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Germplasm Screenmg and Genetlc lmprovement 

Germplasm CoUectJon and Preservat1on 

The Geneuc Resources Umt of CIA T has the respon 
s1b1hty for collectmg evaluatmg conservmg mamtammg 
and d1stnbutmg germplasm of Phaseolus spec1es 1 n 
cooperatwn Wlth the Bean Program 

Acqwsttion of Phaseolus Germplasm 

Durmg 1980 the Phaseolus germplasm collecuon of 
CIA T mcreased to 30 692 samples Wlth the addlllon of 
1475 accesswns th1s year In add1t1on to the fourculuvated 
spec1es ( P vulgarrs P luna/IJB P coccmeus and P 
acutifoilus) the collectwn also mcludes 10 w1ld spec1es 
1denufied m collaboratwn w1th the Umvemty of 
Gembloux Belgmm The ma¡or Phaseolus collectwns of 
the Umted States Department of Agnculture and of 
Cambridge Umvemty England ha ve now been duphcated 
m CIAT as have traduwnal matenals from other banks m 
Japan Europe and other locatwns 

F1eld collecllons over the past four years have added 
numerous new matenals to the germplasm bank In 1980 
two collectwn tnps m Brazll prov1ded 338 samples of P 
vu/gariS and 55 P lunatus matenals (as well as vanous 
samples of V1gna sp CaJanus coJan and ArachlS h1pogea) 
These tnps were conducted by CIA T and the Empresa 
Braslleua de Pesqmsa Agropecuana (EMBRAPA) w1th 
fmancmg by the lnternatwnal Board for Plant Genet1c 
Resources (IBPGR) Other field collectwns have also been 
made m Peru Mex1co and Spam 

Ofthe total number of accesswns ofthe Phaseolus bank 
sorne 51% are from Central and South Amenca lO% carne 
from As1a the M1ddle East and the Far East 9% ongmated 
m Euro pe Afnca and North Amencaeach were sources for 
4% and the other 22% are from other regwns or theu 
ong.ms are unknown 

Seed lncrease and Evaluat1on 

lnsofar as poss1ble matenals of h1gher pnonlles for 
ullhzallon by the Bean Program or others have been 
muluphed aSSigned a CIA T accesswn number and 
evaluated Table 1 shows the present status of seed 
muluphcatwn mdexmg and evaluauon as of September 
1980 

T bl 1 Numbe s f Ph e 1 accessaon on ha d seed d 
d luated by the CIAT Ge tJ Re ources Urut as f 

Sept mb 1980 

Spec e N N ce ns No of N of 

f creased access ons d scnptors 
sampl and e aluated 

ndexed 

Ph ulg IS 27 404 13 495 10000 32 
Pha tus /un tus 1900 698 200 32 
Phas o/ o e u 1098 300 
Pha eolu c.ui/ol u 129 118 50 32 
W Id Phas o/us pp 73 10 

u d t f d Ph lus 

mat al 88 5 

Total 30 692 !4 626 lO 250 

Id f d p hw Pm lf p IWS p f/f m p gh 

Pm pw p ped /lo p p 1 hj p g 1 d and P parv /u. 
M h b m pe m 

Commercl81 spedes S mee 1977 considerable emphas1s 
has been g¡ven to 1mprovmg the quahty of seeds m the 
Phaseolus bank Durmg seed mcrease all matenals 
showmg vuus symptoms (1 e bean common mosa1c v1rus) 
bactenal bhght and anthracnose are rogued routmely Of 
the 14 626 accesswns now mcreased and stored m the 
germplasm bank most have been replaced wuh reccntly 
harvested seeds prov1dmg them a h1gh germmatwn 
percentage and a lower frequency of seed borne d1seases 
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Thlrly two descnptors of bean growth performance and 
seed quahties are sought dunng evaluallons f or la ter 
mdexmg Table 2 summanzes the numbers of access10ns 
for wh1ch vanous characters ha ve been obtamed Evalua 
tlon of more accesswns contmues meanwhlle a catalog 
has been completed wnh evaluat10n mformat10n for 10 000 
accesswns Jomtly w1th the Phaseolus Germplasm Ad 
v1sory Comm1ttee of IBPGR new descnptors have been 
added to provtde a more mtenstve documentat10n of the 
collect10n 

Prehmmary evaluat10n of P lunatus and P acutifoilus 
have begun and w1ll ut1hze sorne of the P vulgam 

T bl 2 T'l. mb 
CIAl P lm 
eh 

Ch te 

Day t m g 

Hypoc tyl 1 gth 

Hyp tyl 1 

Lefltl gth 

e PY h ght 

Lean t w dth 

N d tflwe g 

No ode at m t ty 
Days t flowe mg 

Fl wen g du ato 

Flowe e 1 

G wth hab t 

PI t he ght 

Stem tlu kn 
N aceme pe pla t 

N pods pe plant 

Bran h gl 

Sdpepod 

Seed hape 

MaJor seed color 
Seco dary seed 

Seed bnlban 

Se d we gbt 

Yldpeplat 

Total dry matter 

Reactl n t rust 

R ct t anthracnose 

f Phascolus ul&ans e luated at 
h f JO p m ry pe fo m 

N a ce 

aluat d 

4929 
4918 
8684 
4801 

6401 

4801 

6845 
5832 
6971 
6938 
8694 
9846 
7360 
4786 
7690 
8890 
3665 
6544 

10 258 
10256 

10 256 
10 290 

9940 
4542 

4562 

2084 

Reacuon t bea comm m sa e vtrus 

10000 

10000 

4000 

8682 
React o t b ct nal bl ght 
R u tlafhppe 

Cha rsw h nsk h se ec mm ded by th Pluv lw Germplasm 

Ad ry e mm ttee m 1 te na u na! B df Pla G 

J ly 1978 
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descnptors More than 200 access10ns of P lunatus have 
been evaluated selected matenals from thts collectton ha ve 
been d1stnbuted w1dely m Latin Amenca 

Other Pha>evlw mater1als The use of sorne wtld forms 
of P wlgarts and P coccmeus for 1mprovmg crops of P 
vulgarts 1s bemg stud1ed m collaboration w1th the 
Umvers1ty of Gembloux Belg1um 

In the case of wtld P 'ulgarts sorne 336 accesswns ha ve 
been seed mcreased Of lhe 90 access1ons evaluated up to 
now for morpholog1cal and agronom1c characters none 
wa~ 1 ntere~tmg as a so urce of plant arch1tectural 
characters 

l-or d1~ea~e and pe~t reststdnce prom1smg matenals 
hdve been ~elected for the1r prom1se agamst common 
bactendl bhght (lhree dccess1ons) angular leaf spol (one 
acce~s1on) bedn golden mosa1c VIrus (two accesstons) and 
the leafhopper ( 15 access10ns) These matenals Wlll be 
constdered as sources of germplasm for a crossmg program 
w1th cult1vated P vulgarlS after add1llonal testmg 

A method for mcreasmg seed of P coccmeus was 
tmlmted The efftc1ency of polhnat1on (measured m seed 
product1on) mcreased 10 30% when honeybees were used 
mstead of manual polhnat10n AJI pollmat10ns were done 
m cages each of wh1ch hold mne plants to prevent 
outcrossmg among accesstons 

Pollmat10n expenments are now bemg repeated to 
compare seed y1eld and cross pollmat10n by manual 
means honeybees and bumblebees A large scale seed 
mercase of the P coccmeus collect10n w1ll be made 
followmg thts study 

Dtstnbutton of P vulgariS 

In add1t1on to dtstrtbutmg P vulgarlS germplasm to 
team members of the Bean Program for the1r respecttve 
dtsctplmary evaluallons and for ut1hzat10n m tbe crop 
1mprovement pro¡ects the Genettc Resources Urut also 
sends matenals to other centers tnslltuttons and nat10nal 
programs A total of 3245 samples were diStnbuted outs1de 
CIA T durtng 1980 

These matermls are bemg evaluated and promtsmg 
matermls wtll form the parents of the1r crossmg programs 
W1thm CIAT those access10ns tbat conform to the 
commercml types (seed stze color etc ) are further 
evaluated between the Genettc Resources Untt and the 
Bean Program 



) 

Busb Bean lmprovement 

The prehmmary evaluattOn of germplasm bank 
accesstons for general adaptatlon and agronomtc tratts 
conttnued dunng 1980 All Bean Program dtsctphnes 
contnbute to the screenmg and selectton of germplasm 
accesstons and m the reselectton of hybnd progemes 
Selected accesstOns from the ftrst 13 500 bank entnes 
(prevtously evaluated m htll plots) were reevaluated m row 
plots at CIA 1 Palmtra and Popayan Sorne 500accesstons 
subsequently entered the crossmg nursery and another 
1700 accesstons have been multtphed for more thorough 
evaluat10n 

Hybndtzatton acttvtttes dunng 1980 focused on spectftc 
character development the tmprovement of selected 
wtdely grown culttvars and the recombtnatton of multtple 
dtsease and msect reststances mto well adapted progemes 
wtth commerctal gram types 

Table 3 reports crosses made dunng 1980 grouped by 
breedmg proJect or objecttve The apparent reducttOn m 
the number of crosses for archttectural tratts and for low 
so ti P and the absence of new crosses for nattonal program 
culttvars reflect the lack of new base parents m those 
proJects as well as the mcomplete dtsposal of segregatmg 
matenals from the prev10us cycle of crosses 

T bl 3 B hbe mad th CIAT Be 
1980 

B dmg p J t 

o ...... 
A g la 1 p t 
A th 
Sean omm m sa rus (back osses 
mult pi g 

Bea golden m sa 
Cmm b t lblght 
Hal bl ght 
Pwdrymldw 
R t 

w b blght 
Wh te le f pot 

Jnsects 
Bea pod wee 1 (Ap ) 
Le fh ppe (Emp S ) 

Oth f ct rs 
A h t t 
Ealymtuty 
lat m tu ty 
L g t m g rmpl m mp m t 
Low IPtlra 
MlS ella 
M lt pi fa t 
lmpdtgft 

T tal 

P gr md n g 

N f se 

101 
115 

220 
151 
322 

1 
51 
38 
51 
16 

51 
85 

55 
4 
2 

181 
1 

48 
665 
202 

2380 

Breedmg actiVIttes for reststance to powdery mtldew and 
halo bhght were tmllated m 1980 and the project on long 
term germplasm development bas been dtvtded dueto tts 
umque management In thts project generaltmprovement 
of germplasm accesstons ts destgned to ampltfy the genettc 
base of future expenmentallmes and to mcrease the value 
of hybnd populattOns from subsequent cycles The 
selectton and groupmg of bank accesstOns for hybndtza 
tton are based on geographtc ongm and gram type Thts 
should gradually reduce the need for tmprovement of 
spectftc nattonal culttvars Smce hybnd populallons from 
these crosses are seldom subjected to severe chmattc and 
dtsease stress and selecttOn pressure ts generally low (30-
35%) relattve progress ts expected to be slower 

Crosses destgned to unprove nattOnal culttvars have 
produced wtthm a relattvely short penod of ttme 
tmproved expenmental lmes wtth gram types stmtlar to 
Flor de Mayo Pmto and ÜJO de Cabra (all from Mextco) 
Canoca Mulatmho Btca de Ouro and Roxao (all from 
Braztl) an array of smaJI seeded red types for Central 
Amencan preferences and severa! Pompadour and CaJtma 
types Whtle all of these new lmes are reststant to BCMV 
many also carry destrable sources of reststance to 
anthracnose bactenal bhght halo bhght and/ or rust For 
severa( color groups Empoasca reststance ts markedly 
supenor to that found tn comparable local vanettes 

A hst of expenmental lmes grouped accordmg to 
spectfic and multtple factor proJects whtch were advanced 
to the 1980 VEF for testmg ts summanzed m Table 4 

1 bl 4 Exprm t 1 b h bea 1 nes that w ad an dt th 1980 
u f mBea T m N sery (VEF) 

B d g p J t N of Gra type 
lt e 

o ....... 
Agla le f p t 19 B az 1 
A th ac e 32 8 azha Me ca 

othe s 
Be g Id m s e u 19 Central Am ca 

Braztla 
e mm b t al bl ght 71 Vanous 
Halo bl ght 15 Me can , ...... 
Be p d w 1 (Ap n) 9 CetaJAm ca 
L fh pp (t.mpo ) 11 Vn 

Other f don 
A h t tu 40 B aztha 
Lo g t mg mplasm mp m t 11 
Low 1 p t 1 22 B az¡Jta 
Mult pi f t 112 Vn 
lmp m t f nat nal lt " 13 Vanous 
Total 374 
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Cbmbmg Bean Improvement 

Methodology Th1s year parental vanet1es selected from 
the germplasm bank and from advanced breedmg !mes 
were formed mto populatwns for 1mprovement by 
hybnd1zatwn and selectwn (Table 5) Vanabll1ty 1s sought 
m parents of other gram types only when a populatwn 
lacks sorne spec1fic vanablllty as IS espec~aUy the case WJth 

sorne d1sease and pest res1stances The purpose 1s to define 
more clearly the objectives for particular gram types and to 
hm1t segregatwn msofar as poss1ble to the pnonty factors 
lnternatwnal tnals of chmbmg bean !mes are formed from 
the best of the appropnate populauons 

T ble 5 Cl mb gbe mp eme t p J t dp nty d sea se a d nse t re sta ces so ght by th etATBea p g m 1 t 1m t 

go f Lat n Amen a and gra t ype pref ences 

Chm t p p lat G typ D se se lnse ts 

Be MV BYMV ANT ANG ASe RUST CBB HALO EMP APION 

w m VNB' Sm 11 bla k X X X X 
(18 25 C) 

VRB Sm 11 ed X X X X 
VCB Wh te m 

) 11 w ffe X X X X 

e 1 VNA 81 k (X) X X X X 
(13 18 C) 

VRA Rd (X) X X X X 
VeA Wh t me 

y 11 w (X) X X X X 

VNU N (X) X X X X 

BCMV be mm m BYMV "' y 11 wm sa ru ANT '""' ANG g la i 1 p A">C A ., i f p CBB mm b .ai 
bl gh HALO h 1 bhght EMP Emp~ APION Ap 

BCMV d bi 11m t i b rm lly mp rta t d iease ool lmat (X) 

V d f VINAR(! 1 Y Id dAd p 
Af hghi d d Uf h .... g ( 11 

' " '"' p pped h i d mm 

Tabl 6 e pp g y t m sed f sel t o 

bean mp eme t p 1 ct 

Clm t a d Mea N u ry 
1 al o temp tu 

Stngl plant 
select 

(C) F2/F4 

Warm 
CIAT P !m 25 R 

eiAT P pay 19 R 

eool 
leA La S 1 a 17 R 

leA Ob 13 A 

R R la> pp g w h m (b< pi d i 
f maiZ ) 

A A oe~a d pp g hm (b pi d 
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N ryf bea 

'P h) 
m h ghl d reg 

p p 1mb g 

d ge at on 

F mdy Ad ced 
tnal tnals (VEF) 
F3/~s F6 

A A 

A A 

R R 

A A 

phy 1 gcal mat y 

mi ly w h m 

Lat A m ca) N R dC f bi k d d m rep ly 8 f 1 wi d 

Chmbmg bean breedmg projects were diVIded among 
locatlons last year w1th most selectwn for the warm chmate 
populatwns bemg done at CIAT Palmlfa and CIAT 
Popayan and for cool chmate populatwns at ICA La 
Selva and ICA Obonuco All field selectwns are done 
under relay croppmg or assoctatton (stmultaneous plan 
tmg) w1th matze accordmg to the scheme presented m 
l able 6 Relay croppmg wlth 1ts h1gher seed muiUphcatwn 
rate ts more su1table for smgle plant selectlon but as not 
pos>Jble at KA Obonuco dueto the long growmg cycles of 
both crop> 

Germplasm Evaluatlon In CIAT Palmtra and CIAT 
Popayan a collect10n of 479 clunbmg vanettes from 
Guatemala mamly w1th small black grams was evaluated 
m associataon wath maaze for yaeld and faeld resastance to 
local dtseases and pests A total of 17 select10ns was taken 
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from the two locat10ns In ICA La Selva 723 matenals 
were evaluated m relay croppmg wtth matze these were 
collect10ns from Spam and Portugal and the htghlands of 
Colombm Ecuador and Peru Fúty stx select10ns were 
made In ICA Obonuco 204 matenalsconststmgmamly of 
collect10ns from the htghland of Ecuador and Peru were 
evaluated m assoctauon wtth maue and 16 select10ns were 
made 

Y teld tnals were also planted m the four locat10ns to 
evaluate more thoroughly the 180 select10ns from germ 
pla>m made la>l year Among the five htghest yteldmg 
\anette> m each locauon black seeded matenals from 
Guatemala predommated at CIAT Palmtra vanous gram 
colors mcludmg black access10ns from Guatemala and 
Mextco were predommant at CIA T Popayan and ICA La 
Selva and vanous colors except black from Colombta and 
Ecuador predommated m ICA Obonuco Table 7 shows 

T bl 7 Ch te t off u g ps f 1 rnb gbea an t 

Locat PI t g V tal 

y t m grop 

CIAT Palrn A 1 
(25 C) 2 

J 
4 

LSD 5% 

CIAT P pay A 1 
119 C) 2 

J 
4 

LSD 5o/ 

ICA La S 1 R 
(17 C) 2 

J 
4 

LSD 5% 

ICA Ob A 1 
(IJ C) 2 

J 
4 

LSD 5o/ 

A A oc t hm " 1 y pp g hm 

" p 1 tugh ty Id gf tCIAT P lm 2 hghe ty~eld gf 
4 htgh t y ldrng f ICA Ob 

ytelds and other charactensttcs t or tne groups at eacn 
locauon Days to flowenng and phystologtcal matunty 
mcreased as temperature decreased day length was 
constan! as all are wtthm 6 of the equator Seed wetght 
also mcreased as temperature decreased Genettc effects 
were stmtlar to the envtronmental effects vaneues adapted 
lo cold temperature locattons (group 4) tended to be later 
and ha ve larger grams at all locat10ns 

Large mteracttons of vanettes w1th temperatures were 
evtdent parUcularly between groups 4 and 1 At CIA T 
Palmtra there was no stgmficant dtfference between ytelds 
of groups 2 and 3 and at ICA Obonuco groups 1 to 3 dtd 
not dtffer (Table 7) Otherwtse all dtfferences were 
stgmficant The results mdtcate that none of the locat10ns 
ts dtspensable but that ICA La Selva and CIAT Popayan 
are the most stmdar The best overall performance of all 
vanettes occurred at ICA La Selva 

luated w th matze f locab ns 

He Days to Days t 100 seed 

y eld fl w g phy 1 g cal we ght 

(kg/h ) m t r ty (g) 

1406 46 93 21 

804 42 93 24 
752 42 94 23 
23 64 102 32 

150 Mea 49 96 26 

871 52 93 23 
1574 47 100 JO 
1277 52 102 JO 

96 67 113 JI 
208 Mean 55 102 29 

2127 63 137 26 
2611 62 IJO 35 
3076 63 139 32 
1186 76 153 40 
348 Mean 66 140 JJ 

84 99 188 22 
139 96 189 38 
78 96 188 36 

1635 103 188 56 
222 M 99 188 38 

~~ t UA\1 p 3 h gh y Id g f t ICA La Sel 
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The behav10r of vanet1es ID group 4 (adapted to cold 
temperatures) was completely oppos1te that of vanet1es ID 
the other groups md1cat1Dg a sharp break ID adaptat10n 
between 13 and 17 e Vaneties ID group 4 have certaiD 
charactenstlcs m common wath P coccmeus subsp 
po/Janthus from wh1ch natural 1Dtrogress10n may have 
occurred 

Smgle Plant Seleetion Nursenes SIDgle plant select10n 
nurser1es m each locatlon cons1st of populattons 1 n 

generauons F 2 and F 4 t he latter haviDg passed the 
progeny y1eld tnals ID F 3 The number of populat10ns 
handled and the number of select10ns made are shown ID 
Table 8 

Considerable emphas1s was placed on selectiDg matenals 
w1th h1ghland adaptatlon siDce the large graiD types 
adapted to cool temperatures had prev10usly receiVed httle 
attent10n 

1 bl 8 DI b 1 1mb g b gl pi t ele t rsene (F2 ¡F4 ) 1979 80 se o 

Al ly Locat on and seas T tal 

CIAT P lm a CIAT Pop y 

19798 1980A 19798 

No f p pul t 77 132 JO 

N f pi 1 16 600 13 120 3600 

~ f pi 1 sel 1 d 188 279 42 

Progeny Tnals Progeny tnals were planted for the first 
ume ID ICA La Selva and ICA Obonuco ID the second half 
of 1980 Beans were planted at relat1vely low densllles 
(40 000 plants/ ha) w1th no d1sease control and only 
miDimum control of pests so as to favor relatiVely rustlc 
types capable of produciDg under low 1Dput cond1t1ons 

Likew1se ID CIA T Palm1ra and CIA T Popayan a total 
of 881 progemes ID 228 fam1hes was tested (Table 9) The 
usual negat1ve relat10nsh1p between bean and ma1ze y1eld 
was found at CIA T Palm1ra and select10ns were taken 
lrom above the regress10n liDe as reported last year(CIAT 
Bean Prog 1979 Ann Rept) Selected liDes not only 
y1elded more beans but also perm1tted a h1gher than 
average ma1ze y1eld Selected progemes were e1ther 
returned to siDgle plant selecuons ID F 4 or passed on to the 
VEF stage of testiDg m F6 

Table 9 y Id f 1mb gbe dmatZt as e at n 

S as Lo 1 N N f 

bea 

N 

ICA La Sel ICA Ob 

19798 1980A 19798 

84 25 17 345 

32 680 75)) 5100 78 611 

707 334 291 1841 

The eff1c1ency of the early generat10n select1on 
methodology used to maximiZe bean y1elds wh1le 
mm•m•zmg losses m ma1ze yteld due to competitiOn was 
tested ID a spec1al tnal carned out at ClAT Palm1ra wnh 
the ma1ze vanety Suwan 1 The ob;ectlve was to d1scover 
the hentab1hty of selectmg for bean and ma1ze y1eld m F¡ 
fam1hes Fam1hes froman F3 progenytnal therefore were 
d1v1ded IDIO the followiDg groups A) low y1eld of ma1ze 
and beans (fam1hes 22 25 32 37) 8) h1gh y1eld of ma1ze 
and low of beans (famiiies 1 2 12) C) h1gh y1eld of both 
crops (fam1hes 5 15 18 28) and O) low y1eld of ma1ze and 
h1gh y1eld of beans (fami11es 10 21 29) LIDes from these 
fam1hes were planted ID the 1"4 generat10n ID a latuce des1gn 
and the mean y1elds of beans and ma1ze per fam1ly were 
calculated and compared w1th those obtaiDed ID the F 3 
generauon grown the •ed•on before (F1g 1) 

F3 d Fs p ogeny tnal at two locat ns 

f M a M be M n Mea matZt 

be p ge Y f m 1 es bea y eld of matz yt Id wth 
f m h select d y Id select ons y Id bean select 

(kg/ha) (kg/ ba) (kg/ ba) (kg/ba) 

19798 CIAT P Jm ra 80 253 27 527 876 5518 5609 
J980A CIAT Popaya 45 140 23 629 755 
1980A CIAT P p y 58 488 26 592 696 

"•"' ocff b w boa d mau y Id was 115 
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The lowest value (1 6%) for ma1ze stem lodgmg was 
obtamed Wllh group B and the h1ghest value ( 10 0%) Wllh 
group D Th1s latter group was also the la test lo flowenng 
(38 days) and physmloglcal matunty (81 days) whlle group 
B was the earhest for both (36 and 77 days respectJVely) 
Group C familJes were mtermed1ate for all characters and 
generally had a type !Va growth hab1t These results 
md1cate that bean !mes can be selected m the early 
generatmns for combmed bean and ma1ze y1eld m 
assocJatton 

A total of 86 breedmg !mes of chmbmg beans were 
advanced from progeny tnals to the VEF together w1th 79 
selectmns from the germplasm bank 

ResJStance to VU'81 Dmeases 

Bean Common Mosalc Virus A screemng methodology 
for bean common mosa1c vtrus (BCMV) has been 
developed and IDlplemented 1t 1s based on mformat1on 
avallable about the genet1cs of res1stance of the host P 
vulgans and the pathogemc1ty of the VIrUS The BCMV 
screenmg procedure •s outhned m F1gure 2 Table IOshows 
the most representat1ve bean culuvars and BCMV strams 
grouped accordmg to the1r respecuve resJStance and 
pathogemclly genes 

~ g fbe g mpl m 

l BCMV 

o o 
Mt als w th Mate mi wnh 

ecess e re tance dmnat l ce 

o o e Hybndrmt ) 
o 

Fz 
~ Id 1 l d g g f f l d pi l 

d d 1 pi l 1 l 

o 
FJ 

lgyttM: h 

1 t w th 
H NY 15 

o 
F4 

(_ 1 mi l l h 

1 l wth 

NL 4 NY 15 

o 
Ad d 1 S l l 

1 l wth 
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As a lirst step an attempt 1s made to Introduce a 
dorniDant gene called the necrosis ( 1) gene IDIO mosatc 
suscepllble bean germplasm fhe dorniDant 1 gene prevents 
the systemtc 1Dfect10n of the plant and consequently the 
transmtsston of the vtrus ID the seed of plants possessmg 
th1s gene S mee beans are the pnmary so urce of BCM V 1 n 
the f1eld the dorniDant 1 gene has conferred stable 
res1stance agamst BCM V to sorne of the bean cultiVars 
grown for many years m Lalln Amenca such as Pornllo 
Smtet•co Jamapa lCA PIJao Mulatmho and Btco de 
Ouro 

Recess1ve genes can also protect bean culllvars agamst 
sorne but not all strams of the virus (Table 10) Therefore 
constdenng that BCMV strams have been w1dely d1s 
tnbuted mto most bean growmg areas v1a tnfected seed 
the Bean Program 1s not enurely relymg on these recesslVe 
genes as a stable so urce of BCM V res1stance Sorne ofthese 
genes speciiically be 1' and/ or be 22 of the Great 
Northern 31 group of bean cultivars however protect 
dommant 1 gene matenals agamst BCMV strams such as 
NL2 NL3 NL5 NL6 and NL8 whiCh can mduce a 
hypersenstllve react10n resultmg m the death of the plant 
Thts phenomenon of systemtc necrosis known as black 
roo! has not however been observed at s•gmlicant 
mc1dence levels ID commerc•al lields of cultivars possessmg 
dommant res1stance Nevertheless the Bean Program as a 
second step m the breediDg for BC M V res1stance tsalready 
attemptmg to mcorporate these recesstve genes mto 1 gene 
matenals Thts year F3 fam1hes from crosses of mulllple 
(recesStve + dommant) sources from the Plant Breedmg 
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lnstttute ( 1 VT) the Netherlands crossed to tropically 
adapted UAT !mes were reselected m the Netherlands and 
backcrossed to the best ClA T breedmg lmes 

1 he actual screenmg methodology (F1g 2) cons1sts of 
lour mam steps 
a) lnoculat10n of bean germplasm w1th severa! BCM V 

strams to furmsh breeders w1th mformatton on the 
geneucs of reststance of selected access10ns 

b) Rogumg of BCMV suscepuble plants m F2 nursenes 
planted under h1gh natural VIrus mc1dence cond1110ns 
to fac1htate the selecuon of md•v•dual symptomless 
plants 

e) lnoculatiOn of •eedlmgs grown from 20 seed samples 
of the md•v•dual selecuons made ID the field With a 
mtxture of BCMV strams lo detect homozygous 
reststant f-3 lmes under screenhouse condi!IOns (F1g 
3) 

d) Conftrmat10n test on 1-4 hnes to tdenufy and ehmmate 
matenals whtch posse~s only recess1ve genes for 
resistan ce to BCM V and performance of the necrosis 
test on selected symptomless lmes to ascertam the 
presence of the dommant 1 gene (F1g 4) 

The combmed field screenhouse and glasshouse 
evaluat10ns done th1s year for BCMV mvolved morethan 
one-quarter rn1lhon plants oran average of2000 moculated 
and evaluated per workiDg da y The effic1ency of select10n 
of homozygous BCMV resistan\ lmes m the F4 was above 
95% for those matenals wh1ch followed the recommended 
screemng procedure 
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llelm YeUow Mosale VJrUs Bean yellow mosatc v1rus 
(BYMV) contiDues to be a severe problem ID sorne bean 
growiDg areas around the world In LatiD Amenca Oule 1s 
the country most affected due to the favorable env1ron 
ment abundan! vectors and both mosa1c and necrosis 
IDdUciDg straiDs of the v1rus 

CIA Ts 1mllal efforts to control th1s VIrus are therefore 
d1rected towards the development of res1stant culllvars 
w1th the cooperatmn of Clulean sc•ent1sts lt has been 
observed that the res•stance sources selected to transfer 
recess1ve genes that protect domiDant 1 gene bean culllvars 
agamst necrot•c straiDs of BCMV namely Great Northern 
and IVT select•ons seem to confer sorne degree of 
res•stance to sorne BYMV strams Thus progemes of 
crosses w1th these matenals w•ll be s•multaneously 
evaluated m Chile for the1r reslStance to mosa1c and 
necrosis IDdUciDg strams of both BCM V and BY M V 

Soybam MOS81e Vuus Reports from BraZII were 
IDvesllgated concernmg the development of system1c 
necrosis m domiDant 1 gene bean cult•vars •nfected Wllh 
sorne straiDs of the common soybean mosatc v1rus (S M V) 
At CIAT several•solates of SMV obtaiDed from mfected 
soybean seed were tested on the BCMV dúferenllal 
cult1vars Results 1Dd1cated that wlule al11solates IDduced 
veiD necrosiS on moculated pnmary lea ves of sorne 1 gene 
cultlVars 11 remamed locahzed unhke the necrosis IDduced 
by BCMV necrot•c straiDs wh1ch spreads from moculated 
lea ves to the ent1re plant Also the SMV 1solates tested at 
CIAT caused system•c necros1s ID sorne non 1 gene 
cult1vars such as Double Wh1te suggestmg that genet1c 
mteract10n between P vulgarzs and BCMV dúfers Wllh 
respect to SM V Soybean mosa1c v~rus however should be 
taken mto account whenever beans are grown near soybean 
f1elds 

Bean Cblorotle Mottle In 1980 a prehmiDary study on 
the etmlogy of th1s dlsease was completed Results 
obtamed so far •nd•cate the ex1stence of a v1rus complex 
rather than a siDgle wh1te fly borne VIrUS as beheved 
earher The v1ruses frequently found assoclllted w1th the 
chlorollc motile syndrome mclude cucumber mosa1c 
v1rus bean m1ld mosa•c v1rus anda straiD of hean southern 
mosa1c VIrUS Also a gemmlVlrus Similar to the wh1tefly 
borne agents was 1solated at WageniDgen the Netherlands 
from plants collected at CIAT The ep1demmlogy of the 
v~rus complex w1ll be stud•ed ID bean nursenes at CIA T lo 
further dehm1t the problem and assess 1ts econom1c 
s1gmficance 
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Bean Golden Mosa1e Vuus Breedmg efforts m the bean 
golden mosa1c v~rus (BGMV) pro¡ect dunng 1980 sh1fted 
towards spec1flc goals for severa! graiD types For black 
seeded types where excellent levels of BGMV res1stance 
ex1st ID the new Guatemalan vanelles (CIA T Bean Prog 
1979 Ann Rept ) crosses and progeny management are 
des1gned to IDcorporate earhness and res•stance to 
common bactenal bhght and anthracnose mto supenor 
BGMV matenals 

For bean consumed ID Central and South-central Brazil 
good levels of BGMV res1stance have been available for 
severa! years But testiDg and reselect1on of more res1stant 
progemes as well as the recomb1na11on w1th additmnal 
factors have become dúficult due to the prevalence of 
severe vrrus msect and temperature cond•t•ons m the 
BG M V nursenes More work lS needed m BraZII to clarúy 
the problem 

Work on Pompadour types for the Dom1D1can Repubhc 
has progressed slowly for two reasons a) the susceptiblhty 
of parental types to BCM V wluch necess1tates reselect1on 
and b) the general susceptibil•IY of Pompadour lo 
Empoasca and common bactenal bhght Severa! m 
terestmg selecllons w1th a small Pompadour gram type are 
currently bemg progeny tested 

Small bnlhant seeded reds have also been slower to 
advance due to overall d1sease suscept•b•bty (mcludiDg 
BCMV) and a lack of contmmty m the evaluatmn/ selec 
llon/ progeny testmg process 

Most BGMV crosses now mvolve only parental lmes 
res1stant to BGMV so that the best F2 plants w1th 
reslStance to rust and the lea1hopper may be bulk 
barvested accordmg to graiD type and evaluated m the F 3 
under local (BGMV) condllmns by the natmnal program 

Results from testiDg the 1979Internatmnal Bean Golden 
Mosa•c V1rus Nursery (IBGMVN) ID two locat1ons are 
reported ID Table 11 Few hybnd selectmns were well 
adapted m both locatmns 

The adaptatmn and BG M V res1stance of the 
predomiDantly non black hybnds were generally less than 
that of the five blackseeded check vanet•es wh1ch have 
been extens1vely used as parents ID the BG MV pro.~ect A 
few matenals were supenor to the group of checks at each 
locat1on 
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Resistance to Fungal and Bacterial Diseases 

Bean Program germplasm and breedmg progemes were 
routmely evaluated for thetr dtsease reststance m specúic 
breedmg proJeCts and nursenes such as the 1980 Bean 
Team Nursery (VEF) and Prehmmary Tnals (EP) 
Pnmary emphasts conunued on tdenttfymg and selectmg 
for reststance to rust anthracnose angular leaf spot and 
common bactenal bhght Advanced matenals pnmanJy 
EP entnes were also evaluated for restStance to pathogem 
causmg the lower pnonty dtSeases powdery mtldew halo 
bhght whtte leaf spot root rots and root knot nematodes 

Vanous germplasm accesstons and Program-developed 
matenals were reststant to halo bhght whtte leaf spot and 
powdery mtldew the latter dtsease reduced }'lelds of 
suscepttble matenals up to 69% m Popayan Very few or no 
advanced bnes expressed promtSmg levels of reststance to 
root rol or root nematodes respecllvely 

Fungal Pathogens 

Uromyces phaseo/¡ (rust) and Colletomchum 
lindemuth1anum (anthracnose) are htghly vanable 
pathogemcally d u e to the extstence of numerous 
phystologtcal races that dtfferenttally mfect dtverse sources 
of plant reststance 

Recen! research at CIA T confirmed reports that 
JsarwpsiS griSeo/a (angular leaf spot) also exhtbtts 
pathogemc spectahzatton ThlS mherent vanatton has 
comphcated CIAT based efforts to tdenttfy and develop 
tmproved germplasm wtlh reststance to rust anthracnose 
and/ or angular leaf spot populalloflS endemtc to dtverse 
bean producllon regtons throughout Latm Amenca and 
now Eastem Afnca 

Pnmary emphasts ts placed upon uttltzatton of CIA T 
based resources and sctenttfic experttse to most effictently 
screen large numbers of germplasm at CIAT Palmtra for 
reststance to local populattons of the rust fungus and al 
Popayan for reststance to local populat10ns of anthracnose 
and angular leaf spot pathogens Entnes wtth htgh or 
mtermedtate reststance levels are sequenttally evaluated at 
the pnmary stte to venfy thetr rosease reacttons and/ or at 
secondary field sttes or m the glasshouse lo tdenttfy more 
stable and wtdely based sources of reststance effecttve 
agamst dtfferent regional populat10ns of each pathogen 
Thts dtsease reststance strategy allows the Bean Program to 
tdenttfy and then dtstnbute agronomtcally destrable 
reststant matenals for further testmg on an mternallonal 
basts m formal nursenes such as the lnternattonal Bean 
Yteld and Adaptauon Nursery (IBYAN)and lnternattonal 
Bean Rust Nursery (IBRN) or m mformal nursenes upon 
request by collaborators and out posted CIAT staff 

The value of thts reg10nal testmg for tdenttfymg more 
stable reststance to rust angular leaf spot and anthracnose 
ts apparent m Ftgure 5 wh1ch dlustrates the degree of race 
and stte spectftc reststance that was ehmmated m the 1979 
VEF 1 1980EP test Subsequent mtemat10nal testmg 
schemes such as the IBRN further confirm stabthty of a 
reststance so urce or alert programs to the presence of races 
that dtffer from those avatlable m Colombllln screenmg 
populat10ns Table 12 summanzes the mternallonal 
react10ns rece1ved lo date for vanous entnes submttted to 
the 1979/1980 IBRN based upon thetr rust react10ns m the 
prevtous 1978 VEF 1979 EP reg10nal tnals m Colombta 
Anthracnose and angular leaf spot reststant germplasm 
tdenttfted m Colombtan tnals wtll also be mcreasmgly 
tested on an mternat10nal basts m order to tdenttfy more 
stable dtsease reststance for use by collaborators and CIA T 
workers 
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Anthracnose Emphasis has agam been given to 
Idenufymg sources of anthracnose resistance broader than 
those found m Cornell49 242(G5694) Morethan50bank 
dCcesstons are m the fmal stages of evaluation and 
punficatlon From a hm1ted number of crosses made m 
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1978 32 bush bean lmes mvolvmg ftvedifferent sources of 
resistance were developed for Brazd and Mexico Now that 
more and better sources of resistance are available and 
smce hybnd lmes from this proJect also carry resistance to 
BCMV bush bean crossmg actlVlty m 1980 was expanded 
to mclude commercial gram types for Argentma and the 
Andean highlands Also up to three parents have been 
crossed together wlth the objetive of combmmg umque 
sources of res1stance m representatlve commerc•al types 

In the chmbmg bean breedmg program germplasm 
selected from 1979 evaluauons was advanced to multdoca 
uon yield tnals and separately tested under controlled 
cond1ttons for res1stance to anthracnose and bean common 
mosaic virus (BCMV) Disease react10ns given m Table 13 
mdtcate a lngh frequency of resistance to anthracnose 
among the selecuons High levels of natural mfect10n were 
present m the field especially m ICA La Selva The levels 
of resistance to BCMV were much lower and all resistant 
matenal had either black or white gram color 

The modified backcrossmg program Imtlated m 1979 to 
mcorporate resistance to both anthracnose and BCM V 
mto high yieldmg chmbmg bean access10ns was extended 
to mclude m additiOn to Cargamanto two red seeded 
highland adapted lmes ICA L 32980 M(4) and ICA L 
32980 M (8) and two Peruvian highland vanetles (cananos) 
Ancash 143 and Compuesto 11 The program was mitiated 
usmg Cornell 49 242 as the donor paren! for BCMV + 
anthracnose resistance but this source has now been 
superseded by three chmbmg bean breedmg lmes V7917 
V7918 and V7920 These are resistan! to BCMV and at 
least SIX races of anthracnose mcludmg those known to be 
virulent to the CorneU resistance source (as determmed m 
the collaboratlve program With 1 VT the Netherlands) 
From the backcrossmg program wnh Cargamanto 57 
progemes from double resistant plants are m yield tnals 
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Angular leaf spot Crossmg acllv111es were mtens1fied 
m 1980 when s1x new parents res1stant to Colomb1an 
1solates of angular leaf spot were 1dent1fied All hybnd 
matenals mcludmg 19 expenmentallmes developed from 
the crosses mvolvmg lme A 21 were transferred to th1s 
proJect H owever 11 was learned that m Costa R1ca A 21 
was among tbe most suscept1ble matenals to the angular 
leaf spot pathogen Thts mformat10n and the fact that 
pathogemc vanatwn has recently been noted between 
1solates collected f ro m dtfferent parts of Colomb1a may 
make breedmg for res1stance t o th1s d1sease relallvely 
d1fficult 

Bacterlal Pathogens 

Xanthomonas phaseob ( common bactenal bhght) and 
Pseudomonas phaseobcola (halo bhght) are senous 
bactenal d1seases of beans They vary m pathogemc1ty due 
to the ex1stence of vanous !Sola tes or strams dtffermg m the 
degree they m ay mfect a vanety Sorne researchers feel that 
halo bhght pathogemc vanallon actually occurs from 
palohogemc races that dtfferenttally mfect sources of 
reslstance Work 1s currently underway al CIAT to 
charactenze the pathogemc potent1al c:i Colomb1an 
collect1ons of halo bhght and to determme whether th1s 
vanallon 1s caused by races or s1mply by tsolates possessmg 
dtfferent degrees of v¡rulence as 1s the case for common 
bactenal bhght 

CIA Ts common bactenal bhght research has concen 
trated 1ts efforts upon 1dent1fymg and mcorporatmg h1gh 
levels of fohage res1stance mto agronom1cally des1rable 
germplasm based u pon fteld and glasshouse moculatwns 

demonstrates the advances that UA 1 has made m 
1mprovmg the leve! of res1stance m our breedmg hnes 
(res1stance denved from the matenal from the USA wh1ch 
carne ongmally from an mterspecific cross between P 
vulgartS and another accession of P acutifaltus) selected 
upon their response to CIATs smgle Isolate (XP 123) 
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w1th the smgle most h1ghly vuulent 1solate of X phaseo/1 Cl 
prevwusly collected al CIA T Emphas1s lS then placed 
upon progeny venftcatton of this fohage res1stance and 
upon 1mprovmg the leve! of pod resistance to reduce 
potenttal seed transmission of the pathogen The frequency 
of reslStant entnes m the 1979 and 1980 VEF tnals 
reported m a later sect10n clearly mdicates the progress 
obtamed Future efforts w1ll emphasize mcorporat1on of 
reststance mto small seeded bnlhant reds and opaque 
cremes as well as mcreasmg leafhopper resistance m 
bhght res1stant populallons 

Research was recently conducted to determme the 
effecllveness or stabihty of resistance sources and progeny 
when moculated mdtvidually m the glasshouse w1th a range 
of X phaseob or X phaseo/1 var fuscans lSolates collected 
from different regwns of Colombia and the world Figure 6 
tllustrates the response of matertals WIIh differentlevels of 
res1stance rangmg from that of the resistan! check (P 1 
196932 an access10n of P acutifobus) lo tbat of the 
susceptible check (Pornllo Smtellco) The figure clearly 
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The figure also dlustrates the extent of pathogemc 
vanat1on that 1s IRherent w1thm collecuons of X phoseoil 
(XP) and X phaseoil var fuscans (XPF) ¡solates lsolate 
XPF d1d mc1te more mfect10n than XP 123 Therefore 
diSease res1stance strategy wdl contmue to be based on 
screenmg w1th the most vuulent ISOlate However the 
overall stabd1ty of advanced res1stant select10n to callee 
tlons of X phaseo/1 X phaseoil var fuscans and 
eventually other pathogemc spec1es of Xanthomonas wdl 
also be momtored routmely 

Halo bbght F1fteen advanced hnes for halo bhght 
res1stance were developed from older crosses of G 2858 and 
Aete 1/37 the two sources of res•stance to th1s bactenal 
d1sease Currently however emphas1s 1s on seekmg better 
sources of res1stance and transfernng ava•lable levels of 
res1stance mto gram types for the Andean lughlands and 
the sem• and temperate reg10ns of Mex1co 

Reslstance/Tolerance to Insec:t Pests 

Emphas1s m 1980 contmued to be duected to 1dentúymg 
potentlal parent matenals for use m strengthemng 
resiStance levels agamst the leafhopper The screenmg 
methodology was mod1fied to prov1de more accurate 
assessments of res1stance levels expressed m y1eld tnals 
Bas1c studtes were begun on reststance mechamsms agamst 
the sp1der m1te 

LeaDtopper 

Germplasm evaluation Almost 4000 matenals from 
vanous nursenes were evaluated for reststance to the 
leafhopper (Empoasca kraemm) m 1980 Only 1 3% of 
these were rated as res1stant (less than 2 on a 1 5 v1sual 
damage score bas1s) most were utlhzed as parents m the 
recurrent select10n program to mcrease res1stance levels 
No res1stance sources were 1dentúied among 128 wdd P 
vu/garlS entnes a few selectiOns were made from 
mterspec1fic crosses between P vulgarzs and P coccmeus 
and m stud•es related to the hentab1hty of Empoasca 
res1star1ce 10 P lunatus 

New non black entnes were mcluded m the mternatlonal 
Empoasca res1stance nursery U pdated vers10ns of th1s 
nursery were sent lo Brazd the Domm1can Repubhc 
Guatemala Honduras Mex1co and Peru for further 
evaluauon 

Analyses of y1eld tnals D1sappomtmg results were 
obtamed last year m a y1eld tnal to assess progress m 
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Empoasca res1stance after two cycles of recurren! select10n 
and mtermatmg (CIAT Bean Prog 1979 Ann Rept) 
Accordmgly a senes of y•eld tnals were planned to 
examme among other factors the potentlal mteractlons 
between planung date and res1stance expressed by y•eld 
losses 

F1ve sequent1al y1eld tnals were conducted m 1980 
Matenals from •mt•al crosses werecompared to those from 
the second cycle of recurren! selecuon Results conflrmed 
the poor and nons1gmficant correlat1ons between msect 
populauons and v1sual damage scores and between v1sual 
damage scores and percentage y1eld reduct10n caused by 
Empoasca On the other hand t he rank correlat1on 
coeffic1ent between unprotected y•elds and percentage 
y1eld reducuon was h1gh (..O 748) and s•gnúicant at the 1% 
leve! Th1s suggested that msect counts and VIsual damage 
scores could be m1sleadmg m selectmg for Empoasca 
res1stance and that unprotected }'leld could be a better 
select1on cntenon Reproductlve adaptat10n scores m 
segregatmg populat10ns under heavy leafhopper pressure 
should then also be recorded 

Based on these results select10n procedures ut1hzed m 
breedmg for Empoasca res1stance were mod1fied thusly (a) 
potenual parents would be selected based on VIsual damage 
seo res and y1eld loss (b) mdiVIdual select10ns IR the F 2 
would be done on a v1sual score/ reproduct!Ve adaptat1on 
bas1s (e) F3 nursenes would have as many rephcauons as 
poss•ble and fam1hes would be selected for theu low v1sual 
damage scores and good reproducuve adaptatlon scores 
and (d) rephcated tnals would be done IR the earhest 
generatlon poss1ble they are now bemg done m the F 4 
stage In add1t1on tnals wdl be repeated at least tw1ce per 
season smce a Slgmficant genotype x envuonment 
1Rteract10n was detected 

Twenty-e1ght F 3 fam1hes from the thud cycle of 
mtermatmg were then y1eld tested at the F 4 stage Under 
heavy mfestat10n (58 nymphs/leaf and 3 8 adults/plant) 
s1gmficant progress was detected (Table 14) Thus non 
black matenals such as EMP 81 EMP 90 EMP 83 and 
EMP 89 not only have a good y1eld potent1al when 
protected but also are s•gnúicantly supenor to the 
susceptible checks Buns1 and BAT 41 m terms of reduced 
y1eld losses lnsect counts agaiR d1d not correlate Wlth 
percentage y•eld losses whereas the rank correlat10n 
coeff¡c¡ent between unprotected y1eld and percentage y1eld 
loss (r, = O 77) was s1gmficant at the 1% level In terms of 
unprotected y1eld the d1fference between the susceptible 
check (BAT 41) and the best matenal(EMP8l)stressesthe 
1mportance of th1s parameter for selectlon (Figure 7) 
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Dunng this expenment sigmficant differences were 
found among nymphal and adult populatwns (Table 15) 
This sugge;ts the possibihty of further studymg the 

mechdmsm ot resistance to Empoasca Other mterestmg 
ditlerences m populatwn counts were found when resistan! 
and suscepuble P acUiifoilus accesswns were tested for 
yield losse; ~ome of these matenals will be used m the 
future for this type of basic studies 

The Empoas<a breedmg p roJee! contmued this year mto 
the fourth cycle of mtermatmg Under very high msect 
mfestatwn (14 O nymphs/leaf and 8 9 adults/plant) 232 
mdividual plants were selected from 123 F2 populatwns 
Secondary emphasis was placed on non black non 
mulatmho commercial gram types havmg resistance lo rust 
and bactenal bhght Leafhopper resistan! progemes of 
other commerctal gram colors are now avadable 
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After developmg a rehable screemng methodology for 
spider miles (CIA T Bean Prog 1979 Ann Rept) more 
than 500 matenals were studied under field condiiions Of 
these 8 t were setected for further screemng and five were 
used to study the possible mechamsms of resistance lo 
Tetran;chus desertorum In the laboratory the total hfe 
cycte of T desertorum lasted 1 wo days longer ( 12 26 days) 
when reared on the resistan! matenal BA T 93 The 
oviposllwn pattern and adult tongevity were also 
sigmficantly affected by this material 
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Total mortahty on BAT 93 was 30% htgher than on the 
susceptible check ICA P!Jao These results whtch have to 
be confirmed both under greenhouse and laboratory 
conduwns suggest that anllblOSIS m1ght play a role as a 
res1stance mechamsm to T desertorum on beans 

Y1eld and Plant ArcbJtecture 

A general reductwn m fohage s1ze mtemode length and 
pod SIZe 1s bemg sought across the three growth hablls of 
bush beans The objecllve 1s tomcrease thenumberofpods 
and seeds per plant two characters h1ghly assoc1ated w1th 
gram y1eld F orty hnes were developed from crosses made 
m 1978 m sorne of them 11 was poss1ble to transfer the 
pnnc1pal archuectural traltS menlloned above mto BCM V 
reSIStan! hnes w1th better gram types Whde none of these 1s 
excepllonally h1gh y1eldmg all are better than the ongmal 
base parents lt IS hoped thatthese could be d1rectly used by 
natwnal programs oras parents m crosses to maxumze the 
y1eld potenllal of commerclal cultiVars and further 1m pro ve 
spec1fic character express10n 

Among the hnes showmg one or more poslllve 
charactenst1cs are 1 mes A 55 and A 56 w1th suppressed 
branchmg and erectness A 132 and A 133 Wlth short 
mternodes A 199 (type 1) w1th 10 or more nodes on the 
mam stem and (mes A 64 to A 68 A 152 157 andA 201 
w1th a combmatwn of small fohage short mternodes and 
erect canopy 

Tolerance to Moderately Ac1d Smls 

The screemng methodology for selectwn of matenals 
effic1ent m usmg low sml P and toleran! to moderately h1gh 
levels of sml Al and Mn has been descnbed prevwusly 
(CIAT Ann Rept 1978 and CIAT Bean Prog 1979 Ann 
Rept) 

Dunng late 1979 the breedmg hnes wh1ch had been 
tested for y1eld m the 1979 EP were tested for Peffic1ency 
Y 1elds were generally h1gh rangmg from 700 lo 2300 kg/ ha 
m low P plots and from 900 lo 3100 kg/ ha m h1gh P plots 
Nevertheless the screemng method stlll permltted d1s 
tmglllshmg between efflc1ent and meffic1ent matenals 

Similar to last year s results the 10 matenals most 
effic1ent m usmg low sml P and tolerant to moderately 
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ac1d smls were all black or non red m seed color (Tables 
16and 17) 

Lmes such as EMP 28 BAT 458 and Canoca were 
among the 10 best m thecombmed evaluatwn for tolerance 
lo ac1d sods ( hg 8) Last year s report that plants effic1ent 
m usmg low sml P were not necessanly toleran! lo 
moderately h1gh Al and Mn was confirmed 
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Stress levels for evaluabons One effictent (G 4000) and 
three metltctent matenals (ICA P!.Jao Dtacol Cahma and 
BAT 54) were compared at etght levels of apphed P 
ferllhzer (from O to 1600 kg P20s 1 ha) The expenment 
was done nearby and on a sml stmllar to that at CIA T 
Qmhchao 

All rnatenals responded to addtllonal P Twenty one 
days after germmallon effictent plants looked smallerthan 
meffictent ones but at flowenng lime effictent plants were 
shghtly more vtgorous especlliiiY m stem development 
Measurement of leaf and stem wetghts 21 days after 
germmatton and at flowermg confirmed thiS pattern of 
development m both types of plants Totalleaf area mdex 
(LAI) showed httle dtfference between effictent and 
meftctent plants at lower P levels but above 200 kg P2 Os 
1 ha effictent plants produced shghtly htgher LAI s 
Vegetattve growth cannot therefore be used as a 
parameter for dtstmgmshmg between materlllls that are 
effic1ent or meffic1ent m ullhzmg sod P 

Withm the stress range at the expenmental slte (O to 75 
kg P2 Os 1 ha) the effictent hne G 4000 outytelded the 
meffictent ones (Ftg 9) Dtacol Cahrna ytelded stmllarly to 
G 4000 at the two lowest levels of apphed P ThiS may be 
explamed by tts large seed stze whtch supphes suffictent P 
from the cotyledons durmg early growth large seed stze ts 

common m many Latm Amer1can commercud vaneues 
Yteld dtfferences at the lowest P levels are very small 
However between 50 and 75 kg P2 Os 1 ha yteld dtfferences 
are large enough for selecuon The yteld mercases up to 800 
kg P2 Os 1 ha mdtcate that the unstressed level of 300 kg P2 

1 

Os set m prev10us screenmgs sull permtts a response to 
addttiOnal P f ertthzatiOn 
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P content and absorption m bean plants lncreasmg 
the rate of P fertthzatiOn mcreased the P content m lea ves 
stems pod walls and seed of effictent and meffictent plants 
21 days after germmatwn at flowenng and at physiOiogrcal 
matunty N o stgmftcant dtfferences were found m P 
content and P absorptton between the two types of plants 
but a conststent tendency was observed At 21 days after 
germmat10n effictent plants had more P m the lea ves but a 
lower P absorpt10n Phosphorus content and P absorpuon 
were htgher m stems of effictent plants at flowenng and at 
physiOiogtcal matunty In the pod wall P content and P 
absorpt10n were the same 01 both types of plants And m 
the seed P contents were the same but P absorptton was 
htgher m meff1ctent plants lt can be concluded that 
matenals effioent at low levels ofsoll P(<75 kg P20s/ha 
apphed) absorb less P but produce htgher ytelds than do 
meffic1ent matenals (hg 10) 
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Breedmg to lmprove tolerance to moderately ac1d soils 
All of the 22 advanced !mes developed from crosses made 
m 1978 are of Braz•han gram types similar lo Canoca or 
Mulatmho (see Table 4) A few of them are !mes denved 
from crosses m wh1ch both parents were toleran! to low soii 
P More extens1ve hybndiZation m th1s proJect has been 
delayed unlll bnes from the earher crosses have been 
thoroughly evaluated m CIA T QUihchao and CIA T 
Popayan to measure advance under selecuon New crosses 
made m 1980 were des•gned to combme tolerance to Iow P 
wnh res1stance to anthracnose angular leaf spot and 
common bactenal bhght 

Table 18 Ph ulg b e xhtb trng drought tol ce acc 
temp rature d ff re tal (:rár'C} 
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Toleranee to Water Stress 

Screenmg for drought toleran! !mes contmued m 1980 
usmg the two entena percent y1eld reducllon and the 
summat10n of !he canopy temperature differenllal 
(IA T"C) dunng the penod of stress 

In the past the sml vanat1on found m the field has 
caused problems A hnked random1zed block des1gn was 
used m t he fleld to ehmmate th1s vanallon 
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Wh1th the a1d of the AgroecologJcal Stud1es U mt a 
computer program was dev1sed for th1s expenmental 
des1gn to allow for the screenmg of a large number of !mes 
The des1gn ehmmated 16% of the sotl vanallon normally 
found m th1s f1eld Results for the !mes that proved lo be 
drought tolerant are presented m Table 18 

Factors assoc1ated w1th y1eld reducbpn An expen 
ment was conducted at CIAT Palmua to determme the 
causal factors assoc1ated w1th y1eld reductton due to 
drought stress lnformat10n was sought to atd m evaluatmg 
populat1ons segregatmg for drought tolerance 

Ten !mes varymg m theu tolerance to drought were 
planted so that they flowered at the same lime lrngat10n 
on the stress plots was w1thheld for 15 days startmg at 
rowermg Phys10log1cal data were recorded weeklydunng 
the entlre penod of plant growth 

The results for the ten lmes are shown hsted m order of 
ascendmg y1eld reduct10n (Table 19) In tlus table all 
f1gures shown are d1fferences between controlled and 
stressed plots expressed as percentages A general 
reduct10n of LAD almost equally over all hnes was 
poss1bly respons1ble for a bas1c reduct1on m y1eld of not less 
than 30% In sorne !mes the reductton was much greater 
than th1s and the y1eld depress1on m excess of that 
proport10nal to LAD vaned greatly between hnes from 
zero m lme BA T 66 toa 33% extra reduct10n m G3776 Tlus 
vanat10n m the ab1hty of the canopy to produce under 
stress would appear to be genetlcally determmed and could 
poss1bly be explmted m the breedmg programs 
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Table 19 shows the bnes hsted by ascendmg y1eld 
reduct10n wuh the percent reducllon between control and 
drought plots and selected morphologJcal components 
For alllmes leaf area durat10n (LAD) was reduced by the 
stress treatment however genet1c d1Vers1ty d1d ex1st 
between the bnes Y1eld loss was h1ghly correlated w1th 
both reducllons of LAD (R2=0 96) and y1eld/ LAD (R2 

O 93) the latter bemg a measure of leaf area effic1ency The 
data suggest a strong effect of drought stress on 
photosynthet1c effic1ency and senescence 

Measunng photosynthetlc eff1c1ency can be very time 
consummg Therefore !mes that proved to be drought 
toleran! by the evaluat1on descnbed abo ve could be furthe1 
tested f or photosynthettc effic1ency under stress lo 
determme the best poss1ble parents to be used m a breedm~ 
program 

Smce y1eld/ LAD measures leaf area effic1ency 11 gJVes a 
good estima te of the res1dual effects of other phystologJcal 
and morpholog1cal components affectmg y1eld reduct1on 
due to stress Y1eld per LAD was h1ghly correlated (R2 

O 91) Wlth the l:ATofthecanopy The value ofl:AT1san 
mdex of the stress rece1ved by each stressed plot dunng the 
stress penod (CIAT Ann Rept 1978) The ma¡or 
morpholog1cal components affected by the decrease m leal 
area eff1c1ency are the number of pods contammg seed 
gram growth rate ( GG R) and seed wetght Gram growth 
rate decreased from 10 5 to 8 5 for the toleran! lme and 
from 16 5 to 5 for the susceptible hne (Flg ll) 

These data further confirm the effect ofdrought stress on 
photosynthellc effic1ency and poss1bly photosynthate 
partlliODing 

d ought tolerant and usccpt bl 1 nes of Phas /us /g ... 
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It 1s IDterestiDg to note that even though crop growth rate 
1s affected by drought stress 11 does not greatly affect the 
reducllon ID leaf area effic1ency (y1eld/ LAD) Th1s1sdueto 
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the h1gh genellc d1vers1ty for GGR that ex1sts m the 
germplasm 

Variablhty from Intenpeclfic HybridazatJOn 

VIab•hty and fert1bty m mterspecific crosses Research 
has contiDued to determiDe the factors IDfluenciDg vmb1hty 
and fert1hty m P vulgam x P coccmeus crosses and the 
ways lo allev1ate !hose problems 

V•ab•hty and fert1hty ID the F 1 generat1on were d1scussed 
last year (CIAT Bean Prog 1979 Ann Rept) Importan! 
factors were t he subspec1es of P coccmeus m volved m the 
cross ( F 1 s of P vulgariS x P coccmeus subsp po/yanthus 
crosses are more VIable and more ferllle compared to F 1 s 
of P vulgam x P coccmeus subsp coccmeus) and the 
comb1Dat10n of parents 

Th1s year s results confirmed those conclus1ons for the 
F 2 generat10n Th1s generat10n 1s charactenzed by a very 
1mportant segregauon for both Vlabiiity and fert1hty Data 
m Table 20 show that germmat10n was lower than for 
mtraspecú1c matenals and sorne of the plants dld not 
produce any seeds (e1ther because they d1d not reach the 
flowenng stage or theu flowers remamed sterue) The 
proport10n of seed producmg plants was h1gher m the 
vulgans x po/vanthus F2 s but vanat1on ex1sted accordmg 
to the comb1Dat10n of parents especmlly m the vulgariS x 
coccmeus progemes 

Seed product10n also vaned cons1derably accordmg to 
the type of cross (vulgariS x coccmeus vs vulgariS x 
po/yanthus) and the combmallon of parents (Flg 12) On 
the average vulgariS x po/yanthus F2 s were about five 
limes more fertlle than vulgariS x coccmeus F2 s In sorne 
progemes very fertlle plants were observed (F1g 12) 

In prevmus tnals the s1ze of the F2 populatmns had 
always been qu•te low Efforts were therefore made to 
mcrease the product•on of F1 plants Manual self 
poiiiDation (1 e tnppmg of flowers to place pollen grams on 
the sugma surface) was known to sigmficantly mcrease 
product10n of F1 s (CIAT Bean Prog 1979 Ann Rept) 
An add1t1onal mcrease was obtamed by plantmg F 1 s 
duectly m the field at very low dens1t1es (lxlm) mstead of 
m the meshhouse lncreases ranged from SIX to e1ghtfold 
for vulgariS x coccmeus progeny and from four to 
thlrteenfold for vulgariS x polyanthus crosses 

By combmmg manual self polhnatmns and field 
plantmg abundan! seed productmn was obtamed for sorne 
combmallons of parental genotypes Large F 2 populat10ns 
wiii allow more meamngful assessments of potenllals of 
these mterspecúic crosses 
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Varoabll1ty of progeny Research also contmued on the 
vanab1hty generated m progemes Prehmmary results 
suggest a strong dlfferenllal selecuon agamst coccmeus 
characters The mtens1ty of th1s selectwn seems to depend 
on the combmatwn of parents m volved On the other hand 
plants wh1ch showed a h1gher number of coccmeus 
characters produced less v1able and less ferllle progeny 
compared to plants w1th a lower number of coccmeus 
characters 

An add1t10nal potentlally useful character-a long 
hypocotyl and ep1cotyl- was observed and tested Th1s 
character 1f assoc.ated w1th lodgmg res1stance may reduce 
d1sease transm1sswn from sml to fohate thereby reducmg 
y1eld losses from pod rot Th1s matenal1s an example of 
novel vanauon as ne1ther parent expressed th1s character 
w1th the same mtenslty 

Spec1f1c crossmg proJects are now underway or wlll be 
started for plant arch1tecture res1stance to a d1sease 
complex of the Guatemala h1ghlands and res1stance to 
bean golden mosa1c VIrus 

N1trogen F1xatJon 

Breedmg for enhanced N 2 fixatwn IR agronom1cally 
acceptable bush bean cult1vars was 1 mt.ated IR 1978 In 
1980 two f urther cycles of glasshouse selecuon and 
mtermatmg were undertaken and field evaluallon of F 2 
F 3 and F 4 matenals was m111ated at Popayan and eiA T 
Qmhchao 

In the glasshouse phase 202 new crosses were made m 
1980 Many of these were between hybnd mater.als act1ve 
m N2 fixatwn and agronom1cally promiSmg but not 
necessanly act1ve N2 flxmg !mes from the EP nursery To 
fac1htate the mtroductton of these new gene sources mto 
the populatwn developed for N2 f1xat1on the EP !mes were 
planted one week after the other matenals grown m N nch 
sml and alway; u sed a; the female paren! IR crosses A total 
ot 114 !mes trom smgle plant selecuons among F 2 and F 3 
populauons at CIA 1 Qu1hchao and Popayan are bemg 
evaluated for N2 fixatton and res1stance to anthracnose 
eonflrmatwn tests for BeMV res1stance showed that all 
except s1x !mes were res1stant lo Be MV 

N utntJonal and Quabty Factors 

The Food Quahty and Nutntwn Laboratory evaluates 
bean quahty (nutnllonal value and consumer acceptance 
factors) of all matenals of mterest lo the Bean Program 
Screemng for bean quahty has explored the followmg 
factors proteiR content water absorpt1on cookmg time 
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broth th1ckness flavor storab1hty and overall consumer 
acceptance In add1t1on to momtonng quahty factors of 
beans selected for advanced testmg research emphas1s 
dunng 1980 was on the problem of hard seed coat 
development IR poorly stored beans and on the 
methodology of conductmg hmlted consumer preference 
surveys The apphcab1hty of bean flour as a componen! m 
mexpens1ve h1gh prole m f oods was also stud1ed 

Qualrty EvaluatJons 

lt IS 1mportant lo combme quahty factors such as h1gh 
protem and short cookmg t1me w1th select1on f or 
agronom1c factors W1thm the 1980 EPI mes thefollowmg 
tendenc1es were observed dunng severa! spec1fic stud1es 

Select1on for h1gh y1eld potent1al d1d not adversely 
affect ;eed protem content (correlat1on coeffic1ent r 
o 104) 

Selectwn f or large seed siZe was not s1gmf1cantly 
related lo seed protem content (overa 100 seed we1ght 
range of 14 2 22 7 g) 

Selectwn for d1sease and msect reststance d1d not 
seem f ro m prehmmary data lo be a selecuon agamst 
seed protem content 

Select1on of entnes for mcorporauon m the 1980 
!BY AN was neutral towards both prole m content and 
cookmg t1me but showed a rather strong tendency 
agamst hard seed coat wh1ch w11l be d1scussed later 

These stud1es took mto account the effect of storage 
cond1t1ons and hard seed coat development Spec1al care 
was taken to obtam freshly harvested seed so that 
vanab1hty from storage under uncontrolled cond1t1ons 
could be avmded 

Effeds of storage time and temperature A group of 30 
such freshly harvested !mes (all colorclasses) was tested for 
quahty factors w1thm seven days after harvest and also 
after bemg stored e1ght months at about 25 e IR sealed 
lammate bags to mamtam seed mmsture at 12% A second 
group of 50 !mes was tested WllhiR seven days after 
harvestiRg and then every seven days (up lo 49 days) wh1le 
stored al 40 e For nearly every !me stud1ed the cookiRg 
t1me for freshly harvested matenal was 30m mutes After 
beans were stored e1ght months cookiRg t1mes ranged 
from 30 lo 70 mmutes 

The vahd1ty of the accelerated storage test developed last 
year was shown m these stud1es (e!AT Bean Prog 1979 
Ann Rept ) A !me wh1ch developed a cookmg t1me of 115 
mm u tes dunng 49 days storage at 40 e hada cookiRg t1me 



of 100m mutes aftere1ght months storageat 25 e(Flg 13) 
Lmes that mcreased m cookmg time to 70 mmutes after 
accelerated storage had cookmg time of 60 mmutes after 
e1ght months of normal storage An mtermed1ate group 
was found to ha ve cookmg times of 90 100 mmutes after 
accelerated storage and of 70 mmutes after longer normal 
storage The cookmg time determmed after 28 days of 
accelerated storage was an excellent pred1ctor for cookmg 
times after long term storage 1t 1s proposed that thiS 
standard•zed test be used on all !mes to eslimate cookmg 
times hkely to be found m common commerc1al marketmg 
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The effects of storage time and storage temperature were 
stud1ed on a group of50 1980 EP lmes mamtamed at 12 e 
and 30 e for two and four months respectlvely Seeds 
stored at 12 e (at 12% mmsture) had only small mcreases 
(from 30 to 34 or 35 mmutes) m cookmg lime even after 
four months storage Seeds stored at the h1gher 
temperature (and 12% mmsture) showed nearly doubled 
and t npled cookmg times at two and four months 
respect1vely 

Although cookmg t1mes changed ne1ther storage t1me 
nor temperature caused bean th1ckness t o change 
s1gmficantly ehanges m flavor and texture after cookmg 
were evaluated for the 50 bean lmes abo ve by e1ght member 
taste panels Cookmg t1me was not closely related to flavor 

vanetill d1fferences m flavor predommate The correlatmn 
between flavor and presence of hard seed coat wasstrongly 
negatlve (r =-{) 611) for matenals where quahty had 
detenorated markedly lt was not poss1ble to separate 
clearly the factoroftexture m the cotyledon from texture m 
the seed coat so that the expected posJUVe correlatlon 
between cookmg time and presence of hard seed coat was 
not observed 

Water absorpllon The. vanous meas u res of bean quahty 
tested at eiAT ha ve been found to be essenlially unrelated 
(T able 21) The except10n was for water absorptmn dunng 
the m1t1al f our hour soakmg penod and subsequent 
cookmg time m the case of 30 1980 EP lmes carefully 
stored as freshly harvested seed the correlat•on coeffic1ent 
was-{) 564 for these two factors For the group of 160 1979 
EP matenals a multlple regress10n analys•s md1cated that 
6 7% of the vanatmn m cookmg lime was due to 1mt1al 
water absorptmn 8oth water absorpt10n and cookmg time 
are related to stilrch emphasumg the role of stilrch 
structure m the cookmg propert1es of beans For th1s same 
group of matenals ne1ther seed sue nor seed color 
s•gmflcantly affected cookmg time 

T bl 21 e 1 t s b twee bea qu 1 ty f ct rs 
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Hard seed eoat The effect of hard seed coat (not a 
starch related phenomenon) on water absorpt1on by the 
bean dunng the m1t1al four hour soakmg penod IS 

considerable one lme w1th hard seed coat absorbed 40% 
less water than etght normal !mes In another group of 
matenals stored etght months average water absorptmn 
(measured as the percentage of seed dry we1ght) for seeds 
Wllhout hard seed coat was 59% wh1le for hard-coated 
seed tt was 21% Netther protem nor seed y1eld was 
s1gmf1cantly d1fferent for those two groups of matenals 
Reductwn m water absorptton ts now constdered the most 
senstt1ve measure of hard seed coat smce thlS character IS 
somewhat dduted out dunng the cookmg test and cannot 
be determmed prectsely m the mouth 
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From present understandmg changes m cookmg lime 
and water absorpllon tbat occur m a bean seed dunng 
storage may be summanzed as follows 

Stage 1 (fresh seed) where cookmg ltme ts very nearly the 
same for most vanettes and ts mdependent of water 
absorptton Stage ll (mtermedtate) m whtch cookmg 
ttme mcreases and beco mes correlated wtth water absorp 
uon and Stage lll (seeds wtth hard seed coat) where 
cookmg ttme reaches a maxtmum and lS no longer 
correlated wtth water absorpllon 

Selectton by breeders m the Bean Program has been 
agamst bnes havmg hard seed coats even though thts 
character was probably not recogmzed as dúferent from 
other seed characters Of 43 hnes tested and found wtthout 
hard coats 10 were selected forthe 1980 lB Y AN of 15 hnes 
found to develop hard seed coat only 2 were selected for 
the lB Y AN 

Whtle not studted extenstvely treatmg seeds wtth edtble 
otls (to reduce storage msect mfestatwn) bad a marked 
mfluence on water absorpuon Seeds treated wtth etther 
matze or soybean o ti relamed or mcreased thetr mtllallevel 
of water absorpt10n over a 49-day storage penod at 40 C 
Non treated seeds lost 45% of thetr abthty to absorb water 
In thts sense otl treatment has ehmmated the development 
of hard seed coa! m the vanety studted Unfortunately otl 
treatment dtd not reduce the cookmg ttme forlhts vanety 
( 110 m mutes after 49 days accelerated storage) 

Presently the standardtzed tests for bean quahty ha ve 
been well charactenzed and can be recommended for 
routme use m any quahty evaluat10n program The 
procedure ts summanzed m Ftgure 14 Based on ex 
penences m the CIA T Food Quahty and Nutntton 
Laboratory one techmctan could perform over 1200 of 
these tests per year 
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Consumer Surveys on Bean UtJbzatJon 

The ftrst objecuve ofthts work was to defme and analyze 
!hose factors that are tmportant to Colombtan famthes m 
selectmg purchasmg and consummg beans A second 
objecttve was to develop a survey methodology that wtll 
permtt any natwnal or regtonal bean unprovement 
program to determme consumer preferences and consump 
!ton patterns systemattcally and at relallvely low cost 

Two surveys were made tn Cah and Medelhn 
Colombta covenng 450 households represenung about 
2500 persons Supplementary surveys at supermarkets and 
smalllocal markets were also made to gama clearer tdea of 
buymg habtts for beans 

Surveys were based on background mformatton and 
prevwus expenence made avatlable by the marketmg 
group of Productos Quaker m Cah The surveys were 
conducted w1thm three soctoeconomtc strata of the 
populatton The lngh medmm and low strata compnsed 
15 35 and 50% respectiVely of the samplmg populatton 
Surveys were done m urban areas prevtously charactenzed 
for socaoeconom•c factors 

lt was assumed that for the ma¡or part of the 
consumptton patterns dúferences between mhabttants of a 
gtven commumty (taken as a ctty or group ofnearby ctttes) 
would be relattvely small For the mhabttants of dúferent 
regwns consumptton patterns for beans are hkely very 
dúferent and very charactensttc These hypotheses were 
shown to be true 

The mam results of the surveys are g¡ven m Table 22 
Dtstmct dtfferences were ev1dent between consumer 
preferences m Cah and Medelhn In Medelhn the 
Cargamanto vanety ts preferred almos! exclustvely and 
beans are ea ten more than twtce as frequently as m Calt 
even though more people thought beans were expenstve In 
both ctlles people eat beans because they hke them 
although a large fracuon of people m Medellm recogmzed 
beans nutnttve value Beans are usually eaten as a soup 
wtth other mgredtents Most households prepare beans m 
pressure cookers usual cookmg times reported were one 
half to one hour 

The factor that seemed to bmtt bean consumptton m Cah 
(and even m Medelhn where beans are eaten by many 
people every day) ts that people bke to vary thetr dtets 
Sorne satd that tf other bean rectpes were avatlable they 
would try them Many housewtves mdtcated they would 
hke to try new bean products such as flour (40 and 70% 
postttve responses m Cah and Medelbn respecttvely) 
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Such surveys can be carned out by a group of s1x 
mterv1ewers (umvers~ty students were used m these cases) 
plus one supervisor Four days were reqmred after llllllal 
plannmg orgamzat10n and trammg Such survey methods 
are duectly apphcable to other areas 11 1s hoped that 
natmnal agncultural programs wdl utdlZe these methods to 
gam a clearer p1cture of bean consumptmn and preference 
pattems 

Bean Flour Development 

Stud1es are under way m the Food Quahty and Nutnllon 
Laboratory to study the feas1b1hty of usmg bean flour as a 
subslltute for defatted soy flour m a low-cost nutnt10us 
product smtable for subs1d1zed chlld feedmg programs 
The product Colomb1anna fash10ned after the famous 

Incapanna but based on nce and soy was mtroduced to 
Colombia m February 1978 as a par! of the Plan Nac10nal 
de Ahmentac10n y Nutnc10n (PAN) The Laboratory 
began tests on a nce and bean flour product called 
Nutnbueno formulated to opt1m1ze the nutnt10nal value 
of 1ts two components for protem content and ammo ac1d 
balance For comparat1ve purposes 100% bean flour was 
also used m the product testmg 

The two cereal legume products Colomb1anna and 
Nutnbueno were mlllally tested m vanous rec1pes for 
flavor texture and appearance (mcludmg color) In breads 
bunuelos and coladas there was no s1gmficant d1fference 
between C-olomb1anna and Nutnbueno However 
rec1pes made from bean flour e1ther at the 10 15% leve! m 
breads and bunuelo• or at the 100% leve! m coladas 
generally recetved h1gher scmes espec1ally m terms of 
llavor Stud•e• were then duected to the quesuon can bean 
flour be u11hzed m a w1de range of rec1pes as a low cost 
.aurce ol protem ( 1 able 23) that enhances flavor and 
hence consumer acc ptabthty' 

At the pre•ent t1me bean flour 1s potenllally a lower cost 
source of protem than the other h1gh protem flours m 
Colomb1a ( 1 dble 23) R1ce IS a relat1vely expens1ve source 
ol protem although second grade nce can be used for 
Colomb1anna and Nutnbueno Because of 1ts relauvely 
poor protem quahty (ammo ac1d balance) bean flour 1s 
more expens1ve on the bas1s of a k1logram of balanced 
protem than e1ther of the cereal legume flours (but not 
wheat) However smce these products are eaten m 
conJuncllon wtth other foods wh1ch tend to balance the 
overall ammo ac1d compos1t10n of the dtet the more 
1mportant cons1dera11on here 1s cost per k1logram of 
protem and here bean flour IS clearly less expens1ve 
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GERMPLASM OEVELOPMENT ANO EVALUATION SCHEME USEO BY THE BEAN PROGRAM OF CIAT 

Nat anal Ge mplasm Bank 
Expe mental L nes 

from Nat anal and 
Culttva s Accessons lnternat anal Prog ams 

. ~. 
J PARENTAL SELECTION ANO CROSSING FOR EACH OF THE FOLLOWING PROJECTS 

1 Abo t 500 Parents 1500 Crosses Vea ly 

1 1 1 1 1 1 1 1 
H1gh 

BCMVII R 
Bactenall 

IIAnth ac osel '1 Angular .1 1
1 

Leal ,1 A eh tectu e Pr onty st Bllghts Leaf Spot Hoppers 

1 ~ 1 
Low 

Drought 1 Phosphor ·1 fiXB~IOO 11 BGMV AponJ lll Extreme Ext eme 
Pnonty Temperaturas Matunt es 

1 1 1 1 1 1 
SELECTION ANO COOING OF EXPERIMENTAL UNES FROM ALL PROJECTS 

1 
Nat anal FIRST UNIFORM SCREENING NURSERY (VEF) 
Prog am 1- About 1 000 entr es 
Select ons Separata Testtng for Clean Seed 

BCMV Anthracnose r--- Product on 

Rust Angular Leaf Spot lor EP 
Germplasm 
Bank 1- Common Bactenal Adaptat on 

Access ons 
Bllght 

¡ 

SIFRI 
PREUMINARY TRIAL (EP) 

Be a Informal on About 300 Entnes 

Systems Repl cated Y eld Tnals and Separata Test g lo 

Web Bllght Sean Fly Clean Seed 
Halo Bl ght Low So 1 Phosphor s - Product on 
Root Rots O ought lo IBYAN 
BGMV Photopenod 
Ascochyta Leaf Spot Extreme Temperaturas 
Gray Leaf Spot Nz Fxaton 

Ente s to Powdery M ldew Prote1n Content and 
Ge mplasm Wh te Leaf Spot O al ty 
Bank Apon Adaptat o 

• INTERNATIONAL BEAN YIELO ANO AOAPTATION NURSERY 
Nat onal (IBYAN) 
P ogram r- About 100 Entnes 
Selecto s 

Repl cated T al Tested Worldw de 
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Appendax A 
Descnpt1on of Phaseolus vulgariS L Growth Hab1ts 

Type l Determmate growth habtl reproducttve ter 
mmals on the mam stem wtth no further node product10n 
on the mam stem after flowenng commences 

Type 11 lndetermmate growth habtt vegetattve ter 
mmals on the mam stem wtth nodeproducttonon the mam 
stem alter flowenng commences erect branches borne on 
the lower nodes of the mam stem erect wtth relattvely 
compact canopy vanable gutde development dependmg 
on envtronmental condttlons and genotype 

Type lila lndetermmate growth hablt vegetauve 
termmals on the mam stem wtth node productlon on the 
m8ln stem after flowenng, relattvely heavlly branched wtth 
vanable number of facultattvely chmbmg branches borne 
on the lower nodes vanable mam stem gutde development 
but generally showmg chmbmg abthty 

Type lllb lndetermmate growth habtt vegetabve 
termmab on the mam stem wnh node productmn on the 
mam stem alter flowenng, relatlvely heavtly branched wtth 
vanable number of facultattvely chmbmg branches borne 
on the lower nodes vanable mam stem gutde development 
but generally showmg chmbmg abthty 

Type IVa lndetermmate growth habtt vegetauve 
termmals on the mam stem wtth heavy node producuon 
alter llowermg commences branches not well-<leveloped 
compared to mam stem development moderate chmbmg 
dbthty on •upports and pod load carned evenly along the 
lenght of the plant 

Type IVb lndetermmate growth habtt, vegetauve 
termmals on the mam stem wtth heavy node productton 
alter flowenng commences branches not well-<leveloped 
compared to rnam stem development strong chmbmg 
tendency wnh pod load mostly borne on the upper nodes of 
the plant 

Notes The growth habtt classtficauon has been 
expanded for the chmbmg types smce the 1977 Annual 
Report Type 111 matenals wtth sorne tendency to chmbare 
now recogmzed as Type lllb and Type IV has beendlVlded 
on the basts of vtgor and pod dlStnbutton 

The most lDlportant dlStmgwshmg features of the 
growth habtts are as follows ternunal raceme on mam stem 
for Type 1 mdetermmate wtth erect branches for Type 11 
mdetermtnate wtth prostrate branches for Type lila 
mdetermmate wnh semt-chmbmg mam stem and branches 
for l)pe lllb mdetermtnate wtth moderate chmbmg 
ab•hty and pod• dtstnbuted evenly up the plant for Type 
1 Vd mdetermmate wnh aggresstve chmbmg abthty and 
pod• carned mamly on the upper nodes of the plant for 
Type lVb 

C.. ro" th ha bu ts not necessanly a stable charactenstc 
smce change• m growth habtt rnay occurfrom one locauon 
to another 1 he class•f•cauon of growth habtt for a 
paruculdr bCnotype IS only useful m a defmedenvtronment 
parttculdrly wnh regard to cllDlbmg abtltty 
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000076 
00011K 
000124 
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Appendax B 
CIAT Access1ons of Phaseolus Referred to ID tbls Report 

Id nllfJc.tuon Local regJS ter Source2 

'-,\\edi!!~h Brown PI 136735 USA 
Red Kloud USA 
1-orty IJays PI 162566 USA 

PI 163372 USA 
Cah 1-asulya PI 165078 USA 
Raytal PI 175269 USA 
\\ mdsor Long Pod PI 182026 USA 
ÜJO de Cabra PI 281988 USA 
!\egro Jarnapa PI 309804 USA 
1'\1ma PI 310512 USA 

PI 310739 USA 
PI 310740 USA 
PI 310805 USA 

Morada del Agua PI 311904 USA 
Colorado de T eop1sca PI 311998 USA 
Magdalena 3 PI 313624 USA 
Col No 168 PI 313755 USA 
Zacaltc.:1no PI 319665 USA 
Pecho Amanllo GTA-CI4 GTA 
Puebla 152 MEX 
CCC.. B-44 1-462 VNZ 
Jamapa 1 810 VNZ 
Puebla 152 1-820 VI'.Z 
Mex•co 27N 1-867 VNZ 
Venezuela 2 1 1062 VNZ 
Brastl 2 P1co de Oro 1 1098 VNZ 
51051 1 1138 VNZ 
M1chebte S-33 CRA 
NEP Bayo 22 ----- e 286 CRA ---

~ 166-A N N 555 CRA 
11axca1a 62 e MEX 
~-<>JO B (_-{)) CRA 
A ntloq u1a JI Plll CRA 
Owcol Lahma p 146 CRA 
Ex R o 23 CLB 
Ex 1 ueb1a 152 Brown ~eded ME'\ 
Pmto Ul 114 USA 
9 Al 2 USA 



Appe d x H (cont ued) 

CIAl No 

G04452 
G04454 
G04459 
G04460 
G04470 
G04482 
G04489 
G04494 
G04495 
G04498 
G04503 
G04505 
G04523 
G04525 
G04727 
Gll4816 
G04821 
G04824 
G04825 
G04830 
G04978 
GOSIS8 
GOS270 
GOS653 
G05694 
GOS702 
GOS708 
G05743 
G05745 
GOS768 
G05773 
G05897 
G06361 
G06520 
G06719 
G06721 
ú07932 
G07951 
G09446 
Gll249 
Gll274 
Gll488 
Gl2631 
Gl2709 
GJ3497 
Gl3499 

ldenuficatlon 

ICA úuah 
ICA Tu1 
NEP 2 
Pompadour 2 
1 ompadour 
Zamo ano 2 
ÚUIIapa 72 
D~acol Cahma 
Pornllo Smtéuco 
~amlac 

W1dusa 
1 op <:.rop 
Lmea 17 
Lmea 32 
Ancash 66 
Mulattnho 
lguacu (Lote 4) 
Roxlo 
Ca noca 
Rw T1bag1 (Lote JO) 
A manda 
B1co de Ouro 1445 
Sataya 425 
Ecuador 299 
Cornell 49 242 
Cargamanto 
Sangretoro 
Preto 897 
Redlands Greenleaf B 
Pmto No 650 
ICA PIJao 
Hor de Mayo 
C..reat Northern 
AETE 2 
Jubila 
Double Wh¡te 
Nahu1zaJco RoJO 
A roana 
lmuna 
Pmto 
Brasil 343 M ulaunho 
CENA 164 2 CM CM (12 B) F5 
Ancash 143 
Moruno 
AETE 1/37 
Petro 132 

Local reg1ster 

BZL 905 

CA21 

FRC 542 
IVT 771004 
IVT 77039 

Sañudo 45 

Source -
CLB 
CLB 
CRA 
CRA 
DOM 
HDR 
GTA 
CLB 
HDR 
USA 
FRC 
USA 
CLB 
CLB 
PER 
BZL 
BZL 
BZL 
BZL 
BZL 
NLD 
BZL 
MEX 
ELS 
USA 
CLB 
CLB 
ATL 
ATL 
USA 
CLB 
MEX 
USA 
UTK 
NLD 
NLD 
ELS 
BZL 
FRC 
NLD 
NLD 
BZL 
PER 
CLB 
BZL 
BZL 

lh (J od 1 cess th mbe a.u¡gned tbyth ~ mplasmba k f h CIATGenet R so n:etU t BATA EMP 
BAe DOR d V odes bel g ma 1 mp d by CJA f Be Pr gram 

A 1 L A 1 1111 H 1 lLH e 1 mb CRA e t RJCa DOM L>om ca Rcp bhc EL~ El Sal d .. R<... 
ha úlA ( mi HDR U dr.l \1EX M PER Peru UTK U edK gdm VNZ Vneuela 

• 
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