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Bean produ;:t'iovn. .sy_ster-ll's' program

HIGHLIGHTS IN 1976

s

| National bean programs in Latin America vary. While some are limited to a few

* scientists undertaking activities which must span several disciplines, others have

»multidisciplinary research teams with numerous highly qualified scientists. The CIAT

bean program, which was asked by the Technical Advisory Committee of the

Consultative Group for International Agricuitural Research to establish a

collaborative bean research network in Latin America, must, therefore, be attentive to

markedly different needs. While the program’s chief product is germplasm, this may be

’ supplied to national programs as a promising source of discase or insect resistance: as

hybrid material with nationally-important varieties already crossed to the resistance

source; as late generation “elite™ materials previously screened at CIAT; or as

formed varieties from CIAT or other national programs. Even so-called “technology

packages” will differ according to the needs and capabilities of each country and its
predominant agricultural forms.

The major highlights of the program's work in 1976 illustrate, the breadth of
aclivities and their integration with the needs of national bean programs,

| In 1976, and after consultation with national programs on methodology, CIAT
established the first International Bean Yield and Adaptation Nursery (IBYAN). To

date 128 requests for the trial have been received. These derive from 20 countries in the

Americas as well as from England, India, Israel, Japan, Kenya, Matawi, Portugal.

| i Tanzania and Thailand. Seventy-six trials have already been shipped. While most

plantings were scheduled for the second semester of 1976, results have already been
| received {rom 12 trials.

The second International Bean Rust Nursery (IBRN) is being tested in 14 locations
in 1976. Results from the first IBRN showed three accessions resistant to rust attack at
all §ix testing locations. Two of these accessions, P699 and P717, are being used as rust
fesistance sources by the breeding program.

This year CIAT was named as the world center for Phaseolus germplasm resources.

¢ first meeting of the Phaseolus Germplasm Advisory Committee. in September,
Teviewed and approved program plans for the storage, identification, characterization
2nd data retrieval associated with germplasm activities. A detailed catalogue of more
than 700 promising cultivars has been published.
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GERMPLASM

In 1976 CIAT accepted primary respon-
sibility under the International Board for
Plant Genetic Resources (IBPGR) for the
maintenance and characterization of
Phaseolus germplasm.

Germplasm Evaluation

Of the 12,000 seed samples already
received at CIAT, some 7,000 have been
multiplied and characterized
morphologically.  Another 3,000
accessions are currently being multiplied to
provide 10,000 evaluated materials by the
end of 1976. These accessions include a
number of active or obsolete land cultivars
of Phaseolus vuldgaris, improved commer-
cial varieties, wild and indigenous types.
and natural and artificial crosses of P
vulgaris by coccineus, P. acutifolius, P.
lunatus, and wild species such as P
rirensis, P. dumosus, P. polystachus, and
P. adenanthus.

Spme 2,200 new accessions were receiv-
ed in 1976, including 1.200 samples from
the Norvell explorations of Mexico and
Guatemala and interesting new materials
trom Germany, Holland and France. After

Beans Progrom . CIAT

meeting at CIAT in September to review
the current status of Phaseclus spp.
germplasm, the Phaseolus Germplasm
Advisory Committee (PGAC)
recommended additional collecting in
Africa and Central America during 1977.
Additional information will also bé sought
from major existing collections not already
included in the CIAT bank.

Field evaluation and characterization of
accessions for 52 plant morphological
features continued in 1976. The PGAC has
identified 20 of these as essential descrip-
tors for Phaseolus collections. Results
from an evaluation of 781 materials
identified by CIAT scientists as “promis-
ing”™ were published in the form of a des-
criptive listing {Fig. 1)'. A second listing
with information for 2,400 additional
accessions will be prepared in 1977.

I Muny of thesc promising accessions are referred
o 1 this report. A list on page A-80, further
idemifies these accessions (referred to as PO0C)
by their varictal name or other title, the CIAT
germplasm bank number {as G 00000} and the
source country (but not necessarily its origin}
for ihe accession. Germplasm bank accessions
mentiened o this report are listed following the
Promising accessions.
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Figure 1. A catalogue characterizing 780 promising
published in 1976.

Germplasm Storage

C1AT bean germplasm 18 curren_:dll?_
maintained in cold rooms without hunTilna_
ty control, necessitating frequent ge7 -l
tion tests and seed reglzrlfeérat;ol;nit our

intervals. 1n B
iziipleted for a new germplasm fic‘:]mt}fr;c;
become available earty in 19 60 ok
structure will accomodate up to d, o
accessions at +19C condiuons, anlSGC
equal nusmber, in sma'l'lquantmes,a:;— 10‘.‘;
All seed will be placlfz_xged un l%r Jow
humidity, ensuring viability for 6—1 Ooyears
in the +150C section and forup to y
in the -15°C section.

Seed Shipments

Lo non seed samples WeTL

is W d and
aceessions of Phaseolus vidgaris was complete

[ i ple 1 shows the
shipped in 1976 Ta _ _
dis?r?buﬁon of those materials by ma)or
region.

Distribution of cecd samples in |.9"|'B()ai1r:m
the C1AT Phasealus Germplasm :

e

Samples sent

Table L.

23
South Amernca "
Africa o
Central America. Caribhean by
Europe s
Norih America .
Australia
2,403

Total
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PATHOLOGY

Common Bacterial Blight

Pathogenic variation

CIAT screening for bacterial blight from
1972 through 1975A used the Colombian
isolate C6, originally obtained in 1969 by
Schuster and Coyne f{rom Phaseolus
vulgaris var. Diacol Calima.

Additional studies were undertaken in
1976 to obtain new isolates and compare
them with the C6 isolate. Isolations of the
blight pathogen Xanthomonas phaseoli
were made from blight-infected leaves and
seed obtained in Colombia. Isoldtes were
identified by colony morphology and
pathogenicity tests, then compared in
pathogenicity with isolates C6 and C7, the
latter also isolated by Schuster and Coyne
from Colombian seed material. Isolate 611
from the Cauca Valley of Colombia was
most virulent, causing complete wilting of
a susceptible host two weeks after inocula-
tion (Fig. 2). In contrast, isolate C6 was

only weakly virulent, causing flagging of
the primary leaves. Isolate C7 was not
pathogenic by this test, suggesting that the
bacteria may decline in pathogenicity after
repeated subculturing. Studies are in
progress to determine how best to use such
differential pathogenicity in screening for

bacterial blight tolerance under controlled
conditions.

Field screening

Field experiments were conducted at
CIAT in 1975 and 1976 and also in 1976 at
Nataima, a site in the Tolima region of
Colombia  where temperature  and
moisture conditions are excellent for blight
development. These tests compared dis-
ease reactions of 4,000 accessions from
CIAT's germplasm bank. Materials from
the University of Nebraska (U.5.A),
Michigan State University (U.S5.A.) and
Puerto Rico were included, as were two
lines of P. acuiifolius, as tolerant checks.

"l:l\llrt 2. Pathopenic variation among Colombian isolates of Xanthomanas phaseoli on Phaseolus vulgaris.
:m&“‘h:s of the cultivar Manitou. o fight red kidney bean. were inoculated in the cotyledonary node at the
‘"ffk stage with isolates 611, C6. C7 and a water control (check). The picture was taken two weeks after
=exulation.
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Entries were evaluated first at CIAT in
an unreplicated planting. Tolerant
materials Wwere reevaluated 1n replicated
tests at CIAT and Nataima. The plot
design for disease screening at CIAT (Fig.
3) was similar to methods previously
described (CIAT Annual Report, 1974),
while at Nataima rows were spaced
centimeters apart without ridges. Infected
seed of the susceptible cultivar Porrillo
Sintético was planted as borders 2-3 weeks
before the general planting date.

Plants at CIAT were directly inoculated
five weeks after planting using X. phaseoli
isolate 611 as a suspension containing 5 X
107 cells/mi. Inoculum was applied at
sunset as a spray at about 100 psi to
produce leaf water-soaking (Fig. 4), and

bean rows were furrow irrigated the day
before and the day after inoculation to
create a favorable microclimate for disease
development. Plants were then sprayed
with water and irrigated each week
thercafter toenhance spreading of artificial
as well as natural infections. At CIAT,
reactions were recorded three weeks after
inoculation using 2 1.5 scale for foliar and
a 1-3 scale for pod reactions.

At Nataima, severe infection occurred
naturally and no inoculation was needed.
Disease reaction was recorded 7-8 weeks
after planting.

Two lines of P. acutifolius (P597 and
Tepary 10) had the highest tolerance,
showing no symptoms on either foliage or
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Figure 4. Bean pl: i i
oy plants are inoculated with the ba

?ods (Table 2). No P. vulgaris entries were
l_rec of leaf symptoms. Two P. vulgaris
fmt‘as (P662_ and P261) were tolerant in
oliar reaction, but the latter showed pod
.‘;l;s_}c;p‘:'lblhty. P464 and P252, tolerant in
, were susceptible in subsequent test
5291469 727, P684_, PI 197 687, Guali an?:i
lol.er, reported in other studies to be
we[eam to US isolates of X. phaseoli,
susceptible in these tests. Tolerant
commercial U.S. cultivars P698, P567 and

G.N. Valle i
; y were susceptibl
neared maturity. puble as ey

Fungal Diseases
Rust (Uromyces phaseoli)

In 1976, 1,700 i
A N collections from th
f;rir;plasm bank were evaluated for rusi
i l‘aal‘nce at CIAT and Popaydn; 189 were
stant at both locations. These collec-

i <o B s e e ¥
4 s ﬁz‘;‘%"r»‘.-.‘

cterial suspension in the field at CIAT using a pressure

porated into future Internati ;
: tional Bean
Rust Nurseries (IBRN) for testing against

races of the fungus not i
! I
e present in Colom-

Twemy-sm IBRN sets, each containin

123 cultivars, reported as resistant t(g)
different races of the pathogen, or of
promise in donor countries, were se’m to 14
cooperators during the year. Results from
12 o‘l" 14 sets sent in 1975, and four of the 26
sent in 1976 have been received. These were
gnalyzed by computer using a resistance
index generated from pustule size (1-5) and
percentage of infection intensity, from
observations  at 30 and 45 day; after
planting (F_:g. 5). Summarized results have
been distributed to IBRN collaborato
and other interested scientists. N

The accessions P693, P699 and P717

were consistently resistant to rust in two

tions will be f i
urther tested and incor- years of IBRN testing. P699 and P717 have

anrsal REL 1o Beans Program - CIAT
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‘been widely used in CIAT crossing Viral Diseases
- programs for rust resistance.
Common bean mosaic virus
Anthracnose (Colletotrichum
lindemuthianum) Seed contamination. The study of

recontamination of seed under field con-
Screening for resistance. A total-of 524 ditions resembling those of small farmers

promising accessions were screened for (1975 Annual Report) was continued.
anthracnose in Popayan (1,600 m) and When seed free of internally seed-borne
Bogotd (2,600 m). More than 100 were pathogens (clean seed) was increased far
resistant at both sites and additional from commercial beans, harvested seed
accessions were resistant in one location remained virus-free. Plots close to con-
and susceptible in the other. The 3 race of taminated fields, planted with clean seed
Colletotrichum lindemuthianum was pre- developed 15 and 12 percent infections for
sent in Popayan. Accessions P685,Widusa, the susceptible varieties 1CA-Guali and
P302, P347, P432, and P540 have been ICA-Duva, respectively, and 6 and 5
consistently resistant in two years of percent infections for the tolerant varieties
testing. P685, P782, Cordonco and Ver- ICA-Tui and P459, respectively. No

nandon are being used as resistance control of the vectors was programmed.
sources in the breeding program.

In the case of tolerant varieties such as
ICA-Tui, the symptoms are not clearly
) _ expressed and this may lead to a constant
Screening for resistance. An epiphytotic use of infected seed. Nevertheless, clean-
of powdery mildew (Erysiphe polygoni) seed plots of ICA-Tui yielded much more
occurred in the anthracnose nursery in than plots planted with infected seed (2,720
both Bogota and Popayan. Accession kg/ha vs. 1,691 kg/ha). :

P278 was observed to be highly resistant.

Powdery mildew (Erysiphe polygoni)

Screening for resistance. CBMV consists

Web blight (Thanatephorus cucumeris)  of more than seven strain classes. Several

Screening for resistance. Environmental
conditions during 1976 were not favorable
for the development of Thanatephorus
cucumeris. Nevertheless, from 3,505

are present in tropical zones and also
perhaps, new ones as yet unidentified.
Using a mild strain isolated at CIAT {rom
the Calima cultivar, 151 promising

accessions were evaluated in the
greenhouse. Eighty-eight- were resistant,
and 63 were susceptible. Neither necrosis
nor black-root symptoms were observed in
accessions known to have the hypersen-
sitive gene in this test.

collections planted at Turipana, only 310
were rated tolerant. These collections will
be further tested under more controlled
conditions. The most tolerant materials

were PO17, P358, P401, and P716. They
have also been

tolerant in previous
screenings. Among 436 climbing accessions
evaluated in the field, 345 were susceptible.
Root rots The others either showed mild symptoms
or were disease-free. These will be
Endemic infestation of Rhizocronia

reevaluated under controlled conditions.
From 3,610 entries from the germplasm
bank, 2,955 were susceptible in the field.

solani permitted evaluation of 524 promis-
1ng materials under natural conditions in
Popayin. The most outstanding collec-
tons for resistance were P235, P334, P352,
P502, P503, P646, and P693.

Beans Program - CIAT

F, seed of 76 single crosses (families),
that included three sources for the domi-
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ce to CBMV were
t source of 1oleran .
It]:ls,!:ed in the screenhouse by mechanical

inoculation; 72 were tolerant and four

susceptible.
Bean golden mosaic virus

Screening for resismn(cje. A 1‘;);?! Orfz?t‘sfz?l
jes were evaluated un
?:ztr:iitions n Gua{erqala, E Satva_d?rna{nt(é
Brazil with no accession being resis as s
the virus. Wwith this evaluauor{) 1,few
accessions have now been tested,bu 2
materials tolerant to BGMYV have be

identified

Internasional Bean Gollden g{giﬁ!\?
Virus Nursery. An 1nternauﬁna[l_ s
istl 80 collectio
Nursery consisting of
establighed. Sets were sent 10 Guatemala,

El Salvador,

romising materials
5709, P757, P48s,

Brazil and Tanzania for

i lts indicated that some
evaluation. The resu Sl(including e
ps566, Puebla 441,

Venezuela 68, P1 313 878, and P} 313 882)

v antiserum. The purification of
thf%gM\’ (1975 Annual Report_% mz::ie_
possible preparation of a specl {ﬁished
tiserum. Antiserum lesls_have esta e
that the disease present in Guatem&n_ N
Salvador, Colombia and Puerto 1u: 3
caused by the same Virus. These serolo Vgem1
tests will be further gxpanded :10 Ps\ef eral
Latin American, Can_bbeap and / rl10W
countries to better identify a yet o
mosaic” reported in all these countr

(Fig. 6)-
Seed Pathology
production of pathogen-free seed

Cleaning seed of se;d-bomg pathlogigz
continued as a priority project. 1?med
screenhouse, 442 collections were ¢t mcg
Promising malterials, as well-as enNew
from the Netherlands, Belg}qm. L
Zealand, Pert, Honduras, Ha'm,lar(;ed 'S
international nursery sets were Inclu ed' i
total of 875 materials Were increas

i i tings.
were tolerant to the virus present in both field planting

Central America and Brazil.

ill contain 190
The 1977 [BGMVN wil ' L
collections and will be planted in more sites

in the Americas and Africa.

Large-scale production of clean seed f:)rr’
experimental and national program p;n
poses was done by the bean agron_ot_e)g
group. Three tons of seed of 20 variet

3 PN A

Figure 6. Serotogical tests help in idem.ni'_\uag
mosaic, swelling mosaic and golden Mosaic
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was produced at Loboguerrero, a relatively

. dry site outside the bean producing drea of

the Cauca Valley where ClAT 1s located.

Production of anthracnose-free seeds
using fungicides

Seeds of the susceptible variety Nima
were planted at Popayan where anthrac-
nose is severe and endemic, Applications of
benomy! (a systemic fungicide) and cap-
tafol (a protectant fungicide), were made
singly or in combination beginning 30 days
after planting. Due to disease severity,
treatments were made five times, at nine-
day intervals.

Plants sprayed with benomyl at 1 kg/ha
remained free of anthracnose, and at .5
kg/ha good control was attained. Poor
disease control was attained on plants
sprayed with benomyl at .25 kg/ha plus
captafol at 1.5 kg/ha. Captafol at 3kg/ha
did not control the disecase because of
heavy rains. All nonsprayed (control)
plants were killed by anthracnose within 50
days after planting. No significant yield
differences were measured between plants
sprayed with benomyl at .5 and 1 kg/ha.
Plants in  both treatments vyielded
significantly higher than plants sprayed
with benomyl (.25 kg/ha) plus captafol or
captafol alone, though benomyl- plus
captafol-sprayed plants yielded
significantly higher than plants sprayed
with captafol alone. Bioassays forinternal-
ly seed-borne fungi showed seed from
plants sprayed repeatedly with benomyl at
1 kg/ha to be free of C. lindemuthianum.
All plants sprayed with benomyl produced
seed with significantly less total internally
seed-borne fungi as C. lindemuthianum

and Fusarium spp. than plants sprayed
with captafol alone.

Under normal environmental conditions
four applications of benomyl are needed to
control anthracnose. The price of the bean
seed in Colombia makes the use of this
systemic fungicide economically feasible,
even when five applications are necessary
Beans Program - CIAT

t0 ensure the production of good guality
seed.

Effect of late harvest and of foliar

applications of systemic fungicides on
seed quality

To evaluate the effect of late harvest on
seed quality, seeds of the variety Tui were
harvested at maturity or harvesting was
delayed up to a maximum of four weeks,
Fungicides were applied at maturity or

post-maturity in some cases. Results are in
Table 3.

With seed harvest at plant maturity, all
treatments including the control had good
seed quality, having a percentage germina-
tion in vitro and field emergence of at least
85 percent. As harvest was delayed,
germination and emergence percentages
decreased while seed infection increased, in
treated and nontreated groups alike.

Fungi of 13 genera were recovered from
seed in this study. The majority of seed
infection in the control treatment was due
to Fusarium spp. while most infections in
both treatments which included benomyl
were caused by Alterraria spp.

The results indicate that time of harvest
appears to be extremely important in
producing high quality seed. Delaying
harvest can result in reduced germination
in vitro and field emergence, as well as
increased seed infection by fungi. Increases
in the percentage of seeds infected by fungi
appears to be accompanied by decreases in
seed germination. Moreover, delayed
harvest can result in physical damage to

seeds, due to alternating wet and dry field
conditions.

Effect of pod contact with soil orf fungal
infection of seeds

As revealed in the beaneconomic survey
discussed in the 1975 Annual Report,
many Colombian farmers save seed froma
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germination in virro, field emergence, internally sced-borne fungi and 1.000-seed weights

Table 3. Percentage ! | i
Tui plants not treated or treated with two systemic fungicides

of seeds from Phaseolus vulgaris cv.

and harvested at maturity or at weekly intervals therealter.
Mean %'
Emergence Seed with 1,000-seed
Treatment Time of harvest Germination at |5 days fungi wt-(g)
benomyl Maturity 95 87 4 201
1 week after 92 84 15 205
2 weeks after 92 87 26 201
3 weeks after 93 82 38 205
4 weeks after 76 n 96 206
oxycarboxin Maturity 98 86 4 194
1 97 86 13 207
2 9l 84 26 204
3 82 82 56 198
4 75 67 99 197
benomyl +
oxycarboxin Maturity 94 85 5 201
1 95 84 17 208
2 92 86 217 203
3 86 84 54 202
4 74 12 98 205
Nontreated Maturity 87 86 13 152
! 79 75 48 149
2 63 69 86 147
3 64 67 100 150
4 60 61 100 154
L.S.D. at .05 17 3.43 8.87 13.86
L.S.D. at .0l 4,94 4,57 11.82 1515

| Three replications of 100 seeds each for cach treatment and harvest date

crop for later plantings. While they select While many seeds from pods in contact
from seeds available for those with with soil were discolored, wrinkled or
reasonable grain features, they do not lesioned, most appeared physiologically
select the seed they harvest. Since pod normal. All secds from pods not in contact
contact with soil both decreases seed wilhsoilappcarednormal.Similarly,whi\a
germination and promotes internal seed- the percentage recovery of internally-
borne fungi, studies were done to evaluate borne fungi varied with cultivar, the levels
selective seed harvest as a means of were always greater in seed from pods in
improving crop stands on small farms. contact with soil. Phomopsis SPp- and
AT th nxmeriment are in Table 4. Macrophomina phaseolina  Were never

1 P ey = 107N

S —————

o “:&!-

' v ge g on, see b ¥ N i 2 \‘lfl’lllll" and ¢ reence of xeeds
Table 4 Percentage germination, se d with nternall eed-borne lungi. . field eme f 4 0 d

from pods of five P/

- haseolus vull ivars i

CIAT. garss cultivars in contact or pot in contact with svil in the field at
’ a

Cultivar
Treatment ! i |
Calima Guali Huasand Splﬁi:tlllcoo Tui
Germination
Soil contact 57 46
50
No contact 100 92 95 :; .
LS.D. at .05 179 9.3 16.9 10.5 il
. ‘ L.S.D. at .01 41.2 24 38.6 : s
Seed with fungi - e *?
Soil contact 64 90
No contact 3 30 g i b
k 26
L.S.D. at .05 222 21.1 13.6 I: p
. . L.S.D. at .0 340 44.4 31.3 p o
Seed viability ‘ " o
Soil contact 75 68
¥ 65
o contact 95 91 91 o .
Field emergence ” "
Soil contact 63 47
. 58
o- contact 92 86 84 ’ i o
Soil contact, treated with thiram 82 75 s -
No contact, treated with thiram 95 90 gz o '
- 86
L.S.D.at .05 187 13.4 13.0 12.4 ;
L.S.D. a0l 289 20.7 19.7 I‘Jb ;;8
; ! '3

.

' Three replications of seeds cach, except for viabihity test which w: Viahalit ma m ¢
L] {100 d ¥ m ¢
) 7 . pti sch was 100 secds.Viahility measured by the ter I
zolium test. Thiram teeatment
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ergence was greater for seeds from pods phaseolina, Phomopsis spp. and Alter-

not contacti . naria s
cting soil. pp. were most com
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j il- disease, as
athogenic, soil-borne

?vfh:lepblocks of plants show symptoms

i ight.

A disease of unknown cause, reported in  almost overnigh

the Cauca Valley of Colpmbxa as car1¥ as
1953, has become significant at CIAT in

the last two years.

“problem X"

Because this condition interferes wstgl
experiments and limits evaluation o
breeding materials through cbi.g;gescén‘

1 habit or yields, "
duced 0 growlth ‘ ‘
siderable attention has been paid to 1tin
1976.

{ striking in the
The symptoms are most 3 :
varieties PO11 and P459 (If:li% t?e).biir;\r;:l_
' first trifohate,

toms appear 1o the .
i i severe In the new
g ing systemic and more ot bt
aves. Vein clearing is © s :
1IZaves which become malformed r‘es_,tc:lm
bling damage by hormonal herbiciaes.

Soil-transmission. When seedz}gfwle‘:z
varieties PO11, P459, P566 and P 1 from
planted in the greenhouse 1N SOIIT15 S
: X sympto

i ' brooms form and the vegetative ipiested ar;ass, ljrrlot)gf:lfsi weri not observed
W“,‘:hetc’ e ded. Pods hardly ever form. _reproduced: o 1 ninsoﬂsteri\iled-wnh
o 2 ?Xten eds: are produced, they are when seeds wﬂ-fisownor in soil from a
When a few see ' methyl bromide, - 2

i d, although some i Accessions PO11 an
deformed and wrinkled, M commercial nursery.- q
rgo a secondary than P566 an
%131'“5 'Sugb:lil?iu;?:gu::l: g;Pgarenuy normal P4§3 (\zgrf; Om;)_’rz :éfﬁl;:rcem ceapritive-
OWETln H 1 d ‘_he P6 ) 5] : ! h an
' oil-borne, az 15 did not show any
il Sn?;l?ts ?)el?jlfe {0 soil conditions, 1¥) and P6Z_5: ;1:;1\ epgx;ieriments.
Syt:npi;olglgsical disorders or genetic abnor- symptoms 1
5 C - o
; :l'(es pathological conditions Of 2 | mixtures and filtrates. When i
o 1t:'n;uion of these. The spreading of the Soi
combi .

i(,l)ltlll 1 I‘I ‘ Qid ne il[!we VECI ‘y[)lca‘ !e[: e(l 1 was n Xed ll Wlth dib!nfBClCd
t SOl 5 1

p n ell 1S l, 3 v N
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symptoms. Likewise, disease ?yr?%tosrgi
/ hen disiniecte

were not obscrved W .

was irrigated with filtrates from infected

501,

When plants, grown eitherin disinfcct:rci
soil or in Petri dishes on filter pape;, \:OOt
irrigated  during  tWo days wit Riin
soakings, no symptoms of the diseas
reproduced.

Mechanical inoculation. Usmgc;)m:\?l?;
mechanical transmission gzt;leo?; t{;;nSfer
diseases, attempts were s ol
the possible causal agent from di s

hy plants. Extracts were obtain
:%i’léreiup buffers (?hosph_ate, d_::fl{tgfetz,l
borate, DTA, tris) _wuhd e
£1 <<’ molarities and pH’s, and withre gmle o
: chelating agents added to sti). e i
possible causal agent. Qver, ,have oean
seedlings of susceptible varicties
inoculated without any SUCCESS.
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Eigure 7. Plants of Phaseoluy vulgaris accession
P459 affected by Problem N

[} ’ ]

Grafting. Healthy P459 plants have been  beans, tobacco, P. lathyroides, Rhir. Ssia
grafted onto diseased P459 plants, and vice  minima,

Gomphrena globosa, Datura
versa. No symptoms were subsequently stramonium, Nictiana  glutinosa,
observed in healthy plants in which Chenopidium  album,  Chenopodium
grafting was successful.

guinoa, and P. vulgaris were planted in

infected soil. Only P. vulgaris showed
Seed itransmission. Over 5,000 seeds symptoms of the disease as follows: POl

from plants showing Problem X symptoms  (92%), P459 (95%), P566 (950%), P714
have been grown out in sterilized soil from (80%), P634 (0%), and P635 (0%). A
infected fields to determine seed transmis- variety of winged bean (Psophocarpus
sion. No plantshowed symptoms during45 retragonolobus)planted in an infected field

days of observation. Differences in the also suffered severely from the condition.
severity of the symptoms of P459 were

observed according to the origin of the seed
when plants were grown in infected soil.
This may suggest that the cause is

associated with some factor involved with
the seed coat.

The same hosts (at least 30 plants/host)
were inoculated mechanically with extracts
from diseased plants. None showed any
sort of symptoms resembling

those
produced by Problem X.

The treatment of seed with fungicides or

Soil nurritional evaluations. Because of
sitver chloride or sodium hypochlorite did

the alkaline soil conditions on the CIAT
not improve control of the disease, While farm, a number of field and glasshouse

methyl bromide fumigation reduced the studies have been undertaken to determine

incidence of the disease in the field SMDC  whether Problem X might result from
or PCNB had no effect.

soil nutritional imbatance. Microelements
such as zinc, iron, manganese or boron,
applied either to the soil or foliarly and
singly or in combination, have not decreas-
ed the severity of the condition in infected
plots. Sulfur (2t/ha)and bagasse(2t/ha)
incorporated into soil have both reduced

the severity of the condition but have not
Electron  microscopy.  Preliminary eliminated it. Several explanations could
observations of fixed tissue, and of be advanced for such resuits.

partially clean extracts have not revealed
any suspicious virus- or mycoplasma-like
bodies.

Nematode extraction. Infected soil was
submitted to nematode extraction by
screening, centrifugation on sugar, and soil
suspensions on distilled water. The popula-
tion of nematodes was almost nil.

Since the cause of the problem remains
to be identified, pathological and

agronomic studies will continue in 1977.
Host-range. Soybeans (vars. Amsoy and Experiments to evaluate the control of the

Pelican), lima beans, cowpea, pumpkin, problem by better rotational systems are
squash, cucumber, tomato, lettuce, broad also being planned.

ENTOMOLOGY

Emphasisin 1976 wasagain on screening
Bermplasm and segregating populations
for resistance to Empoasca kraemeri, the
keafhopper. Cooperative screening  of
Bermplasm for resistance to insects of
major importance in other countries but

Beans Program - CIAT

not present at Colombian testing sites was
also intensified. Studies on using insec-
ticidal sprays more efficiently by proper

timing or to reduce pest levels by cultural
methods were continued.
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Table /7. Average yields of 10 Phaseolus vulgaris
varieties with differing levels of resistance
to Empoasca kraemeri in wet and dry
seasons and under four levels of insect
control,

Yield (kg/ha)

Wet Dry
Insect control level season season
Control throughout season 2,500 a 1,911 a
Control belore flowering 2,355 a 1,524 b
Control after flowering 2,399 a 1,571 b
No control 2,138 b 1,007 ¢

! Means within columns and followed by the same letter are nol
significantly different at .05 by the L S.D. method.

Cultural control

In previous experiments beans grown
with maize were less infested with E.
kraemeri than beans grown alone. To
study this effect further, beans(var. Diacol
Calima) were grown untreated, under
shading (50% light interception), and with
a mulch of rice straw. Shading was chosen
to simulate the microclimatic effect of
maize on bean insect populations. In early
stages of plant growth, shading, and more
so mulching, greatly reduced leafhopper
infestations. Later, the mulched plots were
so much less damaged that the leafhoppers
migrated to them causing highest in-
festations on these plotslate in the growing
season (Fig. 8). Despite this, yields in the
muiched plots were twice those of non-
treated plots. .

Maximum reduction of leafhopper
populations on beans planted with maize
occurred when the maize was planted 20-30
days before the beans (Table 8). Similarly,
maximum suppression of Spodoptera
Sfrugiperda on maize-bean associations

occurs when beans are planted up to 20
days before maize.

Bca_ms in pots placed in weedy plots
femained less damaged by insects than

Beans Program - CI4T

: g
beans potted in clean fields. To test this
effect further, beans were planted in the
wet season with varying percentages of
weed soil cover. As shown in Table 9, the
increasing weed cover reduced leafhopper
populations significantly, while yields
remained equal. Itis probable that in terms
of yield the reduced leafhopper population
was counterbalanced by increased weed
competition. The reduction of leafhopper
populations in weedy habitats was not due
to increased activity of Empoasca
predators and parasites, as Anagrus
parasitism and populations of Nabidae,
Reduviidae and Dolichopodidae were
equal in all treatments.

Chemical control

To better rationalize the use of insec-
ticides in controlling Empoasca, studies
were done in which the susceptible variety
Calima was treated with the systemic
insecticide monocrotophos  when
leafhopper populations reached varying
levels per leaf. Non-treated plots and plots
with complete insect control were inciud-
ed. In two experiments linear regressions
of yields on leafhopper nymphal popula-
tion were obtained, with each additional
nymph reducing yield about 6.4 percent
(Fig. 9). A later study yielded a regression
best fit by a quadratic curve, indicating
that the first nymphs permitted per leaf
before chemical control was made, reduced
yields more than did additional nymphs
(Fig. 10). Thisis unfavorable for integrated
control methods where one tries to permit
the highest possible population without
reducing yields. In the latter trial, when 3-7
nymphs were allowed per leaf, the yield
was again reduced 6 percent per additional
nymph permitted per leaf. In yet another
study, plants of the variety Diacol Calima
were chemically protected in the dry season
with low dosages of monocrotophos. In
this study, where the leafhopper attack
began relatively late in the bean growing
cycle, it appeared that chemical control
was not needed until 44 days after planting
(Fig. 11). Furthermore, plots receiving
A-17




Adults/ 40 plants

e control
o shaded

300

200
t
i
10 20 30 40
Days after planting
o, 0f 3re ﬁcalionseuchdate.)
kraemeri adults on control, shaded and mulched beans. (Avg. of Srep
Figure 8. Empodscakrae
cent in
1 an average of 19 per
two applications of insecticide yielded comparetlieéo an
Ol?ly \:amf as those receiving five non-treated p
the 1 . .
applications. A curious note was the high

Systemic, soil-applied insecticides havz
strong ecological advantages and c¢a
Annual Report - 1976

incidence of attack by Heliothis sp. in the
chemically-protected plots (41% incidence)

d o
Table 8. Empoasca kraemeri aduits on Phuseolus
vulgaris associated with maize and’planted
gt different times in relation to the maize.

No. of days maize

was planted Adults/ B0
before beans bean plants!
30 257 a?
20 723 b
0 138.2 be
0 133.1 be
-10 1529 ¢
-20 149.5 be

! Average of three replications on cach of five sampling dates.

? Means withio columns and followed by the same letier are not
significantly different at .05 by the L.5.>. method

provide long-lasting protection, as seen in
Figure 12 for carbofuran. Higher nymphal
populations developed on carbofuran-
protected plots after the residual effect of
the pesticide had worn off.

Polyphagotarsonemus latus (Banks)

Resistance screening

Screening continued for resistance to the
P. latus mite, with about 2,000 accessions
being tested. Differences in resistance were
observed, but infestations were not high

Table 9. Empoasca kraemeri adults and nymphs on
Phaseolus vulgaris and yields under five
densities of weeds.

% Soil cover

Adults/ Nymphs/ Bean yicld
with weeds 80 plants ! 15 leaves ! (t/ha)?

0 52.8 a? 224 a [.70
25 377 b 138 b 1.78
50 290.7 ¢ 10.5 b 1.75
15 284 ¢ 118 b 1.79
100 30.1 ¢ 67 ¢ 1.85

e

! Avonage of three replications on cach of s sampling dates.

1 .
“ﬂm with:n columns and followed by the same letter are not
Bguificantly different a1 .03 by the LS D method.
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Yield (tons/ha) e

1
y=2159.00 - 139.00 x
2.0 P -

r=0.9972
\ 1 nymph is 6.449; loss

i P ‘

T~

y=1664,50 - 106.25 x
r=0.9964
0.8— [ nymph is 6.38% loss

1 |

3 5

—

Nymphs,leaf

Figure 9. Dry bean yields at increasing Empoasca
kraemeri populations in 2 experiments. Fields were
sprayed when populations were 1, 3 or 5 nymphs/leaf.
{Avg,. of 4 replications each treatment.)

enough 1o draw proper conclusions. The
mite was effectively controlled chemlcglly
with a wettable sulfur powder formulation.

Yield (g/plot)

1,500
= 1403.86 - 250.81x + 17.42x2
R?= 0.869
d \
1,000 o
N
h O
500 : IR
[
\\\
0 oo |°
1 3 5 7 9

Nymphs/leaf

Figure 10. Dry bean yields at increasing pop-
wlations of Empoasca kraemeri. Fields were spraycd
when populations were 1, 3, 5, 7 or 9 nymphs/leaf.
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Days after planting
when treatments
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Days after planting
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were discontinued
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1,200

100050 Not Treated
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beiween 26-62 days

Applications

ol Calima beans under

Figure 11 Yields of Diac
different reatments  for insect  control with
monocrntophos.
Zabrotes subfasciatus

Among 781 promising accessions
currently selected, 112 have shown initial
resistance 1O subfasciaius. These

materials were selected because, when
{ the rate of

infested with adult Zabrotes 2
five pairs/50 seeds, few eggs were laid, few
adults emerged of {heir emergence was
retarded. Several  seed samples
contaminated with pesticides
retested. Some M
resistant in the first

’ “h e

tostinge

Figure 12. Re

ad.,
(Variety Diaco

materials have tO
generations prior
resistant.

was further studied. H

provided only a
stored beans L0 this bruchid attac

were
and are being
aterials, which appeared

test were susceptible
with  newly

Days after planting

sidual effect of carbofuran (0.9 kg/ ha

granular soil-appled) on Empoasca kraemeri.
| Calima, 30 leaves/sampled).

be retested for three
to being classed as

of Z. subfasciatus

arvest plant debris
Jow degree of control in
k (Table
10). It appears that the control 18
mechanical as beans in the bottom part ©
the jars are best protected.

N onchemical control

were tested for their

Vegetable otls
ubfasciarus, a custom

action against Z. §

Table 10, Percentant seed damaged by Zabrotes
subfasciatus when various pereentages of
harvest debris were added to stored seed.!

Wa dbe;IS
Section of jar 0 10 20
Top 100.0 99.0 99.3
Middlc 99.8 97.2 95.7
Bottom 99.6 76.3 61.8
na varely with ten pairs of adulis pet 1008 seed a0 WE

Prscol Cal

3, ,#_ 2
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) seeds an mixed in a tumbl
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, leaving the physi
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Table 1. E;Lects of vegetable oils mixed with stored
Zagseo!us vulgaris on emergence of
rotes subfasciaius adults.!

Emerged adults

Treatment I ml oil/kg 5 ml oil/ kg
Coconut oil
. 138 i
Cocom o) 2 0.2 Chemical control
" ' , ol of Z. subfasci i
e s I 2.4 readnlx obtained with a variety c{fsf-,:c;us N
il palm it _ = 0.0 of which the pyrethrins and py?-elh:lc't;’
: 0.0 may be among the safest. Some of tt?l :
i ) ese
. ompounds gave long resid
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. under laboratory conditions in
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md ucts on bases of marc (grourﬁ )f-lo;r::;

morc;rrcd less to lhe' seed, but made them

trea1rm:u;c:e;:uabie in appearance after

locabh nt as compared with products on
ases.

v Diag i i
iacol Calima variety with seven pairs of aduits on 100 g of seed
ol seeds.
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nternational Institute for Tropical

Iablc 12.. Effe b
cts ofp telh YT T £ 5 s Phase vulgaris
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adults/
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Economic Importance of Stored Grain
Insect

In a survey with the bean economics
group, the relative importance of stored
grain insects was studied on the farmand in
30 warehouses in bean producing areas of
Colombia. Average losses were estimated
at 7.4 percent (Table 13). Losses are
probably low because of the short storage
period for beans (an average of eight and
44 days on farms and in stores, respective-
ly).

Table 13. Losses from Bruchid attack in 30 bean
warehouses in Colombia,

Percentage of stores with
infested beans 20.0

Percentage of bags infested 23

Percentage of bags refused
due to Bruchids 3.1

Estimated loss from Bruchids
2.3% + 5.1%=7.4%

MICROBIOLOGY

Nitrogen Fixation

Studies in 1976 employed acetylene
reduction techniques for weekly or biweek-
ly testing of nitrogen fixation in P
vulgaris. First, an understanding of
parameters of fixation in a number of
phenologically distinct bean cultivars was
sought, then, explanations of observed
differences were developed. Breeding for
improved nitrogen fixation in beans was
initiated as was a reevaluation of a number
of inoculant strains.

Parameters of nitrogen {(C, H.) fixation
in beans

During the year nitrogen fixation rates
(measured by ethylene produced from the

reduction of acetylene) up to 38m
mol/plant/hr were obtained in replicated
conditions at Popayén. Fixation rates
commonly surpassed the highest levels
achieved in 1973, Specific nodule activities
ranged from 130-250pmol C;H. /g nodule
dry wt/hr with maximum nodule mass
more than 600 mg dry wi/plant. As Table
14 shows, these figures are amongst the
highest reported so far for grain legumes.
Varietal differences in fixation over the
growing season were very marked (Fig.
13). Based on the data in this figure the
cultivar P590 achieved fixation levels
equivalent to a nitrogen gain of 41 kg/ha/
growing season. The average for . 14
cultivars studied was over 20 kg
N/ha/growing season. Figure 14 shows
early nodulation in one of the promising

Table 14, Paramelers of nitrogen fixation in some grain legumes (data from various sources).

Specific nodule

Nodule dry activity Acetylene Nitrogen
weight (p moljg reduction fixed

Species {mg/plant) nod wt; h) (1 mol/plant/h) (kg ha, yr)
Phaseolus vulgaris (P590) 167-300 228 20-30 82
P vidgaris, 20 cultivars 259-665 124-270 18.5-38.8 50-60
Glyemne max 133 35-176 4-29 57-94
Arachus hypogea 80 135 27 35
Vigna unguiculata 210-413 80-288 42 95
Pisurn sativum 2-150 60-228 4-16 25

Anaial Report - 1976
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cultivars with nodules mainly found on Leaf nitrogen (mg/plant)

secondary roots.

In a second study in which 10 cultivars
from each group were compared, bush
beans proved weaker in fixation than the
more primitive climbing cultivars (Fig. 15).
Cultivar P590 again proved outstanding in
nitrogen fixation in this study. In contrast,
a soybean cultivar (Pelikan) included as a
control proved disappointing.

Figure 16 shows that bush cultivars
assimilated more soil nitrogen in the
prefixation period than did climbers.
Breeders. have tended to select for yield in
this plant type using N-fertilized con-
ditions, perhaps inadvertently also selec-
ting for plants with early rooting vigor. In
such plant types, nodules would face
strong competition for energy and could

Ethylene produced (p mol/plant/hr)

LA
o FAATD
mr j - \/I \
100 /]

80
y/ |
#® bush beans

40[&"/5 O climbing beans
20 2 ]

U

Days after planting

Figure 16. Nitrogen content of leaves of bush and
climbing cultivars of Phaseolus vulgaris at different
stages in the growing season. Each point averages
resuits for 10 cultivars in 4 replications.

T |
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o chmbing beans
A pelikan
a P590
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Table 16. Ethanol soluble and insoluble carbohydrates in selected varieties or accessions of Phaseolus
vulgaris at two plant development stages.

% of 1o0tal carbohydrate

Avg. 14 varieties P590 P635
Plant Carbohydrate 39 days 61 days 39 days 61 days 39 days 61 days
part source after planting after planting after planting
Nodules Soluble 0.68 0.34 1.34 1.84 0.61 0.02
[nsoluble 1.40 0.69 2.87 2.81 0.29 0.04
Total 208 1.03 4.21 4.65 0.90 0.06
Root Soluble 382 295 4.02 37 5.08 4.09
Insoluble 2.46 5.40 2.58 441 3.00 11.82
Total 6.28 8.35 6.60 8.12 8.08 15.91
Stem Soluble 10.92 16.52 15.90 28.46 15.76 5.29
Insoluble 17.66 25.22 19.39 11.49 29.98 54.26
Total 28.58 41.74 35.29 39.95 45.74 59.55
Leaves Soluble 20.36 21.62 29.30 31.53 15.43 433
Insoluble 43.33 25.98 24.56 15.75 2978 11.60
Total 63.69 47.60 53.86 47,28 4521 15.93
Pods Soluble - 0.90 - - - 5.47
Insoluble - 0.78 - - - 338
Total 0 1.68 0 0 0 8.55
Total Soluble 35.25 42.33 50.59 65.56 36.50 18.90
Insoluble 64.78 58.07 4941 3444 63.50 8110

all organs but partitions more of its total
carbohydrate to the nodule.

Starch accumulation in the stem of
determinant (bush-type) cultivars of P.
vulgaris (as 1s P635) was reported last year
(CIAT Annual Report, 1975) and 1s
currently being investigated for its in-
fluence on flower and pod abortionand on
yield (see p. A-536). In this study. the best
five cultivars in nitrogen fixation tended to
maintain more carbohydrate in a soluble
foom (Fin, 17 and bhad lower starch

A strong correlation existed between
carbohydrate supply and nitrogen fixa-
tion. Figure 18 relates total soluble
carbohydrate in the nodule to levels of
acetylene reduction, with the suggestion—
not previously reported— that the nodular
system can be oversupplied with energy
and not fully utilize it. Figure 19 shows
starch accumulation in stem cells and in
uninvaded cells of the nodule complex.
Invadcd cells showed little starch.

A comparative study of seasonal and
dirnal changes in nitrogen fixation by 2
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{ixation would have been greatest(Fig. 20). uwmol cthylene/g dry wt nodules/hr o fresh i ' :- %
Specific acetylene reducing activities in 200 , — % dry matter
nodules of each cultivar were similar in " [ A ~| i ‘
mid-vegetative growth and declined only T T ; 38 | B | T
shightly at might (Fig. 21)- The soluble ; ! ! | j /,» |
carbohydrate pools of the leaves became 13 i : | / /‘ i |
depleted in the jate afternoon (Fig. 22a) g P2 q e e ! 30 i | .
and continued carbohydrate support to ¢ P3%0 | i § T
sinks was maintained by release of leaf . - a i
starch at night (Fig. 22b). The bush cultivar  '>° 1 i d 5§ Z i
released 33 percent of its leaf starch but i . | ! d. —o0
appears that the roots benefited more from ! | ! -4 '
the translocated carbohydrate  than = f ' / \ I
nodules since the former were able 10 L y
accumulate starch (Fig. 22¢) whereas the i \
Jatter consumed some of their storage t H\ I ‘
reserves (Fig. 22d). The climber released I 10 — :
much more (75%) of its leaf starch (Fig. 100 O V '\ A
22b) and the nodules were able to acquire 5(— - ! L \ E
sufficient of the translocates not only to ' ; V 5p= :
maintain nitrogenase activity but also to i . i i
synthesize starch (Fig. 22d). 3 i i ol !
1 S i

In 1975, in the laboratory, correlation
! was shown between maximum nodule dry 50 % dry matter
! weight achieved and days taken to flower- [ 30 " % dry matter
ing. This study was continued in 1976in the day night | T 30 '
field. Fourteen cultivars were used of 0 T C ! : 5 §
which eight flowered in 63 and six in 43 0 13 16 11 25 | : | ¢
. 1 ‘
days. Lea, St.em and TOQI deyebpmem f.or Figure 21. Specific nodule acetylene reducing {7 i & : :
each group 1§ shown 10 Figure 23 with  getivity in two Phaseolus vulgaris accessions over 3 ] | | i i
24-hour period. ’ 20 R I I ! '
i 20 L ‘:
Insoluble carbohydrate (% DM basis) ﬂ\ | P ] i \L/( | I
28 — ) 15 ) | \ ! ; i
I- o P302(type 1D | cultivars used as rteplicates, The earlier ' | j | 15 ) _
L, increase in leaf and stem weight/ plant of i l : ;
20 the more precocious cultivars is apparent, 10— | 1 E ;
N as is the rapid decline in leaf weight in this \t/ = 10— \ : /a/ ]
16 group after flowering. Plants flowering in / | N | A .
l 12 63 days showed 3 longer period of leafl g3 \ | / i
\ weight increase with limited decline in leaf | N — 5 | '
| weight by the time the experiment was | ' [ ! .5) TN
\ terminated. Despite this, seasonal curves L Day 'ngh'l | oy '
‘ , for nodule dry weight development and A ﬁ%. Y oLl P2y e | Hises
10 20 30 40 50 60 70 80 90 100 nitrogen fixation were remarkably similar 10 13 16 19 22 1 4 7 10 :
_ (Fig. 24) with signiﬁcamdifferences only at 10 13 16 19 22 1 a4 7 10
Days after planting the last sampling date. This experiment 15 Figice 33 i
being repeated {0 determine the effect of b :?nttm:atiz(;n?lit:lnllc::ql\mﬂ“r“i" soluble carbohydrate concentrations i
590). es {B). rauts (C) sl nodules (D). in two :’f::‘-“ in leaves (A) and insoluble carbohy dr:
seolus vulgaris accessions. ( © P302, ;n‘;dlc

Fioean  Scasonal variation in nodule starch
Y tame.  shorter leaf life on nitrogen fixation.
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that in the early period of development
nitrogen fixation levels in the associated
cropping were greater than in the
monocrop (Fig. 25). This can probably be
attributed to improved soil aeration or
temperature control; additional ex-
periments in 1977 will further evaluate this
finding. Later in the plant cycle the beans
on trellises fixed more nitrogen than did
the plants grown with maize. This un-
doubtedly reflected the poor canopy
presentation of associated beans in the
absence of satisfactory support. At no
stage was nitrogen fixation detected in any
of the maize plants sampled.

Strain testing of Rhizobium phaseoli

Sixty-one strains of Rhizobium phasecli
were tested in the field for inoculation
response in the cultivars Porrillo Sintetico
and 72 vul 20972. Response to inoculation
was striking, with uninoculated plants

-

1 Py
m mol ::lhylene p;oduccd,'plant

1 T T
20® Beans with maize /”/*l—-—‘

o Monoculture beans

16 )17/(

12 / | =
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290 36 43 S9 57 64 71 78 85

Days after planting

Figure 25. Effect of cropping system on the total
nitrogen (C3Hy ) fixed by the culfivar P590. Correc-
tion has been made for diurnal variation in fixation.

showing clear symptoms of nitrogen
deficiency. With Porrillo Sintetico only
seven strains produced nodule dry weight
and acetylene reduction responses similar
to, or better than, the CIAT strain 57
commonly used in field experiments (Table
17). Only three strains (CIAT 75, 135 and

Table 17 Res?on|se of Phaseolus vuigaris var. Porrillo Sintetico to inoculation with different Rhizobium
strains.
Nodule dry wt (mg)
Nitrogen fixation
45 days 60days at 60 days Plant dry wt
. (p mol ethylene/ at 60 days
Treatment after planting plant/hr) {2/10 plants)
Not inoculated, no
added nitrogen 209.5 66.2 0.98 35 34
Not inoculated, with
added nitrogen 100.3 1372.2 0.16 5341
Inoculated:
Strain 57 996.0 1,083.0 15.09 62.23
Strain 147 503.2 1.770.0 47.62 72,68
Strain 636 1.369.1 1,335.0 39.53 66.96
Strain 404 1,107.9 738.5 26.40 70.98
" Strain 73 5 2.034.5 21.90 69.91
Strain 160 1,115.4 888.7 13.79 81.51
Strain 78 1,022.2 1,233.8 26.74 78.00
Strain 255 1.455.9 1.800.0 19 48 68 60
—_—

Ll -
Us replicated 10-plant sample for cach sirain. control: repeated every 10 strains

' Sample dext-ayed aceidently
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255) equaled CIAT 57 when 72 vul 20972
was used as host. These strains will be andjor soluble carbohydr ;
compared again in future experiments. was also crossed with P590. F» seed will be
grown at Popayan in the next seasom.
Hybridization for improved nitrogen Techniques for evaluating fixanon 1R |
fixation hybrids are being developed. v
n with breeders in the Inoculant supply
the soil

In collaboratio

program a numbe :
made to study the inheritan

fixation in beans. T
P590 as a parent combining both high

fixation capacity and high levels of soluble
carbohydrate, and used P635, P589 and

r of crosses have been
ce of nitrogen
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Varietal Testing
o identify high-yielding
poth bush and climbing

Experiments t
¢ intensified 1n 1976.

materials among
cultivars of P. vulgari

Bush cultivars
During the year, {46 new bush culuvars
were evaluated in four Preliminary Yield
hodologies of different

Trials at CIAT (met
trials are described 1n CIAT's 1975 Annual required considerab
Report). ’ yield trials with climbing beans are not as
advanced as with bush beans. More than
fiypelV and talltype 11

n the first trial ranged fro
/ha and for the secon
to 3.659 kg/ha.
ualled or excee
heck varieties, but n

Seed yields 1
1,233 10 2,996 kg
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m 1,500 collections o

Thirty
ded the of these ar
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s weak 1n nitrogen fixation
ate levels. P302

in previous Yyears

As
continued to supply

jcrobiology group

in Latin American

outyielded all cultivars 1n the CIAT trial.

Because of this marked difference,
cultivars were separated according to color
trials with each

in the two subsequent
group tested at CIAT and Popayan. ‘

Results of these four trials are shown in
Tables 19 and 20.

Climbing cultivars
were initiated later and

Because studies _ :
le seed multiplication,

en screened for yield under
ulture) conditions, an

¢ currently being evaluated 10
aize. Several type v

have been planted In §

d beans have be
trellis (monoc

—y

cultivars

able 1 ighes yie 2
8 ngh Sty i
b 1eldi Iti var rm alsmColom { an:
h t 8
I 8 din bean cu ivarsand check va ielies in UINTO
Yield I'r Colo ia

» Yield (kg/ha)

Identification
color Growth ——————

habit
et oteials CIAT  Dagua  Bolich
¢ Mecan

P302
P37 Black
P12 Black < 2000 2618
P758 Black I 2,011 2585 3’396 2674
P67 Brown i 1895 3060 145 2580
P45% Black I 2,144 2.313 9 - 2477
P560 Black - 1,461 5:d3i J,84 a 2,433
P51 Black ; 2,008 3406 S 187 2,425
PSI2 Black 5 1513 2718 2'725 2410
P692 Black M 1,671 2.405 3.936 2,395
P566 Red Moitled | 1,847 2,606 2-037 2,371
Pa9g Black o 1,926 2378 2,488 2314
P637 Black 1 1.640 2329 2'076 2.127
P757 Red Mottled I 2,06) 1,835 506 2.125
P56 Black | L5% 2634 2470 2.122
White ; 1687 1789 ;"33 2116
:heck materials 1,793 1,487 2.:?; 2.057
rocaraot ’ 2,030
P458 o Black ”
P63s Black i 1,652 2,594 )
P42 Red Mottled I 1.688 2 452 - -
Amarillo Beige i 1,128 2212 g .
Blanco Yellow m - ) 3 = .
White 1 - i ]’;33
:rill means and ranges ’ - 1?0(,:
:
Hi&hes:ir;,i(kyha) 1614
(kg/ha) ot fj:: 2,380
LSD, at 05 2,144 3.060 ; ;56
‘ 396
396 7 00

yield of the black ¢
non-black seeded Broup only 14 of the promising
cultivars tested performed as well as the rephicated yield trials both monocropped p
standard varieties included. and associated with maize. Yields of fiveol  *
these are shown in Table 21 and a ypical ¢
Promising varieties selected from cultivar, in Figure 26. i
4 Trials of the previous i
Uniform Yield Trials with climbing
in five locations 1

Preliminary Yiel
geason were ent

Trials, with seven suc
of September 1976. In the first group of
trials, at two locations i Colombia and
one in Ecuador, materials of all colors were
included. Results of the 15 best entries are
presented 1n Table 18; eight of the best nine
sceded. The excep-

n_mterials were black
vion D758, a brown-seeded, type 111 plant,

ered in Uniform Yield
h trials conducted as

beans are planted
Colombia and Ecuador, and compare 2

high-yielding cultivars associated with
maize. 1n these trials, and as a result 0
findings by the microbiology group:
Rhizobiwm inoculation is being used. Bush
bean trials depend to the moment ot

fertilizer nitrogen. ;
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|
in Colombia. ‘," Table 20.  Yield of black bean varieties of the Uniform Yield Trial at two locations in Colombia.
 Vield Trial at two locations 1t k
 pean varieties of the Uniform Yield (kg/ha)
19. Vield of non-biack yield (kg/ha)
e e ; Growth
__‘____.__--—-——-":;" G Identification habit CIAT Popayan Mean
Seed GrOlW‘h Popayan ClA
ce habit
color
ldenﬁﬁcation 6 2.374 .
. 2,641 12;1125 2362 Test materials
Test materials Red i 2,540 ‘- i 2.260 P209 1 2,930 3,174 3,052
i . 0 dm e s s m L m w
0 ' ; i :
p524 Brown i 2,03 2,106 2218 P48l I 2,538 » 3,009 2,774
P17 Yellow i 2,329 2206 2,198 A { X
o R R R :: N =
; 86 ' g 2814 ;
GOQTM e w 1;:;10 2,198 22':321 P509 I 2,763 2,544 2,654
P3 Grey 1" ) 1,832 : P225 I 2,475 2,708 2,642
Go1213 Purple | 2,426 681 | 882 8 8 ;

- o 82 : P9 1l 2,588 2,687 2,638
20667 e s 1;'0585 209 ”;‘:} P43 I 2,667 2,587 2627
i Red 1 ‘ 1,796 - $ P667 1 2,548 2,694 2,621
G00805 Beige 1,382 : i ;
piatade Pucple ! P226 1 2,454 2172 2,613
Linca 00738 2171 2,052 Pld 0 2,448 2,658 2,553

P527 i ) 2,689 2,161 2,515
Mean 1,944 2368 i n 2,320 2,675 2,498
2,792 s 2237 P322 : 1 2,292 2,690 2,491
Check materials — 1 2,700 b o 1830 P320 1 2,259 2,715 2,487
p756 Black 3 1,998 "i i 1,298 P337 I 2,141 2713 2,427
paso 2ed : 1,383 I "P349 1 2,479 2,224 2,352
P692 White L | ' P491 1 2,413 2,159 2,286
p192 2218 L Pa22 I 2,169 1,577 1,873
Mean 52 o Mean 2,523 2,612
15.6 i
LSD.at 05 17.3 ’
3 Check material
CV. (%) g P4soC 1 2,693 2,831 2,762
, ciations | Pason I 2,826 2671 2.748
aterials. This testing Bpneiitasen S5 . Pes 1 2,804 2,396 2.600
A . .
range of PT""‘.lsmg & with strong support. Plant densities P36 1 2,318 2,252 2,285
was activated in l’?g 128 requests for the ditions at C1AT.
1 1 A
Through late kit ceived, covenng er monocrop ¢ondl or highest Mean 2,660 2,538
first 1BY AN have been 1€ hownin T able Und lanting density f 120,0
irst ies. Assho yimum P i S s is '
3 . untries. g 76 opt ' 7 ng bean
90 sites in 35 co dy been dispatched to roduction in climbing 0,000 plants/h2 L.S.D. at 05 2 382
22, seed has a‘rca'\l'}lt the remainder to be glantslha and for MaiZe » = 7o constant
rators, wii * ows an ation with mal ; eal
Cg!labé:j shortly. Figure 7’2 rszlhipment- In a$s°°‘§;}f300 plamsiha,op“muf‘z Tha CY. (%) 9.6 10.6
slBl‘I;FAN set being preparﬂ; !?or a limited density ore:m;fms about 120'00?‘:\):3-:\(:1'10" R
Plans are being de‘v::loplemd adaptation d-gt-\,?nge\ The anparent lack ol . .




Yields of five promising accessions of climbin

g beans in replicated trials in CIAT.

Table 21.
Yield (kg/ha)
Monocrop Associated
Country No. of

Accession Color of origin trials Min. Max. Min Max
P589 Cream Colombia 2.0 4.3 6 2.1
P526 Black Venezuela 5 1.4 4.3 4 1.7
P525 Black Venezuela 5 1.4 2.3 .5 15
P259 Brown Chile 14 1.5 36 2 1.5
PO06 Black Guatemala 4 1.8 2.7 3 1.7

of bean density by planting system T
simplifies both experimental procedures

able 22. Countries coflaborating in the first Inter-
national Bean Yield and -Adaptation

Nursery (IBYAN),

and eventual recommendations to national
programs.

Dispatched
through

Requests  October 1976

Figure 26. A promising type 1V bean grown in
cetation vth maize can vicld over 21/ha without

Latin America and

the Caribbean

Behze
Bolivia
Brazil 21
Colombia 8
Costa Rica 1
Chile 4
Ecuador 10
El Salvador
Guadalupe
Guatemala
Haiti
Honduras
México
Nicaragua

L O R T~

ad

Panamai

B oL = W B e

Peri

Dominican Republic
Surinam

Trinidad

Venezuela

£a = = B o — W D B o O

|

el

(P
w
Sy

e

Table 22.Con

Thro
Requests ugh
North America ang October 1976
Europe

Canada
Portuga)

Uniteq Kingdom
United Siares

Africa - Agjy
Oceania
Afghanisiap
. lran
Israel
Japan
K:nya
New Caledonig
Mal‘awi
Pakis(an
Philippines
Tanzania
Thaiiang

Total

1
.Due 1o quarangine
increaseq locaily

>

=
5 .‘-':"_,;'\ 7 “'-—--.._.__H_
Ty

A B T \
LN b

tinuation.

Dispaicheg

—

! beans 1s :
: obtained p
2 3 ings, though. yiejqs ;}m;ll!ancous plan-
L_.z,_ 5 Increased S0mewhat when thUSh types are g
p - One week before the majze (ngy 3;3) p(l)amed
vera

I ) (climbing)

I

2

5

|

3 mai

- alze and

: .

3
; 4 and seed sizeg of

e .

2 TTT—
120 I4
8 76

Tesifiction
oveed sampley WErE Sent 1o be and

R e

s |

Y5 A5

o
"\

and, i
MRS 1o be o \duptating Nurser

: yis i
0 and the mn.'tlmdnl..iff_DTP.and by



R e g - d -

-
e =

Table 23.Percentage maize lodging in six trials in monoculture and in association with bush and climbing beans

4

Beans and maize
in association
Maize - (maize constant at

40,000 plants/ha)

Climbing beans

150 200

200

Density (1,000 p\ams,’ha) o
jati tion of planting sty
in monoculture and in association as u funch
i beans 1
i ields of maizst and
e i arisons of plots
ociation. In paired COTP 55,000
shows the reduced ass SN0 up 1090,

Table 23 4 with with densities from

p : S
1ons. : his relation wa
iect?l;ng in maize ErOWn assoclate plants {ha o{_hmzljs’o ; ere no differences
. » r 3
° maintained. 1here a7 harvest index.
ns. : ht, har
bea h both bush in maize p_la&t Eﬁ;g\;ﬁcacw length and
Trials in CIAT ‘.0?1; and climbing biological {y ;Zr and cob, FOW number,af;d
- l . -I -
bean/maizé asi)oc?ﬁions show that when diameter oontem of grain and stover in the

moisture €

n/maize ass -
bea f two Systemb-

nd moisture are
1ds are not reduce

! nOl hm\hng;
fertility 3 4 due to the

majze Yi¢ c. Maize-Bean Type v

Tvpe U b. Maize-Bean Type 111
a Maize-Bean 1YPe

Yield (1/ha)

- Maize
—— Beans

-18

) 0 days)
Difference in planting dates (day N e
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Root lodging Stalk lodging Total lodging

Maize Bean

hybrid cultivar mono assoc. mono assoc mono assoc
H-210 P25% (climbing) L6 o3 9.6 3.8 11.2 4.2
H-207 Pijao (bush) 29.4 9.6 6.4 5.2 358 14.8
H-207 P259 {climbing) 53.2 17.0 6.2 6.5 59.4 23.5
H-207 Jamapa (bush) 64.3 14.0 1.0 3.3 65.3 7.3
H-207 P259 (climbing) 46.5 22 15.8 3.0 62.3 52
H-207  Pijac (bush) 14.0 26.0 9.0 0 23.0 26.0
Average lodgingin 13 trials 338 16.1

1

- Planting systems for associated crop-
ping

Manipulating the spatial arrangement of
two species in association to achieve the
best possible light environment for each
space should result in higher total system
yields. Growing maize in paired rows did
not affect bush bean yields compared to
uniformly spaced rows (Fig. 30). In

_association with climbers grown in paired

rows, maize yields were decreased relative
to those achieved with normally-spaced
rows. In this trial, maximum bean yields of
2.07 t/ha were obtained with a 4.93 t/ha
maize yield. Monocrop bean yields of 4.3
t/ha were produced with P589, a cream-
colored, late-flowering cultivar.

Genotype x system interaction

It is crucial to the breeding program to
determine whether the best bean varieties
selected under monoculture conditions are
also the best when associated with maize.
Preliminary results on this system x
genotype interaction suggest that there isa
strong correspondence between results
from the two systems, both in rank order
and yields. In nine varieties of bush beans,
the correlation between ranks in the two

Beuans Propram . 14T

Underscored data in adjacent columns are not significantly different at 05 by the L S D. method

systems was highly significant (r= 0.93**),
as was the correlation for yields (r-=

0.91**). In nine varieties of climbing beans,
results were similar — ranks (r= (.88*%)
and yields (r= 0.90**). When 15 varieties of
maize were tested in three systems
(monoculture, and associated with bush
beans or climbing beans), results were less
consistent. Correlations between pairs of
systems for yield and rank order, respec-
tively, were the following: monoculture vs.
association with bush beans (r= 0.23, r=
0.45), monoculture vs. association with
climbing beans (r = 0.46, t = 0.56%),
association with bush vs. association with
climbing beans (r = 0.66**, r = 0.72**).
These data will be confirmed in other
locations and seasons but suggest that
selection and testing of bean varieties, as
well as progeny evaluation, may be carried
out in the most convenient or lowest cost
system available.

Technology Packages

To determine the relative importance of
certain agronomic practices, the possible
components of a-“technological package”
for beans, experiments were planted in
CIAT, Popayan and Monteria. In each
trial the complete package was compared

Y
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however, the seed used was of relatively
good quality, with Ilittle more disease
incidence than had the cleaned seed.

In CIAT, the lack of irrigation during
the dry period between flowenng and
maturity affected yield most profoundly,
with the lack of disease, insect and weed
control reducing yields 27, 34 and 34
percent, respectively. The absolute check
gave zero yield clearly demonstrating the
need for proper cultural practices in bean
cultivation.

In Popayéan, the factors most influencing
yields were disease control, fertilization
and insect control, in the absence of which
yields were reduced by 30, 28 and 19
percent, respectively, Residual fertilizers
from the previous semester masked to
some degree the effect of P-fertilization,
virgin soil without P-fertilization normally
yields only 20-30 percent of fertilized plots
(see following section).

In addition to experiment station trials,
several experiments were planted on small
farms in collaboration with the Colombian
Coffee Growers Federation in the
Restrepo region (1,500 meters elevation,
1,300 millimeters rainfall). This thesis
project focused on the introduction of new
technology to farmers with limited
resources. Results from the first season
(Table 24) indicate a potential for high
yields among small farmers using im-
proved technology and plant materials. In
bush varieties tested in four locations,
yields of Calima variety currently used by
farmers was significantly lower than yields
of introduced varieties under both systems
of production and both levels of
technology. Four varieties in monoculture
and one black-seeded variety in association
with maize gave bean yields over 2 t/ha
using improved technology ({(increased
density, granular insecticide at planting
and a low level of chemical fertilizer).

Table 24. On-farm yields (kg/ha) of bush and climbing beans at Restrepo, Colombia, with two systems and

two levels of technology.

Monoculture System

Associated with Maize

Bean T (farmer T (impr. T (farmer T (impr. Qverall
identification Color technol.) technol.) technol.) technol)  mean
Bush Beans (mean of two trials)
P459 Black 1,807ai 2,2%1abe 707abe 2,073a 1.720a
P302 Black 1,589a 2,439a 750ab 1,663bc 1,610ah
1CA Tui Black 1,711a 2,331ab 652abe 1,664bc 1.590ab
P524 Cream 1,698a 2,032 bed 836a 1,476bcd 1,511 be
P756 White 1,165b¢ 1,744 ¢ 432 ¢ 1,470bcd 1,203 d
P643 White 1,475ab 1,953 d 605abc 1,590bc 1,406 ¢
JCA Lineca 17 Red 979¢cd 1,291 e 528 be 1,200 d 1.000 ¢
P758 Brown 1,674 a 1,964 cd 582abce 1,798ab 1,505 he
Calima Red 780 d 1,086 ¢ 452 ¢ 576 ¢ 724 ¢
Mean 1,431 1.903 616 1,501 1,363
{V (%) 20.7 14.3 36.9 17.5 -
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Figure 36. The effect of lime applications on soil
pH, exchangeable A}, exchangeable Ca apd available
P in Popayan. Curves are the average of three levels
and three sources of P.

tal because of decreased phosphorus
availability as well as reduced phosphorus
and calcium dissolution from the rock
sources. Yields were best correlated with

Bean yield (t/ha)

exchangeable calcium and aluminum in
the soil, and were highest with more than
4.5 meq calcium and less than 1.5 meq
aluminum/ 100 g soil. The critical calcium
content of leaves was 1.44 percent.

Foliar Application of Phosphorus

In soils like those of Popaydn with a very
high phosphorus-fixing capacity, foliar
applications of phosphorus could supply
small quantities to the plant without
fixation by the soil. However, foliar
application must be combined with soil
phosphorus application to ensure foliar
development sufficient to spray and the
right combination of soil and foliar applied
phosphorus is difficult to determine.

Figure 37 shows the result of the foliar
application of various phosphorus sources
compared to the check and to soil applied
phosphorus. All plots received 150 kg
P:Os/ha as incorporated basic slag,
resulting in a relatively high yield for the
check. The best foliar treatment was that of
three applications of 2.4 percent
NH,H,PO, which increased yields 225
kg/ha while applying only 6 kg
phosphorus/ha. Part of the beneficial

6 kg 65 kg

6 kg 6 kg 6 kg
P/ha P/ha P/ha P/ha P/ha
KH,;PO, Ca(H;PO.) NaH:PO;  NH4H,PO, 10-30-10
foliar foliar foliar foliar soil
Treatment

Figure 37. Effects of soil and foliar applications of various phosphorus sources on bean yields.
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Table 25.Yield and associated final harvest parameters for accession P566 in growth analysis experiments in two

semesters at CIAT

Parameter

Semester A Semester B (A/B x 100) %

Yield (t/ha, 14% moisture) 2.28 2.71 (119)
Yield (g/m?, dry wt) 195.85 232.89 (1M9)
Bean size (mg/bean) 191 191 {100)
Harvest index (%) 0.57 0.62 (109}
Total dry matter (g/m?)! 342.6 376.7 {110)
Stem weight (g/m2) 81.70 82.20 (1on
Pod wall weight {g/m?) 65.08 61.50 ( 94)
Node number/m? 410.9 421.7 (103)
Raceme number/m? |11.8 11R.2 (106)
Pod number/m? 210.4 205.5 ( 98)
Stem height (cm) 71.86 87.18 (1zn
Root weight (g/m?) 17.95 16.66 { 93)
Bean number/pod 4.87 593 (122)
Bean yield/pod (g) 0.93 1.13 (122)
Yield on branches (%) 22.6 12.0

with pod set at each node and with the
number of mature seeds per pod; both
parameters peaked at node 7. Mean bean
size did not vary greatly among those

nodes contributing most to yield.

Close observations of flower and pod
development in P566 showed effects
similar to those reported previously (1975
Annual Report). Figure 41 shows pod set
data by node position on the main stem
and by position withint each raceme. The
within-raceme positions are numbered
consecutively from position 1 nearest to
the main stem. Usually two flowers are
borne simultaneously at each position on
cither side of the rateme. The critical
features of this data are: (a) the high
Proportion of flowers at position | which
8¢t mature pods, and, (b) that nodes

wering earlier in the sequence usually

mature pods. Flowers opening later

on the same raceme (in positions 2 and 3)
“Rually abscise. At all nodes the day of
Wer opening for position 1 is usually

Bran, Program - CIAT

Above ground dry matter 3t mawnly not including penoles and leaves,

three to four days earlier than position 2.
The pod set ratio for position 1 oh the
respective racemes decreased from 100
percent at node 5 to 0 at node 14. The
presence of earlier fertilized pods on the
raceme appears to strongly influence the
abscission of later formed flowers.

The yield profile in Figure 40 directly
reflects this pod set pattern. Node 7, with
the earhiest {lowers and high pod set, has
the highest yield per node. The importance
of time of flowering 1is further
demonstrated in Figure 42 where the
flower production/m?/day and the
number of mature pods which were
produced from those flowers are plotted.
Almost all pods were produced from
flowers opening in the first 10 days of the i
20-day total flowering period. The peak of §
pod production occurred 3-4 days after the ;j

|
i

commencement of flowering. As was
observed in 1975, pod set on branches in
this variety is low. Flowering normally
occurs later on the branches and the



/

T e ] ] Nl ] ~ EEes
2= ~ e 2
" ”L l;do::ﬁ{nt:ca%gspod=5.93;¢ \\"3\?) \ :h
ms 13 ““.’:'Z —%-% = {
F‘/
£

W
\_,_..._ Bean yield/pod
\X\B ax‘lluwclgl'nL(mg,fbean)1

~ I

|
ms 11 I

\ Pods/node Beans/pod \}:
ms 10— 4 \ ]
ms 9 }— & T ;!.\i

Bean yield/node
ms 7+ A
6 il T
bims 6 o
/ fﬂ v

b5 —— '—% 70
b 4 ! —‘i =

N MR\

J Yield/m? = 233g i
Bean weight = 191 mg/bean 7
b2

£

ms 12

1)

Days after no“’ering 6
ber aqd Mature pod
()lil{?!?i?ég (1;1), (1 ltl’}

18 29

1\

NALA A

#

— Bean yield/pod=1.14 g/pod i ‘
i
b 1} 4 i B I TR s
130 150 170 190 210 230 3 5T
i | | Mean bean weLighl:mlg;’ bean (—a—) f. Node position LI
10 20 30 40 S0 60 10 20 30 40 S0 60 70 aceme posit; Q flo
Pod number/node/m? (—e—) Bean yield: g/nodefm? (—e—) £ Sy Wers .POds
| | 1 | _ ' R i LR | Fj
2 3 4 5 6 ¥ 07 08 09 L0 LI [ 'fﬁﬂi“' Retationsip between |
me 1 sy
Beans per pod (—o—) Bean yield: g/pod (—o—) of each g At each noge Positin 1P ET unit withip
il wer OWer unit ap, the p dn nd Nowerin day
. = unjr od set ray;,
Figure 40. Distribution of yield components by leaf node position in the accession P566. Porviyj,, 5,-‘,”6(:::‘0"’5 racemes gop thee :::f; ';0" €ach
4 \‘gn'ab“l.' - LJara Ofbrunche. Stem for
;o ; 3 , Y. Dat i S excludeg g
probably suffer greater competitive stress Maximum leaf area in P566 usually Ved daj)y; aajuirid",';‘,"""d from eighy p,u;;,',g
due to self-shading at the lower node occursatabout 12-15 days after flowering. the final plan density
positions and at the plant densities utilized Figure 43 shows the leaf area profiles at the bage of th
in these experiments (30 established flowering and 15 days after flowering # thap Compe o neny (nodes 37 is
plants/m?). (maximum LAI). Green leaf area lost{rom . prog, Nsated for by i
. €ed at nodes 815 <. NEW leaf are,
Anpal Repoer 1978 Beany Prog,, - Dince the pod set
1)




T v o

Main stem node position

Leaf area index (m?/m?)

: 1 I
Leaf area profile - flowering
16 (LAl = 2.69 m?/m?) ® P788 | \
Leaf area profile - flowering + 15 days A jhoRs
15 - 6A | Pa98 111
(LAl = 3.15 m?/m?) o |P5g9 1v
14
Post flowering leaf area production P
13 ( \
12 Flowering + 15 days stage Iy \
1 4
10 3 /(AR :
9 \\
8r ? Flowering stage 2 \
i AN
6 1 R \\?E\ \
I ¢ AN
4 A
10 20 30 40 SO &0 70 80 99
I+ . Leaf area lost
Days from emergence
P15
1 L 1 L 1 . Figure 44. Leal area index for four contrasting
10 20 30 40 50 60 varieties in growth analysis experiment.

Leaf area {100 cm?/node)

Figure 43. Leaf area profiles per main stem node
position. including branehes subtended at each node,
for two growth stages in accession P566

flowering decreases in nitrogen fixation
(see page A-30).

Table 26.Comparison of attributes among four varicties of Phaseolus vulgaris used in growth analysis studies at

CIAT,
Accession P788 P566 P498 P589
Growth habit I [1 11} v
Bean yield (g/m? 14%)! 285 2.65 3.05 454
Bean yicld (g/m? dry wt)? 262 282 296 393
Pods/m? 31 255 294 15
Beans/pod 2.65 297 4.07 6.22
Bean weight (mg/bean) 317 186 247 200
Percent yield on branches (%) 76 16 80 5
Days to flowering® 31 39 40 47
Days to physiological maturity? 77 82 90 9t
Bean yield per day (g/day)* 3.70 323 3.39 473
Total dry matier (g/m?p 454 494 475 583
Harvest index (%) $7.8 57.5 62.5 674
Percentage abscission (pods 3em) 65 52 59 58
Percentage abscission (pods 3cm)® 10 17 17 18
Percentage abscission total 75 69 76 7}
"

! Yield from 10m? yield sample arca Sceding to physiological matunts

1 Yield of subsample (1 m?) vsed for yield profile in Figure 10 L Minus leaves and petioles at matunty

! Days fromt seeding 9 Perceniage of 1atal Nowers bloomed ™
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centage Y€
pranches: 4%

Pods/m? 315

Per
20

1d on
pranches: 80%

Bean yield: 296 8/
20

Pods/m¥ 294
Percentage Yi¢

eld on
16%
60

t: 255

pcrccnlage ¥i

40

Bean yield: 282 8/™
branches:

Pods/

20

262 g/m’
311
80

Percentage yield on
branches: 16?0
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40

Bean yield:
pods/m”:

\Vain stem node position
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wt)
Bean yield (ginodefmz. dry
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between varieties are reflected in the yield density. While variation within growth
profiles. Thus P498, a heavily branched, habits exists for the proportion of yield
prostrate variety with good yield potential borne on branches, the varieties used here
has a heavy yield concentration on lower appear typical of the majority of germ-
X nodes (3-7) where branches comprise 100 plasm lines within each habit.
" percent of the yield, while the relative lack

of branches in P566 results in a yield peak Contrasting growth habits differed in
at a higher node level. The low proportion the proportion of nonreproductive dry
of yield on branches in P589 is rather

matter production after flowering (Fig.
typical of the strong climbers at high 47). The determinate P788 produced 50
Dry wt (g/m?)
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percent of the maximum dry weight of its filling and subsequent pod filling reduces
vegetative organs after flowering whereas storage levels considerably in all varieties.
P589 (1V) produced only 36 percent. Post- The actual quantities transferred from the
flowering growth of branches in the stem are relatively smallin relation to final
determinate variety compensates for the bean yield, i.e. from 2-5 percent. The
increased dry matter production in main relationship between the stored

stem structures in the indeterminate varie- photosynthate and pod abscission has not
ty. ' yet been studied intensively, However, the
varieties in this study with very similar

Carbohydrate (sugars and starch) deter- 1. o\ " ¢ 0 er abscission (Table 26) had
minations were carried out on t.he mai quite different levels of stem storage in the
stem and branphes. Re§ulls in 1975 period immediately after flowering. The
suggested large differences in stem storage results for PS89 (IV) very sharply contrast

between vafrietiﬁs. Data for the 1973 to results for Trujillo 3 (IV) (CIAT Annual
experiment for three varieties is presented g o S35y

in Figure 48 for grams of stem car-

bohydrate/m?. Maximum storage (about Crop Manipulation

10-12 days after flowering) occurs just

prior to the commencement of rapid bean A series of experiments was carried out
with P566 and other selected varieties to

Stem carbohydrate (g/m? dry w1) study the influence of alterations in crop

30 structure and/or environmental con-

ditions on yield potential. :

Extension of crop cycle using
® P56 (11) photoperiod response

o Pa98 (il1)
o P589 (1V)

25

The photoperiod sensitive P566 (grade 2
on a 1-5 scale of increasing sensitivity) was
grown in a 16 h 30 min photoperiod as
described in 973, Growth analysis and
final yields were measured on a series of
plots at various distances from the light
source. By using a slightly higher intensity
light (lamps at 2.5 m height), preflowering
was extended 15 days. The yield response
comparing control plots 19-20 m from light
(effective daylength == 12 h 20 min) with
“treated” plots -2 m from the lights was
from 2.77 t/ha 10 4.12 t/ha. The data in
Table 29 compares key parameters
measured at four distances from the light
source, The majority of the yield increase

~occurred on branches, with increased
branching at nodes 7-14 in the upper part
070 20 30 30 50 60 70 80 90 100 of the canopy where light conditions and
leaf efficiency are better than at lower
levels. An increase in pod number/m’.
partly influenced by reduced pod abscis-
sion and partly through an increase in total
flowers bloomed/m?, was the only yield

20

|

Days alter emergence

Figure 48. Total stem ¢arbohydrate {(sugar and
starch) for three varietics of beans, in grow th analysis
eapetiments.
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Figure 52. Relative reduction in yietd and pods/m?
AP326 (D) for five bean wvarieties. Results are expressed as a
70 1 percentage of unshaded control pluts in each variety.
o P498 (111) .
N e 003
treatments was also observed. The yield " A
-28 -14 0 +14 +28 . :
o increase from 2.77 t/ha to 3.55 t/ha (28%) L
Days of shade application (days from flowering) from S, to S, was mainly associated with o
increased pod set on the upper nodes of the : # 2
Figure 51. Effect of shadingat fivegrowthstageson  main stem. S, reached physiological 2 4
five varicties of beans, maturity 13 days after S, due to later
flowering and pod set on the new nodes 0 | "
53). S, had a longer leaf area duration formed late in the growth cycle. a No. of nodes ( 10
particularly on the upper nodes of the main X, e {100/ ms)
stem although maximum LAl values were Determinations of total carbohydrate
similar. Increased node production 20-40 content in the main stem (Fig. 54) at o
days after flowering and increased pod set  various stages shows a higher level of stem
on these upper nodes in S; over the other storage in S; and a slower rate of decline
Table 28.Response’ to carbun diovide fertilization at four growth stages in accession P566. h
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Y R - ¥ . .
rate (%o dry WU Leaf and Raceme Removal - Relative percentage -
140 . >
teaf and pod removal treatments were
applied 10 P566 to evatuate the stages at 130 Adjacent Raceme Removal

which yield components are formed at a
specific node pos'uion (node 9)- The &
source-sink palance was manipulated by - 110
(a) removing WO of the three trifoliate
leaflets on nodes 7-11 (rtduced source to 100
node 9), or, (b) removing adjacent racemes
at nodes 7, g, 10 and 11 (increased SOUTCE
for node 9). Both treatments were applied 8
at five growth stages in seven-day intervals,
commencing at flowering of the 9th node, 70
to randomly selected plants in @ normal '
crop stand. The results in Figure 56 show
Figure 54. Tota) carbohydrate (sugar and starch)  the relative value of the yield and com- 1
content in stems of three support systems (51,52 and  ponents of yield at node 9. Alarge increase 50
§3) @ difiess growth Stages K in yield at 0 and 7 days from {lowering was 40
directly associated with increased pod set
after the maximum (10 days after flower- when the competition from adjacent

ing). This evidence of excess photosynthate racemes were removet.
availability in the supported system during two-thirds leaf removal from all adjacent

-

90

Bl Bean yield/node

Days after flowenng 3
Pod number/node

60
[J Bean number/pod

Bean number/node

10 ES Bean size

20

a period when increased pod set occurred nodes had a small depressing effect upon 1

may suggest that excess p‘notosymha\ewas yield. peafl removal at 14 days after

available above the requirements for pod flowering also had the additional effect of 0

set and pod filling. reducing beans Pe’ pod. Effects on bean : 50
size were non-significant in all treatments. '

Artificial lodging (Fig. 55) at seven ; 10
growth stages (at one-week intervals) was g etd 3 i Weeks aft L
applied to P566 by rolling the plots with a 253“ y\%--—,(EI—T—l— { Mr the 9th node ! L.S.D. at {05
bamboo pole. Prior to the rolling treat- : A oo {__Ar__ﬂ
ment all artificially lodged plots Were 260 ! | % '-m[m—vf ,
supported using system 2 described in the i sl |wy
previous support gxperiment. Maximum 250 H z7| |z2
yield reduction, compared 10 the fully i

’ =

supported control, occurred during the 240

immediate pos\-ﬂowering period with .-
vield reduction associated poth with 230
decreased pod set and decreased bean
number/ pod. The results of various 20— T .
shading and lodging experiments  at CRULLS
different growth stages show a striking 210
similarity suggesting that lodging disturbs
canopy Jight conditions and reduces 207 Natural lodgiag (controD) [r
photosynihate supply during the pod set "-—'_—'.j'-‘_‘f“"?'g —5 e e

Leaf Removal

b
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are under study at CIAT and elsewhereand delay) than type IV. Further evaluations
include photoperiod sensitivity, drought

will be necessary in type IV to confirm
resistance (LLa Molina, Peru), resistance to these preliminary observations. The search

" Bean yield (1/ha)

excess wate”, and stability of growth habit for late (days from planting to flowering)
duction would occur _(Cornell University, U.S.A.). photoperiod insensitive lines continues.
{hat source reduc days M i the ok -y T

strata so that siological stage: Four day \ — . any of the photoperiod insensitive lines
SyLe Sag‘etf‘ ydate from the lower to thlf: Photoperiod Screening
separated 1Di3 ield resultsonad whole ;

Mean y1€
upper strata.

shown in Table 30 as being late (>44 days

to flowering in 12h 20min days) have not

A further screening of promising lines proved stable in this character in different
was conducted in 1975B. Included in this

i h treatment are

asis for eac =

plirs‘.::nt:d in Figure 57, Though au:::év =
‘c)a; the middle stratum Were remo

sowings at CIAT.

y s P (| second group were a number of type 1V & : )

. Celative importance of the ,.l ¢ o p566 (1D promising lines. The complete results for Growth Habit Stability -
flguernk. min was maintained, the earler A POI5 (11ll)i all matenal screened to date are presented '
middle stratu ntinuing toact as A P498 (11E) in Table 29 by growth habit and in Table 30

nodes co 006 (115

pods set attbes‘e( which attracted cf
strong  SINKS

Research in progress at Cornell Univer-

1 sity, in collaboration with CIAT, has
er
photosymhale {rom the upper and low

by days to flowering. The definition of the
1
ars to be mo T€d
strata. 1here app¢

photoperiod response classifications is

shown that the phytochrome reaction
! v 24 given at the top of each table. Of the 278 directly controls the degree of climbing
. of each source-stn}t I}Oda 6 12 individual genotypes screened, 40 percent e;chlbued by bush bean varieties con-
‘"d.?’pendence thate is highly mobile in the Plant density (estab. plants/m*) are photoperiod insensitive at CIAT field sidered to be unstable in growth habit
umt. th:?gg during pod growth to.lhg ant density in fve temperatures (mean 23.8°C). The existence  (CIAT Annual Report, 1974). The provi-
plant, MmO Jlized pods in a highly polarize Figure 58, Vield response 10 DI Sy, of photoperiod insensitive climbing beans sion of a red light break of 15 min was
earliest fen':: tudies will be necessary o varieties of beans from growt (1V) is an important finding though there sufficient to induce climbing in some
man{_ncnr_l- Sles: observations. The émit,oor; appears to be a higher proportion of type I1
coniir mone producti
tance of endoge nous hor

varieties. Indeterminate genotypes show-
Response 10 Plant Density

o varieties in the insensitive group (4 days ing stable growth habit did not tend to
1 in .
by the young growing pods and seeds

i t
controlling the direction of photosynthate

15() an llllp()l La“[ COIlSldEra- [ h{: YKEkd iCSLl].t

in Figure 58.
iety experiment are shown inFig
movement 15 @ I

resen- Table 29.Summary of results for all materials screened in 1975 by photoperiodic response classification and
varieties were selected as rep oith 1 growth habit!
Hos- Th?vc of the three nonclimbing g'l;gents -
tti:{)ils (1_111), Intwo previous Bzgs;\se s 5 Photoperiod response (days of flowering delay)?
st no T rowth
. b P498 (111) almo are ,
Bean yield (g/plord W“hs-“ was observed. These rmut\tjmcre habit (<) (410) (11:20) (21-30) (>>30) Total |
S _)—_.—_' lower nodal stratum de?\ﬁl’?\'fﬂed in the present EXPerlm;?a_med 1 ‘ o
co was 0 ‘
9 [ muddle nodal stratum & yield of more than 3 t!’hla it o (60.000 1 17 4 I3 6 2 _ 42
3 1 upper nodal stratum a plant density of 6& ia;ieﬂes ghowed L (40.5%) (9.5%) (31.0%) (14.3%) ( 4.8%) 100
The type T hut
plants/ha). 4 plants/m
’ density response up ‘g\}c rgspO“Se at ) I 65 8 34 7 3 127
° 60 Showerha dneelE?minate vanety P788 % {(51.2%) (14.2%) (26.8%) - (55%) { 24%) 100
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5 plamsf sponse at all densilit
wed a strong fesP - density 1
; Sh':'s latter result is nOt gypmcal of Lo 3 23 12 13 1 3 62
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3 respon 1 111, showe
. SO 1ype B \
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~ Such differences must be recognized and

plant types suggested which are ap-
propriate to the major growing areas.

Following the experiments described in

Ideotype C

Ideotype for variable growing con-
ditions and/or low technology. This
ideotype is needed for variable rainfall

¥ 1 previous sections, four ideotypes have been  conditions both with respect to length of

(21-30) 30 Total defined and suggested to the breeding growing season and to rainfall variability
Days to (4-10) (11-20) program as goals for growth habit, plant  within season and/or for conditions of
flowering =4) ) 2 architecture and maturity selection. A highly variable and often low plant density.
1 1 (100%) summary of major features in each Capacity to compensate for low and

25,29 . . (50.0%) (50.0%) ideotype follows. irregular  plant distribution would be
19 necessary, particularly for small farmer
; 3 1 ) (100%) g pro«li‘;.l?lion ;:londitions_b P4$;8 (Fig. 5{8%

14 ( 5.2%) Ideotype A could form the genetic base for a type 11

34 (137%) ( 52%) (15.8%) 90 : ideotype with strong branching
2% 8 3 (100%) Ideotype for short growing seasons. A characteristics, relatively prostrate growth

o 10 ( 89%) ( 33%) type 1 variety with maturity of =75 daysis habit, a long flowering period, and with

35-39 . (11.1%) (289%) suggested. The plant would require high reasonable water stress resistance to flower
ik 2 6 102 seedling vigor and proquction of 8-10 abscission. The need for genotypes with

1 » 11.8%) ( 59%) (ot nodes on an erect main stem before different maturity classifications s

40-44 . (10.8%) (28.4%) at flowering. Branching should be minimal. probably greater in this ideotype than in
(43.1%) 3 36 P Plant densities close to 250,000 plants/ha the other three. The ideotype would need

s 12 6 ( 8.3%) (100%) would be yequired sincc. the low density tohave stable yield underdifﬁcuitgrow@ng

4549 7 i (33.3%) (16.7%) compensation characteristics of type I conditions but to respond when growing
(19.4%) e ] 5 16 genotypes appears poor. The ideotype conditions are favorable. The ability to
4 4 (100%) could be expected toyield nomorethan2.5 maintain the pod load out of contact with

3 3 5.0%) (25.0%) (12.5%) t/ha under reasonable conditions given the the soil surface would be an advantage.
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) 1 vironmental conditions (particularly to yield well in association with maize are

. - i (100%) (100%) length of growing season) are good and available. Research on yield limitations in

£5-69 - where plant densities can be maintained climbing beans in association have com-
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Total 13 6.5% 100 noqe production prior to flowering, erect In all ideotypes it is envisaged that the
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Breeding Implications genetic base for the Ideotype B. Research stable growth habit. Research is con-
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of these requirements for adaptatior} can
be evaluatzd through the international and other programs.

BREEDING

Bean breeding focuses information from irnpr.o_vement for both mcreasn:d tylel)db?anig
all program disciplines toward the produc- stability. The program expects to

. " 3 : : ' l
L] r . o - qu e
’ Lt —-——..._n.._‘ -
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upon recovering such materials from
progenies.

Given the large crossing capability of the
program, many crosses have been made for
national programs. These normally seek to
incorporate specific resistances into impor-
tant commercial varieties. Where prac-
ticable these are screened at CIAT under
inoculated conditions in the F,, then
delivered directly to the national program
for further selection.

Progeny Testing and Selection

Studies conducted by trainees in the
breeding program have shown that early
generation selection of single plants for
yield was not effective. Yields of F, single
plant selections of five single crosses were
not significantly different from those of the

best parent and the unselected bulk (Table

34). Results from other studies showed no
advantage for double crosses over single
Crosses. )

Given this difficuity, a plan for
progressive mass selection has been
developed in which early generation
screening focuses on the more highly
heritable major gene disease resistances
(CBMV  and rust). Yield, Empoasca
tolerance and anthracnose resistance are
evaluated 1n later generations where larger

bl SRS

quantities of seed and more homozygous
families are available (Fig. 59). Improved
screening procedures for the latter
characters are being developed, and will be
applied both to progeny testing and to
recurrent selection for higher levels of
resistance.

Since it is essential to maintain genetic
variability for yield, plant architecture and
seed color into advanced generations, the

initial stages of progressive mass selection
demand a massive effort in terms of seed
handling, inoculations, and land.
Therefore in November 1976, more than
100,000 F, plants were hand-inoculated
with CBMV (Fig. 60). The need for such
large nurseries should decline rapidly as
broad-based progenies homozygous for at
least two key resistances are identified.
Despite this, the presence of modifier genes
in some host cultivars and genetic variabili-
ty (strains/races) of the pathogen will
necessitate reevaluation of some progeny
groups and the international testing of
some F,/Fs families. This is neither
surprising nor an inconvenience, as local
preferences for seed color and grain type
demand evaluation and selection at the
national level.

Difficulty has also been experienced in
selecting promising plant architectural
types from among segregating F, pop-

Table 34. Yicld (kg/ha) of families from F; single plant selections, compared (o the best parent and the

unselected bulk, of five single crosses.!

e

F , selection

Best Avg. Analysis of

Cross parent No. yield Buik variance

2 P0O06 x P459 2,300 3 2,353 2,327 NS

9 P459 x P568 2,23} 7 2,287 2,300 NS

11 POO8 x P459 2,233 3 2,087 2,367 NS

16 P04 x P4sY 2,232 6 2,120 2,540 NS

17 P004 x P566 2,820 3 2,393 1,967

LD ar 0=k OV =196

| P

v : »
F2 POPULATIONS

; 4
$
i ‘ ]
B
4
Space plan, evaluatjon

Inoculate CBMYV io
select resistantg

F:" Plant 1o row,
nocujate rust,

Commcrcfal variety
Crosses 1o nationa]
Programg (screen
F2 first if
Practicable)

select amon St
€l among ang ok Fy populay
Within familjes (available 1o fmt?;:"}
Programs and for c.afly
Beneratip

R adaptation)

[/
ﬁ famil%

Empoasca
——

Pre]iminar),
yield

5 progenjes tested

3 locationg for yiellc?

&rowth habig sy i
ph '

loperiog

Space plant
sele
Population for rcd F3

: Or specia]
evaluation (architeclure}

Fy !u:u:s 1o internatipng)
elite Progeny trig)

ulationg A
’ s Stafcd ea
o} tlier .
g’ peura“o”s derive from Cmssesﬂ}any Fi simultaneoy :
seg‘; Parents creenin aturing Physiologisy. 5 ‘—;’aluauon by  breeder
€gating Populat; g Ssuc » 40d pathologj - d
= tions at 60). The unidens: OgIst (as in Fj
CNsities results normal c¢ro Unidentifieq - 1g.
N the eliminat; P (Problem X) o1 €an distyrp
€35 Competitive {Mination of tp observed ; ance
enot : ¢ and ung n the Caucy v
other sma) EENOtypes which in say, nder study | alley
grains ha eral  agron Y by patholq
0 be thog 1ave ultimate]y omy  (see 8y and
: € materig] proved  ge| Page A-jq)
high deng; 1als most res ' cction for p - a5 made
nsities and jnrenc: Ponsive tg compo Plant architectyre and vi
udies on ghe TLENSIVE manageme Ponents extremejy gy nd yield
¢ qiff Rt becaus Mely difficuly :
inter qifferentia) eff, e of the var ult, primari]
p rogeg;; 232? competition jn relai(i:(‘;i :0 - expressed s.‘r’mpto;?;a“y Specific nature 0);
nin :
rtr? develap 3 Plan%iié eal:lr(;dgr W4y, and aim Beap Tnfo
Nl scheme minimiy: Enelic manage. Mmation Syt
P tmizin Janage ystem
Petrtweness (habit‘architg Phcnot_yplc com- Consld
;qem (_SPacmg) effocts OeCture)Xenvjron_ 976 to defable allention wjpy ;
1gh Yielding genotypes N the selection of tion syst;:e oping an Integrated m;c?:mm
. . which a-
Untj) such ! tOFIigms of the many Iz’?f)s:myb defines the
; rest a es
PoPulations aee poir, 21 aVailable, F, o And the desirable fyorn 8 Under
e 2 being space planteq f. selected in each h actors tg pe
WS Program . ¢1.47 for also maintaj Ybrid Opulation, pyt




-

selection procedure 1o

d

0. Screening for resistance 1o b

Figure 6 maintain wide genel

iseases. The photos show aspe

; : |
testing ina compmer}zed and con}t]g{;;m‘shye
updated form. This system' o,
disciplines 10 their proge‘?cr e

rograms, permits the bree e
g\an his CTOSSES, and ensures t

4.7

ean coOmmon mMosal
i variability in ma
cts of field inoculation of ¥

'Y is it stage in the mass
CMY) is the first stagc .
. y resis(ant to major pests an
¢ {BCMY.

¢ virus (
terials uniforml esist
plants with suspenaions @

is taken of ge'ncllc

i dvantage : .
ymum  a regating progenies

variability in the €&

!Vl g (8] p[()ge“ics -ls furihﬁl
ana E:mcnl I :
faCi]ltaled by ‘he use o lllfO!ulaHOIl Ca(dSL

Annual Report - 1970

- 4
which serve as a working field book. These
may be photocopied as needed, and
physically accompany all seed distributed.

Mutti-location Progeny Testing

Several factors demand that, seed supply
permitting, progenies be moved rapidly
into a system of multi-location testing.
These factors include: (a) The importance
of seed size and color to national program
interests, (b} the atypical behavior of
several BCMV resistance sources when
tested at Palmira, (c) the existence of major
race differences for diseases such as rust in
the different areas of Latin America, (d)
different needs in raturity time, (€) the
need to obtain an active interest and
participation from national programs, and
(f) the absence of certain important disease
and insect pests in Colombia,

-

By* mid-1977, the bean breeding
program will generate 2,000 F./F,
families per semester. Plans are under way
for two systems of multi-location testing.

(2) A multi-location progeny trialat three
locations within or near Colombia,
controlled by the program for the
purpose of screening large numbers of
progenies:

(b) Elite international nurseries, to be
distributed according to national
program preferences. and coor-
dinated by the bean agronomy group.

This multi-location testing will become
increasingly important in 1977 when the
breeding program initiates crossing among
progenies homogeneously resistant to
several key diseases.

ECONOMICS

The principal objective of the bean
economics group has been to identify the
-most important constraints to increasing
production and productivity of beans, one
approach being the identification of
factors influencing bean yields at the farm
level. To accomplish this and to better
understand bean production systems,
intensive field interviews were done in four
regions of Colombia in 1974 and 1975,
Table 35 summarizes the location of these
sites and the number of observations in
each. In the 1975 CIAT Annual Report
various results were presented on disease
and insect incidence, input use and factors
affecting bean productivity in the Valle
region. This report will focus on the
regions of Huila and Narifo.

First, it is useful to review the
characteristics of production in the four
reglons (Table 36), Valle is characterized

Y large farms with high levels of purchas-
ed inputs, producing small black beans
Pomarily for export, and utilizing
monocropping. The other three regionsare

Beans Program - CI147T

characterized by smaller farms, using fewer
purchased inputs, producing large red
beans in combination with other crops and
having only slightly lower yields in bean
equivalent terms'. One bean system in
Antioquia gave substantially higher bean
equivalent yiclds; however. the entire crop
cycle was 14 months compared with only

I Bean eyuivalents convert the other commoditics

into beans by multiplying these vields by the
relative prices. See footnote 3 in Table 36.

Table 35. Number of farms interviewed in four
Colombian regions for bean economics

survey, 1974775,
Region No.
Valle 31
Huila 105
Nariio 19
Antioguia 22
Toual 177

3
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Fable 37. Best and worst yields from the survey sample‘ig} four rcgi?:ms of Colombia and potential monoculture

-

-

yields with low- and high-cost technologies.

region
Valle Huila Narifio Antioquia

Best yields 1,773 1,563 1,193 3,379
Difference between best farmer
and average farmer yields (%) 96% 8797 63% 239
Worst yields' 245 239 368 184
Expected farm level yields of
improved bean varieties with
improved cultural practices,
monoculiure? 1,500 1,000 1,000 1,000
Expected farm level yields of
improved varicties, improved
cultural practices and high
input use, monoculture’ 2,200 1,600 1,600 [,600

0 Averages for the five best and worse yields were calculated for each region. These are yields for monoculture in the Valle and for muluple

cropping in the other regions. There were no extreme valucs.

2 Compared with bean equivalent yiclds.

Compared with mean yiclds for the more profitable crop combinations of beans/maize/polatocs, beans/ maize/arracacha and others.
a

Thesc were subjective estimates of mean yields for tmproved vanctics with recommended piant densiy, ume of planung, and the use of clean
seed, A 3O percent discount [rom expected experiment station yields was vtilized 1o adjust for differences 1 soil quality and management

ability.

Haowever, irrigation was not included

tribution of returns, multiple cropping
results in lower profits and lower risks so
that farmers able to take higher risks
gradually shift into monocujture bean
production, higher input use, and longer
storage periods to avoid the seasonal price
collapse'. Besides risk reduction multiple
cropping may reduce leaching and erosion
especially on sloping soils and enable
increased nitrogen fixation (see page A-
31). For the second most important factor,
topography, there is little that the farmer
can do other than farm elsewhere so this
variable has little policy importance,

Thrips and Empoasca can be controlled
by spraying systemic insecticides after the

I Camilo Alvarez P.. "Anilisis Ecohdémico Com-
parativo de dos Sisternas de Produccion de Frijol:
Zona Sur del Hulla - Colombia™. M.S. Thesis,
Universidad Catdlica. Santiago. Chile, 1976. ln the
sample year mulupie cropping produced slightly
higher profits; however. considering the entire
distribution of returns for the twa systems of
production. monoculture bean production gave
higher returns at higher nsk levels. See p. 147,

Beans Program - CIAT

Besides new variclics and improved cultuzal pracuces, high input use implhes high levels of fertilization and other agnicultural chemacals,

pests are identified in the field. Work isalso
in progress in CIAT on genetic resistance
to Empoasca (sec pages A-15 and A-68).
The four diseases excluding mildew led to a
combined total production loss of 2,199
tons in the two regions or an average yield
reduction of 168 kg/ha. Can these four
diseases be controlled with clean, treated
seed? This would be a low cost, low risk
technology, which would increase average
vields by almost 28 percent if the disease
did not appear in the field after being
removed from the seeds. The yield incre-
ment is small: however, average yields are
also low and the distribution of clean,
improved seed would involve only a small
expenditure by the farmer.

Increased aggregate yields in a country
can be obtained (a) by helping the rest of
the farmers move toward best farmer
yields, (b) by introducing adapted varieties
of higher yield potential than those
currently used by the best farmers, or, (c}a
combination of these two strategies. Given

A-75
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Table 39. Estimated bean production losses by factor in bean/ maize cropping systems in the regions of Huila
and Narino, Colombia, 1975,
Est. avg. yield
and total
Est. loss production losses
in total}
alfecied ot Total
production
Factor kg/ha G kg/ha %' loss (t)?
Presence of maize 202 25.2 202 25.2 4.650
Sloping lopography 83 12.1 51 79 1.176
Thrips 187 238 47 1.2 1.078
Empoasca n.a. n.a. 46 7.1 1.054
Virus 539 90.0¢ 105 17.4 761
Low potassium
of soil 922 13.3 25 4.1 584
Fallow prior to bean crop 64 9.6 25 4.0 572
Anthracnose 484 447 23 3.6 521
Mildew total 100.0 22 35 500
Stem rot total 100.0 20 32 463
Angular leaf spot total 100.0 20 3.2 454
Poor rainfall 58 8.2 18 3.0 421
Low organic matter
in soil 63 9.5 17 2.7 387
Non-optimum bean plant
population 14 23 14 23 327

Percentage was based upon the estimated loss due to the particular facior drvided by the average yicld
*  Estimated total production loss iy on the basis of 2 toral arca of 23,000 hectares with brans) mawe intercropping in the two
fegions

Itwas not possible with the regression o estimate the losses of 1otally affected lots. This estimate of 90 percent was based pon

experimental data of anificially innoculaung the vancties in the same week as the virus was observed. Sce p C420{CIAT 1975
Annual Report.

COLLABORATIVE ACTIVITIES

The Bean Program assumed respon-
sibility from the Consultative Group for
International  Agricultural  Research
(CGIAR) to develop and coordinate a
Latin American network of bean research
workers in 1975, Program scientists felt
that each national bean program presented
a unique situation to be approached
differently according to degree of develop-
ment, local needs and priorities, and
Interest in collaborating with CIAT. It was,
therefore, agreed to divide the task of
Maintaining  contact with  national
Programs, with each scientist accepting
responsibility for collaboration with up to
three specified countries (Fig. 61).

To promote better understanding of
Beans Provpe oy - P27

CIAT activities by scientists in national
programs, bean program staff visited their
assigned countries and invited research
leaders and senior scientists from the
national programs to CIAT. Training and
documentation services, already major
program activities, were increased in 1976.
Thirty-eight graduate scientists undertook
discipline-oriented training with the
program (sce the report of the Training and
Conferences Program) while documenta-
tion cards were forwarded by CIAT's
Documentation Center to 417 scientists in
43 countries. To date more than 1,500

articles on beans have been identified and
processed.

More concretely, CIAT
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Cuba
Guatemala
Mexico

Nicaragua

Costa Rica

El Salvador

Honduras
Douglas Laing

Bolivia
Peru
Steve Temple

Chile
Aart van Schoonhoven

Figure 6

increase direct germplasm and technical
assistance to those programs expressing
interest. Details of the first International (b)
Bean Yield and Adaptation Nursery
(IBYAN) have already been presented (sce
page p.A-33) Other activities including the
second Rust Resistance Nursery (p-A-7)

are shown in Figure 62, These included:

(a) Screening of 3,000 germplasm
accessions for tolerance to golden
mosaic virus at sifes in Guatemala, El
Salvador and Brazil. BGMYV is of
limit=d occurrence in Colombia, butis

Guillermo Galvez

"Aart van Schoonhoven

1. Latin American country responsibilities for CIAT bea

Dominican Rep.
Guadelupe
Haiti
Puerto Rico
Guillermo Hernéndez

Venezuela
West Indies
Peter Graham

Brazil
Reinhardt Howeler

Argentina
Ecuador
Paraguay
C.A. Francis

n team members, 1976

a major disease in much of Central
America and Brazil.
Nineteen accessions reported in the
literature as being resistant to the bean
pod weevil, Apion godmani, Were
reevaluated in Nicaragua, El Salvador
and Honduras. The resistance of
Negro 151 and Puebla 152 was
confirmed and a crossing program has
been initiated to incarporate the
resistance into commercial varieties
from Central America . A total of 180
cultivars were screened for Epinotia
aporema  resistance in Peru, the

' -
et Report = 1978

® Rust nursery

A Inoculation studies

+ Soil analysis andlrccomandations
@ Provision segregating material
&Screening for golden mosaic

O Apion, Epinotia, Empoasca

© Drought studies

Figure 62.

: p .
b:;;sts;on G 0?421 proving resistant

5 T Epinotia and to Empoascasp.
L ;;_;otg]rgm organized soil analysis
e Pr izer recommendations for

e araisoregion of Honduras. As

: C(J()sc:;ls proved deﬁqient in nitrogen,
ti‘:mpe;atw_e Inoculation and fertiliza-

& sev:ﬁr;;’:]:sngs }:zve been prepared

_ in the regi imi

CXperiments are underg\::)-r Si:;’mtl}?;

Dominica ;
] Colombia.n Republic, Venczuela and

(d) Given the experience
facilities involved '
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1 time and
in crossing for

Locations and
nd types of collaborative activities undertaken by the Cl
e CIAT Bean P

rogram in 1976.

specific features of yield or di

resistance, the Bean Program hassl;:ase
particularly  responsive to f;:n
breeding needs of national programs‘e

il\rfllclare thgn 20 of the 155 parents
bec;;deiiclru;hzcrossing program have
! ed at the reques

national programs, and segrt:ge:tir?f
materials have already been forwarc!g
e(::d“t\qrnumerouscoumries.ln addiu’on-
: [ has served as an off—seasor;
ocation for the multiplication of earl

generation  material  from Chilcy
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‘e Rl 2 CIAT
Guatemala, and Honduras. in Peru and in collaboration with S0 CIAT Germplasm Bank

: - iversity (U.S.A.). Promising No. Register No. Identification Seed Source
() Drought tolerance studies continued Cornell University ( ) = o Y Ty, —
-~ P417 036%6 Coleccion 12D 1-964 Venezuela
APPENDIX P20 03607 CCGB44 1462 CRI2 Venezuela
) . P432 03153 Frijol de Parra 350 Guyana
Cross-reference of CIAT promising accessions n_lcntiOned in this report and their Germplasm Bank register P4y 03128 Negro 321 Gy
numbers, identification and source of the accession. . p4d3 03223 Negro Cahabon 453 Gt
. Pa49 03451 Guanajuate 116 Mexico
Gcrm;:;: Bank Seed ~ Pasg 04454 ICA TUI Colombia
Pro nilsﬁl: No. Register No, Identification Seliee . Pas9 03645 Jamapa [-819 Venezuela
] ~ P464 04354 Mexico 114 Mexico
P0O4 02115 Pl 310 878 U“f“: 2“"“  P4s6 03852 Miranda § Venesuela
PONG 02005 PL 310 739 S”]:"d s:::: P4g | 04206 N 257 Sal Rico de M Gera Costa Rica
POOS 02056 PI 310 814 nite ‘ P527 03874 Trujillo 7 Venczuela
P009 02959 Pecho Amarillo Guyana P540 03784 Venezuela 29 1-107) Venezuela
POI L 03729 Argentina 2 VCQCZUC‘F‘ P559 03733 0600 [-1009 Veneruels
PO14 02146 P1 310 909 United Sintes P560 03834 51051 1-1138 Venezucky
PO17 03719 Mexico 12-1 Veljnezuzla ,1..P566 04495 Parrillo Sintetico Honduras
P039 00093 P1 150 948 Canario Unf[m States ~ Ps67 05478 Tara United States
PO74 00184 P1 166 066 Shion Unfted States P568 05479 PRS 70 ISRST B K Costa Rica
P092 00310 PI 169 855 United States P569 05481 Cacahuate 72 Biies
P199 01220 P1196 927 Criollo U"!“"d States P579 02703 P1 313 868 United States
P209 01259 P1 201 333 Um.ted States P588 044355 ICA Huasano Colombia
P225 04433 PI 207 130 Panameno United States P589 02525 PI 313 624 United States
P226 01308 P1 207 198 CCGB 44 Unfted States P590 05702 Cargamanto Colombia
P235 01362 P1 209 488 Waited 2“"" P591 00197 P1 167 201 Aysekadin United Stites
P252 01070 P1 281 980 UnitedStatcs P597 01222 P1 196 932 P Acutifols United States
P259 01093 P! 282 063 Wi 2"‘”: P598 01239 PL 199 041 | angaza United States
P61 01101 P1 282 086 Rocha U"flfd -S"’:‘ P634 05683 ICA Duva Colombia
P278 01679 P1 306 149 Caraota United Smf: P635 04452 ICA Guul Colombia
P302 01820 P1 309 804 Unficd Sm e P637 04523 Linea 17 Colombia
P320 01967 PI 310 686 United S:a:cz P643 04459 NEP 2 Costa Rica
P322 01995 Pl 310 724 United e fs ) P646 008831 P1 203 958 N 203 United States
P325 01999 Pl 310 732 Unflcj ;l.\:':s P662 02472 Pl 313 343 United States
P326 02006 F 340140 gnfw sl-a.L Peos 04191 Coleccion 166 N Costa Rica
P334 02034 P1310 784 nited ‘f‘ ‘i P668 04199 Coleccion 168 N Costa Rica
P337 02045 PI 310 797 United S[illf- Pa7s 04525 Linea 32 ICA Pijao Colombia .
P47 02164 P1 311 780 Unnod SEes ‘1 P684 01320 P1 207 262 United States
P349 0228] P1311930 U"fwd S“lc: Pess 05694 Cornell 49 242 United States
P352 02326 Pl 311991 _U“fw" 2“”: P692 04494 Diacol Calima Colombia
P3s8 02382 Pl 312 064 Hnited 'q"“:; P693 05653 Ecuador 299 El Salvador
P64 02540 P1313 653 Enttad o P694 05477 Great Northern #1 SEL. 27 United States
P38 02935 PI 343 734 Ustitee ;':[f) P69g 05476 Jules United States
P92 04498 Sanilac United hlt'. ¢ ' P699 05652 Mexico El Salvador
P393 03736 [ 1012 Alabama | ﬁcncz\f]c- ___P_ZEE_%—; 05706 Jalpaitagy '_-‘ N Guvana N
P40 03065 Haneo 1) s ey i




M " = e )R
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A L. G. E..and CASTAN o .
CIAT B ST -:fr A_r\o M. Purification of  HERNANDEZ-BRAVO G.. and CALVEZ. G. E
CIAT Germplasm Bank ' 200 welly Zlns.muued Bean Golden Inkieritance of dises e
Promising No Register No. Identificanion Seed Source o Mosaic Virus. Turrialba 26, 205-207. 1976, be ease resistance of dry
% cans, Phaseolus vulgaris in the tropics. 1.
P704 04795 Parrillo El Salvador GRAHAM, . H. ldentification and classification of lF;usl. ‘Com.mon Be:an Mosaic Virus and
P709 04485 Turriatha | Guyana k root nodule bacteria In“Symbiotic nitrogen 4;Ctem' Blight. BIC Annual Report 19, 47-
P712 04792 51052 Nicaragua fixation in plants.” P. S. Nutman Ed..Cam- - 1976,
P14 04505 Top Crop United Sates bridge University Press 99-112. 1976,
P716 03738 Baurre D Paulinat Venezucla :
P17 05711 Comp Chimaltenango 2 _ Guatemala GRAHAM, P. H. Recent developments in the bean WILDE. G. and SCHOONIOVEN, A. \. 2
P737 04456 Jamapa Costa Rica '""Pl“::e'“'-'m program at CIAT. BIC An- Mechanisms of resistance 1o Empoasca S
P756 04445 Ex Rico 23 Colombia & nual Report 19, 39-4%, 1976, l;-memeri in Phuseolus vulgaris, Environ. - :
P757 04461 Porrillo 1 Costa Rica S “ntom. 5: 151-5. 1976, i3 2
- GRAHAM, P. H. and HALLIDAY, J. Inoculatio -'i
P758 04446 Puebla 152 Mexico < and nitrogen fixationinth n HE
b ] ¢ o 4 a
P760 06334 Vidresco Holland In “Exoloi e genias: Phiaseblus, HE
. , ploiting the Legume- Rmzobwm WILDE, —
P770 02689 PI 313 853 United States Symbiosis i i ; G Ok G SCHOONHOVEN, A, « d 125
: in tropical agriculture * J, M, GOMEZ-LAVERDE. 1. T . an g
incent Ed.. iversi iy . 7 AT .. L. The bioi f >
1976, University of Hawaii, Maui, Empoasca kraemeri on Phaseolus "j'i:f”: ';
Ann. Entom. Soc. Amerc. 69: 442-4. 1976. 'i i
List of CIAT Germpiasm Bank reference numbers listed in this report, their identification and the seed source. [ g‘ -
CIA1 : 14
Germplasm Bank ]
Register No. Identification Sced source
GO080S P1 197 034 United States
G01212 Pl 196 299 United States
Gol1213 P1 196 462 Unned States i
G01224 P1 196 936 United States ]
(01540 PL 284 703 United States |
G02704 Pl 313 869 United Stales }
Go4165 Preto 2449 (N-487) Costa Rica }
G453 Puchta 56-C (Negro) Mexico f i
GD4835 Puebla 56-C (Blanco) Mexico _ [ }
G04835 Puebla 56-C (Blanco) Mexico
G050%86 1886-48 (Brazil 553) Brazil
| L1
|
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