to measure the
superior to the rock phosphate. However, residual effect of the P sources. Of two
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Relative Bean Yield in %
(initial) (Residual) (Residual)

A iGasa R. P.
--4Ps0 R.P.

AN. Carolina R.P.
0 TSP - residual

200 00 o T020 TSP

Kg P20,/ha Kg P20s/ha Kg P205/ha

Figure 32. Relative yields of beans In three plantings after applicatios of various levels and sources of
phosphorus4 Popayin.

original TSP treatments, one was used as ontents of upper leaves at flower initia-
an optimum control in which the same tion. Similarly, the relation of yield and
amount of P was reapplied at every Bray I extractable soil P indicated a critical
planting and the other measured residual level of 9 ppm P, Bray I, in both the second
effect. and third plantings. The critical level

defined by the Care-Nelson method is 4.5
Figure 32 shows the relative yields of ppm P, Bray I (Fig. 33). The Bray II

various sources during the three seedings.
In the first seeding last year responses
varied significantly according to the Bean Yield in t/ha
citrate-solubility of the source. In subse-
quent plantings, less soluble sources such
as Pesca and Tennessee became relatively 3 -l "___-
more effective, while the very soluble
sources such as TSP and Gafsa rock
became relatively less effective. Thus, the
large initial differences in effectiveness 2-
between sources tended to disappear with
time. For all sources, beans responded 0

positively to applications of 400 kg
P20 5 /ha, without reaching a yield : --

plateau. For the residual effect plots, the (Cate, Nelson) (95% max. yield)
response was nearly linear up to that level. | I.
Therefore, relatively cheap rock o 4
phosphates may effectively replace the 0 2 4 6 8 10

more expensive TSP in acid, high P fixing Soil P. ppm (Bray 1)

soils. Figure 33. The relation between bean yield and

soil phosphorus as determined at Popayin by Bray I.
A critical P content of 0.33 percent was Arrows Indicate critical levels according to the Cate,

obtained by relating bean yields to P Nelson and the 95 percent maximum yield methods.
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extractant cannot be used for rock Bean Yield in t/ha
phosphate treated soil as the acid dissolves 2.4 -

more P than is available to the plant. 0

METHOD AND LEVELS OF 0@

NITROGEN APPLICATION 2.2 -

Nitrogen experiments in Ecuador (An- S
nual Report, 1975) showed a positive 0
response of beans up to 200 and 400 kg 2.0

N/ha and broadcast application was
superior to banding. However, in three \
consecutive plantings in Popayfn no
significant N response was obtained except i.8-
for a slight negative response at the highest
N level. ya 2.53.. 0012 x

r = -086'"

After the first planting, N was reapplied 1.6 1 4 0 80

ppm Mn in Leaves

Bean Yield in t/ha Figure 35. Relation between bean yield and Mn

Second Seeding content of upper leaves at flower Initiation.

to 1/ 2 of each plot to measure the recent as
2- well as the residual effect of N. Germina-

tion was poor ;. band-applied N levels of
160, 320, and 640 kg/ha due to fertilizer
burn caused by dry weather. This produced
a marked negative response to high levels
of banded N, while broadcast application

A Broadcast only slightly affected yield (Figure 34).

When the residual effect was measured

Third seeding in the third seeding, germination was

-_____---_----- normal but yields were depressed by high
levels of banded N, from 2.26 to 1.71 t/ha
at levels of 160 and 640 kg N/ha,
respectively. This was apparently due to N-
induced Mn toxicity at high levels of
banded urea. Reapplied banded N decreas-

A Broadcast ed the soil pH from 4.8 to 4. l,consequently
* Banded increasing exchangeable Al and available

SOPP~ 3iU 640 Mn. Figure 35 shows that bean yields in the
third seeding decreased linearly from 2.4 to

N applied in kg/ha 1.7 t/ha as the Mn content in bean leaves

Figure 34. The response of beans to various levels increased from 200 to 600 ppm. Although

of N applied as urea either broadcast or In bands. The toxicity symptoms were only observed at

indicated N levels were reapplied before the second more than 400 ppm Mn, yields were
seeding, and measured as residual effect In the third affected when the Mn was above 200 ppm
seeding. in the leaves.
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MINOR ELEMENT FERTILIZATION Bean Yield in t/ha3

Beans grown on alkaline soils at CIAT ICA Guali

may suffer from boron and other minor
element deficiencies. Foliar sprays of Zn,
Fe, Mn, and B were applied singly or in 2-
combination as I percent ZnSO4, 2 percent
Fe-sequestrene-330, 2 percent M OnS4 and
1 percent Solubor, respcctively. The U%
varieties ICA Guali and Porrillo Sintitico
were sprayed at the second trifoliate leaf
stage and one week before flowering.
Control plots also included soil applied Zn, . - -|
Fe and Mn (10 kg/ha each) dissolved in 3
water and band-applied below the seed. 0

Plants without fohar- or soil-applied Zn Porrllo Sintitico

were stunted, showing severe interveinal
yellowing of upper leaves, which later
spread throughout the whole plant.
Porrillo Sintktico recuperated markedly
after flowering but ICA Guali remained
stunted with many necrotic lower leaves. In
Porrillo Sint~tico, foliar-applied Mn
prolonged indeterminate growth without
flowenng and pod-set. Foliar analysis
indicated that plants in all treatments were
B-deficient except for those with soil-
applied B. Foliar-applied Mn and Zn

induced a more severe B deficiency than Figure 36. The response of 2 bean varieties to

other treatments. foliar application of minor elements in CIAT.

Figure 36 shows the yield response of
selected treatments. ICA Guali responded Zn in upper leaves at flower initiation. Soil
mainly to Zn alone or combined with B. application of B and Zn was slightly more
Porrillo Sint~tico responded to B alone or effective than foliar application, but both
combined with Zn. There was a marked methods can be used if the deficiency is not
negative response to foliar-applied Mn, severe enough to limit initial growth.
especially in Porrillo Sinthtico. Thus, the
indiscriminate application of various
minor elements to soils deficient in only MANAGEMENT OF ALKALINE
one or two elements, may actually induce SOILS
more severe deficiencies.

At CIAT, bean yields may be affected by
As observed previously (CIAT, Annual a combination of high pH, high Na

Report 1975); black-seeded varieties like saturation, salinity, poor drainage and
Porrillo Sint6tico are more susceptible to B deficiency of one or more minor elements.
deficiency 'than the red-seeded ICA Guali, To test the susceptibility of beans to
while ICA Guali is more susceptible to Zn alkaline conditions, six varieties were
deficiency. The critical level ofZn deficien- grown in plots, used previously for
cy in both varieties was found to be 17 ppm cassava, which had been treated with
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% Relative Yield100-

80

6 - I

-Cassava BenCasv IBasC 

CasmvaaBena Ba n
Cassava

20 Casv Beans -

8.0 85 0 10 20 30 0 0.5 1.0 1.5 2.0
pH % Na Conductivity in mmhos/cm

Figure 37. The relative yield of beam and cassava as affected by soil pH, percent sodium saturation and
conductivity of saturation extract.

gypsum, elemental sulphur, sulphuric acid, previously studied in the plot. There was
rice straw, Zn, Fe, and Cu. little difference in response among three

bean varieties. Bean yields decreased
Yields of P498 (Puebla 152) were drastically as pH increased above 8.2,

extremely low because of B deficiency. when Na saturation increased above 5 to 10
Average yields of the remaining five percent and the conductivity increased
varieties responded to application of I and above 0.75 to 1.0 mmhos/cm. Beans were
2 t/ha of S, 5 t/ha of gypsum and to 10 kg considerably more tolerant than M Col 22
zn/ha. Figure 37 shows the relation but bean yields were drastically reduced at
between the relative yield of P788 and pH, levels far below the 15 percent Na satura-
percentage Na saturation, and electrical tion and 2 mmhos/cm conductivity that
conductivity compared with M Col 22, the define "sodic" and "saline" soils, respec-
most tolerant of the three cassava varieties tively.

Agronomy
Agronomic research in monoculture and maize/bean associations and preliminary

in associated maize/bean systems con- yield evaluations of climbing bean (Type
tinued at CIAT and Popayin. IV) germplasm selections.
Monoculture bush bean research concen-
trated on: (1) preliminary yield evaluation BEAN MONOCULTURE TESTING
of germplasm selections and advanced
breeding lines; (2) uniform yield trials m Preliminary Yield Trials
Colombia; and (3) the International Bean
Yield and Adaptation Nursery (IBYAN). Two preliminary yield trials at CIAT
Further agronomic studies continued on evaluated 117 non-black, bush bean (Type
Bean Program B-57



I; II, III) selections (Table 41). Yield levels non-black materials, five white and brown
for Type I varieties such as P776 and P788 lines showed excellent yield compared to
were outstanding. (P788 has the the highest yielding variety in the control
characteristics of Swedish Brown which group. (P302). In almost all cases the
has been widely utilized as a parent in the pedigrees included the high-yielding black
United States.) Type II selection, P459 (Jamapa).

However, in the black-seeded group yield
levels were similar to the' best of the

Another preliminary yield trial at CIAT controls suggesting that there were higher
also evaluated 25 advanced breeding lines yield gains in brown and white-seeded
according to color (Table 42). Among the material than in black-seeded lines.

Table 41. Yield of the best entries in two Preliminary Yield Trials' at CIAT.

Growth Seed Yield
Identification Name Habit Color kg/ha

Preliminary Trial No. I

P776 Tortolas ill Beige 3213

P788 PI 284-703 1 Yellow 3168

P153 PI 179-715 1 Brown (m)2  3155

P138 P1 176-694 1 White 2980

Controls

P692 Diacol Calima I Red (in) 2731

P458 ICA Tui II Black 2388

P675 ICA Pijao II Black 2372

Mean of 81 materials 2376

LSI..05 494

C.V. % 13

Preliminary Trial No. 2

P684 P1 207-262 111 Beige 2925

P766 Aurora 11 White 2774

P622 P1 211-412 I11 Beige 2720

Controls

P675 ICA-Pijao 11 Black 3052

P756 II White 2875

P692 Diacol Calima I Red (m) 2345

Mean of 36 materials 2112

L.S.D. 0.05 440

C.V. % 13

Trud I. •1 linein a 99 [ltike. 3 rps. Trial1236 va., in a 66ittice, 3 reps

2 mumotted
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Table 42. Yield of the most promising advanced breeding materials In the Preliminary Yield Trials' at CIAT.

Growth Seed Yield
Identification Generation Pedigree Habit Color Kg/ht

Non-Black Materials

FF 12.13-1 F5 P459 x P567 il White 3114

FF 11-6-1 F5 P459 x P008 III Brown (d)i 2897

FF 16-3 FS P459 x P004 !1 Brown (d) 2845

FF 16-26-3 F5 P459 x P004 III Brown 2822

FF 17-4-4 FS P566 x P004 III Beige 2739

Controls'

P302 PI 309 804 11 Black 2764

P459 Jamapa 11 Black 2739

P675 ICA Pijao JI Black 2679

Mean of II controls 2513

M can of 36 entries 2465

L.S.D. 440

C.V. % 11.2

Black Materials

FF 6-9-1 F5 P566 x P459 11 Black 2954

FF 49-1-1 F4 (P459 x P008) (P008 x P568) I11 Black 2827

FF 4-13 P5 P459 x P568 I1 Black 2812

FF 2-6-3 F4 P459 x P006 11 Black 2806

FF 24-9-1 F4 (P459 x P488)(P459 x P568), If Black 2793

Controls'

P675 ICA Pijao 11 Black 2958

P758 Puebla 152 111 Brown 2637

P498 Puebla 152 111 Black 2630

Mean of II controls 2410

Mean of 36 entries 2540

L.S.D. 0.05 457

C.V. % 11.2

, 36 Varieties in a 6 x 6 lattice with 3 reps.. IncludSa I I control varieties for each trial
Yield of three highest yieldtnS controh In each trial.
d dark brown.

Uniform Yield Trials trials planted in the second semester of
1976 at CIAT and Popayin with black and

Results are available for uniform yield non-black varieties. Generally, the more
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recent selections were not superior to the with control varieties (Table 44). Two
best control varieties (Table 43). Results black, advanced breeding lines (also
are also available for uniform yield trials at included in Table 42) were superior to the
CIAT with black and non-black lines in best controls. Within the non-black group
which both germplasm selections and some of the germplasm selections also
advanced breeding lines were compared showed high yield levels. Uniform yield

Table 43 Yield of the most promising black and non-black materials In the Uniform Yield Trials at CIAT

and Popayin.

CIAT Popayan

Seed Yield Identi- Seed Yield
Identification Color Kg/ha fication Color Kg!ha

Non-Black Materials'

G4826 Cream (m)2  2700 G01224 Brown 1980
P788 Yellow 2478 P017 Brown 1874

G1212 Red 2469 G00805 Red 1565

G6391 Cream (m) 2388

Controls

P692 Red (m) 2726 P524 Cream 2477

P756 White 2645 P459 Black 2422

P392 White 2418 P756 White 2064

Mean of 16 materials 2378 1544

L S D. 0 05 279 675

CV % 8.5 257

Black Materials3

P014 Black 2451 P009 Black 2937

P422 Black 2269 P226 Black 2801

P199 Black 2247 P437 Black 2763

Controls

P459 Black 2238 P675 Black 2830

P675 Black 2229 P459 Black 2600

P566 Black 2013 P566 Black 1639

Mean of 25 materials 1988 2271

L.S.D. 0.05 350 674

C.V. % 12.7 18.6

16 vameties. 4x4 lattice. 3 reps
So = mottled

25 varieties. 55 lattice, 3 reps
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rable 44. Yield of the most promising entries In two Uniform Yield Triab' at CIAT.

Growth Yield Identi- Growth Yield Seed
Identification Pedigree Habit Kg/ha fication Habit Kg/ha Color

Black-seeded material Non-black-seeded material

FF 2-6-3 P459 x P006 11 2617 P141 I 2831 Red (mr)

P455 11 2531 P138 I 2732 White

FF 6-9-1 P566 x P459 11 2458 P708 1 2536 Beige

11533 11 2404 P060 1 2467 Brown (in)

P280 I1 2403 FF 17-4-4 11 2163 Beige

Controls

P675 11 2162 P756 11 2446 White

P459 11 1950 P675 11 2153 Black

P498 ii 1924 P692 1 1929 Red im)

Mean of 36 entries 2096 2039

L.S.D. 0.05 381 448

C.V. % 11.3 13.7

Efficiency of
lattice design 12% 106%

I 36 lines in each trial, 6x6 lattice. 3 replications

m= mottled with secondary color

I Pedigree i566 x PO04

trials at other locations will evaluate yield 35 percent higher than the mean of the five
stability of this material across en- local entries. This suggests that germplasm
vironments and promising lines entered material selected under tropical conditions
into the IBYAN program for 1978. has a wide adaptation range. The four

highest yielding materials across locations
International Bean Yield and Adap- wiert' the black-seeded Type I varieties:
tation Nursery (IBYAN) P302 (P1309-804); P459 (Jamapa); P560

(51051, 1-1138); and P675 (ICA-Pijao).
Results for the 1976 IBYAN are Some of which were also outstanding in

available for 41 locations which range in previous CIAT yield trials at altitudes up
latitude from 10S to 550N. Twenty varieties to 2000 msl in Colombia and Ecuador and
including a range of seed colors were in earlier research by the Programa
selected for all locations. Cooperativo Centroamericano de Me-

joramiento de Cultivos Alimenticios
Mean yield of the five best IBYAN (PCCMCA) in Central America.

entries (in both tropical and temperate
zones) for the first 41 sites (Table 45) was Mean yield for both IBYAN and local
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table 45. Mean yield of 20 common jnd S local entries in the 1976 IBYAN at 31 tropical and 10 temprerate
locations.

Yield in kg/ha
Group Mean of

Group Zone Mean Mean of 5' Highest yielder 2

IBYAN Tropical 1392 1758(135) 1959(118)
etres Temperate 2078 2601(135) 2768(116)

IBYAN Tropical - 1303 1660(100)
entries Temperate - 1925 2391(100)

1 Man of five hlhet yutdlen at each locatton amonS IBYAN entmes and mean of five local entries at each location.
2 Mean of hiShest yielding vanety at each location within each zone

entries in the temperate zone was higher between locations will be evaluated when
than that of the tropics where disease the full data set is available.
development was severe in some locations.
The factors associated with yield variation Data in Table 46 shows the frequency of

Table 46. Frequency of moderate (1500-1999 kg/ha) to excellent yields ( _ 3000 kg/ba) achieved by the
lines tested In the first International Bean Yield and Adaptation Nursery (IBYAN).

Frequency of Yields

Lines Seed Color Growth Habit -L3000 2500-3000 2000-2499 1500-1999 Total

P566 Black 11 1 1 7 19 28

P512 I1 - 4 6 15 25

P302 11 3 2 9 10 24

P459 11 1 4 8 11 24

P458 " 11 1 4 8 11 24

P675 11 4 !1 8 23

P560 " 11 3 2 9 8 22

P402 Brown I 1 3 5 13 22

P524 Cream 11 21 8 9 21

P498 Black III 1 5 8 7 21

P539 11 1 5 8 6 20

P757 " 11 6 5 9 20

P643 White 11 3 7 '10 20

P755 Red 1 4 3 13 20

P756 White 11 1 2' 6 10 19",

P758 Brown III 1 3 7 7 18,

P637 Red I 1 2 5 8 16

P692 I I 2- 2 10 15'

P759 1 2 4 9 15

P392 White I 2 5 7 14
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Regression Coefficient (S)
1.2- ~~1~1.2 I P560

P498 P521 0

P643 .P758 P302
1. *P458

P402 P539
* P512

P459P756 1 Mean Yield
:1.0 1200 13}0 1400 150 1600 1700 (Rj) kg/ha

P757
P392 0

0.9
P759 P675

P687 P755 P566
0 .0 0

0.8- a P692

Figure 38. Plot of regression coefflclent( )vs mean yield across locations for 20 common IBYAN entries (3
highest yielding entries/location) in 39 sites in temperate zones.

yield over 1500 and more than 3000 kg/ha Figure 1 also shows materials clearly
at 41 locations. The wide adaptation of the grouped according to subtype: the
black-seeded, Type II entries is notable. "Jamapa" group (P459, P302) are in a
The poorer performance of lines such as similar area of the graph, as well as the
P755 (Pompadour 2); P637 (Linea 17); "Porrillo" group (P566, P757) and the
P692 (Diacol Calima); P759 (Redcloud) Puebla 152 group (P498, P758).
and P392 (Sanilac) appears to be
associated with the determinate Type I and Table 47 compares the yields of the
possibly the comparative earliness of these variety means by type in 10 temperate and
lines. 31 tropical locations. Northern hemisphere

breeders c.o-centrate on Type I material
A regression analysis of mean cultivar for dry bean production but Type II

yield/location on site mean yield (in- material outperformed Type I at temperate
cluding zero yields where these occurred) locations. In addition, black-seeded selec-
for the fi, it 39 locations (Fig. 38), shows
that five black Type II varieties (P302,P459, P675, P560, and P566) had the Table 47 Average yield in kg/ha of the 20 1976
highest average yield 66 )but with IBYAN varieties grouped according to
widhest vran i (1.6 t/ha) growth habit which were tested in 41
wide variation i b values. P566 was better sites.
adapted to the lower yielding sites
(t = 1.13). The lowest yielding group Growth Habit
(zs 1.4 t/ha) of four non-black Type I No. of
varieties (P392, P637, P692, P755) all had Zone Experiments 1 11 111
t values less than 1.0, indicating low mean
performance acro-ss environments. A Tropical 31 1701 1871 1492

central group of 11 Type I, II, and III Temperate 10 2428 2673 2276
naterials with mean yieldsof 1.4-1.6 t/ha Difference -727 -802 -784
showed wide variation in b values.
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Table 48. Average yield (kg/ha) of the 20 1976 IBYAN varieties grouped according to grain color, zesieo in

41 sites.

No. of Grain Color

Zone Experiments Black Red White Brown

Tropical 31 1877 1584 1411 1609

Temperate 10 2619 2137 2352 2500

Difference -742 -553 -941 -891

tions were the highest yielding at temperate From eight trials with P259, the average
locations (Table 48). The tables also show optimum density for monoculture was
the superior performance of Type1 Bean Yields, kg/ha
materials for 31 locations in the tropics.
For tropical locations, black-seeded
varieties were generally superior to non-
black materials.

The 1977 IBYAN was divided into Maize density

black-seeded and non-black-seeded sets of (103 plants/ha)

20 varieties since the collaborators ex- 3500
pressed seed color preferences. At all
locations the best five local materials 0
selected by the collaborators were included
in a 5 x 5 lattice with three or four
replications. Some 34 countries 3000
collaborated and 108 sets have been
forwarded.

BEAN/MAIZE ASSOCIATION 2500
TESTING

Dersity Response in Climbing Beans 0
0I 20M

Two trials at CIAT evaluated optimum 2

plant density for P589 in monoculture and I

in association with four population den-
sities of maize over a range of conditions. I 40M
Figure 39 shows that the optimum bean 1500
plant population was uniform at 120,000
plants/ha. However, as bean density
increased maize yields decreased. 60

1000 80 M

It was determined that economic op-
timum density is obtained when the value
of the marginal increase in yield cquals the

price of the seed for planting an increased Density of Beam (103 plants/ha)

density and a seed/bean pnce ratio of 2:1 Figure 39. Yield of climbing bean, P589, as affected

was assumed. by maize (H-210) and bean density.
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.00,000 plants/ha but there was a wide Maize Yield in kg/ha

'ange of optimum densities forthis cultivar 7°° i0-

lepending on environmental conditions. 6, 1
,ow densities for climbing beans in
nonoculture were recommended since
hey can branch when light is not a limiting 5,  -
'actor. There is no evidence that the farmer
viii achieve much yield response over 4,1 --W
[00,000 plants/ha of beans regardless of
,nvironmental conditions. 3,0

Competition between Beans and Maize a Typel2,00- - OType 11

It was iound that for all four Phaseolus 1Type III
)ean types the bean yield was sharply ,
-educed by simultaneous planting com-
3ared with planting 10 days before maize -0 -5 0 +
Figure 40). However, the effect of planting Beans Difference in Maize
Fypes I and Il bush beans 10 days after First Planting Dates first
,naize was not significant whereas the

fields of Types III and IV (semni-climbing Figure 41. Effects of relative planting datof on
ind climbing, respectively) were severely yields of maize (H-207) with 4 types of beans.
.educed. Apparently, climbing types could
iot cope with strong maize competition maize yields with four types of beans
"rom ICA H-207. Figure 41 shows the demonstrating that the climbing beans

reduce maize yields more than the other
lean Yields, kg/ha types, especially when the two crops are
500 -- planted simultaneously. At CIAT,

simultaneous planting produced optimum
M Type I yield of both crops in association but

__o__ O Type 11 preliminary observations at PopayinT AType II indicate that this is temperature dependent
A Type IV and relative to the early crop vigor of the

two species.

1500 -The relative competitive ability of 20
different maize genotypes in associetion
with beans was also investigated. Figure 42

1g U .... compares the yield of the 10 best yielding
maize varieties both in monoculture and
associated with Type II and IV beans.
Maize yields were more severely reduced

-- ____by Type IV than by the Type II. However,
there was also evidence for differences in
competitive ability among the maize
genotypes. There was less reduction in the

-10 -5 0 +5 +10 yield of tall maize genotypes, especially
Beans Difference in Maize those with a tendency to lodge. Root
First planting dates First lodging of the maize was sharply reduced

Figure 40. Effects of relative planting dates of in association with beans. In many trials
lien/maize association on bean yields, with tall mai7e genotypes this factor has
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Maize Yield, (kg/ha)
identification

F e Y Monoculture Maize I Mezcla Tropical 6 ICA H-207

b t n Associated with Type 11 2 ICA HS-209 7 ICA H-253

T E Associat with Type IV 3 Antigua x Rep. Dom. 8 Blanco Subtrop itcal

4 Amarillo Subtropican 9 PD(MS-6) HE- s

7,000 
5 Tuxpefo Canbe 2 10 ETO

6,000 -

5.000

4,000

3,0001

2,OW""

1 2 3 4 5 6 " 8 9 10

Maize ¢ultivar or hybrid

Figure42. Yield comparison of 10 maize varieties in monoculture and associated with two bean cultivarsof

contrasting growth habit.

resulted in insignificant yield differences were test d in monoculture and in associa-

between associated and monocrop maize tion with maize during three consecutive

yieldsn seasons. Results for one season are shown
in Figure 43. Average monocrop yields

The yield of Type II beans was depen- were reduced 58 percent in association with
dent on the yields of the maize genotypes maize. Significant varietal differences were

(r= -0.89***) whereas there was no observed in each system and between the

relationship with the yield of c rbing two systems. In the three seasons, the
beans. Low yielding maize genotypes gave correlations between yields in the two

insuf'ficient support to the climbing beans systems were: 0.51, 0.88 (both in 18 d.f.)

to allow ahigh yield, whereas high yielding and 0.91 (7 d.f.), while rank correlation

maizes were more competitive. coefficients were 0. 54, 0.58, and 0.93. Yield
reduction and varietal ranking both were

Genotype x System Interactions influenced by seasons.

Since varieties which perform well in Climbing beans were also tested for
monoculture may not be the best for three seasons in monoculture and in

associated cropping, 20 bush beanvarieties association with maize and the results of
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D Monocrop Yield Correlations between Systems:
0 Associated Crop Yield rank order. r - 0.54*
%/ Percent yield reduction yield: r £0.51*

3000
Sl

2500.

2000-

1500-

1000

500

i 0 0 I 10 n U -o M r- r, r -

Bean Lines
Figure 43. Bush bean yields obtained from two cropping systems (Trial 7625).

Bean Yield in kg/ha
ED Monocrop yield Correlations between systems:
M Associated crop yield rank order r=0.80**

300 /o Percent yield reduction yield : r=0.81*

2000-

100- --

1000 A

SA

'tA

7' mN 00 t w0U N m~ ej
W0 0 N M , q In( "~ W~ In r-s 0 IN n

Bean Lnvi

igure 44. Climbing bean yields obtained from two cropping systems (Trial 7605).
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one of these trials is shown in Figure 44. The disadvantages of using an
Correlations between yields for the two associated cropping system to test breeding
systems were: 0.41, 0.81 (both with 18 d.f.) materials include poor separation of
and 0.90 (7 d.f.) aiid rank correlations were variety yields, limited seed pioduction in
0.09, 0.80, and 0.88 for the three seasons, each cycle and complexity of the system for
respectively. Yields and varietal ranking observing individual lines. The improved
also varied among seasons. In each trial, separation of yields in monoculture, shown
there were significant varietal differences in Table 49, was due to greater absolute
among yields and percentages of yield differences between the means combined
reduction. with a reduced coefficient of variation for

error in monoculture.

Table 49. Climbing bean results from Trial 76241.

Bean Seed Yield

in kg/ha % Yield Yield Rank No.

Variety Mono Assoc. Assoc./Mono Mono Assoc.

P501 2782d-g 97lab 35 13 15

P364 3453a 1245a 36 1 1

P6 3030a-e i075ab 35 8 I I

P449 3225a-c 951ab 29 4 16

P589 2950c-f 1242a 42 11 2

P483 2771d-g 1048ab 38 14 12

P393 3113a-d 934b 30 6 17

P706 3355a-c 1084ab 32 3 9

P353 2969b-f I183ab 40 10 3

P260 2745d-g 1089ab 40 15 8

P259 3400a-c IOiOab 30 2 14

P326 3041a-e 1142ab 38 7 5

P504 3187a-d 926b 29 5 19

P355 2947c-f 1079ab 37 12 10

P16 2975b-f 109Iab 37 9 7

P719 2149i 472c 22 20 20

P507 2443g-i 932b 38 18 18

P525 2557f-i 1098ab 43 17 6

P672 2607e-h 1045ab 40 16 13

P526 2239hi 1143ab 51 19 4

Mean 2897 1038 36

C.V. (%) 9.8 19.0

I Data in each column followed by same letter do not differ significantly (5%); absence of letters In a column indicate no significant
differences among treatments.
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Climbing Bean Variety Trials (colored-seeded) materials including blackshowed good yield potential.
Some 300 Type IV varieties selected for

yield potential and grain color were sown The yields of the best 20 varieties in
with maize ICA H-207 in preliminary yield Popayin are presented in Table 5 1. All but
trials at CIAT. They were also planted at one of the varieties originated from
Popayfn using old maize stems for Mexico. P364 was the highest-yielding
support. In Table 50, the mean yields of the control variety at both Popayfin and at
best 20 varieties at CIAT are compared CIAT, but none of the 20 high-yielding
with the best of eight standard control varieties at either site yielded well in both
varieties representing the best varieties locations. Six of the varieties were
currently identified. A number of new significantly higher yielding (P.'1%) than

Table 50 Yields of the best 20 varieties of climbing beans associated with maize (H-207) at CIAT.

Yield
Identification CIAT No. Origin Color Kg/ha

Pl 201-348 G844 Mexico Cream 1967

Pi 311-861 G2227 Guatemala Yellow 1907

Boyaci 21 G4590 Colombia Cream 1790

P 114 G417 Turkey White 1740

PI 310-767 G2026 Guatemala Black 1737

Antioquia 130 G4567 Colombia Cream 1720"

Chiapas 163 G14762 Mexico Cream 1718

Pl 224-738 G983 Mexico Brown 1696

P1 200-978 G1253 Guatemala Brown 1692

Chiapas 163 (N) G4762 Mexico Black 1674

Pl 310-680 G1962 Guatemala Black 1639

P! 311-191 02161 Guatemala Black 1639

P1 282-024 G1079 Chile Brown 1634

Pi 310-767 G2026 Guatemala Brown 1585

P1 204-721 G891 Turkey White 1579

Pi 209-801 G1365 Kenya Coffee 1575

P1 311-904 G2258 Mexico Purple 1571

Boyacd 21 G4590 Colombia Black 1569

P1 310-783 02033 Guatemala Black 1569

Pl 189-012 G731 Guatemala Brown 1565

Best Control P364 1416

Mean of controls (nu8) 1099

Overall mean 1319

L.S.D. at .01 level = 392
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Table 51. Yields of the best 20 varieties of climbing beans at Popayin.

Yield

Identification CIAT No. Origin Color Kg/ha

G3352 Mexico Yellow 4502

11468 G3469 Mexico Brown 4443

Guanajuato 22 G3445 Mexico Yellow 4353

IlltaIk bean G3208 (Juatemala Black 4348

Cuanajuato I 16-A G3451 Mexico Purple 4338

P11 313-724 G2597 Mexico Yellow 4305

Puebla 422 G3391 Mexico Yellow 4121

P1 313 730 G2602 Mexico Grey (m)' 4076

111 203 930 G875 Mexico Yellow 4025

P1 313 758 G2620 Mexico Yellow 4024

P1 313-730 G2602 Mexico Grey 3998

1I1 311-908 G2262 Mexico Cream 3994

11 319 631 G2829 Mexico Brown 3963

P1 311-917 02270 Mexico Cream 3947

P1 201-317 G838 Mexico Cream 3944

111 313-776 G2634 Mexico Brown 3919

111 309-797 G 1814 Mexico Yellow 3891

(tuanajuato 22(R) G3445 Mexico Red -3876

P1 311-514 G2497 Mexico Black 3849

P1 313-755 G2618 Mexico Brown 3833

lIest control !364 White 3487

Mlean of controls (n= 8) 2277

O rall mean 2505

I SI 1 at .01 level . T 7 78%

the best control'variety, and the yields in sidering the relatively simple and inexpen-

Popayhn were remarkably high con- sive support system used.

Economics

The principal economic research objec- included in this section. A secondary
tive is to estim tte the profitability of new objective is to collaborate with other

technology and to identify the constraints program scientists in the economic evalua-

to its introduction in Colombia and other tion of their data. The economic aspects of

countries. Results of experiments in some of the work with Agronomy are

Honduras and Restrepo, Colombia are presented.
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ON-FARM TECHNOLOGY TESTING as the expected return for all possible agro-
climatic conditions must be considered

Honduras when evaluating introduction of new
technology.

For over a year CIAT has been
collaborating with a Honduran program, Insecticides. Enpoasca kraemeri and
Programa de Mafz y Frijol (PROMYF) to Apion are considered to be two of the
increase the income of small and medium principal constraints to increased bean
farmers through productivity increases in yields in Central America. However, in
beans and 'corn. New bean varieties, these trials low incidence or poor applica-
fertilizers, insecticides and herbicides were tion made "preventive" insecticide
tested on farmers' fields'in seven locations treatments consistently unprofitable at all
during the "Postrera", the second Hon- locations. The cost of insecticide could be
duran planting season, which is reduced by initiating control when pop-
characterized by more irregular and ulations reach economically damaging
reduced rainfall than the first season. Most levels. The effectiveness of field identifica-
of the beans are produced during the tion of pests before "curative" insecticide
Postrera following the corn of the first spraying is being tested.
season. In most years water stress can be
expected,hence varieties must be developed Herbicides. It was found that her-
for these conditions. bicides have several types of effects - on

yields, on labor costs of weed control, and
Varietal Testing. In six of seven yield on the area cultivated when seasdnal labor

trials different CIAT selections (black- availability for weeding is a critical
seeded varieties) gave significantly higher constraint. When the first two effects were
yields than the local reds. However, there is evaluated, one traditional herbicide con-
a local market price discount for black sistently lost money and reduced yields in
varieties due to consumer preferences for fifty percent of the trials. Another her-
reds, and export markets for blacks have bicide, methobromuron, was profitable in
been unstable. When profitability of the six of the seven sites even when zero
red and black-seeded varieties was com- opportunity cost for family labor was
pared rather than yields, the red varieties assumed. During this season the use of the
gave significantly higher returns in four of appropriate herbicide had an effect on
seven trials. These results emphasize the yield, perhaps resulting from the increased
importance of considering consumer water availability to the beans
preferences as well as yields. Farmer
profits and the feasibility of a new Simple economic analysis indicated the
technology fitting into a production system importance of seed color in evaluating
are the appropriate measures of the success vaneties and the riskiness of high inputs for
of a new technology while comparative the Postrera season given the high
yields are often poor indicators, probability of water stress. The develop-

ment of an improved early red variety to fit
Fertilizers. Using incremental better into the Postrera season is believed

budgeting, almost all fertilizer treatments to be the most important component of a
in all regions resulted in an income loss as new technology package for the PROMYF
compared with zero fertilizer. Although an program.
earlier planting date might have reduced
the losses, these results indicate that Restrepo, Colombia
fertilizer is a risky input under irregular
rainfall conditions and without control of Agronomic experiments to identify an
other yield-reducing factors. Risk as well improved technology for small farmers
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Table 52. Input use and returns data per hectare for best farmer practices, and new bean technologiei in

Restrepo.

New Bean Technology

On-farm Trials Synthetic D,tta

Improved Practiceb and
New

Best Farmer Climbing
Practices Calima. New variety Calima variety
in Bean (Bush)- (Climbing)- with with

Production No Herbicide No herbicide Herbicide Herbicide

Yields (kg/ha) 9573 1256 1419 1256 1419

Price of beans
(pesos/kg)' 21.5 21.5 17.6 21.5 17.6

Variety Several varieties (P103, (P 103,
including Calima S220, Calima S220,
Calima P364) P364)

Labor requirements
(man-day per ha) 97.3 122.5 132.5 111.5 121.5

Density (plants/ha) 110,000' 250,000 120,000 250,000 120,000

Fertilization I.8 tons chicken - 50 kg P2 05 /ha plus one ton of
manure chicken manure-

Pest control None - 4 sprayings of fungicide-insecticide-

Weed control - Manual labor (14 man-days)--- - Herbicide-cost of
$819/ha plus 3 man-days

for application.

Gross income 20,575 27,004 24,974 27,004 24,974

Cost of purhasd
inputs .5,752 -6,920 -3,930 -7,739 -4,749

Labor cost -6,587 -8,609 -9,312 -7,836 -8,539

Net Income 8,238 11,475 11,732 11,429 11,686

* The Calm price was the average price received in the region for this varety. 7-,,w vaiety prices were for red ban except for

P364. a wht bean, and were discounted. However, this ia avery conservative adjustment bccwA among the red besosCallma has a

wbutaial discount compared to Cargamanto, Radical or other large-seeded varieties.

Family Labor wso priced at the goingwage rate. in the programmng fanuly laborwu treated m the standard method as a gaAeoet

3 The average yields wer bed upon a survey of 22 farms.

* This was the average density for single cropping in the region. When beans were intercropped with coffee, the density was 40,000
plants/ha.

were conducted the past two years in this since the costs of inputs in previous trials
region (see Hudgins). Experiments with were still considered too high for the small
improved climbing selections and Calima farmer. Profitability estimates were made
continued with a minimum input package for two new bean technologies in on-farm
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trials. The technologies included improved technology increases farm income, farm
climbing selections, phosphorus, increased employment and bean area. Farm level
organic fertilizer, and insect and disease profits should be further increased with
control (Table 52) Results showed that improved red climbing and bush type
new technology for climbing beans reduc- germplasm incorporating resistance to
ed the cost of purchased inputs I he highei some diseases for which spraying is now
population density of CaIihna and necessary.
associated inputs increased the LoSIt 01 the Storage in Restrepo. Previous field
new bush bean technology Ne\eithLIc,, research in Huila and Narifio indicated
new bean tcLhnologies increased lainlici that small farmers sold 94 percent of their
income by approximately 40 percent beans soon after the harvest. Therefore,

beans had little effect on farm family

Labor availability vs. Herbicides. The nutrition and farmers suffered from the
princialontrainity on newerbichnolh post-harvest price collapse. An analysis of

principal constraint on new technology bean samples from 18 Restrepo farms
adoption in a coffee zone such as Restrepo showed that all had serious problems with
may be seasonal labor availability. Labor storage insects, principally. Zabrotes sub-
requirements increased 26 to 36 percent fasciatus. Eight farmers sold their beans
with the new technologies. Synthetic data fa u h t fe r the ireans
were derived for twvo labor saigrather than keep them for home consump-werederved or wo lborsaving tion; none stored beans for more than two

technologies with herbicides' (Table 52). o t onths; an for re thenbean
Herbcids sighly educd nt icom asor three months; and four treated the beans

Herbicides slightly reduced net income as with aldrin or dried them in the sun.

the cost was greater than that of the

ieleased labor; however, they would still be The risk of storage and the necessity for
utilized if seasonal labor availability were a immediate post-harvest sale at lower prices
pressing constraint. may be important factors in the lack of

To evaluate the feasibility of introduc farmer interest in increasing bean produc-To vauat te fasbiltyof ntodcing tivity. CIAT Bean Entomology has found

these four new bean technologies into the thty egea n Eoily hon d

Restrepo farming system, profit- havegetable oils effectively control Z.

maximizing plans for farms of different subfascatus in stored beans (see En-

sizes were computer programmed, con- tomology) and is presently testing this

sidering available land, labor, capital, and practice in farm level trials.

alternative activities in the region. Results ECONOMICS OF THE BEANIMAIZE
indicate that if the yields of Table I can be ASSOCIATION
obtained on farmers' fields, then the new
bean technology package will be profitable Economic analysis of twenty agronomic
over a wide range of farm sizes (Table 53). trials at CIAT provided information on
Profit maximization estimates were made yields over seasons for monoculture
on the effects of the new technology on climbing beans, monoculture maize, and
farm level profits and labor use for a bean/maize associations (simultaneous
typical Restrepo farm (7.8 ha) before and planting). Sensitivity of net income to
after the new technology introduction change in production costs, yields of each
(Table 54). Results show that the new crop, and relative prices of beans and

maize were evaluated for a series of
The farm level testing in Restrepo did not include conditions relevant to Latin America.
herbicides It was assumed that herbicides would While there is a range in bean/ maize price
have no effect on yields. Costs and labor ratios in Latin America - 21 in Mexico
requirement of the technologies with herbicides and up to 7:1 last year in Brazil - the ratio
were obtained from Colombian market data and in Colombia is relatively stable at 3.5 to
other studies, respectively. 4:1. (See Francis and Sanders).
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Table 53 Profit maximlzlng farn plans for three different farm sizes in the coffee zone of Ratrepo,
Colombia,

Farm Size

Activity Unit 2.5 Ha 7.8 Ha 22.7 Ha

Activity Level

Colombian
Gross Margin' Pewts 102,042 276,410 667,875

Old coffee area2  Ha 1.5 1.5 1.5
New coffee area Ha .5 2.3 9.3
Cassava Ha - 0.2 4.1
Bean" Technology IV (lst. semester) Ha .5 3.9 7.8
Labor selling . Jan.-Mar. Man-days - I
Labor selling Apr.-June Man-days 23
Labor hinng Jan -Mar. Man-days 280 956
Labor hinng Apr.-June Man-days 123 456
Family labor Jan -Mar. Man-days 84 84 84
Family labor Apr.-June Man-days 84 84 84

Bean Technology 11 (2nd. semester) Ha .5 3.9 -
Bean Technology IV (2nd. semester) Ha 1.8
Labor selling . July-Sept. Man-days 18 -

Labor selling Oct -Dec. Man-days I1 -
Labor hinng . July-Sept Man-days - 192 399
Labor hinng . Oct.-Dec. Man-days - 191 449
Family labor . Jul -Sept. Man-days 100 100 100
Family labor . Oct.-Dec. Man-days 100 100 100

I Ths Is a programmlng concept equal to gross return minus vanable costs. When fixed costs are amortized between years and
deducted, net profit is obtained

3 The old coffee plantation was considered to be fixed on all farms due to the high investment cost of replacins It.

Table 54. Profit maximizing farm plans for the typical Restrepo farm (7.8 Ha) before and after the
Introduction of new technology In bean production.

New Bean I echnology
Activity Unit Before Alter

Activity Level
Colombian

Gross Margin' Pesos 225,190 276,410

Old coffee area Ha 1.5 1.5
New coffee area Ha 2.3 2.3
Cassava Ha 1.1 0.2
Best Farmer Bean Technology

(Ist. semester) Ha 2.8
New Bean Technology IV

(lst. semester) Ha " 3.9
Labor hiring Jan.-Mar. Man-days 168 280
Labor hiring . Apr.-June Man-days 148 123
Family labor Jan -Mar. Man-days 84 X4

Famhik labor Apr.-June Man-days 84 84
See footnote I ol Iable 53
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Table 54. (continued)

New Bean Technology
Activity Unit Before After

Coiombian Activity Level
Gross Margin' Pesos 225,190 276,410

Best Farmer Bean Technology !1
(2nd. semester) Ha 3.0

New Bean Technology 11
(2nd. semester) Ha 3.9

Labor hirng . July-Sept. Man-days 124 192
Labor hirng Oct.-Dec. Man-days 184 191
Family labor . July-Sept. Man-days 100 100
Family labor Oct.-Dec. Man-days 100 100

I See footnote I of Table 53

Figure 45 shows that monoculture maize the bean/maize association more
is the least profitable of the three alter- profitable below this ratio. The equal
natives. Monoculture climbing beans are profitability of the two bean systems at the
more profitable above a 4: 1 price ratio, and 4:1 ratio prevailing in Colombia is consis-

tent with farm data collected in Huila
where both systems gave almost identical

Net lnome(Co1$/ha) - - returns, and the choice of the system
I - f 1 appeared to be a function of farm size and

labor availability

6 The advantage of monoculture climbing
Monoculture beans' beans depends critically upon the labor

s0- and support costs. In a small farm system
Iwith surplus family labor and local

40 - , materials available on the farm for ar-
tificial support, monoculture beans could

30 ..-- -- be profitable at substantially lower price
,/ Bea n + imatzO ratios, between 2 and 3 1 (Figure 46).

20Z Ben+mie

-This analysis has only considered ex-
10 ~ --- "pected income. However, small farmers are

Monocultur maiz. also concerned with income variation

(risk). Using the "guaranteed income"

-IC1 1 concept, risk is calculated as the minimum
10V I Iincome produced by each activity with a

given level of piobability Guaranteed
0 2 3 4 5 6 7 8 income can be calculated as 5=X-ts,

where X is the minimum income goal, X is
I Monoculture bean yelds 3000 kj/ha with production costs of mean income, t g is the "t" level at "g"

C031,00/hA probability and "s" is the standard devia-
I Ban yedsof1200kllhaandmaeyauildsof5000kg/hawith tion This minimum income assures the

producuon cos of CoLS22,000/hL
Monoculture traxe yied of 5000 kg/jm wth cost o( farmer that in almost all cases his max-
CollS,000/ha. imum loss or minimum gain under most
Fig=ur45. Net Income from 3 cropping systems at agroclimatic conditions will be above the

several bean/maize price -ratios, given R. In Figure 47, it is clear that beans
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Net income (CoLSl000/ha) Net income tL;ovitRai5j

60 Monoculture b B

70 - /

Monoculture beam

:zzzzi-

Pr - - Ra- b.nmaize

10-0

F0gure47 GuaantMednecuinomerfrmmahze

soc I 30

2 t s0- labor=0 
0oa l 2 

.0.. ...0....0.. 
.. .. .

toroi e Reat (ibean/maize

-3 -rl .o $100 labo -0il cutwotal poabhy( 3- awhria00648

0 1 T1

~Price Ratio (bean/maize)

Stakes= 0 labor= o total (olS2I OU Figure 47 Guaranteed net Income from three

Stakes&( C ol S5000 Lboral.0 total 26, OW0 cropping s) stems at se% eral bean/ maize price ratios.'
StakesCo $5000 l abor ( ol 5000 total 31.000
TrellramCol$1500. tabor=0 total 36,000
lrcliscCal SISOO labor=Col$500 total 41J,000

Figure 46 Net incomc from three cropping cropping even when the monoculture

systems at seieral bean/maize price ratios, with beans are more profitable. Most farmers,

variable monoculture bean costs. who have the necessary labor to use these
associated cropping systems, must be
concerned with the risks of crop loss.

atone are riskier than the bean/corn Therefore, they may be expected to choose
association until the price ratio is over 5.5:1 associated cropping to reduce production
(90% probability). Small farmers who costs and to achieve greater income stabili-
avoid high risks may prefer associated ty.
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Appendices

Appendix A. List of Promising Lines of Phaseolus referred to in the 1977 Bean
Program Annual Report.

Program CIAT
Promising Accession Identification

No. No. or Registration Source

P004 002115 Pl 310-878 USA

P005 1741 P1 307-8,14 USA

P006 2005 Pj 310-739 USA

P008 2056 P1 310-814 USA

P009 2959 Pecho Amarillo GUA

Poll 729 Argentina 2 VEZ

P012 5474 BRZ 1289 (69-6584-3) BRZ

P014 2146 PI 310-909 USA

P016 3813 Trujillo 4 VEZ

P017 3719 Mexico 12-1 VEZ

P060 0143 PI 164-746 (SEM) USA

P089 0302 PI 169-844 USA

P114 0417 PI 173-022 USA

P138 0556 P1 176-694 (Oturak) USA

P141 0569 PI 176-713 USA

P153 0645 P1 179-715 (Rong) USA

P155 0651 P1 180-729 USA

P167 0685 PI 182-007 USA

P168, 0686 PI 182-011 USA

P169 0687 P1 182-026 (Windsor long pod). USA

P174 0716 PI 186-492 USA:
P178 0728 P1 186-505 USA

P179 0684 P1 181-996 USA

P182 0756 PI 193-569 USA

P19 0780 P1 194-578 USA
M4a, 0797 PI 195-391 USA

P199 1220 PI 196-927 (F. Crioalo) USA
P203 0818 PI 197-970 (Bayo Berendo) USA

'P204 0819 PI 197-971 (Berendo) USA

P209 1259 P1 201-333 USA

P211 1264 P1 201-489 USA
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Program CIAT
Promising accession Identification

No. No. or registration Source

P685 5694 Cornell 49-242 USA

P691 4489 Cuilapa 72 GUA

P692 4494 Diacol calma CLB

P693 5653 Ecuador 299 ELS

P696 4791 Honduras 46 NIC

P698 5476 Jules USA

P699 5652 Mexico 309 ELS

P704 4795 Porrillo I ELS

P706 5701 Rojo'70 ELS

P708 4473 Titan CHL

P709 4485 Turrialba I GUA

P712 4792 51052 NIC

P714 4505 Top crop USA

P718 4789 Cubagua VEZ

P719 5710 G.N.UI.31 USA

P720 0832 P1 200-974 USA

.P721 1401 Pl 224-743 'USA

P729 1951 PI 310-668 USA

P737 4456 Jamapa CPI

P739 4509 Masterpiece UTK

P743 4829 PartnA (lote 3) -BRZ

P746 4830 Rio tibagi (tote 10) BRZ

P755 4460 Pompadour 2 CRI

P756 "4:445 Ex-nco 23 CLB

P757 4461 Porrillo I CRI

P758 ,4446" Ex-puebla 152 (Brown seeded) MEX

P759 0076 Red kloud USA

P763 3329 Puebla 38-1 MEX

P766 5719 Aurora USA

P775 4197 Black turtle soup B. ,CRI,

P776 4472 Tortolas C HL

P778 4637 Cundinamarca 1 15C (arbolito) CLB

P779 4638 Cundinamarca 116 (arbolito) CLB

P780 2997 Rabia cl gato GUA

P782 6380 Kaboon NEI

P788 1540 P1 284-703 USA

P793 5712 Comp. chimaltenango 3 GUA
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Appendix B. List of CIAT accessions (not classified as Promising:1.ines) of Phaseo/U,
referred to in the 1977 Bean Program Annual Report.

CIAT
accession Identification

No. or registration Suurce

G00729 PI 186-506 USA
0731 Pl 189-012 Tsib. Tsnap'ul USA
0738 PI 189-406 Piligue USA
0805 Pl 197-034 USA
0838 Pl 201-317 USA
0843 P1 201-345 USA
0844 P1 201-348 USA
0875 P1 203-930 USA
0891 PI 204-721 USA
0951 P1 209-479 USA
0983 P1 224-738 USA
1018 PI 244-715 USA
1069 P1 281-979 'USA
1079 P1 282-024 USA'
1080 P1 282-025 USA
1157 PI 299-388 Phaseolus lunatus USA
1212 PI 196-299 USA
1224 PI 196-936 USA
1253 Pi 200-978 USA
1257 P1 201-300 USA
1365 P1 209-801 Kapumbu USA
1814 P1 209-797 F. azufrado amarillo USA
2033 P1 310-783 USA
2161 P1 311-191 USA
2227 P1 311-861 USA
2258 PI 311-904 USA
2262 PI 311-908 USA
2270 PI 311-917 USA
2497 P1 313-514 Negro USA
2597 P1 313-724 USA

G02602' P1 313-730 USA
2618 P1 313-755 'USA
2620 P1 313-758 USA
2634 P1 313-776 USA
2829 P1 319-631 Frijol apetito USA
3208 Frijol Negro (GUA431) Guatemala,
3391 Puebla 422 Mexico
3407 Puebla 441 Mexico
3445* Guanajuato 22 Mexico
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maintained at approximately 250 x IUP Defined for cropping systems requiring

plants/ha. bush beans with stable yields under
suboptimal growing conditions;
monoculture associated or relay systems

IDEOTYPE B: Indeterminate growth where plant densities are usually below 200

habit (Type II) with a long growing season x 103/ha and where the level of agronomic

of more than 90 days to physiological inputs in restricted.
maturity with a long preflowering period
of more than 50 days; erect main stem with IDEOTYPE D: Indeterminate growth

few branches borne erectly; moderate node habit (Type IV) with a range of maturity

production on the main stem after flower- types; climbing beans with vigorous

ing but with limited guide development; climbing ability on associated or relay

highly lodging resistant; pods borne out of crops or in monoculture on artificial

contact with the soil. support; limited branqh development and
with stable growth habit.

Defined for monoculture cropping Defined for cropping systems requiring

systems requiring a late high yielding climbing ability to exploit the yield

variety which can be mechanically advantageofclimbersandwherearelative-
cultivated or associated and relay systems ayvhige of m anu a la ti

where plant densities can be maintained at ly high level of manual labor input is

approximatelly 250 x 103/ha. possible; cropping systems with maize in

direct association or in relay or in systems
where artificial support systems aie possi-

IDEOTYPE C: Indeterminate growth ble under monoculture conditions.

habit (Type III) with a range of maturity

types; prostrate plant type with well NOTE: A determinate (Type 1) ideotype is

deveioped branches which show abillty to not included in these recommendations.

compensate for low plant densities and However for areas where extreme earliness

irregular distribution; long flowering in required the only alternative may lie in

period (compared to ideotypes A and B) the use of determinate materials. Type I

but with relatively even pod maturity; materials have shown poor adaptation and

some ability to climb weakly could be an strong instability of yield in many CIAT

advantage, experiments and the 1976 IBYAN.
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