Germplasm Screening and Genetic Improvement

Germplasm Collection and Preservation

The Genetic Resources Umit of CIAT has the respon
sibility for collecting evaluating conserving maintaining
and distnbuting germplasm of Phaseolus species 1n
cooperation with the Bean Program

Acqusition of Phaseolus Germplasm

During 1980 the Phaseolus germplasm collection of
CIAT increased to 30 692 samples with the addition of
1475 accessions this year 1n addition to the four cultivated
species (P wvulgarnis P lunatus P coccineus and P
acuttfolius) the collection also includes 10 wild species
identified n  collaboration with the Umversity of
Gembloux Belgium The major Phaseclus collections of
the Unmited States Department of Agnculture and of
Cambndge Unmiversity England have now been duplicated
in C1AT as have traditional materials from other banks in
Japan Europe and other locations

Field collections over the past four years have added
numerous new matenals to the germplasm bank In 1980
two collection trips in Brazil provided 338 samples of P
vulgarts and 55 P lunarus matenals (as well as vanous
samples of Vignasp Capanus caran and Arachis lupogea)
These trips were conducted by CIAT and the Empresa
Brasileira de Pesquisa Agropecuana (EMBRAPA) with
financing by the International Board for Plant Genetic
Resources (IBPGR) Other field collections have also been
made 1n Peru Mexico and Spam

Of the total number of accessions of the Phasecius bank
some $1% are from Central and South Amenca 10%came
from Asia the Middle East and the Far East 9% onginated
in Europe Africa and North America each were sources for
4% and the other 229 are from other regions or their
ongins are unknown

Seed Increase and Evzaluation

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

Thl | Numbe s f Ph e [ accession onha d seed d
d  luated by the CIAT Ge u Re ources Unut as f
Sept mb 1980
Spece N N c¢e ns No of N of
f creased accessons d scriptors
sampl and ¢ alvated
ndexed
Ph I ulg s 27 404 13495 10 000 32
Pha lus lun tus 1900 698 200 32
Phas ol o eu 1098 00
Pha eolu cut folu 129 118 50 32
Wld Phas olus pp 7 10
Ud tfdPr lus
mat al 88 5
Total 30 692 14 626 10 250
d fd P hus Pm if P nss Pfif m P gh
Pm pus P ped lla ppl h Pgl d and P parv Iu
M h b m pe¢ m

Commercial species Since 1977 considerable emphasis
has been given to improving the quality of seeds in the
Phaseofus bank During seed increase all matenals
showing virus symptoms (1 e bean common mosaic virus)
bacterial blight and anthracnose are rogued routinely Of
the 14 626 accessions now increased and stored in the
germplasm bank most have been replaced with recently
harvested seeds providing them a high germunation
percentage and a lower frequency of seed borne diseases



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

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

Th 2 Nmb f f Phaseolus ulgans ¢ luated at

CIAT P Im f h f 30 pmry pefom

ch 1
Ch te N ace

aluat d

Day t m g 4929
Hypoc 1yl | gth 4918
Hyp 1wyl i 8684
[eflul gth 4801
C pyh ght 6401
Leafl t wdth 4801
N d tfl we g 6845
No ode atmt 1y 5832
Days t flowe mg 6971
Fl wen g duato 6938
Flowe ¢ | 8694
G wth habt 9846
Pl 1t heght 7360
Stem tht kn 4786
N  aceme pe plat 7650
N pods pe plant 8890
Bran h gl 3665
S d pe pod 6544
Seed hape 10 258
Major seed color 10 256
Seco dary seed | 10 256
Seed brilhan 10 290
Se d we ght 9940
Y id pe plat 4542
Total dry matter 4562
React1 it tust 2084
R ct t anthracnose 10 000
Reaction! bea comm m sac virus 10 000
Reacto t b ct nal bl ght 4000
R u 1t 1afh ppe 8682

Cha rswh sk h se ec mm dedbyth Phes Jus Germplasm
Ad ryC mmtiee hel tenat el B df Pla G Res ce
I 1y 1978
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descniptors More than 200 accessions of P lunarus have
been evaluated selected materials from this collection have
been distributed widely in Latin America

Other Phasevi/us matenals The use of some wild forms
of P vulgaris and P coccineus for improving crops of P
vulgaris 15 being studted mn collaboration with the
Umversity of Gembloux Belgium

In the case of wild P vulgaris some 336 accessions have
been sced increased Of the 90 accessions evaluated up to
now for morphological and agronomic characters none
was 1nteresting as a source of plant architectural
characters

For distase and pest resistance promising materals
have been selected for their promise against common
bacterial blight (three accessions) angular leaf spot (one
accession) bean golden mosaic virus (two accessions) and
the leafhopper (i5 accessions) These matenals will be
considered as sources of germplasm for a crossing program
with cultivated P vulgaris after additional testing

A method for increasing seed of P coccineus was
mitiated The efficiency of pollination (measured 1n seed
production) increased 10 30% when honeybees were used
instead of manual pollination All pollinations were done
in cages each of which hold nine plants to prevent
OULCTOSSINg among accessions

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

Distnbution of P vulgaris

In addition to distributing P vuigaris germplasm to
team members of the Bean Program for their respective
disciphnary evaluations and for utilization in the crop
improvement projects the Genetic Resources Umt also
sends materials to other centers 1nstitutions and national
programs A total of 3245 samples were distributed outside
CIAT durning 1980

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

The preliminary evaluation of germplasm bank
accessions for general adaptation and agronomig traits
continued during 1980 All Bean Program disciplines
contribute to the screening and selection of germplasm
accessions and in the reselecion of hybnd progenies
Selected accessions from the first 13 500 bank entries
{previously evaluated in hill plots) were reevaluated in row
plots at CIAT Palmira and Popayan Some 500 accessions
subsequently entered the crossing nursery and another
1700 accessions have been multiphed for more thorough
evaluation

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

Table 3 reports crosses made duning 1980 grouped by
breeding project or objective The apparent reduction In
the number of crosses for architectural trauts and for low
soil P and the absence of new crosses for national program
cultivars reflect the lack of new base parents in those
projects as well as the Incomplete disposal of segregating
materials from the previous cycle of crosses

Thbl 3 B hbe mad th CIATBe P grmdn g
1980

B dngp j t N f se

D seases

Aglal f pt 101
A th 115
Bean omm m sa rus (back osses
multpi g ) 220
Bea golden m sa 151
Cmm bt |blght 322
Hal bl ght 1
Pwdry mid w 51
Rt 38
W b bight 51
Whte le { pot 16

Insecis
Bea pod wee | fAp ) 51
Le th ppe (Emp s ) 85

Oth fecetrs

A bt t 55
Ealy muw ty 4
Lat m tu ty 2
L gt mgmpl m mp m t 181
Low I1Ptlrm 1
Mis ella 48
Mltpl fat 665
Imp d t g f t 202

T tal 2380

Breeding activities for resistance to powdery mildew and
halo blight were imtiated 1n 1980 and the project on long
term germplasm development has been divided due to its
umque management In this project general improvement
of germplasm accessions 1s designed to amphfy the genetic
base of future expenimental lines and to increase the value
of hybnd populations from subsequent cycles The
selection and grouping of bank accesstons for hybridiza
tion are based on geographic origin and grain type This
should gradually reduce the need for improvement of
specific national cultivars Since hybnid populations from
these crosses are seldom subjected to severe chimatic and
disease stress and selection pressure 1s generally low (30-
359) relative progress 1s expected to be slower

Crosses designed to improve national cultivars have
produced within a relatively short period of time
improved expenmental hines with grain types similar to
Flor de Mayo Pinte and Qyo de Cabra (all frem Mexico)
Canioca Mulatinho Bica de Ouro and Roxao (all from
Brazil) an array of small seeded red types for Central
Amencan preferences and several Pompadour and Calima
types While all of these new lines are resistant tc BCMV
many also carry desirable sources of resistance to
anthracnose bacterial blight halo blight and/or rust For
several color groups Empoasca resistance 15 markedly
superior to that found in comparable local vaneties

A list of experimental hnes grouped according to
specific and multiple factor projects which were advanced
to the 1980 VEF for testing 1s summanrized m Table 4

I bl 4 Exprm tI1b hbea Inesthatw ad an dt th 1980
Uf mBea T mN sery (VEF}
B dgp 3t N of Gra type
he
Diseases
Agla lef pt 19 Bazl
Athac e 32 Bazha Me ca
othe s
Be gld msc¢c u 19 Central Am ca
Brazil a
Cmm b t al blgh 7l Vanous
Halo bl ght 15 Me can
Insects
Be pdw |1 (Ap n) 9 Ce tal Am ca
L fhpp (tempo ) 11 vV
Other { ctors
A ht tu 40 B azilia
Lo gt m g mplasm mp m t 11
Low 1Pt 22 B azlia
Multpl f t 112 von
Imp m t fnat mali It s 13 Vanous
Total 374
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Chmbing Bean Improvement

Methodology This year parental varieties selected from
the germplasm bank and from advanced breeding hines
were formed into populations for improvement by
hybridization and selection (Table 5) Vanability 1s sought
in parents of other grain types only when a population
lacks some specific variability as 1s especially the case with

T ble 5

some disease and pest resistances The purpose s to define
more clearly the objectives for particular grain types and to
limit segregation insofar as possible to the prionty factors
International tnals of chmbing bean lines are formed from
the best of the appropnate populations

Clmb gbe mp emetp jJ t dp mntydseasea d nse tre sta cesso ghtbyth CIATBea P g m It 1 Imt
go flatn Amen a and gra type pref ences
Chmn t P p lat G typ Dse se Inse ts
BCMY BYMV ANT ANG ASC RUST CBB HALO EMP APION
W m VNB Sm U bla k X X X X
(18 25 C)
VRB Sm Il ed X X X X
VCB Whte m
y 1w ffe X X X X
c 1 VNA Bl k (X) X X X X
(13 18 C)
VRA R d (X) X X X X
VCA Wht me
y Il w (X) X X X X
VNU N (X) X X X X
BCMV be mm m BYMV be yllwmsa ru ANT thra ANG glal tp ASCA h L fp CBE mm b aal
blgh HALO h | bhight EMP Empoa  APION Ap
BCMYV d bi Imt 1b m Iy mp ra tdsease ool Imat (X)
VvV d I VINAR( 1Y d dAd p N ryf bea Lat Am ca)NR dCf bl k d d m | rep lyBf Llwt d
Al hghl d dUf h mab g (Il Sp h)
N yp fTbe ppped h I & mm mhghl dreg
Tabl 6 C pp g ytm sedf sel to p p imb g Chmbing bean breeding projects were divided among
bean mp eme Lp Jct locations last year with most selection for the warm chimate
Cimt ad Mea Nue ry dge aton populations being done at CIAT Palmira and CIAT
1 ato temp tu Popayan and for cool climate populations at ICA La
P sw pen Fmy oAdows o OV Ob Al field select d
select tnal  trals (VEF) elva an onuco ield selections are done
(O Fa/Fy4 Fi/ts F, under relay cropping or association (simultaneous plan
ting) with maize according to the scheme presented i
Warm A A Table 6 Relay cropping with its higher seed multiphcation
CIAT P Im % R rate 15 more suitable for single plant selection but 1s not
CIAT P pay 19 R A A possible at FCA Obonuco due to the long growing cycles of
both crops
Cool
ICALaSla 17 R R R
Germplasm Evaluation in CIAT Palmira and CIAT
ICA Ob K] A A A Popayan a collecion of 479 chmbing vaneties from
R Rly pp gwhm (be pl d1 phy |gcalmat vy Guatemala mainly with small black grains was evaluated
i maiz ) 1n association with maize for yield and field resistance to
A A oca d [ ] hm b pl d ml Iy w hm )
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local discases and pests A total of 17 selections was taken



from the two locations In ICA La Selva 723 matenals
were evaluated 1n relay cropping with maize these were
collections from Spain and Portugal and the highlands of
Colombia Ecuador and Peru Fifty six selections were
made InlCA Obonuco 204 matenals consistingmainly of
collections from the highland of Ecuador and Peru were
evaluated 1n association with maize and 16 selections were
made

Yield trals were also planted in the four locations to
evaluate more thorcoughly the 180 selections from germ
plasm made last year Among the five highest yielding
varieties 1n each location black seeded matenials from
Guatemala predominated at CIAT Palmira various grain
colors including black accessions from Guatemala and
Mexico were predominant at CIAT Popayan and ICA La
Selva and vanous colors except black from Colombia and
Ecuador predominated 1n 1CA Obonuco Table 7 shows

yields and other charactenstics tor the groups at each
locauon Days to flowenng and physiclogical maturity
increased as temperature decreased day length was
constant as all are within 6 of the equator Seed weight
also increased as temperature decreased Genetic effects
were stmilar to the environmental effects varieties adapted
to cold temperature locations (group 4) tended to be later
and have larger grains at all locations

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

Th 7 Ch te t offug ps f Ilmb gbea ant luated w thmaize f  locat ns
Locat Pl t g vV ol Be Days to Days t 100 seed
ytm gro p yeld lw g phy | gcal we ght
(kg/h ) mtrty ®
CIAT Palm A 1 1406 46 93 21
{25 C) 2 804 42 93 24
3 752 42 94 23
4 23 64 102 1
LSD 5% 150 Mea 49 96 26
CIAT P pay A 1 871 52 93 23
(19 C) 2 1574 47 100 30
3 1277 52 102 30
4 96 67 113 3t
LSD 59 208 Mean 55 102 2
ICALa S| R | 2127 63 137 26
(17 ¢) 2 2611 62 130 35
3 3076 63 139 32
4 1186 76 153 40
LSD 5% 348 Mean 66 140 13
ICA Ob A 1 84 99 188 22
{13 ) 2 139 96 189 38
3 78 96 188 36
4 1635 103 188 56
LSD 5¢ 222 M 99 188 B
A A oot hm R ly pp 2 hm
G p t hgh vy Id gfr tCIAT P Im 2 hghe tyieid gl et tClAL Y 3 hgh v ld gt t ICA La Set
4 hgh ty ldngf ICA Ob
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The behavior of varicties 1n group 4 (adapted to cold
temperatures) was completely oppostte that of vareties in
the other groups mndicating a sharp break in adaptation
between 13 and 17 C Vaneties in group 4 have certain
charactenstics in common with P cocctneus subsp
pohanthus from which natural introgression may have
occurred

Single Plant Selection Nursenies Single plant selection
nurseries «n each location consist of populations 1n

generations F» and Fs4 the latter having passed the
progeny yield tnals in F3  The number of populations
handled and the number of selections made are shown 1n
Table 8

Constderable emphasis was placed on selecting materials
with tighland adaptation since the large grain types
adapted to cool temperatures had previously received hittle
attention

Th 8 Dt bt f lmb gb g pl toelet rsene (F; /F4) 197980se o
At ty Locat on and seas T tal
CIATPIm a CIAT Pop y ICA La Sel ICA Ob
19798 1980A 1979B 19798 1980A 19798
No fpopult 77 132 10 84 25 17 345
N fplt 16 600 13120 3600 32680 7511 5100 78611
N fpl tosel td 188 279 42 767 334 291 1841

Progeny Trnals Progeny tnals were planted for the first
ume in ICA La Selva and ICA Obonuco in the second half
of 1980 Beans were planted at relatively low densities
(40 000 plants/ha) with no disease control and only
mimmum control of pests so as to favor relatively rustic
types capabie of producing under low mput conditions

Likewise 1n CIAT Palmira and CIAT Popayan a total
of 881 progentes 1in 228 families was tested (Table 9) The
usual negative relationship between bean and maize yield
was found at CIAT Palmira and selections were taken
trom above the regression line as reported last year (CIAT
Bean Prog 1979 Ann Rept) Selected lines not only
yiclded more beans but also permtted a higher than
average maize yield Selected progemes were either
returned to single plant selections in F4 or passed onto the
VEF stage of testing in Fg

The efficiency of the early generation selection
methodology used to maximize bean yields while
minimizing losses 1n maize yield due to competition was
tested 1n a special trial carried out at CIAT Palmira with
the maize variety Suwan | The objective was to discover
the heritability of selecting for bean and maize yield in F3
families Famulies froman F3 progeny tnial therefore were
divided into the following groups A) low yield of maize
and beans (families 22 25 32 37) B) high yield of maize
and low of beans (famihes 1 2 12) C)high yield of both
crops {(families 5 15 18 28) and D) low yield of maize and
high yield of beans (families 10 21 29) Lines from these
families were planted in the b4 generation 1n a lattice design
and the mean yields of beans and maize per family were
calculated and compared with those obtained 1n the F3
generation grown the sedson before (Fig 1)

Table 9 Yid f Imb ghbe dmaize as cat n bea F3 d Fsp ogenytnal attwolocat ns
S as Lo 1t N f N f N f Ma M be M n Mea maze
be p BeY fmles bea yeld of matz y1 Id wth
fmh select d y select ons y Id bean select
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
19798 CIAT P Imra 80 253 27 527 876 5518 5609
1980A CIAT Popaya 45 140 23 629 755
1980A CIATP p y 58 488 26 592 696
R ges oefl’ b w  bea dmaiz ¥y Id was 115
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The lowest value (1 69%) for maize stem lodging was
obtained with group B and the highest value (10 0%) with
group D This latter group was also the latest to flowering
{38 days) and physiological maturity (81 days) while group
B was the earliest for both (36 and 77 days respectively)
Group C famblies were intermediate for all characters and
generally had a type IVa growth habit These resuits
indicate that bean lines can be seclected in the early
generations for combined bean and maize yield
association

A total of 86 breeding lines of climbing beans were
advanced from progeny tnals to the VEF together with 79
selections from the germplasm bank

Resistance to Viral Diseases

Bean Common Mosaic Virus A screeming methodology
for bean common mosaic virus (BCMV)} has been
developed and implemented It 1s based on information
available about the genetics of resistance of the host P
vidgaris and the pathogenicity of the wirus The BCMV
screening procedure 15 outhined in Figure 2 Table [0 shows
the most representative bean cultivars and BCMYV strains
grouped according to their respective resistance and
pathogenicity genes

5 g fbe g mpl m
t ot t t BCMV
M1t alswth Mate 1al wath
ecess ©re  tance d mnpa t t ce
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F Id [ d g gf ftdpl 1t
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1t w th
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As a first step an attempt 1s made to i1ntroduce a
dominant gene called the necrosis (1) gene 1nto mosaic
susceptible bean germplasm ['he dominant 1 gene prevents
the systemic infection of the plant and consequently the
transmission of the virus in the seed of plants possessing
this gene Since beans are the primary source of BCMVin
the field the domunant | gene has conferred stable
resistance against BCMV to some of the bean cultivars
grown for many years tn Latin America such as Porrillo
Sintetico Jamapa ICA Pyao Mulatinho and Bico de
Ouro

Recessive genes can also protect bean cultivars against
some but not all strains of the virus (Table 10) Therefore
considering that BCMV strains have been wadely dis
tributed into most bean growing areas via infected seed
the Bean Program 1s not entirely relying on these recessive
genes as a stable source of BCM YV resistance Some of these
genes specifically be 12 and/ or be 22 of the Great
Northern 31 group of bean cultivars however protect
dominant i gene materials against BCMYV strains such as
NL2 NL3 NLS NL6 and NL8 which can mduce a
hypersensitive reaction resulting n the death of the plant
This phenomenon of systemic necrosis known as black
root has not however been observed at sigmficant
incidence levels in commercial fields of cultivars possessing
dominant resistance Nevertheless the Bean Program asa
second step 1n the breeding for BCMV resistance 1salready
altempuing 1o incorporate these recessive genes into 1 gene
materials This year F3 famihies from crosses of multiple
(recessive + domunant) sources from the Plant Breeding
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(VT) h Nth | d

Institute (1VT) the Netherlands crossed to tropically
adapted CIAT hines were resclected 1n the Netherlands and
backcrossed to the best CIAT breeding lines

The actual screening methodology (Fig 2) consists of
tour main steps

a) Inoculation of bean germplasm with several BCMY
strains to furmish breeders with information on the
genetics of resistance of selected accessions

b) Roguing of BCMYV susceptible plants in F3 nursenes
planted under high natural virus incidence conditions
to facilitate the selection of individual symptomless
plants

¢) Inoculation of seedlings grown from 20 seed samples
of the individual selections made 1n the field with a
mixture of BCMV strains to detect homozygous
resistant b3 lines under screenhouse conditions (Fig
3)

d) Confirmation test on k4 linesto identify and eliminate
materials which possess only recessive genes for
resistance to BCMYV and performance of the necrosis
test on selected symptomless lines to ascertain the
presence of the domnant 1 gene (Fig 4)

The combined field screenhouse and glasshouse
evaluations done this year for BCMYV mvolved morethan
one-quarter million plants or an average of 2000 inoculated
and evaluated per working day The efficiency of selection
of homozygous BCMV resistant lines in the F4 was above
959 for those materials which followed the recommended
screening procedure
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Bean Yellow Mosaic Virus Bean yellow mosaic virus
(BYMY) continues to be a severe problem in some bean
growing areas around the world In Latin Amenca Chileis
the country most affected due to the favorable environ
ment abundant vectors and both mosaic and necrosis
inducing strains of the virus

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

Soybean Mosaic Virus  Reports from Brazil were
investigated concerning the development of systemic
necrosts 1n dominant 1 gene bean cultivars infected with
some strains of the common soybean mosaic virus (SMY)
At CIAT several 1solates of SMV obtained from infected
soybean seed were tested on the BCMYV differential
cultivars Results indicated that whale all 1solates induced
veln necrosis on mnoculated prnimary leaves of some I gene
cultivars it remained localized unlike the necrosis induced
by BCMYV necrotic strains which spreads from 1noculated
leaves to the entire plant Also the SMVsolates tested at
CIAT caused systemuc necrosis 1n some non | gene
cultivars such as Double White suggesting that genetic
interaction between P vulgaris and BCMYV differs with
respect to SMV Soybean mosaic virus however should be
taken into account whenever beans are grown near soybean
fields

Bean Chlorotic Mottle In 1980 a prehiminary study on
the etiology of this disease was completed Results
obtamned so far indicate the existence of a virus complex
rather than a single wiite fly borne virus as believed
earher The viruses frequently found associated with the
chlorotic mottle syndrome include cucumber mosaic
virus bean mild mosaic virus and a strain of bean southern
mosaic virus Also a germmvirus similar to the whitefly
bomne agents was 1solated at Wagemingen the Netherlands
from plants collected at CIAT The epidemiology of the
virus complex will be studied in bean nurseres at CIAT to
further delimit the problem and assess its economic
significance
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Bean Golden Mosaic Virus Breeding efforts in the bean
golden mosaic virus {BGMYV) project duning 1980 shifted
towards speaific goals for several grain types For black
seeded types where excellent levels of BGMYV resistance
exist in the new Guatemalan vaneties (CIAT Bean Prog
1979 Ann Rept} crosses and progeny management are
designed to 1ncorporate earhiness and resistance to
common bactenal blight and anthracnose into superior
BGMYV matenals

For bean consumed in Central and South-central Brazil
good levels of BGMYV resistance have been available for
several years But testing and reselection of more resistant
progenies as well as the recombination with additional
factors have become difficult due to the prevalence of
severe virus insect and temperature conditions in the
BGMYV nurseries More work 1s needed 1n Brazil to clanfy
the problem

Work on Pompadour types for the Dominican Republic
has progressed slowly for two reasons a)the susceptibility
of parental types to BCMYV which necessitates reselection
and b) the general susceptibity of Pompadour to
Empoasca and common bactenal blight Several n
teresting selections with a small Pompadour grain type are
currently being progeny tested

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

Most BGMYV crosses now involve only parental lines
resistant to BGMV so that the best F2 plants with
resistance to rust and the leathopper may be builk
harvested according to grain type and evaluated 1n the F3
under local (BGMYV) conditions by the national program

Results from testing the 1979 International Bean Golden
Mosaic Virus Nursery (IBGMVN) 1n two locations are
reported 1n Table 11 Few hybnd selections were well
adapted mn both locations

The adaptation and BGMV resistance of the
predomnantly non black hybrids were generally less than
that of the five blackseeded check vareties which have
been extensively used as parents in the BGMYV project A
few matenals were supenor to the group of checks at each
location
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Resistance to Fungal and Bacterial Diseases

Bean Program germplasm and breeding progenies were
routinely evaluated for their disease resistance 1 specific
breeding projects and nurseries such as the 1980 Bean
Team Nursery (VEF) and Prebminary Trnals (EP)
Primary emphasis continued on 1dentifying and selecting
for resistance to rust anthracnose angular jeaf spot and
common bactenal blight Advanced matenals pnmanly
EP entnes were also evaluated for resistance to pathogens
causing the lower priornity diseases powdery mildew halo
blight white leaf spot root rots and root knot nematodes

Various germplasm accessions and Program-developed
materials were resistant to halo blight whie leaf spot and
powdery mildew the latter disease reduced yrelds of
susceptible matertals up to 69% 1n Popayan Very few orno
advanced lines expressed promusing levels of resistance to
root rot or root nematodes respectively

Fungal Pathogens

Uromyces phasech  (rust) and Colletotrichum
Iindemuthianum (anthracnose) are highly varnable
pathogemically due to the existence of numerous
physiological races that differentially mfect diverse sources
of plant resistance

Recent research at CIAT confirmed reports that
Isariopsis griseola (angular leaf spot) also exhibits
pathogenic specialization This inherent vanation has
comphcated CIAT based efforts to identify and develop
improved germplasm with resistance to rust anthracnose
and/or angular leafl spot populations endemic to diverse
bean production regions throughout Latin Amenca and
now Eastern Afnca

Primary emphasis 1s placed upon utihzation of CIAT
based resources and scientific expertise to most efficiently
screen large numbers of germplasm at CIAT Palmura for
resistance to local populations of the rust fungus and at
Popayan for resistance to local populations of anthracnose
and angular leaf spot pathogens Entries with high or
intermediate resistance levels are sequentially evaluated at
the primary site to verify their disease reactions and/orat
secondary field sites or 1n the glasshouse to wdentify more
stable and widely based sources of resistance effective
against different regional populations of each pathogen
This disease resistance strategy allows the Bean Program to
identify and then distribute agrenomcally desirable
resistant matenials for further testing on an international
basis 1in formal nurseries such as the International Bean
Yield and Adaptation Nursery {IBYAN}and International
Bean Rust Nursery (IBRN) or mn informal nurseries upon
request by collaborators and out posted CIAT staff

The value of this regional testing for identifying more
stable resistance to rust angular leaf spot and anthracnose
15 apparent in Figure 5 which dlustrates the degree of race
and site specific resistance that was eliminated m the 1979
VEF/I980EP test Subsequent international testing
schemes such as the IBRN further confirm stability of a
resistance source or alert programs to the presence of races
that differ from those available in Colombian screening
populations Table 12 summarizes the international
reactions received 10 date for vanous entries submitted to
the 1979/ 1980 IBRN based upen their rust reactions 1n the
previous 1978 VEF 1979 EP regional trials in Colombia
Anthracnose and angular leaf spot resistant germplasm
identified i Colombian tnals will also be increasingly
tested on an international basis 1n order to 1dentify more
stable disease resistance for use by collaborators and CIAT
workers
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10 - - 1978 32 bush bean lines involving five different sources of
a) b) ) resistance were developed for Brazil and Mexico Now that
more and better sources of resistance are availlable and
since hybrid lines from this project also carry resistance to
- 7 | | BCMYV bush bean crossing activity in 1980 was expanded
/ to include commercial grain types for Argentina and the
: % Andean highlands Also up to three parents have been
P - / crossed together with the objetive of combining umque
_ sor % L o sources of resistance i representative commercial types
U
- é In the chmbing bean breeding program germplasm
/ selected from 1979 evaluations was advanced to multiloca
25} % - - tion yield trials and separately tested under controlled
/ conditions for resistance to anthracnose and bean common
% mosaic virus {BCMV) Dhsease reactions given in Table 13
4 '/ indicate a high frequency of resistance to anthracnose
e C e — el among the selections High levels of natural infection were
- E iz - o 3 present 1n the field especially in ICA La Selva The levels
E o g & g ; of resistance to BCMV were much lower and all resistant
. s e o, ® _ o matenal had erther black or white grain color
R 1t
VEF O El 2 The modified backcrossing program itiated 1n 1979to
Fes S R 1 n fI05b . th 19798 T mN incorporate resistance to both anthracnose and BCMV
(VEF) dth 1980P Im 1 {(EP}t p theg 1D into high yielding cimbing bean accessions was extended
b St d to include 1n addition to Cargamanto two red seeded
JA gul lef pot b)Ru ) A th highland adapted hines ICA L 32980 M(4) and ICA L
32980 M (8) and two Peruvian highland varneties (canarios)
1bl 12 Ist ¢ nlBa R 1N  y(BRN)pei mne f  Apcash 143 and Compuesto |1 The program was imtiated
CIAT g mpl m 1 tedf ut eat P using Cornell 49 242 as the donor parent for BCMV +
g dt 1 Clomba anthracnose resistance but this source has now been
superseded by three climbing bean breeding lines V7917
Ety R tert Rut at ng V7918 and V7920 These are resistant to BCMV and at
1978 VEF d 1979/1980 IBRN
1979 EP R ; 3 least six races of anthracnose including those known to be
virulent to the Cornell resistance source (as determined 1n
Pnt N 650 the collaborative program with IVT the Netherlands)
{(§ ptbl From the backcrossing program with Cargamanto 57
h k) 5 ptbl I 0 17 progentes from double resistant plants are in yeld trials
BAI 445 It md 1t 11 7 ]
BAT 256 It md 1t 14 3 t
BAT 76 Lt md 1 15 3 0 Tbol 13 Freq y f sta t tha adbea cmm
BAT 332 Re tat 1t 4 3 mosa ¢ sdt ted by o lto de o tolld
BAT 93 R t t 12 6 0 dt n nosel t f m Imb gb g cmplasm
BAT 26l Rt t 13 5 0 ¢ aluat s
Plm n p t mh fH g mbe fIBRNloct Bra | 3 D N f D se rea t f qu cy (%)
Clmba $Dm Rpbl IE d LM 2P IRpbH .
;Ohm ]I] med I;;J Ed‘;:blj tstd R I 1 S
Atha 58 19 28 19 34
Anthracnose Emphasis has again been given to Be mm
identifying sources of anthracnose resistance broader than m r 57 14 86
those found in Cornell 49 242 (G 5694) More than 50 bank
A h R Imdrtly tz 1 hypoe yt 1
accessions are i the final stages of evaluation and L md p bl hyp il S usc ptbl
punfication From a himited number of crosses made 1n B mm  m esFl d dNY13 R mw S scep bl
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Angular leaf spot Crossing activities were intensified
m 1980 when six new parents resistant to Colombian
isolates of angular leaf spot were 1dentified All hybnd
matenals 1ncluding 19 experimental lines developed from
the crosses nvolving line A 21 were transferred to this
project However it was learned that in Costa Rica A 21
was among the most suscepible matenals to the angular
leaf spot pathogen This information and the fact that
pathogenic vanation has recently been noted between
1solates collected from different parts of Colombia may
make breeding for resistance to this disease relatively
difficult

Bacterial Pathogens

Xanthomonas phaseoll (common bactenal blight) and
Pseudomonas phaseolicola (halo bhght)} are serious
bacterial diseases of beans They vary in pathogenicity due
to the existence of various 1solates or strains differing in the
degree they may nfect a variety Some researchers feel that
halo blight pathogenmic vanation actually occurs from
pashogenic races that differenuially infect sources of
resistance Work 1s currently underway at CIAT to
characterize the pathogenic potential of Colombian
collections of halo blight and to determine whether this
variation 1s caused by races or simply by 1solates possessing
different degrees of virulence as 1s the case for common
bactenal blight

CIAT's common bacterial bhight research has concen
trated its efforts upon identifying and incorporating high
levels of foliage resistance into agronomucally desirable
germplasm based upon field and glasshouse inoculations
with the single most highly virulent 1solate of X phaseol
previously collected at CIAT Emphasis 1s then placed
upon progeny verification of this fohiage resistance and
upon 1mproving the level of pod resmistance to reduce
potential seed transmussion of the pathogen The frequency
of resistant entries n the 1979 and 1980 VEF tnals
reported m a later section clearly indicates the progress
obtained Future efforts will emphasize incorporation of
resistance into small seeded brilliant reds and opaque
cremes as well as increasing leafhopper resistance in
bhght resistant populations

Research was recently conducted to determine the
effectiveness or stability of resistance sources and progeny
when moculated individually 1n the glasshouse with a range
of X phaseoh or X phaseolivar fuscanssolates collected
from different regions of Colombia and the world Figure 6
illustrates the response of materials with different levels of
resistance ranging from that of the resistant check (P 1
196932 an accession of P acutifolius) to that of the
susceptible check (Porrillo Sintetico) The figure clearly

—_

demonstrates the advances that ClAl has made 1n
improving the level of resistance in our breeding lines
(resistance derived from the matenal from the USA which
came originally from an interspecific cross between P
vulgaris and another accession of P acutifolus) selected

upon their response to CIAT's single 1solate (X P 123)
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The figure also iiustrates the extent of pathogenic
variation that 13 inherent within collections of X phaseoh
(XP) and X phaseolt var fuscans (XPF) 1solates lsolate
XPF did incite more infection than XP 123 Therefore
disease resistance strategy will continue to be based on
screening with the most virulent isolate However the
overall stability of advanced resistant selection to collec
tions of X phaseoli X phaseoli var fuscans and
eventually other pathogenic spectes of Xanthomonas will
also be momtored routinely

Halo blight Fifteen advanced Lnes for halo bhght
resistance were developed from older crosses of G 2858 and
Aete 1/37 the two sources of resistance to this bactenal
disease Currently however emphasis i1s on seeking better
sources of resistance and transferring available levels of
resistance into grain types for the Andean lughlands and
the sem: and temperate regions of Mexico

Resistance/ Tolerance to Insect Pests

Emphasis in 1980 continued to be directed to identifying
potential parent materials for use n strengthening
resistance levels against the leafhopper The screeming
methodology was modified to provide more accurate
assessments of resistance levels expressed 1n yield tnals
Basic studies were begun on resistance mechanisms against
the sprder mite

Leafhopper

Germplasm evaluation Almost 4000 matenals from
various nurseries were evaluated for resistance to the
leathopper (Empoasca kraemer1) 1n 1980 Only 1| 3% of
these were rated as resistant (less than 2 on a 1 5 visual
damage score basis) most were utilized as parents in the
recurrent selection program to 1ncrease resistance levels
No resistance sources were identified among 128 wid P
vulgaris entries a few selections were made from
interspecific crosses between P vuligaris and P coccineus
and m studies related to the hentabiity of Empoasca
resistarice in P lunatus

New non black entries were included 1n the international
Empoasca resistance nursery Updated versions of this
nursery were sent to Brazl the Dominican Republic
Guatemala Honduras Mexico and Peru for further
evaluation

Analyses of yield trnials Disappointing results were
obtained last year in a yield tnal to assess progress in
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Empoasca resistance after two cycles of recurrent selection
and intermating (CIAT Bean Prog 1979 Ann Rept)
Accordingly a series of yield tnals were planned to
examine among other factors the potential interactions
between planting date and resistance expressed by yield
losses

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

Based on these results selection procedures utilized 1n
breeding for Empoasca resistance were modified thusly (a)
potential parents wouid be selected based on visual damage
scores and yeld loss (b} individual selections 1n the Fj
would be done on a visual score/ reproductive adaptation
basis (c) F3 nursenes would have as many replications as
possible and families would be selected for their low visual
damage scores and good reproductive adaptation scores
and (d) replicated tnals would be done 1n the earhest
generation possible they are now being done 1n the Fy
stage In addition tnals will be repeated at least twice per
season since a significant genotype X environment
interaction was detected

Twenty-eight F3 families from the third cycle of
intermating were then yield tested at the F4 stage Under
heavy infestation (5 8 nymphs/leaf and 3 8 adults/plant)
sigmficant progress was detected (Table 14) Thus non
black materials such as EMP 81 EMP 90 EMP 83 and
EMP 89 not only have a good yield potential when
protected but also are sigmficantly superior to the
susceptible checks Bunsi and BAT 41 in terms of reduced
yield losses Insect counts again did not correlate with
percentage yield losses whereas the rank correlation
coefficient between unprotected yield and percentage yield
loss (ry = 0 77) was sigmificant at the 19% level Interms of
unprotected yield the difference between the susceptible
check (BAT 41} and the best material (EMP 81) stresses the
importance of this parameter for selection (Figure 7)



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

The Empoasca breeding project continued this year into
the fourth cycle of intermating Under very high insect
infestation (14 0 nymphs/leaf and 8 9 adults/plant) 232
individual plants were selected from 123 F; populations
Secondary emphasis was placed on non black non
mulatinho commercial grain types having resistance to rust
and bactenial blight lLeafhopper resistant progenes of
other commercial grain colors are now available
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Durning this expeniment significant differences were
found among nymphal and adult populations (Tabie 15)
This suggests the possibility of further studying the
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Spider Mites

After developing a reliable screening methodology for
spider mites (CIAT Bean Prog 1979 Ann Rept ) more
than 500 matenals were studied under field conditions Of
these 81 were selected for further screening and five were
used to study the possible mechanisms of resistance to
Tetran) chus desertorum ln the laboratory the total life
cycle of T deseriorum lasted t wo days longer (12 26 days)
when reared on the resistant material BAT 93 The
oviposition pattern and adult longevity were also
significantly affected by this matenal
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Total mortality on BAT 93 was 309, lugher than onthe
susceptible check 1CA Pyao These results which have to
be confirmed both under greenhouse and laboratory
conditions suggest that antibiosis might play a role as a
resistance mechamism to T desertorum on beans

Yield and Plant Architecture

A general reduction in fohage size mternode length and
pod size is being sought across the three growth habats of
bush beans The objective is toincrease thenumber of pods
and seeds per plant two characters highly associated with
grain yield Forty hines were developed {from crosses made
i 1978 in some of them it was possible to transfer the
principal architectural traits mentioned above into BCMV
resistant hines with better grain types While none of these 1s
excepuionally high yielding all are better than the original
base parents It s hoped thatthese could be directly used by
national programs or as parents in crosses to maximize the
yield potential of commercial cultivars and further improve
specific character expression

Among the lines showing one or more positive
charactenistics are lings A 55 and A 56 with suppressed
branching and erectness A 132 and A 133 with short
mternodes A 199 (type I) with 10 or more nodes on the
main stem and hines A 64 to A 68 A 152 157 and A 201
with a combination of small follage short internodes and
erect canopy

Tolerance to Moderately Acid Soils

The screeming methodology for selection of matenals
efficient in using low soil P and tolerant to moderately igh
levels of soil Al and Mn has been described previously
{CIAT Ann Rept 1978 and CIAT Bean Prog 1979 Ann
Rept )

During late 1979 the breeding lines which had been
tested for yield in the 1979 EP were tested for Pefficiency
Yields were generally high ranging from 700 to 2300 kg/ ha
in low P plots and from 900 to 3100 kg/ ha in high P plots
Nevertheless the screening method still permitted dis
tingwishing between efficient and mnefficient matenals

Sumlar to last years results the 10 matenals most
efficient 1n using low soil P and tolerant to moderately
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acid soils were all black or non red mmseed color(Tables
16 and 17)

Lines such as EMP 28 BAT 458 and Carioca were
among the 10 best 1n the combined evaluation for tolerance
to acid soils (Fig 8) Last year s report that plants efficient
in using low soil P were not necessarily tolerant to
moderately high Al and Mn was confirmed
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the tole ance to mode telya d olcondit ns

Stress levels for evaluations One efficient (G 4000) and
three inefircient matenals (ICA Pyao Diacol Calima and
BAT 54) were compared at eight levels of applied P
fertilizer {from O to 1600 kg P;0s/ha) The experiment
was done nearby and on a soil ssimilar to that at CIAT
Qulichao

All matenals responded to additional P Twenty one
days after germination efficient plants looked smallerthan
inefficient ones but at flowering time efficient plants were
shghtly more vigorous especially 1n stem development
Measurement of leaf and stem weights 21 days after
germination and at flowering confirmed this pattern of
development 1n both types of plants Total leaf area index
(LAl) showed litle difference between efficient and
ineficient plants at lower P levels but above 200 kg P, 05
/ha effictent plants produced shghtly higher LAIls
Vegetaive growth cannot therefore be used as a
parameter for distinguishing between materials that are
efficient or inefficient 1n utihzing soil P

Within the stress range at the expenimental site (0 to 75
kg P; 0s /ha) the efficient hne G 4000 outyielded the
inefficient ones (Fig 9) Dacol Calima yielded similarly to
G 4000 at the two lowest levels of applied P This may be
explained by its large seed size which supplies sufficient P
from the cotyledons during early growth large seed size 15

common 1n many Laun American commercial vaneties
Yield differences at the lowest P levels are very small
However between 50 and 75 kg P> 0s [ ha yield differences
are large enough for selection The yield increases up to 800
kg P2 05 /ha indicate that the unstressed level of 300kg P; |
0s set in previous screenings still permits a response to
add:tional P fertulization
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P content and absorption in bean plants Increasing

the rate of P fertithzation increased the P content 1n leaves
stems pod walls and seed of efficient and nefficient plants
21 days after germunation at flowening and at physiclogical
matunity No significant differences were found in P
content and P absorption between the two types of plants
but a consistent tendency was observed At 21 days after
germunation efficient plants had more P in the leaves but a
lower P absorption Phosphorus content and P absorption
were higher 1n stems of efficient plants at flowering and at
physiological matunity In the pod wall P content and P
absorption were the same m both types of plants And in
the seed P contents were the same but P absorption was
higher 1n 1nefficient plants It can be concluded that
materials efficent at low levels of soil P (<75 kg P;Os/ha
applied) absorb less P but produce higher yields than do
mefficient matenals (Fig 10}
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Breeding to improve tolerance to moderately acid soils
All of the 22 advanced lines developed from crosses made
in 1978 are of Brazihan grain types similar to Carioca or
Mulatinho (see Table 4) A few of them are lines derived
from crosses in which both parents were tolerant to low soil
P More extensive hybrnidization 1n this project has been
delayed unul lnes from the earher crosses have been
thoroughly evaluated in CIAT Quilichao and CIAT
Popayan to measure advance under selection New crosses
made 1n 1980 were designed to combine tolerance to low P
with resistance to anthracnose angular leaf spot and
common bacterial blight

Tolerance to Water Stress

Screening for drought tolerant lines coninued 1n 1980
using the two criteria percent yield reduction and the
summation of the canopy temperature differential
(£ AT°C) duning the period of stress

In the past the soil varation found in the field has
caused problems A lhinked randomuzed block design was
used in the field to ehminate this vaniation

Table 18 PR 1| ulg h ¢ xhib ting drought tol  ce acc d ng to perce tagey Id educt andthe cc m lated m fth py
temp rature d ff re tal (EAT°C)
Id ntif cat Y Id (kg/ha} Yud Ra k
Ct] ud dt Y 1d ed
d ught () IATC /) EATC

G 5743 2389 2310 33 289 i 3
A 54 2644 2202 133 327 2 8
BAT 336 2519 2028 195 36 7 t0
BAT 258 2411 1844 235 310 12 7
A 27 2987 2126 288 279 18 2
BAT 131 1932 1391 280 255 19 1

Ra g 33937 255123 | 1216 1216
LSD (oon 256 314

S mm f 23d 7y f tress
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Whith the aid of the Agroecological Studies Unit a
computer program was devised for this expenimental
design to allow for the screening of a large number of lines
The design ehminated 16% of the sol vaniation normally
found in this field Results for the hines that proved to be
drought tolerant are presented in Table 18

Factors associated with yield reduchon  An expen
ment was conducted at CIAT Palmira to determune the
causal factors associated with yield reduction due to
drought stress [nformation was sought to aid inevaluating
populations segregating for drought tolerance

Ten hines varying in their tolerance to drought were
planted so that they flowered at the same time Irngation
on the stress plots was withheld for 15 days starting at
flowering Physiological data were recorded weekly during
the entire period of plant growth

The results for the ten lines are shown listed in order of
ascending yield reduction (Table 19) In this table all
figures shown are differences between controlled and
stressed plots expressed as percentages A general
reduction of LAD almost equally over all hnes was
possibly responsible for a basic reduction in yield of not less
than 30% In some hnes the reduction was much greater
than this and the yield depression in excess of that
proportional to LAD varied greatly between hines from
zero in ine BAT 66 toa 33% extra reductionin G3776 This
variation 1n the ability of the canopy 1o preduce under
stress would appear to be genetically determined and could
possibly be exploited in the breeding programs

Table 19 shows the lnes hsted by ascending yield
reduction with the percent reduction between control and
drought plots and selected morphological components
For all Lines leaf area duration (LAD) was reduced by the
stress treatment however genetic diversity did exist
between the hnes Yield loss was highly correlated with
both reductions of LAD (R2=096) and vield/LAD (R?
0 93) the latter being a measure of leaf area efficiency The
data suggest a strong effect of drought stress on
photosynthetic efficiency and senescence

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

Since yield/ LLAD measures leaf area efficiency 1t givesa
good estimate of the residual effects of other physiological
and morphological components affecting yield reduction
due 10 stress Yield per LAD was highly correlated (R2
0 91) with the ZAT of the canopy The value of ZAT 1san
index of the stress received by each stressed plot during the
stress period (CIAT Ann Rept 1978) The major
morphological components affected by the decrease in leai
area efficiency are the number of pods containing seed
grain growth rate (GGR)and seed weight Grain growth
rate decreased from 10 5 to 8 5 for the tolerant hne and
from 16 5 1o 5 for the susceptible line (Fig 11)

These data further confirm the effect of drought stress on
photosynthetic efficiency and possibly photosynthate
partitioning
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It 1s interesting to note that even though crop growth rate
1s affected by drought stress 1t does not greatly affect the
reduction in leaf arca efficiency (yeld/ LAD) Thisisdueto

t (g/m p dy)
=

g wth

Dy ft

m ge ¢

Cot | mmm Stre d --

g I ¢ g h I doughtt i nt
us p bl | S Phaseolus ulgaris

D ughttd t (BAT 83)
b) D ughtsus pi bl (G 3776)

d d ught

the high genetic diversity for GGR that exists in the
germplasm

Variabihity from Interspecific Hybridiazation

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

Viablity and fertility in the F) generationwere discussed
last year (CIAT Bean Prog 1979 Ann Rept) Important
factors were the subspecies of P coccineus involved 1n the
cross (Fy s of P vulgaris x P coccineus subsp polyanthus
crosses are more viable and more fertile compared to F| s
of P vuigaris x P coccineus subsp coccineus) and the
combination of parents

This years results confirmed those conclusions for the
F3 generation This generation 1s charactenized by a very
important segregation for both viability and fertility Data
i Table 20 show that germination was lower than for
mtraspecific matenals and some of the plants did not
produce any seeds (either because they did not reach the
flowering stage or their flowers remained sterile) The
proportion of seed producing plants was higher in the
vulgaris x polvanthus Fp s but vanation existed according
to the combination of parents especially in the vulgans x
coccIneus progenies

Seed production also varied considerably according to
the type of cross (vulgaris X coccineus vs vulgaris x
polyanthus) and the combination of parents (Fig 12) On
the average wvulgaris x polyanthus F> s were about five
times more fertile than vuigaris x coccineus F; s In some
progenes very fertle plants were observed (Fig 12)

In previous tnals the size of the F; populations had
always been quite low Efforts were therefore made to
increase the production of F; plants Manual self
pollination (1 ¢ tnpping of flowers to place pollen grains on
the stigma surface) was known to sigmficantly increase
production of Fi s (CIAT Bean Prog 1979 Ann Rept)
An additional increase was obtained by planting F, s
directly in the field at very low densities {(1x 1m) instead of
1n the meshhouse Increases ranged from six to eightfold
for vulgans x coccineus progeny and from four to
thirteenfold for vuigaris x polyanthus crosses

By combiming manual self pollinations and field
planting abundant seed production was abtained for some
combinations of parental genotypes Large F2 populations
will allow more meaningful assessments of potentials of
these interspecific crosses
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Vanability of progeny Research also continued on the
vanability generated in progemes Preliminary results
suggest a strong differential selection against coccineus
characters The intensity of this selection seems to depend
on the combination of parents involved On the other hand
plants which showed a higher number of coccineus
characters produced less viable and less fertile progeny
compared to plants with a lower number of coccineus
characters

An additional potentially useful character—a long
hypocotyl and epicotyi— was observed and tested This
character 1if associated with lodging resistance may reduce
disease transmission from soil to fohate thereby reducing
yield losses from pod rot This material 1s an example of
novel vanation as neither parent expressed this character
with the same intensity

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

Nitrogen Fixation

Breeding for enhanced N, fixation in agronomucally
acceptable bush bean cultivars was imtiated 1n 1978 In
1980 two further cycles of glasshouse selection and
intermating were undertaken and field evaluation of F,
F3 and F4 matenals was imtiated at Popayan and CIAT
Quilichao

In the glasshouse phase 202 new crosses were made 1n
1980 Many of these were between hybrid matenals active
m N3 fixation and agronomucally promising but not
necessarily active Na fixing lines from the EP nursery To
facilitate the introduction of these new gene sources mnto
the population developed for N; fixation the EP hines were
planted one week after the other materials grownin N rich
soil and always used as the female parent incrosses A total
ot 114 hnes from single plant selections among F; and F;
populations at ClA1 Quilichao and Popayan are being
evaluated for N3 fixation and resistance to anthracnose
Confirmation tests for BCMYV resistance showed that all
except six lines were resistant to BCMV

Nutritional and Quahity Factors

The Food Quality and Nutrition Laboratory evaluates
bean quahty (nutntional value and consumer acceptance
factors) of all matenals of interest to the Bean Program
Screeming for bean quality has explored the following
factors protein content water absorption coocking time
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broth thickness flavor storability and overall consumer
acceptance In addition to monitoring quaiity factors of
beans selected for advanced testing research emphasis
duning 1980 was on the problem of hard seed coat
development n poorly stored beans and on the
methodology of conducting himited consumer preference
surveys The applicability of bean flour as a component 1n
iexpensive high protein foods was also studied

Quality Evaluations

It 15 1mportant to combine quality factors such as high
protein and short cooking time with selection for
agronomic factors Within the 1980 EPlines the following
tendencies were observed duning several specific studies

Selection for high yield potential did not adversely
affect seed protein content (correlation coefficient r
0 104)

Selection for large seed size was not significantly
related to seed protemn content (overa 100 seed weight
range of 142 227 g}

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

Selection of entries for mcorporation 1n the 1980
IBYAN was neutral towards both protein content and
cooking time but showed a rather strong tendency
agatnst hard seed coat which will be discussed later

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

Effects of storage ttame and temperature A group of 30
such freshly harvested lines (all color classes) was tested for
quality factors within seven days after harvest and also
after bewng stored eight months at about 25 C 1n sealed
laminate bags to maintain seed moisture at 12% A second
group of 50 hnes was tested within seven days after
harvesting and then every seven days (up to 49 days) while
stored at 40 C For nearly every line studied the cooking
time for freshly harvested material was 30 minutes After
beans were stored eight months cooking times ranged
from 30 to 70 munutes

The vahidity of the accelerated storage test developed last
year was shown 1n these studies (CIAT Bean Prog 1979
Ann Rept) A hne which developed a cooking time of 115
munutes during 49 days storage at 40 C had a cooking time



of 100 minutes after eight months storageat 25 C(Fig 13)
Lines that increased in cooking time to 70 minutes after
accelerated storage had cooking time of 60 minutes after
eight months of normal storage An intermediate group
was found to have cooking times of 90 100 minutes after
accelerated storage and of 70 minutes after ionger normal
storage The cooking time determined after 28 days of
accelerated storage was an excellent predictor for cooking
times after long term storage It 1s proposed that this
standardized test be used on all lines to estimate cooking
times likely to be found in common commercial marketing
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The effects of storage time and storage temperature were
studied on a group of 50 1980 EP lines maintamned at 12 C
and 30 C for two and four months respectively Seeds
stored at 12 C (at 12% moisture) had only small increases
{from 30 to 34 or 35 munutes) in cooking time even after
four months storage Seeds stored at the higher
temperature (and 12% moisture) showed nearly doubled
and tripled cooking times at two and four months
respectively

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

varietal differences in flavor predominate The correlation
between flavor and presence of hard seed coat was strongly
negative (r=-0611) for materials where quality had
detenorated markedly It was not possible to separate
clearly the factorof texture in the cotyledon from texture in
the seed coat so that the expected positive correlation
between cooking time and presence of hard seed coat was
not observed

Water absorption The vanious measures of bean quality
tested at CIAT have been found to be essentially unrelated
(Table 21) The exception was for water absorption during
the imal four hour soaking period and subsequent
cooking ime 1n the case of 30 1980 EP lnes carefully
stored as freshly harvested seed the correlation coefficient
was -0 564 for these two factors For the group of 160 1979
EP materials a multiple regression analysis indicated that
67% of the variation 1n cooking time was due to imtial
water absorption Both water absorption and cooking time
are related to starch emphasizing the role of starch
structure in the cooking properties of beans For this same
group of maternals neither seed size nor seed color
significantly affected cooking time
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Hard seed coat The effect of hard seed coat (not a
starch related phenomenon) on water absorption by the
bean during the imtial four hour soaking period 15
considerable one line with hard secd coat absorbed 40%
less water than eight normal lines In another group of
matenals stored eight months average water absorption
{measured as the percentage of seed dry weight) for seeds
without hard seed coat was 59% while for hard-coated
seed 1t was 219% Neither protemn nor seed yield was
significantly different for those two groups of matenals
Reduction 1n water absorption 1s now considered the most
sensitive measure of hard seed coat since this character s
somew hat diluted out during the cooking test and cannot
be determined precisely in the mouth
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From present understanding changes 1in cooking time
and water absorption that occur 1n a bean seed during
storage may be summanzed as follows

Stage | {freshseed) where cooking time s very nearly the
same for most varieties and 1s independent of water
absorption Stage Il (intermediate) in which cooking
time increases and becomes correlated with water absorp
tion and Stage 11l (seeds with hard seed coat) where
cooking time reaches a maximum and 15 no longer
correlated with water absorption

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

While not studied extensively treating seeds with ecible
oils (to reduce storage insect infestation) had a marked
influence on water absorption Seeds treated with either
maize or soybean o1l retained or increased their imtial level
of water absorption over a 49-day storage period at 40 C
Non treated seeds lost 45% of their ability to absorb water
In this sense o1l treatment has eliminated the development
of hard seed coat 1n the variety studied Unfortunately ol
treatment did not reduce the cooking time for this vanety
(110 minutes after 49 days accelerated storage)

Presently the standardized tests for bean quality have
been well characterized and can be recommended for
routine wse n any qualty evaluation program The
procedure 15 summarized in Figure 14 Based on ex
periences 1 the CIAT Food Quality and Nutrition
Laboratory one technician could perform over 1200 of
these tests per year
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Consumer Surveys on Bean Utihzation

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

Two surveys were made 1n Cali and Medelln
Colombia covering 450 houscholds representing abeut
2500 persons Supplementary surveys at supermarkets and
small local markets were also made to gain a clearer idea of
buying habits for beans

Surveys were based on background information and
previous experience made availlable by the marketing
group of Productos Quaker in Cali The surveys were
conducted within three socioeconomic strata of the
population The huigh medium and low strata compnsed
I5 35 and 50% respectively of the sampling population
Surveys were done in urban areas previously characterized
for socioeconomic factors

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

The main results of the surveys are given 1n Table 22
Distinct cdifferences were evident between consumer
preferences in Cali and Medelin In Medelin the
Cargamanto variety is preferred almost exclusively and
beans are eaten more than twice as frequently as 1n Cah
even though more people thought beans were expensive In
both cities people eat beans because they hke them
although a large fracuon of people in Medellin recognized
beans nutritive value Beans are usually eaten as a soup
with other ngredients Most households prepare beans in
pressure cookers usual cooking times reported were one
half to one hour

The factor that seemed to hmit bean consumptionn Cali
(and even in Medellin where beans are eaten by many
people every day} 1s that people hke to vary their diets
Some said that if other bean recipes were available they
would try them Many housewives indicated they would
like to try new bean products such as flour (40 and 70%
positive responses in Cali and Medellin respectively)
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Such surveys can be carried out by a group of six
mterviewers (university students were used 1n these cases)
plus one supervisor Four days were required after imtial
planning organization and tramning Such survey methods
are directly applicable to other areas it 1s hoped that
national agnicultural programs will utilize these methodsto
gain a clearer picture of bean consumption and preference
patterns

Bean Flour Development

Studies are under way in the Food Quality and Nutrition
Laboratory to study the feasibility of using bean flour as a
substitute for defatted soy flour 1n a low-cost nutritious
product suitable for subsidized child feeding programs
The product Colombianina fashioned after the famous

Incaparina but based on rice and soy was introduced to
Colombia 1n February 1978 as a part of the Plan Nacional
de Alimentacion y Nutricion (PAN) The Laboratory
began tests on a nce and bean flour product called
Nutribueno formulated to optimize the nutritional value
of 1ts two components for protein content and amino acid
balance For comparative purposes 100% bean flour was
also used 1n the product testing

The two cereal legume products Colombianina and
Nutribueno were 1mtially tested i vanous recipes for
flavor texture and appearance (including color) Inbreads
bunuelos and coladas there was no significant difference
between Colombiarina and Nutribueno However
recipes made from bean flour either at the 10 15% level in
breads and bunuelos or at the 100% level n coladas
generally received higher scoies especially in terms of
flavor Studies were then directed to the question can bean
flour be utihzed n a wide range of recipes as a low cost
source ol protein (lable 23) that enhances flavor and
hence consumer acc ptamhty?

At the present tme bean flour 1s potentially a lower cost
source of protemn than the other high protein flours in
Colomba (Table 23) Rice s a relatively expensive source
ot protein although second grade rice can be used for
Colombiarima and Nutnibueno Because of its relatively
poor protein quahlity (amino acid balance) bean flour 1s
more expensive on the basis of a kilogram of balanced
protein than either of the cereal legume flours (but not
wheat) However since these products are eaten in
conjunction with other foods which tend to balance the
overall amino acid composiion of the diet the more
important consideration here 1s cost per kilogram of
protein and here bean flour 1s clearly less expensive
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GERMPLASM DEVELOPMENT AND EVALUATION SCHEME USED BY THE BEAN PROGRAM OF CIAT
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Appendix A

Description of Phaseolus vulgaris L Growth Habits

Type ! Determinate growth habit reproductive ter
minals on the mam stem with no further node production
on the man stem after flowering commences

Type II [ndetermunate growth habit vegetauve ter
minals on the main stem with node productionon the main
stem after flowenng commences erect branches borne on
the lower nodes of the main stem erect with relatively
compact canopy vanable gmde development depending
on environmental condstions and genotype

Type Illa Indeterminate growth habit vegetative
terminals on the main stem with node production on the
main stem after flowening, relatively heavily branched with
variable number of facultatively climbing branches borne
on the lower nodes variable mamn stem guide development
but generally showing chmbing abihty

Type HIb Indeterminate growth habit vegetative
terminals on the main stem with node production on the
main stem after flowering, relatively heavily branched with
variable number of facultatively chmbing branches borne
on the lower nodes variable main stem guide development
but generally showing chimbing ability

Type 1V¥a Indeterminate growth habit vegetative
termmals on the main stem with heavy node production
afler flowering commences branches not well-developed
compared to mam stem development moderate chmbing
abiiity on supports and pod load carned evenly along the
lenght of the plant

by

-

Type IVb Indeterminate growth habiat, vegetative
terminals on the main stem with heavy node production
alter flowering commences branches not well<developed
compared to main stem development strong chmbing
tendency with pod load mostly borne on the upper nodes of
the plant

Notes The growth habit classification has been
expanded for the chmbing types since the 1977 Annual
Report Type lllmatenals with some tendency to chimbare
now recognized as Type [1Ib and Type 1V has been divided
on the basis of vigor and pod distribution

The most important distingwshing features of the
growth habuts are as foliows terminal raceime on mainstem
for Type 1 indeterminate with erect branches for Type 11
mdetermmate with prostrate branches for Type 1lla
indeterminate with sesmi-chmbing main stem and branches
for Type Illb indeterminate with moderate chimbing
ability and pods distributed evenly up the plant for Type
1Va indeterminate with aggressive chmbing abiity and
pods carried manly on the upper nodes of the plant for
Type 1Vb

Growth habit 1s not necessanly a stable charactensic
since changes in growth habit may occur from one location
to another lhe classification of growth habut for a
particular penotype is only usefulin a defmed environment
particularly with regard to climbing ability
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Appendix B

CIAT Accessions of Phaseolus Referred to in this Report

CiAl No Id nuficauon Local register Source?
G000s7 Swedish Brown Pl 136735 USA
G00076 Red Kloud USA
GU0118 Forty Days Pl 162566 USA
G00124 Pl 163372 USA
GOU159 Cal Fasulya Pt 165078 USA
G00489 Raytal Pl 175269 USA
GOD6R? Windsor Long Pod P1 182026 USA
GO1507 Opo de Cabra Pl 281988 USA
G01820 Negro Jamapa Pl 309804 USA
G01854 Nima P1 310512 USA
G02005 P1 310739 USA
002006 P1 310740 USA
G02047 P1 310805 USA
G02758 Morada del Agua P1 311904 USA
G02333 Colorado de Teopisca P1 311998 USA
002525 Magdalena 3 P1 313624 USA
G02618 Col No 168 P1 313755 usa
GO2858 Zacaticano Pl 319665 USA
G02959 Pecho Amanllo GTA-04 GTA
G03353 Puchla 152 MEX
G03607 CCGB-44 1-462 VNZ
G03645 Jamapa 1810 VNZ
G03652 Puebla 152 1-820 VNZ
G03658 Mexico 27N 1-867 VYNZ
G03776 Venezuela 2 11062 VNZ
G03807 Brasil 2 Pico de COro F 1098 VNZ
G03834 51051 11138 VNZ
G03942 Mtichelite B-33 CRA
G04000 NEP Bayo 22 C286 __ CRA _ o
G04122 S 166-A N N 555 CRA
G04393 Tlaxcala 62 C MEX
G04421 5-630 B -63 CRA
G04434 Antioguia 11 Pl CRA
G04435 Diacol Cahma P 146 CRA
G04445 Ex R o 23 CLE
04446 Ex tuebla 152 Brown Seeded MEXN
(4449 Pinto Ul {14 USA
Go4451 9 Al2 usa




Appe d x B (comt  ued)

CIAT No Idenufication Local register S&l.xrce
G04452 ICA Gual CLB
G04454 ICA Tu CLB
G04459 NEP 2 CRA
G04460 Pompadour 2 CRA
G04470 ! ompadour DOM
GO4482 Zamo ano 2 HDR
G04489 Gutapa 72 GTA
G04494 Diacol Cahma CLB
G04495 Pornlio Sintéico HDR
G04498 Santlac USA
G04503 Widusa FRC
G04505 Top Crop USA
G04523 Linea 17 CLB
G04525 Linea 32 CLB
G04727 Ancash 66 PER
Gu4glé Mulaunho BZL
GO4R21 lguacu (Lote 4) BZL
G04824 Roxfio BZL
GO4825 Carnioca BZL
GO4830 Rio Tibag: (Lote 10) BZL
G04978 Amanda — NLD
G05158 Bico de Ouro 1445 BZL 905 BZL
G05270 Sataya 425 MEX
G05653 Ecuador 299 ELS
G05694 Cornell 49 242 USA
G05702 Cargamanto CLB
GO05708 Sangretoro CLB
G05743 Preto 897 ATL
G05745 Redlands Greenleaf B ATL
G05768 Pinto No 650 USA
G05773 ICA Pyao CLB
G05897 Flor de Mayo MEX
Go6361 Great Northern USA
G06520 AETE 2 CA 2| UTK
G06719 Jubila NLD
G06721 Double White NLD
G07932 Nahuwizalco Rojo ELS
G07951 Aroana BZL
G09446 Imuna FRC 542 FRC
Gli249 Pinto IVT 771004 NLD
Gli1274 Brasil 343 Mulaunho IVT 77039 NLD
G11488 CENA 1642 CM CM ¢(i2 B} F5 BZL
Gl2631 Ancash 143 PER
Gl12709 Mortino Saifindo 45 CLB
G13497 AETE 1/37 BZL
G13499 Petro 132 BZL
Ih ¢ od oess th  mbe assigned tbyth ge mplasmba k f h CIAT Genet R so reeslU 1t BAT A EMP
BAC DOR dV odesbel g ma I mp d by CIAT Be Pr gram
AlL A I BZL B 1CLB Cimb CRA C t Rxa DOM Dom ca Rep blic ELS EISal d FRC
Fra GIA ¢ ml HDR H dm MEX M PER Peru UTK U edK gd m VNI V nec uela
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