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Climatic and edaphological data for loeatiano where CIA T's 
Bean Program has done re_rch' work in 19710 

AltilUde 
(meten. Mean 
ahove temperature Rainf.1l 

Lotations sealél'el) (oC) (mml year) 

Colombia! 

CJAT, PaJmira 
(VaUe) 1,000 24.0 1,000 

Popayán 2 

(('auca) 1,760 18.0 2.500 

Nataima 
(ToHma) 430 27.8 1,479 

TuripamV 
(Córdoba) 13 28.0 1,200 

Tibaitata J 

iCundinamarca) 2,250 13.1 606 

Restrepo4 
.(Valle) 

Vijes. Y otoco. 
Valle) 

La Zapata 
(Valle) 1,200 22.7 1,219 

Ecuadór: 
Boltche5 50 25.1 127 

Pmí: 
la Molinan 200 17.7 5 

"'amc~ nI dcpanamemU\ Qf C(,llnmblíl are In parenlhe~e. 

In cnopllrallún .... 'ah (he Sct'reterio de Agncultura del ('ltU~U 

In coaperatlOn ""¡lh lht ¡,."I,W¡n CoJoml»¡;r_a Agn'¡lccuJflO (lCA) 

Jn CL'''fl<,,'¡IJ,0n 1I.¡:h:ht h'l.krac¡ón \'¡n,,,,na] de C:\fd(r<l~ 

Organic 
malter 
• (%) 

6.80 

7.56 

pO 

3.1 

6.2 

7.4 

6.0 

3.8 

1.5 

In c">I'p-.:.,,,¡><m ""¡ÜI tI\<: Imt'(Uln .... dcmn • .t de In"c~l'*!lCWne~ AgH>pen¡¡ui<h ¡¡'\IAr: 

In C<hlp(f;¡h.m 'ldlll ¡tu.- ·'.tm.'teno de o\~n¡;u!!ú¡,} 

p 
(Sray 11) K 

pH (ppm) (meqIIGOg) 

6.9 46.3 0.44 

5.0 2.4 0.44 

6.2 24.7 0.22 

6.8 13.8 0.68 

6.0 4,9 0.48 

5,9 7,0 0.31 

5.0 1.7 0.55 

4.3 3.0 2.3 

8.0 309.0 0.43 

Soil 
texture 

Clay 

Clayloam 

Sand 

Claj 

Sand loam 

Sand loam 

Clayloam 

Clayloam 

Clay!oam 





lean production systems program 
HIGHLIGHTS IN 1976 

National bean programs in Latin America vary. While sorne are limited lo a few 
scienti.1s undertaking activities which mUSI span several disciplines, others have 
multidisciplinary research tcams with numerous highly qualified scientists.The C1A T 
bean prograrn, which was asked by the Techoical Advisory Committee of the 
Consultative Group for lnternational Agricultural Research to establish a 
collaborative bean researeh network in Latin America, must, therefore, be attentive lO 

markedly different need •. While the program'. chief product i. germplasm, this may be 
supplied to national programs as a promising souree of disease or inseet resistance; as 
hybrid material with nationally-important varieties already crossed to the resistance 
source; as late generation "elite" materials previously ,crcened at CIAT; or as 
formed varieties from CIAT oc other national programs. Even so-<:alled "technology 
packages" will differ according to the needs and capabilities of each country and it, 
predominant agricultural forms. 

The major highlights of th. prograrn's work in 1976 iIIustrat. the bread!h of 
activities and !heir int.gratioo wi!h the needs of national bean programs. 

In 1976, and after consultation with national programs on methodology, CIA T 
established the first Intemational Bean Yield and Adaptatíon Nursery (lBYAN). To 
date 128 roquests for the trial have been received. These derive from 20 countries in the 
Americas as well as from England. India, Israel, Japan, Keoya. Malawi, Portugal, 
Tanzania and Thailand. Seventy-six trials have already been shipped. While most 
plantings werc scheduled for the second semester of 1976, results have already becn 
rcceived from 12 tríals. 

The second International Bean Rust Nursery (lBRN) is beiog tested in 141ocations 
in 1976. Resulls from Ihe first IBRN showed Ihree accessions resistan! lO rus! attack a! 
aU six testing localions. Two of these accessions, P699 and P717, are being used as rust 
resistance sourees by the breeding programo 

This year CIAT was named as Ihe world center for Phaseolus germplasm resources. 
The first meeting of Ihe Phaseolus Germplasm Advisory Committee, in S.plember, 
reviewed and approved program plans for the storage, identífication, characterization 
and data retrieval associated with germplasm actívities. A detailed catalogue of more 
than 700 promising cultivars has becn published. 

JJeans Program ~ elA T A-J 



Rates of nitrogen fixation as high as 40 kgihai growing season were obtained. Hígh 
fixation was most common in clímbing cultivars and was strongly correlated with hígh 
soluble carbohydrale levels in Ihe plant. 

Evaluatíon of cultural practicos and cultivars for assocíated cropping of maíze and 
beans continued with the maximum beao yield of 2.070 kg! ha achieved in associatíon 
with a yield of 4.93 tons of maize, 

One hundred seventy-eight cultivars were used in hean hybridizations duríng 1976 
with approximately 3,000 difreren! parental combinations effected. Detailed plans 
were developed to sequentially evaluate these hybrids for disease resistance and yield. 
and lO pass promising material as rapidly as possible lO interesled national programs, 

In 1976 lhe program received 38 traiñees including four postdoctoral scientisls, 
Contínueq contact with former trainees has permitted a wide range of sereening 
activities for diseases, inseets and stress conditions not found at CIA T, These include 
resistance slUdies on Apion. Epinotia, golden mosaic virus and on droughl tolerance 
screening. 

,j-} Annual R~port - /976 



GERMPLASM 

[o [976 C[AT aecepted primary respon
sibility under the Interoational Board for 
Plaot Genetic Resourees (IBPGR) for Ihe 
maintenance aud· characlerizatiou of 
Phaseo[us germplasm. 

Germplasm Evaluation 

Of the 12,000 seed samples already 
received at C[AT, sOrne 7,000 have beeo 
multiplied aod charaeterized 
morphologically. Aoother 3,000 
aceessions are currently being multiplied to 
provide 10,000 evaluated materials by Ihe 
end of 1976. These aecessions inelude a 
number of active or obsolete land cultivars 
of Phoseolus vu/garis, improved commer
eial varieties, wild and indígenous types, 
and natural and artificial crosses of P. 
vu/garis by coccineus, P. acutifolius. P. 
lunarus, and wild speeies sueh as P. 
ritensis, P. dumosus, P. polystachus, aud 
P. adenanrhus. 

Sorne 2,200 new accessions were receiv
ed in 1976, including 1,200 samples from 
Ihe Norvell explorations of Mexico and 
Guatemala and ínteresling new materials 
from Germany, H olland and F rance. After 

/J;!ans Prograrn - e/AT 

meeting at CIA T in September to review 
the current status of ?haseolus spp. 
germplasm, tbe Phaseolus Germplasm 
Advisory Committee (PGAC) 
recommended additional collecting in 
Africa and Central America during 1977. 
Additional information will also be 80ught 
from majorexisting collections not already 
included in Ihe CIA T bank. 

Field evaluation and characterization of 
aecessions for 52 plant morphological 
features continued in 1976. The PGAC has 
idenlified 20 of Ihese as essential descrip
tors for Phaseolus eolleclions. Results 
from an evaluation of 781 materials 
identified by CIAT scientists as "promis
ing" were published in the form of a des
criptive lisling (Fig. 1 )1. A second listing 
with information for 2,400 additional 
accessions will be prepared in 1977. 

Many oí these promising accesslons are referred 
to in th¡s report A tíst on page A~O, further 
identifies these accessiQns (referred to as POOO) 
by their varietal Dame Oí otber title, the CIAT 
germpJasm bank number (as G 00000) and the 
saurce country (but nol neces$3.rily its origio) 
ror the a(;;;ession, Germplasm bank accessions 
mentioned in tbis report are Iisted fóUowingthe 
promis;ng accessions. 

A·J 



Figure L A calalope clJaracterizing 780 promising aecessions oí Phoseoius vuigaris was rompleted and 
publis-htd in 1976. 

Germplasm Storage 

CIAT bean germplasm is currently 
maíntained in cold rooms without humidi
ty control, necessitating frequent gerrnina
tion tests and seed regeneralion al four
year inlervals. In 1976 plans were 
compleled for a neW germplasm facility lO 
become available early in 1971. The 
slructure will aecomodat. up lO 60,000 
aceessions al + 15"(; conditions, and an 
equal number, in small quantities, at -¡SOCo 
All seed wíll be packaged under low 
humidity, ensuring víability for 6-10 years 
in Ih. + J5'C section and forup lO 100 years 
in Ihe -15'C s.clÍon. 

shipped in 1976. Table 1 shows Ihe 
distribution of those materials by major 
region. 

Table L Distribution of SeM samples in 1916 from 
lile CIAT PhQSf!olus Germplasm Bank. 

Region 

South America 

Africa 

Central Amenca, Caribbean 

Europe 

North America 

Sampk:s sent 

Seed Shipmenls Australia 

923 

869 
714 

343 
100 

454 

--------------------
More Ihan 3,000 seed samples were Total 3.403 

A-4 Annual RRport ~ 1976 



PATHOLOGY 

Common Baderial Blight 

Pathollenic variation 

CIA Tscreening for bacterial blight Crom 
1972 through 1975A used the Colombian 
isolate C6, originally obtained in 1969 by 
ScllUster and Coyne from Phas<!olus 
vulgaris var, Diacol Calima, 

Additional studies were undertaken in 
1976 to obtain new isolates and compare 
Ihem with the C6 isolate, !solations oC Ihe 
blight pathogen Xanthomonas phaseoli 
were mad. Crom blight-infected ¡eaves and 
seed obtained in Colombia. !solate. were 
idenlified by colony morphology and 
pathogenicity tests, then compared in 
pathogenicity with isolates C6 and C7, the 
latter also isolated by Schuster and Coyne 
from Colombian seed material, !solate 611 
from the Canca Valley of Colombia was 
mosl virulent, causing complete wilting of 
a susceptible host two weeks after inocula
tion (Fig. 2), [n contrast, isolate C6 was 

only weakly virulent, causing flagging of 
Ihe primary leaves. lsolate C7 was nol 
pathogenic by this test, suggesting that the 
bacteria may decline in pathogenicity after 
repeated subculturing. Studies are in 
progress to determine how best to use such 
differential pathogenicity in screening for 
bacterial blight tolerance under controlled 
conditions, 

Field sereening 

Field experíments were conducted at' 
CIAT in 1975 and 1976 and also in 1976 at 
N ataíma, a site in the T olima region of 
Colombia where' temperature and 
moisture conditions are excellent f or bligh! 
development. These tests compared dis
ease reactions of 4,000 accessions from 
C1A 1"s germplasm bank. Materials from 
Ihe University of Nebraska (U.S,A), 
Michigan State University (U.S.A,) and 
Puerto Rico were included, as were two 
Iines of p, acutifolíu$, as tolerant check •. 

Figun:: 2. Paihogenic van.tíon among e olombian ¡solates uf Xanrhomonas phas(!o/i on Phasf'oJus vulgarf$. 
SttdUngs oí the cultivar Manitou. a ligbt red kidney hcan. wer~ inoculated in the eotyledonary node .t Ibe 
crook~neck stage ",ith ¡solales 611. C6. C7 and a water control (chec-k). The p.icture was tahn two weeks .(ter 
inoculaUon. 

Sean.! Program ~ e/A T A·j 



Entries were evaluated first at CIA T in 
an unreplieated planting. Tolerant 
material s were reevalualed in replicated 
tests at CIA T and Nataima. The plot 
design for disease screening at CIA T (Fig. 
3) was similar lo methods previously 
described (CIA T Annual Report, (974), 
whíle at N ataima rows were spaeed 60 
.entimelers apart without ridges. Infected 
seed of the susceptible cultivar Porrillo 
Sintético was planted as borders 2-3 weeks 
befare the general plantíng date. 

Plant. at CIA T were directly inoculated 
fíve weeks after planting using X. phaseolí 
isolate 611 as a suspension containing 5 x 
!O' cells/ml. Inoculum was applied at 
suoset as a spray at abou! 100 psi to 
produce leaf water-soaking (Fig. 4), and 

r~ :l, 
, ,! 

x 
:x 
x 
x 

x' 
x 
X 

I 1: I 1 
I I! I 

I j :' l 
I I 1 
I l 
I I ! I 

x 

bean rows were furrow irrigated the day 
before and lhe day after inoculalion lO 
creale a favorable microclimate for disease 
development. Plants were !hen sprayed 
wilh water and irrigaled each week 
lhereafter lO cnhanee spreading of artificial 
as well as natural infeelioos. Al CIAT, 
reaelions were recorded Ihree weeks after 
inaculatian using a 1-5 scalefor foliar and 
a 1-3 seale for pod reactions. 

Al Nataima, severe infection occurred 
naturally and no inoculation was needed. 
Dísease reactíon was recorded 7-8 weeks 
after plantíng. 

Two lines of P. acutifolíus (PS97 and 
Tepary 10) had Ihe highest tolerance, 
showíng no symptoms on eilher foliage or 

xl X X X X X X X 
xxxxxx 

X X X X X X X 
X X X X x, X ix 

Buos lo be evalual00 

x:x:xxxx Suscepttble beans 

Figure 3. Planting pattern for {'\aluatin~ bean tolerance to common bligbl. at nA T. 
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Figure 4, Bean plants are inóculated with Ihe bacterial suspension in the field al CIAT u;¡ing a pressure 
sprayer. 

podo (f abl. 2). N O P. vulgaris entries were 
free of leaf symptoms. Two P. vulgaris 
Iines (P662 and P261) were toleranl in 
foliar reaction, but tbe latter sbowed pOO 
susceptibility. P464 and P252, tdleranl in 
1975, were susceptible in subsequent tests. 
PI 169 727, P684, PI 197 687, Guali and 
P694, reported in otbet studies to be 
tolerant lo U .S. isola!es of X. phaseoli, 
were susceptible in tbese test.. T olerant 
commereial U $. cultivan P698, P567 and 
G.N. Valley were susceptible as they 
neared maturity. 

Fungal Diseases 

Rus. ( Uromyces phaseoli) 

In 1976, 1,700 eoUections from the 
germplasm bank were evaIuated for rust 
resistance at elA T aOO Popayán; 189 were 
resistant at both locations. Tbese collec
tions wíll be furtber tesled and incor-

lJeans Program ~ CJA r 

porated into future International Bean 
Rust Nurseries (IBRN) for testing against 
races of tbe fungus not present in Colom
bia. 

Twenty-six IBRN sets, eaeh containing 
123 cultivars, reported as resistant to 
different races of the pathogen, or of 
promise in donar countries, were sen! to 14 
cooperators during Ihe yeaL Resulls from 
120f 14 seIs senl in 1975, and four oflhe26 
senl in 1976 have been received. Tbesewere 
analyzed by computer using a resistance 
index generated from pustule size (1-5) and 
pereentage of infection intensity, from 
observations at 30 and 45 days after 
plantíng (Fíg. 5). Summarized result. have 
been dístributed to IBRN collaborators 
and other interested scientists. 

The accessíons P693, P699 and P7 l 7 
were consistently resistant to rust in two 
years oflBRN testing. P699 and P717 have 

A-7 



Table2. Reaction of pods aud fQUage of several field~crown beso cultivan and lines 10 Colombian isolatH of 
Xanthomonas phaseoJi. 

Foliage reaction I Pod reaction 2 

Aceession no. or CIAT Nataíma CIAT Nataima 
Qther identiflcatíon 1975B 197/iA 197/iA 1975B 197/iA 197M 

Pha$eolus acutifolim 
PS97 

Tepary !'el>r, Acc, 10 3 
._, 

Phaseolus vulgaris 

P662 2 2 2 2 1 
P261 2 2 2 3 3 3 
P464 2 2 3 2 1 

P2S2 2 3 3 2 3 2 

P.L 169727 4 3 
P.L 197687 3 1 

lCA-GuaU 3 4 3 3 3 2 

G.N. Valley 3 3 2 

P684 3 3 3 2 
P698 3 3 3 3 2 

P498 3 3 1 2 

P567 ) 3 4 2 1 2 

P694 3 ) ) 2 2 2 

P092 3 3 3 3 2 3 

P160 4 4 2 2 
P566 3 4 4 2 2 2 

Fo!iagereac1l01'1S: I Highly ro/mmr - no vIsible s)'mpt!HllS: 2 Tokriilnl - shght. lmal! Ie$«"ru¡of¡ '"~%ofkaves;;) Modi'raul.l"tt,¡jMP¡it>k ~~ 
m;¡d¡matc teslOU$ (>i "lIoom ru:«. sorne ~ves eplwol~. 4 m.r~pllble sc"efe .... itl! many lar~ !es1(HIS Ofl moot lea,,!::>, p¡,:.nollncec 
chtorOll$ and tw.:ro~l$, aad S Hlghh nuuptfbfl' -- ytry S(ovt:rl: , pilmb ¡;hlorotl( aOO largel." defQJ:aI\."\l, 
1'00 ffilcttorn¡. 1 Taierw11 - no les,mts, 2 J11lerme4utle - a kw !malJ lC1ilot¡~ and, 3 Su5uptibk numerotls latge k5m!'l~ 
8lAnk$ meatl flO! teMed at flns &lte Uf seASon 

F-r- Resístant l' intermedlate 

11 1-400/, II-O'/! J l-So/~ 1-· lllo/c 1~30q.[ 1~65'i'i I-IQ()C( ¡ 
ir-- ;¡ 2--40';, t: 2~5% 2~¡O% " 2~300/c 2-·~65% 2-~ 1000 ¡ 

JI I I 

3~O% 3~S% 3·-1O'i'i 3--30'" I 3-40t;( 3-65'i'i 3~ lOO':; I 
4--0% 4----5% r 4. Io9r 4--30% ! '~4M( 4--65% 4- 100'"'; 1 

15~O% 5-5% I 5-10% 5--30% ,1 5--4OW 5~65% 5~ looc¡ í 

\ IL 1\ 
Susceptible 

" 

Figure 5. Resistanrt' index used to evaJuale th" lnlemational Bean RuM NUCSl'ry (18RN), The number i~ Di 

ra.inc uf the pusfuJe S-11e on a sule of 1~5 with the ínfedion intensit) gaven as a perCel1tll~e. 
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been widely used in CIAT crossing Viral Diseases 
programs for rust resistance. 

.Anthracnose (Collelo/richum 
lindemulhianum) 

Screening for resistance. A totalof S24 
promising accessions were sereened for 
anthracnose in Popayán (1,600 m) and 
Bogotá (2,600 m). More Iban 100 were 
resistant al both sites and addiiíonal 
accessions were resistanl in one location 
and sus.:eptible in the other. The f3 race of 
Collelolrichum Iindemulhianum was pre
sent in Popayán. AccessionsP685,Widusa, 
P302, P347, P432, and P540 have been 
consistently resistan! in two years of 
lesling. P685, P782, Cordonco and Ver
nandon are being used as resistance 
sources in the breeding programo 

Po .. dery mildew (Ery.iphe polygoni) 

Screeningfor resis/atlce. An epiphytotic 
of powdery mildew (Erysiphe polygoni) 
occurred in the antbracnose nursery in 
bolh Bogotil and Popayán. Accession 
P278 was observed lO be highly resislanl. 

Web bllgbt (Thanatephorus cucumeris) 

Screeningfor resistance. Environmental 
conditions during 1976 were nOI favorable 
for Ibe development of Th4natephorus 
cucumeris. Nevertbeless, from 3,S05 
coUections planted at Turipaná, only 310 
were rated tolerant. Tbese collections will 
be furtber tested under more controlled 
conditions. Tbe most tolerant materiaIs 
were P017, P358, P40I, and P716. They 
have a1so been tolerant in previous 
screeDings. 

Root rols 

Endemic infestation of Rhizoclonia 
solan; permitsed evaluation of 524 promis
ing materials under natural conditions in 
Popayán. Tbe most outstanding collec
tions for resistance were P235, P334, P352, 
P502, P503, P646, and P693. 

Bearo Program ' C/AT 

eommon bean mosaie virus 

Seed contamina/ion. The study of 
recontamination of seed under field con
ditions resembling those of small farmers 
(1975 Annual Report) was continued. 
When seed free of internally seed-borne 
patbogens (clean seed) was increased far 
from commercial beans. harvested seed 
remained virus-free. Plots close lO con
taminated r .. lds, planled with clean seed 
developed 15 and 12 pereenl infeelions for 
the susceptible varielÍes ICA-Gualí and 
ICA-Duva, respectively, and 6 and S 
percent infeelions for tbe tolerant varieties 
ICA-Tuí and P459, respectively. No 
control 01' tbe vectors was programmed. 

In the case of tolerant varieties such as 
ICA-Tuí. Ihe symptoms are nOI clearly 
expressed and Ibis may lead to a constanl 
use of infected seed. Nevertheles., c1ean
seed plols of ICA-Tuí yielded mueh more 
than plots planted witb infected seed (2,720 
kglha vs. 1,691 kgfha). 

Screeningfor resis/ance. CBMV consists 
of more than seven strain classes. Several 
are present in tropical zones and aIso 
perhaps, new ones as ye! unidentified. 
U sing a mild strain isolated al CIA T from 
Ihe Calima cultivar, ISI promising 
accessions were evaluated in the 
greenbouse. Eighty-eigh! were resistanl, 
and 63 were susceptible. Neilher necrosis 
nor black -rOOI symptoms were observed in 
accessions lmown lo have Ibe hypersen
sitive gene in this test. 

Among 436 climbing aecessions 
evaluated in Ihe field, 345 were susceptible. 
Tbe others eilher sbowed mild symploms 
or were disease-free. These will be 
reevaIualed under controlled condilions. 
From 3,610 entries from Ibe germplasm 
bank, 2,955 were susceptible in tbe field. 

F, seed of 76 single erosses (families), 
that ineluded tbree sources for the domi
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nant sontee of toleranee to CBMV were 
tested in the screenhouse by mechanical 
inoculation; 72 were tolerant and rour 
susceptible. 

Bean golden mosaie virus 

Screeningfor resis/ance. A total of 2,150 
cntries .were evaluated under natural 
conditions in Guatemala, El Salvador and 
Brazil with no accession being resistant to 
lhe virus. With trus evaluation 5,850 
accessions have now becn tested, but rew 
materials toleran! to BGMV have been 
identified 

lmerna/ional Bean Golden Masaic 
Virus Nursery. An lnt.mational BGMV 
Nursery consisting of 80 eolleetions was 
established. Sets were sent to Guatemala, 
El Salvador, Brazil and Tanzania for 
evaluation. The results indicated tha! sorne 
promising materials (including P466, 
P709, P757, P488, P566, Puebla 441, 
Venezuela 68, PI 313 878, and PI313 882) 
were tolerant to the virus present in both 
Central America and Brazi\. 

The 1977 lBGMVN will contaín 190 
eolleetions and will be planted in more sítes 
in Ihe Americas and Afríea. 

Pi 

BGMVamiserum. The purifieation of 
the BGMV (1975 Annual Report) made 
possible preparatíon of a specifie an
tiserum. Antiserum tests have established 
that the disease present in Guatemala, El 
Salvador, Colombia and Puerto Rico is 
caused by the same virus. These serologíeal 
tests will be further expanded to several 
Latin American, Caribbean and African 
countnos to better identify a ~yellow 
mosaic" reported in al! Ihese countries 
(Fig.6). 

Seed Pathology 

Production of pathogen-free seed 

Cleaning seed of seed-borne palhogens 
contínued as a priority projeet. In Ihe 
screenhonse, 442 eollections were cleaned. 
Promísing materials, as weU as entries 
from the Netherlands, Be1gium, New 
Zealand, Perú, Honduras, Haití, and the 
internatíonal nursery sets were included. A , 
total of 875 materíals were increased in 
field planting •. 

Large-scale prnduclion of .cIean seed for 
experimental and national program pur
poses was done by the bean agronomy 
group. Three tons of seed of 20 varieties 

-mm 1 $$ 1 r re 

Figure 6. Serolot:'ical tests belp in identifyinc VlrUS diseases in {,atin America. Reactions oí bean rugO$e 
mouk~ $wellinat mosaic and golden mosak to tbeir homologous antim. are shown. 
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was produced at Loboguerrero, a relatively to ensure the production of good quality 
dry site outside the bean producíng area of seed. 
the Caues VaUey where CIAT is located, 

Produetion of anthracnose-fr.. seeds 
using f~nllidde. 

Seeds of the susceptible variety Nima 
were planted at Popayán where I!nthrac
nose is severe and endemic. Applicatíons of 
benomyl (a .ystemic fungicide) and cap
tafol (a protectant fungicide), were made 

. singly or in combination beginning 30 days 
after plantíng. Due to disease severity, 
trealments were made five times, al nine
day intervals. 

Plant. sprayed with benomyl at I kg/ha 
remained free of anthracnose, and at ,5 
kgl ha good control was attained. Poor 
disease control was attained on plants 
sprayed with henomyl at .25 kgi ha plus 
captafol at 1.5 kgfha. Captafol at 3 kg/ha 
did not control the disease hecause of 
heavy rains. AH nonsprayed (control) 
plants were leilled by anthracnose within 50 
days after planting, N o significant yield 
differences were measured between plants 
sprayed witb benomyl at .5 and 1 leg/ha. 
Plants in both trealments yielded 
significantly higher than plants sprayed 
with henomyl (,25 kg/ha) plus captafol or 
captafol alone, though henomyl- plus 
captafol-sprayed plants yielded 
sígnificantly higher thao plants sprayed 
witb captafol alone. Bioassays for internal
Iy seed-borne fungi showed seed from 
plants sprayed repeatedly wilh benomyl at 
I leg/ha lO be free of C. líndemuthianum. 
Al! plant. sprayed witb benomyl produced 
sced witb significantly less total internaHy 
sced-borne fungi as C. lindemuthúmum 
and Fusarium spp. tban plant. sprayed 
with captafal alone. 

U nder normal environmentaJ conditioos 
four applications of benomyl are needed 10 
control anthracnose. The price of tbe bean 
seed io Colombia makes the use of Ihis 
systemic fungicide economically feasible, 
even when five applicatioos are necessary 

Beans Progrom • e/A T 

Erre'" of late harvest and of foliar 
applications oí systemic fungícides on 
sero quality 

To evaluat. tbe effeet of late harvest on 
seed quality, seeds of Ihe variety Tuí were 
harvested at malurity or harvesting was 
delayed up to a maximum of four weeks. 
Fungicides were applied at maturity or 
post-maturity in sorne cases, Results are in 
Table 3. 

With seed harvest at plant maturity, all 
treatments ineluding the control had good 
seed quality, having a pereentage germina
tion in vitro and field emergence of at least 
85 pereent. As harvest was delayed, 
germination and emergence pereentages 
decreased whiJe seed infection increased, in 
treated and nontreated groups alike. 

/ 

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

The results indicate that tíme of harvest 
appcars to be eXlremely important in 
producing high quality seed. Delaying 
harvest can result in reduced germination 
in vitro and field emergence, as well as 
increased seed infection by fungí. Increases 
in the percentage of seeds infected by fungi 
appear. lo be accompanied by decreases in 
sced germination. Moreover, delayed 
harvesl can resull in physical damage to 
seeds, due to alternating wet and dry field 
condilions. 

Errecl of pod contllet wlth soll on fungal 
InCedion of seeds 

As revealed in the bean economic survey 
discussed in Ihe 1975 Annual Report, 
many Colombian fanoers save seed from a 
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Table 1 Percenlage germination in vilro. field emergen«+ internally see<f..borne fungi and 1.0~ weilbts 
of seeds from PhaseQlus vuigaris cv. Tui plants: not treated or treated with two s}'stemk fwtgicides 
and haFvested at maturít)' or al weekly intervals thereafter. 

Mean % I 

Emergence Seed witb 1.000-seed 
Treatment Time of harvest Germination at 15 days íungi wt-(g) 

be'nomyl Maturity 95 8i 4 20r 

1 week aíter 92 84 15 205 

2: weelr.::s aíter 92 87 26 201 

3 weeks after 93 82 38 205 

4 weeks after 76 71 96 Z06 

oxycarhoxm Maturity 98 86 4 194 

1 97 86 13 207 
2 91 84 26 204 

3 82 82 56 198 

4 75 61 99 197 

benomy) + 
oxycarboxin Maturity 94 85 5 201 

1 95 84 ¡7 208 
2 92 86 21 203 

3 86 84 54 203 

4 74 72 98 205 

NQntreated Maturity 81 86 13 152 

1 19 15 <lB 149 

2 63 69 86 147 

3 64 67 100 150 

4 60 61 100 J54 

L.S.D, at .05 3.71 3.43 8.8' U.86 

L.S.D. at .01 4.94 4.57 11.82 15.15 

1 Three rephcal!ons Q( 100 ~s ellch COI (1Ith ttU'tmcnt anO hal1lest date 

crop for later plantings. While Ihey select 
from seeds available for those wifh 
reasonable grain fealureS, Ihey do not 
seleel Ihe seed they harves!. S ince pod 
contact with soíl both decreases seed 
germination and promotes internal seed· 
borne fungi, studíes were done to evaluate 
selective seed harvest as a meam of 
improving crop stand. on .mal! farms. 
ResuIts of the experiment are in Table 4. 
A·J2 

While many seeds from pods in contae! 
with soíl were discolo red, wrinkled or 
lesioned, most appeared physiologícal!y 
normal. All seeds from pods not in contact 
with soílappeared normal. Similarly, while 
the percenlage recovery of ínternally· 
borne fungi varied with cultivar, Ihe levels 
were always greater in seed !rom pods in 
conlact with soil. Phomopsis spp. and 
Macrophomina phaseolína were never 
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T •• 1e 4. Pertt'ntage germination. setd .. ilb internall}' seed-bQrne fungi. viability •• ud fieJd emer2ence uf seed~ 
from pods of Ove Phaseolus vulgaris cultinrs in contad ()f not in contBet wíth soil in the' fieJd at 
("lAT. 

Cultivar 

PorrillQ 
Treatment! Calima O.aIl Huasanó Sintético Tul 

Germi1Wtion 

Soif contact 57 46 50 47 59 

No rontact 100 92 95 97 99 

L.S.D. at .05 17.9 9,3 16.9 10.5 1l.6 

L.S.D .• , .01 41.2 2.4 38.6 24,2 26.9 

Seed with /ungi 

Soíl contact 64 90 88 92 78 

No contad 3 30 26 19 14 

l.S.D. at .05 22-2 21.1 IH 6,1 6,9 

L.S.D. al ,01 34.0 44.4 31.3 13.9 15,9 

Seed vi4bility 

Soil rentact 15 68 65 65 78 

No conta\:t 9S 91 91 lOO 95 
.f1e1d emergence 

Soil oontact 63 47 58 51 69 

No contact 92 86 84 83 95 

Soil oontacl. treated with thiram 82 75 69 68 85 

No contact. treated with thiram 95 90 86 86 94 

L.S.D. al .05 18.7 13.4 13,0 12.4 14.8 

L.S.D. al .01 28.9 20.7 19.7 19,0 22.3 

I Thret~of IOOseedaea.:h, exceptforYillbilíryttll! which Wb IOO~"Vi.a¡"II¡ly rn~S\!red by t~ le1rawhum lest Thiram trulmelll 
wu 2 gj ¡,OOO J al .:«1. 

recovered from pods not in contact with 
soil while Rhízoclonio solani was not 
recovered fmm seeds of Calima, H uasano 
or Porrillo Sintético pods no! in contac! 
with soi!. The mean percentage germina
tion ín vilro and viabilíty (by the 
tetrazolium test) of seeds from pods no! in 
contact with snil was over 90 pereent and 
significantly higher than for seeds from 
pods in contact wíth the soí!. Simílarly 
emergence was greater for seeds from pods 
no! contacting soi!. 
JJeam Program • CIAr 

The following fungal species were 
recovered from surface-sterílized seeds out 
of pods touching the soíl: Alternaría spp., 
Aspergíllus "PP., Cladosporium spp., 
Fusarium spp., Isaríopsís griseola, M. 
phaseolina, Monílía spp., Nigrospora spp .• 
Penícillium spp., Pesta/O/ia spp., Phoma 
spp., Phomopsís spp., Rhízopus spp. and 
R. salani. Fusarium spp., R. solani. M. 
phaseolina. Phomopsis spp. and Alter
naría spp. were most commonly en
countered. 
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"Problem X" 

A disease of unknown cause, reported in 
the Cauca Valley of Colombia as early as 
1953, has become significan! at CIA T in 
the las! two years. 

The symploms are most striking in Ihe 
vaneties POlI and P459 (Fig. 7). Symp
toms appear in the firs! trífoliate. "ecom
ing systemic aOO more severe in the new 
lcaves. Vein clearing is observed 00 Ihe 
lcaves which become malformed resem
bling damage by hormonal herbicides. 
Wilches' brooms form and the vegetativo 
period is extended. Pods hardly ever formo 
Wheo a few seed. are produced, Ihey are 
deformed aOO wrinkled, although some 
plaots subsequeotly undergo a secondary 
flowering and prOOuce appareotly normal 
seed. The disease i. soil-bome, and Ihe 
symptoms might be due to soil coOOitions, 
physiologícal disorders or genetic aboor
malities, pathological conditions or a 
combioation of these. The sprcading of Ihe 
problem in the field is nol, however, typical 

of a pathogenic, soil-bome disease, as 
whole block. of plants show symptoms 
almost overnight. 

Secause Ihis conditioo interferes wilh 
experiments and limito evaJuatioo of 
breediog matenal, through changes in
duced in growth habil or yields, con
siderable attenlion has becn paid lO it in 
1976. 

Soi/-transmission. When seeds of Ihe 
varieties POlI, P459, P566 and P634 were 
planled in Ihe greenhouse in Boi! from 
infested areas, Problem X syrnptoms were 
reproduced. Symptoms were not observed 
when seeds were sown in soilsterilized with 
melhyl bromide, nor in soil from a 
commercial oursery. Accessíons POlI aod 
P459 were more affected than P566 and 
P634 (68, 90, 47 and 11 pereent, respective
Iy) and P634 and P635 did not show any 
syrnptoms in some experiments. 

SoU mixtures and filtrates. When in
fected soil was mixed 1: 1 with disinfected 
soil, susceptible varieties did not develop 
,yrnptoms. Likewise, disease symptoms 
were nol observed when disinfected soil 
was irrigated with mtrales from ínfected 
soil. 

When plants, grown either io disinfecled 
soil or in Petri dishes 00 filler paper, were 
irrigated during two days with rool 
soakings, no symptoms of the disease were 
reproduced. 

Mechanical inoculation. U sing common 
mechanical transmíssion methods for viral 
diseases, altempt. were rnade lo transfer 
the possíble causal agenl from diseased to 
healthy plants. Extraets were obtained ín 
different buffers (phosphate, citrate. 
borate, EDTA, tris) with differen! 
molanties and pH's, aod with reduciog and 
chelatiog ageots added to stabilize the 
possible causal ageot. Over 1,000 boan 

Figure 7. Plants of Phaseolus vulgaris acce<;siun seedlíngs of susceptible varieties have been 
NS9 affected by Pmblrm X. inoculllted withou! any succesS. 
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Grafting. Healthy P459 planto have bren 
grafted onto diseased P459 plants, and vice 
versa. No symptoms were subsequently 
observed in healthy plants in which 
grafting wao sueeessfu\. 

Sud transmission. Over 5,000 seeds 
from planto showing Problem X symptoms 
have been grown out in sterilized soil from 
infected ficlds to detennin. seed transmis
sion. N o plant showed symptoms dunng 45 
days of observation. Differences in the 
sevenly of Ihe symploms of P459 were 
obServed according lO Ihe origin of Ihe Seed 
when plants were grown in infected soil. 
Thi. may ouggesl lhal Ihe cause is 
associaled wilh sorne factor involved wilh 
the Seed coal. 

The lreatment oC seed wilh fungicides or 
silver chloride or sodium hypochlorite did 
nOI improve control of Ihe disease. While 
methyl bromide fumigation reduced the 
incidenee oí lhe disease in Ihe field SMOC 
or PCNB had no effee!. 

Nematode extraetion. Infected soil was 
submitted lo nematode exlraclion by 
sereening, centrifugation on sugar, and soil 
suopensions on distilled water. The popula
lion of nematodes was almost ni!. 

Electron microscopy. Preliminary 
observations of fixed tissue, and of 
partiany clean extraets have not revealed 
any suspicious vírus- or mycoplasma-like 
bodies. 

Host-range. Soybeans (vars. Amsoyand 
Pelican), lima beans, cowpea, pumpkín, 
squash, cucumber, tomato, lettuce, broad 

beans, tobacco, P. lalhyroides, Rhinchosla 
mínima, Gomphrena globosa, Datura 
stramonium. Nlctíana glutinosa. 
Chenopidium alhum, Chenopodlum 
qulnoa. and P. vulgaris were planted in 
infected soil. Only P. vulgaris showed 
symptoms of the disease as follows: POli 
{92%l, P4S9 (95%), P566 (90%), P714 
(80%), P634 (0%), and P635 (0%). A 
vanety of winged boan (l'sophocarpus 
letragonolohus)planted inan infected field 
also suffered severely from the condition. 

The same hosts (at least 30 plants/host) 
were inoculated mechanically with extraet. 
from diseased plant •. None showed any 
sor! of symptoms resembling Ibose 
produced by Problem X. 

Soll nutrilional evaluations. Because of 
the allcaline soil cooditions on the CIAT 
farm, a number of field and g1asshouse 
studies have been undertaken lO determine 
whether Problem X migbt resul! from B 

.oil nutrilional imbalance. Microelement.. 
such as zinc, iron, manganese or boron, 
applied either to Ihe .oil or foliarly and 
singly or in combinalion, bave not decreas
ed Ihe severity of Ihe condition in infected 
plots. Sulfur (2tjha)and bagasse(2 ti ha) 
incorporated into .oil bave both redueed 
the severity of Ihe condition but have not 
eliminated it. Several explanatíons could 
be advanced ror such result •. 

Sinee the cause of the problem remains 
to be ídentilled, pathological and 
agronomic studies will continue in 1977. 
Expedmenls to evaluate the control of the 
problem by bettor rotational syslems are 
also being planned. 

ENTOMOLOGY 

Emphasís in 1976 was again on screening nol presenl al Colombian lestíng sites was 
germplasm aod segregaling populations also inlensilled. Sludies on u"ing insec
for resistance lo Empoasca kraemeri, the ticidal sprays more efficiently by proper 
leafhopper. Cooperative sereenlng of timing or lo reduce pest levels by cnltural 
germplasm for resistance lO insecto of methods were continued. 
major importanee in other conolnes but 
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Empoasca kraemeri 

Resistance studies 

lnitlai screening of the germplasm bank 
f or resistance to E. kraemeri revealed only 
moderate tolerance levels lO Ihis important 
insecto Seventy-six promising eultivars will 
be retested to determine levels and types of 
resistance presento S ome lines were 
tolerant though earrying high nymphal 
populations. In other. toleranee was 
associated with low nymphal counts(Table 
5). Levels of toleranee were recovered in 
first .creeDing. of segregatíng populatíons 
involving resistant parents. 

As no oustanding resistance was fouOO 
within P. vulgaris. resistance was 50ught in 
species such as P. cocdneus or related wíld 
types whích hybridize with this species. 
Among 54 accessions tested, two P. 
coccineus accessions (G 04834 and G 
(4835) showed good resistance levels 
(Table 6). Ancestral types and interspeeific 
P. coccineus l( P. vulgaris hybrids tested 
were all susceptible. This experiment again 
showed tbat there was no relatíonshíp 

T able 5, Pluueolus vulgoris ateessiODS$howinX higb 
toleranu to. Empoas(:(l kraemeri attatk át 
11"0 levels of nymphal populations. 

Accession 

Avg, damage _re (0-5) 

1975 1976 

Higb nympbal popubttlom 

P466 1.8 1.6 

G 04165 1.3 1.3 
G 02704 24 2.0 

Low nympbal populations 

P414 2.3 2.6 

G 05086 2.4 1.8 
P 325 2.3 1.5 

Aven¡ge oí three COUUI$ oC 20 lu~ tacb. 

A-M 

Nymphs! 
1eaP 

1975 1976 

12.1 16.6 

10.0 13.9 
7,7 13.2 

3.7 6.9 

4.4 7.8 
5.1 8.0 

T able 6. ReMstanc:e to Empoasca kraemeri in two 
PluueoJus coccÍneus a«eSsions ~ompared 
with SUSCep1ib~ and resistant PhaseoJw 
vu/garis variettfS. 

Mg. 
damage 

Species and Nymphs! score 
identiftcation leaf I (0-5) , 

Phaseolus coccJneus 

004834 1.5 1.2 
G 04835 1.5 1.6 

1'haseolus vulgaris 

Diacol-Calima (susceptible) 3.2 5.0 

ICA-Tui (resistant) 8.7 2.0 

Fout OM<:f'lAliOItll cf 2(i !caves! planto 

between damage grade and nymphal 
eoun!. The susceptible variety Diacol 
Calima was so heavíly damaged by 
leafhoppers that it supported only low 
levels of nymphs whíle adults moved 10 Tuí 
variety, whích was damaged less and 
therefore provided better oviposition sites. 

Sinee most resistance sourees located 
thus far show only field toleranee, it is 
difficult to distinguish toleranee levels 
among accessions or between planto in 
segregatíng populatíons ínvolvíng resistant 
parenlS. A stady i. in progress using JO 
varieties, planted in dry and wet seasons 
and under four ínseet control regimes to 
identífy optímum seroening conditions and 
to select those plant parameters most likely 
to refleet differenees in toleranee levels. 
Yield data for the two seasons are in Table 
7. In each treatment and vanety several 
eharacteristics, íncIudíng leaf number and 
sizo, petiolo length, plant height aOO 
flowering dates, are measured and cor
related with treatment effeet •. An analysis 
of data from wet seRSOn plantíngs showed 
adult and nymphal populatíons, plant 
heíght sOO weíght and leaf area, correlated 
with increased yíeId due to pesticide 
proteetion. The dry season data are being 
analyzed. 
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Table 7, Avenge yields of 10 Phaseolus vulgaris 
'flU':iflies with differing leYel! of resistatltt 
to EmpoaSCti kraetneri in wet and «Iry 
seasons Ilnd undef four levels of ÍJlSe(;1 
control. 

Yield (kg/ha) 

We. Dry 
loseet rontrollevel season seasQn 

Control throughout season 2,500 a 1,911 a 
Control befare flowering 2,355 a 1,524 b 

Control aftcr flowering 2,399 • 1,571 b 

No control 2,138 b 1,007 e 

Meanl witbiu oolumns and foUowcd by lile U1M' lettu aK oot 
slgnifl<!álitly diffen:ni at .OS by tbe LS.D. meth(l(j, 

Cultural control 

In previous experiments beans grown 
with maize were less infested with E. 
kraemer¡ Ihan beans grown alone. To 
study Ihis effect further, beans(var. Diacol 
Calima) were grown untreated, under 
shading (50% ligbt interception), and wilh 
a mulch of rice slraw. Shading was chosen 
lo simulate the microc1imatic efCeet of 
maize on bean insect populations. In early 
stages of plant growth, shading, and more 
so mulching, greatly reduced leafbopper 
iufestations. Later, the mulched plots were 
so much less damaged Ihat the leafhoppers 
migrated to Ihem causing highest in
festalions on Ihese plots late in the growing 
season (Fig. 8). Despite tbis, yields in Ihe 
mulched plots were twice Ihose of non
treated plots. 

Maximum reduction of leafhopper 
populations on beans planted with maize 
OCCUlTed when Ihe maize was planted 20-30 
day. before the beans (Table 8). Similarly, 
maximum suppression of Spodoptera 
frngiperda on maize-bean associations 
occurs when beans are planted up 10 20 
days bef ore maize. 

Beans in pots placed in weedy plots 
remained less damaged by insects than 

Beans Program • C/AT 

beans potted in clean fields. T o test Ihis 
effeet furtber, beans were planted in the 
wet season with varying percentages of 
weed soil cover. As shown in Table 9, the 
increasing weed cover reduced leafbopper 
populations significantiy, while yields 
remained equaL It is probable that in terms 
of yield the reduced leafhopperpopulation 
was counterbalanced by increased weed 
competition. The reduction of leafbopper 
populalions in weedy habitat. was not due 
to increased aetivity of Empoasca 
predators and parasites, as AMI/rus 
parasitism and populations of Nabidae, 
Reduvüdae and Dolichopodidae were 
equal in all trealments. 

Cbemlcal control 

T o better rationalize Ihe use of insee
ticides in controlling Empoasca, studies 
were done in which the susceptible variety 
Calima was treated with the systemic 
insecticide monoerolophos when 
leafbopper populations reaehed varying 
levels per leaf. Non-trealed plots and plots 
with complete inseel control were inelud· 
ed. In two experiments linear regressions 
of yields on leafhopper nymphal popula; 
tion were obtained, wilh each additional 
nymph reducing yíeld about 6.4 percent 
(Fíg. 9). A later study yielded a regression 
besl fil by a quadratic curve, indicating 
that Ihe first nymphs permitted per leaf 
before chemica! control was made, reduced 
yields more than did additional nymphs 
(Fíg. 10). Thi. is unfavorable for integrated 
control melhods where one tries to permil 
Ihe highest possible population without 
reducing yields. In the lattertrial, when 3-7 
nymphs were allowed per leaf, th. yield 
was again reduced 6 pereent per additional 
nymph permitted per leaf. In yet anolher 
sludy, plants of Ihe variety Diaeol Calima 
were chemically protected in the dry season 
with low dosages of monocrotophos. In 
Ihis study, where the leafhopper attaek 
began relatively late in the bean growing 
eyele, it appeared Ihat ehemical control 
was not needed until44 day. after planling 
(Fíg. 11). Furthermore, plots receiving 
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AdulIJ/40 plan" 

• control 
O ,haded 

l~ri ------.-~----+_------r_------r_----_4--+_--_+----*__+----~ 

• i 

~O~ 

l~r. -----4------~ 

loo~1 -----+----~~~--+_--_+~~~_+------Pn--_\1_---_1 

Days after planting 

Figure &. Empoasca kraemeri adults on contro~ sbad" and mulchtd batos. (A vI. of3 replicationseuh ~.te:.) 

only two applieations oí insecticide yielded 
the same as !hose receiving five 
applications. A curious note was lhe higb 
incidence of attack by Heliothu sp. in !he 
chemically-protected plots (41 % ineídeneo) 

A-/8 

compared to 3n average of 19 pereent in 
non-Ireated plots. 

Systemíe. soil-applied insecticides have 
slrong ecological advantages and can 
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Table 8. Enipo<w:4 _"",,/ adulls 00 FII....,/US Yield (ton,¡ba) 
vu/gari.r _aeo! "Ilb _andplonted r-'--,'---''---'--,----,---
al differRlt tlmeoln ..... Il00 lO a ...... 1... y:2159.00 - 139.00 x 

No. oC days maize 
waaplaD~ Ad"IIS/SO 
before beans bean planal 

30 25.7 • ¡ 

20 72.3 b 

10 138.2 be 
O 133.1 be 

-lO 152.9 e 
-lO 149.5 be 

1 A'ftRIC 01 tbrcc rqmcatiom 011 eacb oí five amplio¡ data, 

¡ M~ within rolumna and followed by the ~ letlft au !AA 
tipificandy díffcmn. al .OS by me LS.D. metbod. 

provide long-Iasting protection, as seen in 
Figure 12 for carbofuran. Higher nymphal 
populations dcveloped on carbofuran
protected plots after the residual effect of 
Ihe pesticide had wom off. 

Polyphagolarsonemus lalus (Bñs) 

Resistanee sereening 

Screening continued for resistance lO the 
P. la/us mite, wilh about 2,000 accessions 
being tested. Differences in resistance were 
observed, but infestations were not high 

Table 9. Empoasctl kraemeri adults lUId nymphs on 
l'has<w/us vulgari.r and yidds _e, fin 
_or"eeds. 

%SoileoV<t Adult.¡ Nympbsj Bean yield 
with wccds 80 plants I 15 leave$ 1 (tjha) I 

O 52.8 a' 22.4 a 1.10 

25 37.7 b 13.8 b 1.18 

50 29.7 e 105 b 1.75 

75 28.4 e 11.8 b 1.79 

100 30.1 e 6.7 e 1.85 

1 M_ wkbift ~ &nd foUowed by thc: Jame letteT are not 
~ ~ at .OS by _ L.S.D, metbod. 

_ hogram· CIAT 

¡f-......l""'-o---+ ,=0.9912 

I nympb is 6.44% 1.,.. 

1 Y= lIi64.50 - 106.25 x 

,=0.9964 

0.8 I nymph is 6.38~ loas _---1'---' __ _ 

I 3 5 

Nympbsjleaf 

FisUre 9. Dry b .. n yldds .I .... OI$ÍUI Empoasca 
krtJeme,¡ POpulatiOM in 2 experiment!o Fiekis W«e 
sprayed when populationswere 1, 3orSnympbs¡teaf. 
(Avg, 014 replications .. eh treatme.t.) 

enough to draw proper conclusions. The 
mite was effectively controlled chemically 
with a wettable sulfur powder formulation. 

Yield (g/plot) 

1,5110 

1.000 

1\ 
,1\ y = 1403.86·250.81. + 17.42x' 

R'=O.869 

l' 
~ r" ~ pO 

501 

O 

r::... r-
~ <> <> 

1 3 5 7 9 

Nympb'lleaf 

Figure 10. Dry ..... yltld. al .... OI$ÍUI PO¡>
utations of Empo4$ta kr~mt1'J, FWds were sprayed 
whm populations were ., :\¡ S, 7 or 9 nymphs/lcaf. 

A·J9 



Yi.ld (kg/ha) 

Day. aftor planting 
when treatmcnts 

were discontinued 

o 2 3 4 5 

Applications 

Days after planting 
when treatments 

were begun 

I i mtl 
Not Treated 

treated 

betwecn 26-62 days 

Figure 11. Yields of Diaool Calima beaos under 
different treatments for ins«t oontrol wi1h 
monocrotopbos. 

Zab,otes subfascÚltus 

Among 781 promlSlng accessions 
currently selected, 112 have .hown initial 
resistance to Z. subfascÚltus. Tbese 
materials were selected because, when 
infested with adult Zabrotes at Ihe rale of 
five pairs/SO seeds, few eggs were laid, few 
adults emerged or Iheír emergence was 
retarded. Several seed samples were 
contaminated wilh pesticides and are being 
retested. Sorne material., which appeared 
resistant in Ihe first test were susceptible 
during successive testíng with newly 
harvesled seed. Apparently resistant 

04·20 

Nympb.¡lcaf 
9 

8r-----+---+---~--_?~ 
o Treated 

7 
• Control 

6:f--

S:!---!-!-

4r-----+-~~~~----~ 

3r---~~--+7L--L----~ 

21---;r--+ 

I~L~--t7L-+---~----~ 

21 28 32 36 42 

Days after plantíng 

Figure 12. Residual E'fféd ofcarbofuran(O,9 kg/ha 
• .i" granular soil-applied) on EmpOflSCQ kraemeri. 
(Varit1y Diacol Calima. 30 lenes/sample). 

materials have lo be relesled for Ihree 
generations prior to being classed as 
resistant. 

N onchemical conlrol of Z. subfascÚltus 
was further studied. Harvesl plan! debris 
provided only a low degree of control in 
stored beans lo lhis bruchid a!tack (Table 
10). lt appears lhat the control is 
mechanical as heans in Ihe bottom part of 
Ihe jars are best protected. 

Vegelable oil. were tesled for their 
action against Z. subfasdatus, a custom 

Table 10. Percentage seed damagoo by ZabfOt~$ 
subfll.'lciatus when "arious percmtages 01 
barvest debris wert' added tostorect sud.l 

% dcbris 

Section of jar o 10 20 

Top 100.0 99.0 993 

Middle 99.8 97.2 95.7 

Bottom 99.6 76.3 61.8 

Oiacol Calima variety 'lrith ten pairs of adultt per 100, ~ in Ji", 
replications for 90 c.ys. ' 
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T able ti. Erre<ts oh ......... 011. mi .... wUb ,lORd 
Phasto/w vulgarl$ on emergente of 
Zabroles mbfasciatus adwts,l 

Emerged adults 

Treatment I mi oillkg 5 mi "U/kg 

Coconut oil 13.8 0.2 

Soybean oi! 28.0 2.4 

Oil palm oil 4.2 0.0 

Cottonseed oil 5.2 0.0 

Control 264.8 

, DiacoJ Calima 'iariety 'kith ~n pala of ~ults Off 100 8 oí tceds. 

for pulses in India and tested with cowpeas 
al ¡ntemadonal Institute for Tropical 

Agriculture (liTA ), and appeared to be 
effective (Table 11). The oils were applied 
on Ihe seeds and mixed in a tumbler. In 
time, oH. were increasingly absorbed into 
tbe seed, leaving the physical appearance 
of tbe bean unaffected. 

Chemical control of Z. subfasciatus is 
readily obtained witba lIariety ofproducts, 
of which the pyrethrins and pyretbroids 
may be among tbe safes!. Some of these 
compounds gave long residual control, 
when tested under Iaboratory conditions in 
continued darkness (Table 12). The 
products on bases of marc (ground flower) 
adherred ¡ess to the seed, but made Ihem 
more acceptable in appearance after 
Ireatmen! as compared with products on 
tale bases. 

TabIe 12. [free's oC pyretbrins and pyrethroids 011 Zabrotes $ubfaciatus .dtills in stored Phaseo/us vulgaris, I 

% Adult mortality 2 days 
alter reinfestation at 

Adhesion 
Dosage 

to_ 
O 120 360 Emerged 

Treatment (ppm) (%) adults!rep, 
days after Ireatment 

pyrethrins + 1.5 n,3 100.0 93.4 80.9 0.4 
piperonyl butoxide 2.5 57.0 100.0 90.1 83.1 0.0 
(00 marc base) 4.0 32.5 100.0 97.5 91.6 0.1 

pyrethrins + I.S 100.0 100.0 99.4 91.6 2.8 
piperonyl butoxide 2.5 100.0 100.0 100.0 96.9 0.0 
(o. tal< base) 4.0 100.0 100.0 100.0 99.1 0.4 

bioresmethrine + 1.5 57.0 100.0 74.4 54.7 29.1 
pyrethrins 2.5 43.0 100.0 80.3 48.1 31.4 
(en bean residues) 4.0 315 100.0 82.5 61.6 8.0 

bioresmethrine + 1.5 100.0 100.0 65.9 46.3 365 
pyrelhrins 25 100.0 100.0 98.8 75.6 3.1 
(o. tak base) 4.0 100.0 100.0 100.0 91.9 0.5 

Control O l.I O 398.2 

, Averaa:e uf m¡t¡t rtpl.ieatioIlS; D~ Caltma varif:ty with 100 .. 5ad/rep. and infe,ted ""ilb 20 palN r;f aduJIs al begmn1ng. 
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Economic Importance of Stored Grain 
Insect 

In a survey with the bean economics 
group, thc relative importance of stored 
grain inseets was studied on the farm and in 
30 warehouses in bean prOOucing areas of 
Colombia. Average losses were estimaled 
at 7.4 percent (Table 13). Losses are 
probably low because of the short slofage 
perlOO fOf beans (an average of eigbt and 
44 days on farros and in stores, respective
Iy). 

Table 13. l ....... rmm Br .... 1d aliad< In :lO ba. 
lfarehóusts In Colombia. 

Percentage of stores with 
infested beans 

Percentage oí bags infested 

Percenta.ge oC bags refused 
due !o Bruclúd, 

Estimated 10$$ from Bruchíds 
2.3% + 5.1%=7.4% 

20.0 

2.3 

5.1 

MICROBIOI_OGY 

Nitrogen Flntion 

Studies in 1976 employed acetylene 
redúction teehniquesforweekly or biweek
Iy testing of nitrogen flxation in P. 
vulgarís. Fint, an understanding of 
parameten of flxation in a number of 
phenologically distinct bean cultivan was 
soughl, Ihen, explanations of observed 
differences were developed. Sreeding for 
improved nilrogen fIxation in beans was 
initiated as was a reevalualion of a numbee 
of inoculant slrains. 

Parameters of nitrogen (e, H 4) fixation 
inbeans 

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

reduction of acetylene) up to 38,. 
mollplantfhr were obtained in replicated 
conditioos al Popayán. Fixation rates 
commonly surpassed the highest levels 
achieved in 1975. SpeciflC nOOnle activities 
ranged from 130-25O¡tmol C,H, Ig nodule 
dry wtlhr with maximum nOOule mas. 
more than 600 mg dry wtlplant. As Table 
14 shows, these fIgures are amongst the 
highest reported so far for grain legumes. 
Varietal differences in flXalion over the 
growing season were very marked (Hg. 
13). Sased on Ihe data in this figure the 
cultivar P590 achieved flXation levels 
equivalent to a nitrogen gaio of 41 kg/hal 
growing season. The average for 14 
cullivars studíed wa. over 20 kg 
N Ihalgrowing season. Figure 14 shows 
early nodulation in one of the promising 

Table 14. PllIlI'Mters oí nitrogen rindon in some gDin legumelJ (data from ".riaos sources). 

Specifre nndule 
Nodule dry activity Acetylene Nitrogen 

weigbt (p molla redm:tion fixed 
Species (ms/plan!) nod wtjb) (1' mol/plan,¡h) (kg¡ha/yr) 

Phasealus vulgaris (P590l 167-300 228 2¡¡.:lO 82 
P. vulgarú, 20 cultivars 259-665 124-270 18.5-388 50-60 

G/ycwmax 133 35·176 4-29 57-94 

Arachis hypogea 80 135 27 35 

VigM unguicuJata 210-413 80-288 42 95 

Piswn sorivum 2-150 (j()-228 4-16 25 
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Ethylene produced (p mollplantlhr) 

1I 

t5~~--f-----+--------f~---rl.-~-

39 67 

Days after planting 

• P302 
o P526 
... PS90 
;;,. P635 
• P717 

81 

Figure 13. Acetylene reduction proflln ro)' 5 aCttSSions oí Phaseolus vulgarjs at PopaY'n~ 1976A. 

Figure 14. Nodu'e distribution and tateral root developmrot in Phas(!ollls vulgaris 18 days after planting. 
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cultivars with nooules mainly found on 
secondary roots. 

In a second study in which lO cultivars 
from each group were compared, bU8h 
beans proved weaker in flxation than the 
more primitiveclimbing cultivars{Fig. IS). 
Cultivar PS90 again proved outstanding in 
nitrogen flxation in Ibis study. In contras!, 
a soybean cultivar (Pelikan) included as a 
control proved disappointing. 

Figure 16 sbows that bush cultivars 
assimilated more soil nitrogen in the 
prefIxation period than did climbers. 
Breeders. bave tended lo select for yield in 
tbis plant type using N -fertilized con
ditions, perhaps inadvertently also selec
ting for plant. with early rooting vigor. In 
sucb plant types, nooules would face 
strong competition for energy and could 

Ethylene produced (}J mollplant/hr) 

Leaf nitrogen (mglplant) 

160 

140 

120 

100 
80 

6tl 

40 

19 

i 

~~-

,/ I~ ./ V Lf ~ >/...L \ \ 
/1 X \ 

.// - ----

'1 I 
I P • bush beans 

/ V o climbíng beans 
c-

.~ 

<J I , 
36 50 64 78 92 

Days arter planting 

¡ 

Figure 16. Nitrogen content ofleaves otbush and 
tlimbing cultivars of Phaseo/w vulgaris a. different 
stage1i in the growing sea.son. [Ieh poiot averages 
results ror 10 cuhhan in 4 repJiutions. 

30r--t ____ +--~~~~~~~:~~~~~--~...,.-mm-lmm • hush bea!' ~ Al O climbing beans : 

'1 .. pelikan ¡ 

, aP590 : 

22 36 64 78 92 

Days after planting 
, 

Fígufe 15, Aeetylene reduction prQ(iles 101' bush and t'limbing tultivars of Phaseolus vulgaris. Eaeh point 
averages results ter 1. wltivat'S. Accession P590 and fIN: soybean variety Pencan were mecks. 

AnnuaJ Report ~ /976 



even be repressed by rapid nitrogen 
uptake. The effect js being further in
vestigated. 

As is evident in Figures 13 and 15, the 
fOOltion period for most bean cultivan was 
shon. At 18-200c few cultivan iniliated 
fixation prior lo 28 day. after planting, aOO 
in mosl, activity bogan to decline at about 
10 weeks. This period compares un
favorably with !he 90-105 day fixation 
period reported for soybean and Vicia. 

Carbohydrate supply and nitrogen fix
atlon 

F ollowing up work begun las! year 
(CIAT Annual Report, 1975) a number of 
experiments were undertaken to measure 
carbohydrate form and availabilily in 

different cultivars and to relate this 
informalÍon to nitrogen fixalion. 

In one experiment, 14 cultivar. in
oculated with Ihe CIA T Rhizobium .train 
57 were sampled at 39 (inillation of active 
flxalion) and 61 (beginning of decline of 
fixation rates) day. after planting. AlI 
plant parts were sampled and analyzed for 
ethanol soluble and insoluble car
bohydrate. The acetylene reduction data of 
Figure 13 formed par! of Ibis study. 

Again rnarked vanetal differences were 
found. Tables 15 and 16 compare car
bohydrate patterns in Ihe cultivars P590 
aOO P635' Ihe former being bighly active in 
flxation, the Iatter inactive despite copious 
nodulation (Fig. 13). P590 not only has a 
higher percentage soluble carbohydrate in 

TabJe 15. Oistribution oí carbohymttl in two .ccessiolt$ of Phaseolus vulgaris at two plant denlopment 
.taca. 

Plant part 

Nodul .. 

Roo'" 
Stem 

nod .. I+~ 

'Jodes 3 + 4 
nodes 5 + 6 

nodes 7 + 8 

8 

Leal 
nodes 1 + 2 
node3-t4 

nodes j + 6 
nodes 7 + 8 

8 

Pod, 

Total 

Be4ns Program • e/A T 

Total carhobydrate (rog/plant) 

39 days after planHng 

P590 

3B5 

55.29 

124.58 
IlU8 
52.23 

270.02 

114.48 

66.40 

837.03 

P635 

10.94 
W.84 

395.13 

1l8.67 

336.44 
171.38 

1,123.40 

61 days after planting 

P590 

100.62 

175.39 

IlO.07 
414.51 
I ¡ 1.06 

157.44 

70.40 

191.50 

404.63 
146.00 

227.43 
51.50 

2,121. 17 

P635 

0.92 

247.114 

678.68 

71.97 

174.23 

88.03 

00.29 

99.06 

132.76 

I.552.98 

A-25 



Table 16. EtbanoJ soIub~ lUId insoluble carbohydrates in stleded varieties or actfltSiom. of I'haseolus 
vulgaris at two plaat deve10prMJlt staces. 

Av¡. l4 varieties 

Plant Carbobydrate 39 days 61 da)'> 
1"'11 souroe after planting 

Nodules Soluble 0.68 0.34 
Insoluble !.40 0.69 

Total 2.08 1.03 

Rool Soluble 3.82 2.95 
Insoluble 2.46 5.40 
Total 6.28 8.35 

Slem Soluble 10.92 16.52 
Insoluble 17.66 25.22 
Total 28.58 41.74 

Leaves Soluble 20.36 21.62 
Insoluble 43.33 25.98 
Total 63.69 47.60 

POO, Soluble 0.90 
Insoluble 0.78 

Total O 1.68 

Total Soluble 35.25 42.33 
Insnluble 64.78 58.07 

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

Starch aeeumulation in the .tem of 
determinant (bush-type) cultivars of P. 
vulgaris (as is P635) was reported last year 
(CIAT Annual Report, 1975) and is 
currently being investigated for its in
fluenee on flower and pod abortion and on 
yield (see p. A-56). In this sludy, the best 
five cultivars in nilrogen fixation tended lo 
maintain more carbohydrale in a soluble 
form (Fig. 17) and had lower starch 
accumulation in Ihe .tem. 

A-26 

% of total carbohydrate 

PS90 P635 

39 day. 61 day. 39 da)'> 61 days 
aftef planting after planting 

1.34 1.84 0.61 0.02 
2.87 2.81 0.29 0.04 
4.21 4.65 0.90 0.06 

4.02 3.11 5.08 4.09 
2.58 4.41 3.00 11.82 

6.60 8.12 8.08 15.91 

15.90 28.46 15.76 5.29 
19.39 11.49 29.98 54.26 
35.29 39.95 45.74 59.55 

29.30 31.53 15.43 4.33 

24.56 15.75 29.78 11.60 
53.86 47.28 45.21 15.93 

5.17 
3.38 

O O O 8.55 

50.59 63.56 36.50 18.90 
49.41 34.44 63.50 81.10 

A strong eorrelation exisled between 
caroohydrate supply and nilrogen fixa
tion. Figure 18 relates total soluble 
carbohydrate in Ibe nodule to levels of 
acetylene reduction, with tbe suggeslion
no! previously reported- Ihat the nndular 
.ystcm can he oversupplied with energy 
and not fully utilize il. Figure 19 shows 
slarch accumulalion in stem cell. and in 
uninvaded cell. of tbe nodule complex. 
lnvaded cells showed tittle starch. 

A comparative sludy of seasonal and 
diurnal changes in nilrogen flxation by a 
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• 
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% T uta! soluble carbohydrate 

Figure i 7. Relalwnsbip between seasonal Jevels uf 
nitrogtn fixation and pereentage nonstructurat 
carbohydrate mamtained in soluble form. 

~4 1'" 

Ethylene prodU«<! (u mul/plantjhr) 
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1-1-
, 

.!/ o 

~./ y. 0,20 + 1.23.·0,018.' 

V. 
- I I 

o 
R'(" :0.54
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01 • • 39 days after ph.ntin¡ 

~ • ~ 061 days after plautin¡' 

18 
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10 
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2 
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figure 18. Relatlon betwHn soluble nodule 
carbohydrate .nd acetylene reductiOll Inels in 14 
cultivan of Phoseolus vulgaris. 

representative bush (P302) and climbing 
(P590) cultivar reconfirmed the impor
tance of the form and location of com
partmented carbohydrate. The bush 
cultivar, while poorer in nitrogen flXation 
and with considerable stem starch, still 
accumulated starch in its nodules at a time 
when energy requirement for nitrogen 

Figure 19. (Left) Stem sectiQn of Phaseoms \.ulgarls ev. 12V 26689 showing starch accumulation in 6O-day
oId plants. (Right) Nodule m:tion of same plants showing vascular bundle (VB)~ stardl ,ranules (S} in 
noninfected (NI) eeJh .ncJ rells infected with Rhizobium (le). (Photos R. Martinez) 
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flxation would have been greatesl(Fig. 20). 
Specific acetylene reducing activities in 
nadules of each cultivar were similar in 
mid-vegetative growth aOO declined only 
slightly at night (Fig. 21). The soluble 
carbohydrate pool. of ¡he leaves became 
depleted in the late afternoon (Fig. 22a) 
aOO continued carbobydrate support 10 
.ink. was maintained by release oC leaf 
starch al night (Fig. 22b). The bush cultivar 
released 33 percent oC its leaf starch but it 
appears tbal the roots benefited more from 
tbe lranslocated carbohydrate Iban 
nadules since Ihe former were able to 
accumulale starch (Fig. 22c) whereas tbe 
Ialter consumed some of their storage 
reserves (Fig. 22d). The climber released 
much more (75%) oC it. leaf starch (Fig. 
22b) and the nodules were able lo acquire 
sufficienl of tbe translocales no! only lo 
maintain nitrogenase activity bul also 10 
synthesize starch (Fig. 22d). 

In 1975, in tbe Iaboratory, correlation 
was shown belween maximum nodule dry 
weigbl achieved and days !aken lo Ilower
íng. This study was continued in 1976 in ¡he 
fleld. F oUrtcen cultivars were used of 
which eight Ilowered in 63 and síx in 43 
day •. Leaf, .tem and rool development for 
each gronp is .hown in Figure 23 witb 

Insoluble carbohydrate (% DM basi.) 
28 

24 

1 • 
6 

1 

8 

4 

o 

o P302 (.ype 1I) 

• lS\ 
• PS90 (.ypeIIV¡ 

~: I b. 
in 

'" ... .. "" 1'\.. Pl 
! " ¡,..... , 

I 
10 20 30 40 50 60 70 80 'JO 14M) 

Days alter planting 

Figure 2fl Seasonal variation in nodut. starth 
ro.nee.ntr1ltioo in two I'htl#olm vulgaris accessions, 

A-28 

u mol ethylene/g dry wt nodu1es! hr 
200 .. 

o P302 
• P590 

Figure 21, Spedrlt nodule 8cetylene reducing 
adivUy in "o Ph4seoJus vulgaris aceessions Qver a 
24-bour period. 

cultivar. used as replicates, The earlier 
increase in leaf and stem weight/plant of 
tbe more precocious cultivars is apparenl, 
as is the rapid decline in leaf weighl in tbis 
group after Ilowering. Plan!s Ilowering in 
63 days showed a longer períad of leaf 
weight increase with limited decline in leaf 
weight by the time tbe experiment was 
terminated. Despite Ihis, seasonal curves 
for nodule dry weigbt development and 
nitrogen Hxation were remarkably similar 
(Fig. 24) wilb significant differences only at 
lhe last sampling date. Tbis experimenl i. 
being repeated lO determine Ibe effect of 
&horter leaf life on nitrogen H¡¡ation. 

Annua' Repon ~ /976 



mgl g fresh wt 
FT··· , A i I 

I ! I • 

1-

i! 1 
, 

, , 

15 

I~\ I , , 1 , , , , JI .J....... 
• • 

1 f-..... " 
, 
1 7i / 1; 

1\1 ; , , , 

1 , 7 I il 
• i 

, I . 

: ¡ 

H- • 
1 .[\ 

V l"\ vr ! 1\\ , 
I l. \ ! , ; 

I I 
. , i I 

i 
JI 

1 : ... _ I ¡ 

7 

s 

3 

% dry matter 
30 I i; 

ti e ! ¡ 
Z5f--+--+--~H--+--~~~'~-+ :! '. ' ' I i ¡ ¡ 

¡! 1; 

201--l'--l~i-l-;; -+---l\lr-ul-' .+: +---il 

11\ :' / 1 

Ij j I 11 l~ 11 ¡-I\--l¡ \ 

10~~~~tíIV}~~~' 
15 

I II ; r 1 
! .,I! i, : 
paYi I Night IDa)' 

s 

10 t3 16 19 12 1 -4~- 10 

% dry matter 

35 

I 
30 

1/ 
25 

( 

15 

/ O 
1/ 

• 
5 

o " 

% dry matter 
30 

I 
2 5 I 

01-1 ,.::...-
i 

1 5 

¡ .. 

i 
, B 

Vlr-1 
I 1 
, , \ , 

¡ I 1\ , , 
I ) 
I 

! I 

/ 
, 

1\ i 

'{ i 

!~r-+ , ' 

I I · . 
I 

i , 
• , 
• 

, 
I D 
1 
I , 
1, 

~ f'.., , 
'\. , , 

I 

: · . ----

~ 1I V V ... ..) 
O .'i V 

I I 
5 

, 
I , 

I Níght 
i 

, 

.1 
, 
• Day' 
, 
• 
I 

o 

I 
1 

, 
1 , , 
I 
1 

i 
"-..:. 

, 
! 

i i 
, , 
1 
• • , , , , 

I\¡ 
~ /1 ¡ 

• , 
i 
I , 
I 
• • · • , 

I~ ve 
· • 

H 0.. • 

• • 
i 

, 
: , 
• 

I .1 ¡ Day 

JO t3 lo 19 22 1 4 7 JO 

Figure 22. Ditlrmlll ebanges in soluble caroohydr.te concentrations in leaves(A)and insoluble carbobydrate 
eoM'entrations in leaves (8). roots (C~ and nodules(O). in two Phaseolus vwgaris accessions. 4 O P302. .nd • 
P590~ 
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• flowerlng at 43 days {avg.. of 6 cvs.) 
o flowering at 63 days (av,_ of ~ cvs.) ; 
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Figure 23, Chanles in lw~ stem and root dry weight for P1wS€otw vulgaris cultivars flowerin,.t two pmods. 

Ethylene produced (JI moJI plantlhr) 
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• fioweríng in 43 days (avg. of 6 as.) 

O flowering in 63 da)'5 (avg. of 8 en.) 
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12 
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Nitrogen fixation in maize .. bean associa .. 
tiOM 

Because beallll are grown with maize in 
many areas, and could have lO compete for 
ligbt, experiments were begun to determine 
nitrogen fixation levels under monocrop 
and associated cropping condilions. The 
cultivar P590 was grown on trellises 
(200,000 plants/ha) or in association with 
the maíze hybríd H 207 (40,000 maíze and 

';3G:;:---3;;,;;,c---!44~---cS;';I--':S8'-'65';--;;;71:---;;'79 200,000 bean plant./ha). Although the 
maíze was planted one month before the 
reans, ít failed to compete with Ihe bean or 
to provide adequate support for bean 
development. It is of interest, however, 

Oays afttr plantíng 

Figure 24. Season.1 proídt:s in nitrogen fixation for 
PhaseoJus vulgaris cultivan tlowenng a1 ."0 periods. 
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lbat in tbe early perlod of development 
nitrogen fixalion level. in the associated 
cropping were greater than in Ihe 
monocrop (Fig. 25). Tbis can probably be 
attributed lO ímproved soil aeration or 
temperature control; additional ex
períments in 1977 will furtber evalnate tbis 
fmding. Later in the plant cycle tbe beans 
on trellise. fIXed more nitrogen Iban di<! 
tbe plants grown with maize. Tbis un
doubtedly reflecled tbe poor canopy 
presentation of associated besns in !he 
ahsence of satisfactory support. At no 
stage was nitrogen fIXation delected in any 
of Ihe maize plants .ampled. 

m mo1 ethyiene produced/plant 

-+ Beans wit~ma~e .... ..,.. 
.".. MQnocult~re beans 

1/ I 
16 

2 / 
/-

/ 8 

4 
/ ", 

29 3ó 43 59 57 64 71 78 85 

Days after planHng 

Figure 25. Effeet of cmpping system on Ihe total 
nitrolen (e2 H.) find by Ihe ctllti".r PS90. Corree
tion Itas becn made for diurna. varíation in nution. 

Slmin testing of Rhizobium phaseoli showing clesr symptoms of nitrogen 
deficiency. Wilh Porrillo Sintetico only 
seven straios produced nodule dry weight 
and acetylene reduction responses similar 
to, or belter tban, Ihe CIA T strain 57 
commonly used in field experiments (Table 
17). Only tbree "trains (CIAT 75, 135 and 

Sixty-one strains of Rhizobium phasecli 
were tested in !he field ior inoculation 
response in Ibe cultivars Porrillo Sintetico 
aod 72 vul 20972. Response to inoculation 
was striking, wi!h uninoculated plants 

Table 17. Response: 01 Phd#Olus vulgaris varo PorrUlo Sintmco to inoculation with different Rhizobium 
strains.i 

N odule dry wt (mg) 

Nitrogen fixation 
45days 60days at 60 days Plant dry wt 

(p rool ethylenel at 60 days 
Treatment after planting pl.ntlhr) (g/lO plant,) 

N ot inoculated. no 

added nitrogen 209.5 66.2 0.98 35.34 

Not inoculated. with 

added nítr08cn 100.3 137.2 0.16 53.41 

lnoculated: 

Strain 57 996.0 1,083.0 15.09 62.23 

Strain 147 503.2 1,770.0 47.62 72.68 

Strain 686 1,369.1 1.335.0 39.53 66.96 

Strain 404 1,107.9 738.5 26.40 70.98 

Strain 73 2.034.5 21.90 69.91 

Strnin 160 1,115.4 888.7 37.79 81.51 

Strain 78 1,022.2 1,233.8 26.74 78.00 

Strain 255 1,455.9 1,800.0 39.48 68.60 

, lJn rtphc:ated l()...plAM !l&mpJe for eaeb $1rAin; conlrol: upeatro ~I) 10 stf1l¡f\~ 
~ s~ datroyed aa:i4cftIJy. 
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255) equaled CIA T 57 when 72 vul 20972 
was used as host. Tl¡ese strains will be 
compared again in future e"periments. 

Hybrldizalíon for improved riltrogen 
fixation 

In eollaboralion wilh breeders in Ihe 
program a number of crosses have been 
made lo study the inheritance of nitrogen 
ftxation in beans. These erosses stressed 
P590 as a parenl eombining bath high 
Cixation capacity and high levels oC soluble 
carbohydrate. and used P635, P589 and 

P569 as cullivars weak in nitrogen ft"ation 
and/or soluble carbohydrate levels. P302 
was also erossed ",ith P590. F, seed will be 
grown al Popayán in tbe ne"t seasen. 
Techniques for evaluating lixation in 
hybrid. are being developed. 

Ino<:ulant supply 

As in previous yeaes Ihe soil 
microbiology group conlinued. lo supply 
inoculant. lO requeslors in Latin American 
countries. 

AGRONOMY 

Varietal Tesling 

E"periments to identify high-yielding 
malerials among hOlh bush and climbing 
cultivar. oC P. vulgaris intensified in 1976. 

Bush cultivars 

During Ihe year, 146 new bush cultivars 
were evaluated in four Preliminary Yield 
Trials al CIAT (methodologies of different 
trials are described in CIAr s 1975 Annual 
Report). 

Seed yields in Ihe lirst trial ranged from 
1,233 to 2,996 kg/ha and for Ibe second 
trial from 1,010 to 3,659 kglha. Thirty 
black varieties equalled or exceeded Ibe 
yield of the black check varieties, hut in Ihe 
non-black seeded group only 14 of the 
cultivars lested performed as well as Ibe 
standard varieties included. 

Promising varieties selected from 
Preliminary Y ield T rials of the previou. 
soason were enlered in U niform Yield 
Trials, with seven such trials conducted as 
of Seplember 1976. In Ibe lirsl group of 
lrials, al Iwo locations in Colombia and 
one in Ecuador, material. of all colors were 
included. Results of the 15 best entries are 
presented in Table 18; eighlofthe bes! nine 
materials were black-seeded. The excep
tion, P758, a brown-seeded, type 111 plant, 

A·32 

oUlyielded all cultivars in the CIA T trial. 
Because of ¡his marked difference, 
cultivars were separated according to color 
in the two subsequent trial. with each 
group tested at CIAT and Popayán. 
Results of these four tríals are shown in 
Tables 19 and 20. 

Climbing culthars 

Because sludies were initiated later and 
required considerable seed multiplieatíon, 
yield trials wilh c1imbing beans are not as 
advanced as with bush beans. More than 
1,500 collections of Iype IV and tall Iype III 
beans have been screened for yield under 
Ire!lis (monocullure) conditions, and 700 
of these are currently being evaluated in 
association with maize. Several type IV 
promising cultivars have becn planted in 
replicated yield trials both monocropped 
and associaled wilh maíz •. Yields offive of 
these are shown in Table 21 and a typical 
cultivar, in Figure 26. 

Uniform Yield Trials with climbing 
bean. are planted in (íve location. in 
Colombia and Ecuador, and compare 20 
high-yielding cultivars associated with 
maize. In these trials, and as a result of 
findings by the microbiology group, 
Rhizobium inoculation is being used. Bush 
bean trials depend to the moment on 
fertilizer nitrogen. 
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Table 18. Highest yielding ban cultivan .nd ched varimes in UnlCorm Yield Trials in Colombia (elA T and 
Da",") and Ecuador (Bolime). 

Yield (kg/ha) 

Seed Growth 
IdentifuHon color babit 

Test makfials 

P302 Block 11 
P737 Black 1I 
P712 Black 11 
P758 Brown 111 
P675 Black 11 
P459 BIack 11 
P560 BIaek [ 

P511 Black 11 
P512 BJack 1II 
P692 Red Mottle<! 1 
P566 Bla" 11 
P498 B1ack 1II 
P637 Red Mottled 

P757 Blaek 11 

P756 While 

Check materiab: 

Procataota Black 11 

P458 Slack 11 
P635 Red Mottled 
P402 Beige 

Amarillo Yellow 111 
Blanco White 11 

Trial mtaríS aud '.bIes 
Vi.ld mean (kg/ha) 

Lowest yiel4 (kg/ba) 
Highest yield (kg;íha) 

LS.D. at .05 
C.V. (%) 

Internatlomll Bean Yield and Adapta
tion Nurseri .. (IBY AN) 

Proposed methodologies for a series of 
international yield and adaptation 

Be4ns Program - e/A T 

CIAT Dagua Boliche Mean 

2,009 2,618 3,396 2,674 

2,011 2,585 3,145 2,580 

1,895 3,060 2,477 

2,144 2,313 2,841 2,433 

1,461 2,628 3,187 2,425 

2,008 2,496 2,725 2.4fO \ 

1,513 2,718 2,936 2,395 

1,671 2,405 3,037 2,371 
1,847 2,606 2,488 2,314 

1,926 2,378 2,076 2,127 

1,640 2,329 2,406 2,125 
2,061 1,835 2,470 2,122 

1,530 2,634 2,183 2,116 
1,687 1,789 2,694 2,057 
1,793 1,487 2,610 2,030 

1,652 2,594 

1,688 2,452 

1,128 2,232 

3,108 

1,444 

1,067 

1,614 2,222 2,380 

772 1,487 556 
2,144 3.060 3,396 

3'Xl 371 609 

15.3 10.4 16.0 

nurseries were presented in the 1975 
Annual Report. Objectives are to evaluate 
the yield and adaptation of cultivars over a 
wide range of experimental conditions and 
to allow national programs to compare a 

,4-3] 
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Table J9. Yield of non-blKk bun varieties of tbe Uniform Yield Trial al two tocatkms in CoIombi •. 

Seed 
Identiftcation color 

Test mterials 
GOl212 Red 

PS24 Il<ige 

PI7 Brown 
GOl 540 Yellow 
GOI224 Brown 
P38l Wbite 
001213 Orey 

L..a.manier Purple 

Linea 20667 Bei¡e 

GOOSOS Red 

Pintado Bei¡e 

Linea 00738 Purple 

Mean 

Cbed mattrials 

P756 White 
P459 Black 
P692 Red 

P392 White 

Mean 

LS.D . • '.05 

c.v. (%) 

range of promísing materíals, This lesting 
was actívated in 1976 wílb s!rong support. 
Througb late 1976, 128 requests for Ibe 
frrsl !BY AN bave becn received, covering 
90 gites in 35 counmes. As sbown in Table 
22, .eed has already been dispatcbed lo 76 
collaborators, wílb Ibe rernainder lo be 
sbipped sbortly, Figure 27 sbows an 
IBY AN se! being prepared for sbipment. 
Plans are being developed for a Iimited 
climbing bean yield and adaptation 
nursery in 1977. 

A-J4 

Yíeld (kgiha) 

Growth 
habil Popayan CIAT Mean 

111 2,641 2,106 2,314 

11 2,540 2,185 2,362 

11 2,572 1,949 2,260 
2,050 2,396 2,223 

n 2,329 2,106 2,218 
2,189 2,206 2,198 

111 2,186 2,107 2,146 
11 2,070 2,198 2,134 

2,426 1,832 2.129 
111 2,082 1,681 1,882 
11 1,585 2,059 1,822 

1 1,382 1,796 1,589 

2,171 2,052 

11 2,792 1,944 2,368 

11 2,100 1,774 2,237 

1 1,998 1,661 1,830 

1,383 1,414 1,398 

2,218 1,711 

S32 422 

17.3 15.6 

Bean-Maize Assodations 

Plant densides 

Under monocrop conditions at eIAT, 
optbnum planting density for higbest 
production in climbing beans is 120,000 
plants/ ha and for maize, 80,000 planto¡ bao 
In associatíon witb rnaize at a constant 
denoity of 40,000 plantof ha, optimum bean 
density rernains abou! 120,000 plants/ha 
(Fig. 28). The apparent lack of interaction 
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Tablc 20. Yield of blad bean varieties of tbe Untfotm Yield TriaJ at two J.ocations in Colombia. 

Idenúfu::ation 

rest ... terials 
P2Q9 

P668 
P700 
P481 
P579 

P437 
P5O\l 
P225 
P9 
P443 

P667 
P226 
P14 
P527 
PI99 
P322 
P320 
P337 
P349 
P491 
P422 

Mean 

Check material 

1'4S9C 
P459B 
P675 
P566 

Mean 

L,S.D. at.1lS 

C.V. ('lb) 

Be.m Program - CIAT 

Growth 
habit 

11 
JI 

II 
II 
11 

11 
JI 

II 

II 
¡¡ 

ti 
¡¡ 

11 
111 
11 

111 
Il 

11 
JI 

III 
Il 

JI 

11 
11 
11 

Yield(kglha) 

CIAT Popayan 

2,930 3,174 
2,822 2,788 
2,741 2,840 

2,538 3,009 
2,838 2,653 
2,602 2,814 
2,763 2,544 
2,475 2,708 
2,588 2,687 
2,667 2,587 

2,548 2,694 
2,454 2,772 
2,448 2,658 
2,689 2,161 
2,320 2,675 
2,292 2,690 
2,259 2,715 
2,141 2,713 
2,479 2,224 

2,413 2,159 
2,169 1,577 

2,523 2,612 

2,693 2,831 
2,826 2,611 
2,804 2,396 
2,318 2,252 

2,660 2,538 

277 382 

9.6 10.6 

Mean 

3,052 

2,805 
2,790 

2,774 
2,746 
2,7ll8 
2,654 
2,642 
2,638 
2,627 
2,621 

2,613 
2,553 
2,515 

2,498 
2,491 
2,487 
2,427 
2,352 

2,286 
1,873 

2,162 

2,748 
2,600 

2,285 

A-JS 



Table 21. Yields of five promisin& acéessions uf elimbing beans in replkatM trial, in eIAT. 

Yield (kgíha) 
Monocrop Associated 

Country NO.of 
Accemon Color of origin trial$ Min. Max. Min. Max 

P389 Cream Colombia 6 

PS26 Black Venezuela 5 

PS25 Blaek Venezuela 5 

P2S9 Brown Chile 14 

POO6 Block Guatemala 

of bean density by plantíng system 
simplifies botb experimental procedures 
and eventual recommendations to national 
programs. 

Figure 26. A promising type ]V bean tfown in 
ilSSociatión wtth m.in can yidd uver 1 t/ha without 
seriousay nduc:ing maizr yields. 

.4-36 

4 

2.0 4.3 .6 2,.1 

lA 4.3 .4 1.7 
l.4 2.3 .5 15 
L5 3.6 .2 1.5 

1.8 2.7 .3 1.7 

Table 22. Coun1rles collaborating in 1be first Inter
nattonal Btan Yitld and AdaptaUon 
Nu" ... y (IBYAN). 

Latín America and 
the Caribbun 

Belll.e 
Bobvia 

Brazí1 
Colombia 

Costa Rica 

Chile 

Ecuador 

El Salvador 

Guadalupe 

Guatemala 

Haiti 

Honduras 

México 

Nicaragua 

Panamá 

Perú 
Dominican Republic 

Surinam 

Trinidad 

Venezuela 

Dispatched 
through 

Requests Octobe:r 1976 

2 

3 1 

21 9 

8 7 

1 

4 4 

10 4 

6 5 

2 
4 3 
5 
4 3 

4 4 

3 3 

l I 

5 5 
4 4 

I 

I 

4 2 

93 57 

Cont. 
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Table 22.Contínuation. 

North America and 
Europe 

Canada 

Portugal 

United Kingdom 

United States 

Afrka ~ Asia 

Ocearúa 

Arghanistan 

Iran 

IsraeJ 
lapan 
Kenya 

New Caledonia 

Malawi 
Pakistan 

Philippines 

Tanzania 

Tbail.nd 

Total 

Dlspatehed 
Through 

Requests October J976 

2 

2 

6 

2 

5 

3 

3 
S 
6 

20 
l28 

2 

2 

5 

1 

2 
5' 

4 

14 

76 

I Oue te qua!4nlme restti<:tLons, :seed samplé$ _ere sent 10 he 

mcrta!led tocally, 

Bean and maize yields 

Reductíon in bean yields due to associa
tion with maize depends on' relative 
plantíng date, maíze and bean density, 
plant type and loeation" At CIAT near 
optimum prOOuetion of both maíze and 
beans is obtained by simultaneous plan
tings. though yields of bush types are 
increased somewhat when they are planted 
one week before !he maize(Fíg. 29), Over a 
large number of tríals, boan yields in 
assoeiatíon wíth maíze were redueed about 
30 pereent in types 1I and III (non
climbing), and about 50 percent ín type IV 
(c1imbing) beans. In eurrent triaIs lower 
maíze densitíes are being teoted to develop 
response surface comparuons of varíous 
maize/bean density combinations. The 
optimum system for greatest eeonomic 
return depends also on relative prices of 
maíze and beans. The maíze: bean price 
ratío varies in Latín America from ): 2 up 
to 1:6 in sorne countries for special coloes 
aOO seed sízes of boans. Many faetors 
appear to contribute to !he well-being of 
the maíze and boan syotem when the two 
"pecies are intercropped, and to compen
sate for light and nutrient competition. 
Differences in attack by major ¡nseet pests 
aOO ímproved nitrogen flxation by the 
boan component are discussed in previous 

Figure 21. Eaeh shipment of seed IOl 3n International Bean V iekJ and AdaptaUon Nursery is accompanied by 
• workbook delaiUDI essential ílnd sugzestéd measuremenls to ~ taken and the methodolocles to be used. 
Workbook datá can pass dirt'dly tu biornetrh:: analysis. 
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Yield (t/ha) 

6 

sr=-V,,,--r-Maile+ 
¡ 

! I Monoculture 

-
'1 ! I 1 

, 

.. ~r ! .... 1--

.." V Climbing beans 

11-
.~. 

4 

2 

so 1110 ISO 2110 

, 
I 

Beans and maize I 
, in association 

¡ 
Maize - (maize constan! at 

40000 lant ! 

I 1--+---+----1-' F-' 
l···· J.--~;¡;;;;;;:± 

. ___ Climbing beans i 

_~J~LJ 
1110 ISO 2110 

Denility 0,000 planta/ha) 

Figure 28, Yietds of maize and beaf'ls in moooeulturt and in IIssociation as a function af plantinl!: densil). 

_lioos. Table 23 shows Ihe reduced 
lodging in maíz. grown associated wíili 
beans. 

Trials in CIA T wílh bOlh bush 
bean/maíze associations and climbing 
bean/maíze associations show tha! when 
fertility and moisture are no! limiting, 
maize yields are no! reduced due lO the 

association. In paired comparisons of plols 
with densities from 30,000 up lO 90,000 
plants/ha of maíze, this relation was 
maintained. There also were no differences 
in maíze plant height, harvest index, 
biological yield. prolificacy, length and 
diameter of ear and cob, row number, and 
moisture content of graín and slover in the 
two syotems. 

a Maize-Bean Type JI 

Yicld (t!ha) __ ~ 

b. M.íu-Bean Type 111 c. Maize..Bean Type IV 

w- "', I 

" \ ¡ \ 

! 

--- Maize , 

- Sean, 
¡ 

i 

'Ff'---~ 
I " T-t--~' · 

~ !--- .. 
\ i 

" ¡ \ 
! 

, 

L:- ..1 ...- , ............. , 
... c.,-

+15 -15 o +15 -15 o +15 

Difference: in plantmg dates (days) 

Figure 29. Effed, of relatl:ve planting dates of main and ~ns on yields 01 each spedes in assoc:iation. 
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Table 23.Pertmtact maiu kMlaiDJ in six trials in monoeulture .ud in a.ssociadoo with bu$h and elimbing beans 
., elAT. 

Roo. lodging 
Maize Bean 
hybrid cultivar mono asSQC, 

H-21O P259 (climbíng) 1.61 .3 
H-207 Píja. (bu,n) 29.4 9.6 
H-207 P2S9 (climbíng) 53.2 17.0 
H-207 Jamapa (bu.n) 64.3 14.0 
H-207 P2S9 (climbing) 46.5 2.2 
H·207 Pijao (bus.) 14.0 26.0 

Average lodgingin 13 trials 

Planting systems fOf associated erop
ping 

Manipulatingthe "patial ammgement of 
two specios in association to achieve the 
best possible light environment for each 
"pace should result in higher total system 
yields. Orowing maíze in paired rows did 
not affeet bush hean yields compared to 
uniformly sPaced rows (Fig. 30). In 
association with c1imhers grown in paired 
rows, maíze yields were deereased relative 
to those achieved with normally-spaced 
rows. In this trial, maximum hean yields of 
2.07 tlha were obtained with a 4.93 tlba 
maíz. yield. Monocrop hean yields of 4.3 
tlba were produced with P589, a cream· 
colored, late.flowering cultivar. 

Genotype x system interaetion 

It is crucial to the breeding program to 
determine whether the hest hean varíetios 
seleeted under monoculture conditions are 
also the best when associated with maíze. 
Preliminary results on this system x 
genotype interaction suggest tbat there is a 
strong correspondence between results 
from the two systcm., both in rank order 
and yields. In nine varieties oC bush heans, 
the correlation hetween ranks in the two 

JJetmS Program - CIAT 

Stalk lodging T atai lodging 

mono as"", mono "",oc 

9.6 H 11.2 4.2 
6.4 5.2 35.8 14.8 
6.2 6.5 59.4 23.5 

LO 3.3 65.3 17.3 
15.8 3.0 62.3 5.2 
9.0 O 23.0 26.0 

33.8 16.1 

systems was highly significant (r. 0.93·"), 
as was the correlation fot yields (r = 
0.91"·). In nine varíetie. of cIimbing heans, 
results were similar rank. (r: 0.8S··) 
and yields(r = 0.90"·). When 15 varíeties of 
maize were tested in three systems 
(monoculture, and associated with bush 
heans or climbing heano), results were less 
consisten!. Correlations hetween pairs of 
systems for yield and rank order, respee
tively, were the following: monoeuIture v •. 
association with bush heans (r: 0.23, r = 
0.4S), monocuIture v.. assoclation with 
climbing beans (r = 0.46, r = 0.56·), 
association with bush v •. association with 
cIimbing hean. (r = 0.66··, r = O. n·*). 
Tbese data will be confirmed in other 
location. and seasons but suggest that 
selection and testing of bean varíeties, as 
well as progeny evaluation, may be carried 
out in Ihe most convenient or lowest cost 
system available. 

Teehnology Packages 

1'0 determine tbe relative importance of 
certain agronomic practices, the possible 
components of a" "technological package" 
for beans, experiments were planted in 
CIAT, Popayán and Monteria. In each 
trial Ihe complete package was compared 
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a. Bush Bean> 

Yi.ld. (kglha) 

Beans 

1.4250 6.400. 

1.4750 

2.000a 

beans 250,000 plants¡ha 

maize 40,000 plantsfha 

4.800. 

b. Clímbing Sean, 

Yield, (kg/ha) 

Beans Maize 

2.075b 4.935. 

1.990b 4.070. 

1.98Sb 4.010. 

2.080b 3.270. 

4.310. 

beans 160,000 plants/ha 
maize 40,000 plants/ha 

4.740. 

Figure 30. Comparisom oí several bush bean,lmaize (a) and dímbing beanj maizi: systtms (b). 

with various treatments in which, in turn, 
each component was leCt out; an absolute 
check without any cultural practices was 
included. 

Figure 31 shows the effect of using seed 
free of intemally-borne pathogens (clean), 
the use of heds, disease, insect and weed 
control, irrigatinn, liming and fertilization 

A-40 

on bean yields. In each lrial c1eaned seed of 
a different black-seeded variety was used, 
except for the ~minus clean seedM treat
ment in which no special precautions were 
talcen 10 ensure seed of highest quality. 
Vield. in Monletia were extremely low 
because of unfavorable climatic conditions 
and an infestation of nutsedge, which was 
no! controlled by the herbicides used. 
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!lean yield (,¡ha) 

CIAT (var. ICA-Pijao) 

check: 
control control 

Popayan (var. ICA-Huasano) 

control control 

Monteria (Val, leA-Tui) 

Figure 31. TIw ef(ed of aJrDllomic p.ractices on the yield oí three blaek bean v~U'ieties grown in CIAr, 
Popay'o and Monterla. 

In aH, the use of seed free from interna! 
patbogens had the least effect on yield. 
Tbis is cnntrary to other reports in whicb 
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large yield increases were obtained with the 
use of ücIeaned~ as compared to "farmers" 
sero (see also p. A-7). In tbe presenttríaIs 
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Itowever, the seed use<! was oC relatively 
goad quality, with little more distase 
incidence than had the cleaned seed. 

In CIAT, the lack oC irrigation during 
the dry period between floweríng and 
maturity aCfeeted yield most profoundly, 
with the lack of disease, inseet and weed 
control reducing yields 27, 34 and 34 
percent, respectively. Too absolute check 
gave zero yield elearly demonstrating the 
need Cor proper cultural practices in bean 
cultivation. 

In Popayán, the faetors most influencing 
. yields were disease control, fertilization 
and insect control. in the absence oC which 
yields were redueed by 30, 28 and 19 
pereent, respectively, Residual fertilizers 
from the previous semester masked to 
sorne degree the effeet of P-fertilization; 
virgin soil without P-fertilization normally 
yields only 20-30 percent of fertilized plots 
(see following section). 

In addition to experiment slation tríals, 
severa! experiments were planted on smaJl 
farms in collaboration with theCoJombian 
Coffee Growers Federation in tbe 
Restrepo region (I,sao meters elevation, 
1,300 millimeters rainfall). This thesis 
projeet focused on the introduetion of new 
technology to farmers with limiled 
resourees. Results from the first season 
(Table 24) indicate a potential for bigb 
yields among small farmers using im
proved technology and plant materíal •. In 
bush varíeties tested in four locations, 
yields oC Calima variety currently used by 
farmers Wllll signifJcantly lower than yields 
of introduced varieties under botb systems 
of production and both level. of 
technology. Four varíetie. in monoculture 
aud one black -seeded varíety in association 
with maize gave hean yields over :2 t/ha 
using improved technology (inereased 
density, granular insecticide at planting 
and a low level of chemical fertilizer). 

Table 24. On-farm yields (kg/ha) of bush and dimbing beans at Rrstrepo. Colombia., wilb two systems and 
""0 levels of technology. 

Monoculture System Associated with Majze 

Bean T (farmer T (impr, T (farmer T (impr. Overall 
identification Color teclmol.) techno1.) techno1.) technol.) mean 

Bush Beans(mean Qftwo Irials) 

1'459 Black 1>807a l 2,29labe 707.be 2,073. 1,720a 

P302 Block 1.589a 2,439a 1S01lb 1.663bc 1.610.b 

tCA Tui Black 1,7!1a 2.33Ia. 6S2abc r.664bc 1,59Oab 

PS24 Crtam 1.6980 2.032 bcd 8360 1.476bcd 1.511 be 

P7S6 White 1.165be 1,744 d 432 e t.470bcd 1.203 d 

P643 Wbite 1,4150. 1.953 d 605abe 1.S90be 1.406 e 

ICA Línea 11 Red 97900 1.291 e 528 be 1.200d 1.000 e 

P758 Brown 1,674 a 1,964 cd SB2abc t,798ab 1,5OS be 

Calima Red 780 d 1,086 e 452 e 576 e 724f 

Mean 1,431 1,903 616 1,501 1.363 

C.V. (%) 20,7 lO 36.9 17.5 

Con!. 
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Table 24.Continuaüon. 

Monoculture System Associated witb Maize 

!lean T (farmer T (impr. T (farmer T. (impr. Overall 
identntcatlon CoJor l«hnol.) technoL) technoL) technol.) mcan 

Climblng Beans 

P525 Black 1,176a 1,570. 624. 1,048a 1,IOSa 

P259 Brown 67gb<!! 1,431. 35tb 672ab 7&3bc 

PJ64 Whit<: I,021b<!! 1,324ab 369b 832a 887b 

P449 Brown 455<d 917bc 26Jb 800. 609< 
P589 Cream 858abc 1,243ab 424ab 673ab 800bc 

Radical Red 389d 682< 304b 227b 40Id 

Mean 763 1,195 389 709 764 

C.V. (%) 28.9 21.8 35.9 46.6 

Values Rot followed by the same len.eráre significantl)'differentat the .OS leve) ofsignifteance by the L.S.D. 
melhod. 

Introducing improved technology in
creased bush bean yíelds by 33 percent in 
monoculture and by 144 pereent in 
assocíation with maize. Climbing bean 
yields from two margínallocalions showed 
the same tendencies, wilh a maximum yield 
of 1,570 kg¡ha for cultivar P525 in 
monoculture in one trial. These results 
indicate lbat varietíes and technology can 
be adapted to farm conditions, and give the 
smaD farmer significant production m
creases. 

Time of seeding 

The time of seeding trial in Popayán 
(1975 Annual Report) was repealed Ibis 
year. Figure 32 shows Ihe influenee of 
seeding date on yíeld with and without 
inseel and disease control. Because of Ihe 
extended cropping sequence, disease and 
insect damages were more severe than in 
Ibe previous year and yields were lero 
during eight monlhs of Ihe year. Wilbout 
proper control even onder protected 
conditions yields decreased from 2.7 I¡ha 
in the June seeding to 61 kg/ha in the 
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October seeding because of excessive 
raiofaD during October and N ovember. 

Bean yield (l/ha) 

3.' 
I O Lithl ini! loo 

2. S \ 
dlseAK control f--

I • without ~ntml 

I 1\ ! I 

e, I1 \ 
! 

2. 

l. s, 
! I \ I ! j o! \ 1\ 

1[\ 

l. 

s 

.1 ........ 
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'" '1 'V '- .-e - '" e > 
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- "Q.O~-~c" Q.~"Í~;S=V v"'';::¡ as .... 
<::E::g-.-.<Vl iZ_-'¡'¡'" 

-----197S----.¡¡...1976+ 

M onth oC seeding 

Figure 32. Effed 01 month oC setdine in Popay.n 
on 1he yield oí Cuali bUlns grown with ud wltbou1 
cootrol of Insects and disuses. 
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80fL FERTILITY 

Tolerance lo Low Phosphorus 

A lolal of 176 promising bean accessions 
were screened in Popayán for lolerance to 
low levels of soil phosphorus. Beans were 
seeded in single rows in plots having 
phosphorus treatments of O and 300 kg 
P, 0, / ha, applied as triple superphosphate 
(TSP) in bands. Figure 33 shows that plant 
growth without applied phosphorus was 
extremely poor compared with luxurious 
growth at the high phosphorus leve!. 
Maximum bean yield obtained without 
phosphorus was 0.97 t/ha while at the high 
phosphorus leve!, maximum yield was 3.96 
t/ha. With no phosphorus added the most 
tolerant variety yielded 44 percent of that 
produced with high phosphorus, while on 
the average, percentages were as follows 
for the various bean colors: white, cream, 
yellow beans (16%); brown and gtay beans 
(19%); red, pink, purple beans (20%); and, 
black beans (21%). 

Further studies are in progress to 

confinn these differences using in
tennediate levels of phosphorus. Given the 
low availability of phosphate fertilizer in 
many countries and the Iimited credit 
available to many fanners, the results 
could be of major significance. 

Levels and Sourees of Phosphorus 

This research was done in cooperation 
with the International Fertilizer Develop
ment Center (IFDC). Figure 34 shows tbe 
response of beans to various levels and 
sources of applied phosphorus in Popayán 
(see also CIAT Annual Report, 1975). A 
positive response to application rates as 
high as 400 kg P, ° , / ha was obtained. 
Though TSP produced the best response, 
relatively soluble rock phosphates from 
Gafsa (Morocco), North Carolina 
(U.S.A.), Sechura (Pero), and Huila 
(Colombia) also gave good responses. 
Yields with more insoluble rock 
phosphates from Tennessee and Central 

Figure 33. Screening of bean varieties for tolerance lo lo" levels of phosphorus. Eaeh ro" is one nriety "ith 
beans in foreground grown without phosphorus while the same varielies in the background have rec:eived 300 kg 
P20S/ha. 
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Florida (U.S.A.) were lower but .till 
signíficantly better than the control. The 
agronomic effectiveness of tbe sources 
followed closely their solubility in N 
ammonium citrate (Fig. 34), a commonly 
used measure of «available" phosphate. A 
critica! pbosphorus content in tbe leavesat 
flower initiation was determined to be 
0.35-0.4 percent. 

Lime,. Pbospborus Interactions 

Manganese loxicity symptoms have 
becn observed in Popayán experiments in 
beans where previollS beavy fertilization 
had produced a decrease in soi! pH. Liming 
sucb soils is tbe most effective way to 
eliminate manganese toxicity but at tbe 
same time, can reduce tbe effectiveness of 
roel: phosphates. The interaclÍon of lime 
and phosphorus was sludied lISing tbree 
levels (O, 200 and 400 I:g P,O,¡ha) and 
three phospborus roucees (TSP and Gafsa 
and Hnila roel: phosphates) al four levels 
of lime (O, .5, 2 and 61/ha). 

Bean yield (t/ha) 

¡ 
1.5"L -+-IHh"l'-_Lf---::"....~-tl 

I.0r' -ip.:...¡. TSP 

dt. soL 
% of lotal P 

100---+1 

" Oar", R.P. 18.6 

f

' , "SechUIll R.P. 18.0 

o.s,-¡--;¡ o Huila R.P. -16.2---H 
• Pesca R.P. 9.5 

; .. Tennessee R.P. 9.0 
OL' ~~~~_~~ ____ ~ 

56 100 200 400 

kg P,Q,/ha 

Figure 34. Response of beaM to various lenls of 
pho.pllOna applled as triple •• perphospha'e (TSPj 
ud nriouI roc:k phosphates (R.P.) in Popayán. 
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Figure 35 shows tbe effect of phospborus 
levels and liming on yield. Althougb tbe 
Gafsa roel: was slightly belter Ihan TSP al 
O lime and sligbtly poorer al the higb lime 
level, there were no significanl differences 
among Ihe phosphorus sourees. Al low 
liming rates response lo phosphorus was 
significant, but al the high lime levels, tbere 
was no pbosphorus response (some 
residual phosphorus remained from a 
previous crop). Above 0.5 tlha of lime 
applied, beans responded mainly lo tbe 
application of lime. The negative response 
to the lowest lime application was unex
peCled considering tbat lime consistently 
ínereased pR, decreased exchangeab1e 
aluminum (Fig. 36a) and slightly decreased 
manganese. However, both Ihe ex
changeable ca!ci.um in the soi! and tbe 
calcium content of tbe lcaves was lower at 
0.5 ton lime Ihan at O lime, while tbe 
phospborus contenl (Bray 1) of the soil 
reaehed a minimumattbe2tfhalimelevel, 
bolh for the residual phosphorus as well as 
the recenlly applied phosphorus 
Irealments (Fig. 36b). Thus, liming was 
beneficial by increasing pH and calcium 
and decreasing toxicity of aluminum and 
manganese but al low levels was detrimen-

Bean yield (t¡ha) 

2.0 

I.sh'r-+---I- -..-..-$'''''' 

1.0h:.c40"""-~'-+-------

" o p i • 200 kg p,O,/ha ... -+ ... o 400'8 p,O,lha 

r 

0.5 

0~..J,----'·· __ ·_····_---' 
o \4 2 

Lime (llha) 

F,gure 35. The effect of tbe application of lime and 
ptwspborus on bean yitlds in Pop.)'*". CUn'e$ are tbe
average oí three phosphorus sources, 
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pH Exch. Al (meq.{IOO ¡¡m) 

:[f.fql: 
Exch. Ca (meq./IOO ¡¡m) Son P (ppm, Bray 1) 

B 
6,~~---~+---------~~~8 

4~-+----4---------~~~6 

2 -+---~~-------------r14 

• c. 
OiLL+----~---------!__ o o 'h 1 6 

Lime applied (tlha) 

Figuro 36, Tite eff ... uf lime _Ik.llo ... ou soO 
pR, ox~b1. A~ •• dJ __ C. yd .. .noble 
P in Popa,... Curves are the .veraJe of thlft Itvek 
lUld three sourtes of P. 

tal because of decreased pbospborus 
avaiJability as well as reduced pbospborus 
and calcium dissolution from tbe rock 
sources. Yields were best correlared witb 

!lean yie!d (Ilha) 

excbangeable calcium and aluminum in 
tbe soil, and were bighest witb more tban 
4.5 meq calcium and less tban 1.5 meq 
a1uminum/lOO g soil. Tbe critical calcium 
content of lcaves was 1.44 percent. 

Foliar Appllcation of Phosphor ... 

In soils like tbose ofPopayán witb a vel)' 
high phosphorus-ftxing capacity, foliar 
applications .of phospborus could supply 
small quantities 10 the plant without 
ftxation by the .oil. However, foliar 
application mUSI be combined witb soil 
pbospborus application 10 ensure foliar 
development sufficient to spray and the 
right combination ofsoil and foliar applied 
phosphorus ís difficult to determine. 

Figure 37 shows tbe result of tbe foliar 
application of varioos pbosphorus 80Urces 
compared to tbe check and to soil applied 
phosphorus. All plots received ISO kg 
P,O,{ha as íncorporated basie slag, 
resulting in a relatively high yield for tbe 
check. Tbe best foliar !reatment was that of 
three applícations of 2.4 percent 
NH. H,PO. which increased yields 225 
kgl ha wbile applying only 6 kg 
pbospborusl ha. Part of the beneficíal 

Treatment 

Figu ... 37. EIr_ uf 0011 ..... rollar appllulions uf .... iowo pIIosph ................ bean ylelda. 
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effeet may be due to tbe nitrogen in the application. Studies using potassium 
souree. Other sources were not very polyphosphate and urea in foliar dressings 
effective, because of the high basal soil are continuing. 

PHYSIOLOGY 
Physiological studies on yield limiting 

factors and adaptation characteristics 
continued during 1976, under irrigated, 
fertilized and protected conditions at 
CIAT. 

Growth and Development 

Bean growth and development studies 
coneentrated on the cultivar P566, a 
material representative of severaI type II 
Dry wt (g/m') 

Leaf atea indo. (m'/m') 

5GO 2.5 

var.ieties showing high yield and relatively 
wide adaptation(see p. A-33). The results 
of two semesters (I975A and 1975B) of 
growth analysis with P 566 are compared in 
Figures 38 and 39 and in Table 25. Leaf 
area development, node structure and pod 
number are very similar for the two 
semesters although total yields differed 19 
percent. Climatic data for the two 
semesters were very similar with respect to 
temperature and solar radiation. The main 

• Semester A 
o Semester B 

Leaf arca index 

310 l. 

lOO 1.5 

• lO 10 30 

Physiological 
maturity 

80 
Days from emergence 

Figure 38. Key paramelen tor atcession P566 in crowtb analysis experiments. 
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No. of vegetative nodes and pods (>2.5 cm) 

700

1 ¡--n 
• Semester A I ¡ 

6001'-! ---+-
o Som_eS 1, 

~~+-+-----'T I I 

508 ,~,--+--

400 

200r-; ---+-

o 10 

Node numberfml 

Physiological 
maturity 

t-"t-1H----t-1 l~T --t------i 

7. 
Days from emergence 

Figure 39. Key parameters ror acces5ÍQD PS6tí in growth analysis ex.periments. 

yield component associated with this yield 
difference was the numher of matuTe beans 
per pod. The crop in tbe frrs! somester 
lodged more extensively resulting in poor 
canopy slructure after flowering and, 
possibly, lowering lhe effieieney of lhe 
available lear area. The higber proportion 
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of yield borne on the branches in semester 
A also suggests tbat lodging may have 
stimulated greater pod set on brancbes. 

The vertical distributlon of yield com
ponents for somester B is shown in Figure 
40. y ield variation is strongly associated 
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Table 25. Vie1d aJNI wociattd final hanest parametrn COl atemionPS66 in growth aoalysis experimen.ts in two 
semesters at ClAT 

Parameter Semester A Semester B (AiB. 100) % 

Yield (t/ha" 14% moisture) 2.28 2.71 (119) 

Yíeld (g/m', dI)' w.¡ 195.85 232.89 ( 119) 

Beao sizo (mg/bean) 191 191 (100) 

Harvest index (%) 0.51 0.62 (109) 

Tata! dry malte, (81 m')' 342.6 376.7 (JlO) 

Stem weight (g/rol) 81.70 82.20 (101) 

Pod waII weight{g/ m') 65.08 61.50 ( 94) 

Node number!ml 410.9 421.7 (103) 

Racettte numberftnl 1l1.8 118.3 (106) 

POI! number ¡ m1 210.4 205.5 ( 98) 
s.= heigh! (cm) 71.86 81.18 ( 121) 

Roo! weight (g/m') 17.95 16.86 ( 93) 

Sean number/pod 4.87 5.93 (122) 

Besn yieldl p<>d (g) 0.93 1.13 (122) 

Yield 00 branehes (%) 22.6 12.0 

with pod set al each node and with the 
number of mature seeds per pod; hoth 
parameters peaked at node 7. Mean bean 
size did not vary greatly among Ihose 
nodes conlributing mOSI lo yíeld. 

Close observations of flower and pod 
development in P566 showed effects 
similar lO those reported previously (1975 
Annual Report). Figure 41 shows pod se! 
data by node posilion on the main steJ¡:t 
and by position wílhin each raceme. The 
within-raceme positions are numbered 
consecutively from position 1 nearesl lO 
Ihe main stem. U suaUy two flowers are 
borne símultaneously at eaeh position on 
eíther side of Ihe raeeme. The criticaI 
features of this data are: (a) the high 
proportion of Ilowers at posítion I whích 
set malure pods, and, (b) lha! nodes 
Ilowering earlier in the sequence usually 
bear malure pods. Flowers opening later 
on the &ame raceme (in positions 2 and 3) 
usually abscise. Al aII nodes the day of 
Ilower opening for position 1 is usually 
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three 10 four days earIier lhan posilion 2. 
The pod set ratio foc position I on Ihe 
respeclive racemes decreased from 100 
percenl at node 5 lO O al node 14. Tbe 
presence of eartier fertíJized pods on Ibe 
raceme appears lo strongly inlluence the 
abscission of later forroed Ilowers. 

The yield profiJe in Figure 40 directly 
rellects this pod sel pallern. Node 7, wilh 
the eacHesl flowers and high pod set, has 
the highest yield por node. The importance 
of time of flowering is furlher 
demonstrated in Figure 42 where the 
flower produclÍon/m2/day and the 
number of mature pods which were 
produced from those Ilowers are plotted. 
Almos! a11 PodS were produced from 
flowers opening in the fírst 10 days of the 
20-day IOla11l0wering periodo The peak of 
pod production occurred 3-4 day. after the 
commencement of flowering. As was 
observed in 1975, pod sel on branches in 
Ihis variety is low. F10wering normalIy 
QCcurs Iater un the branches and they 
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Figure 40. Distribution oí yield romponents by leal node positlon in the ac:céssion PS66. 

probably suffer greater competilíve stress 
due lo self-sbadíng al lbe lower node 
positions and al tbe planl densities utilized 
in tbese experimento (30 establisbed 
planto¡ m2). 
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Maximum leaf arca in P566 usually 
oocurs al abaut 12-15 day. after flowering. 
Figure 43 sbows tbe leaf area proflles at 
flowering and 15 <!ay. after flowering 
(maximum LAI). Green leafarealostfrom 
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Figure 41. Rtlationship between flower unit witbin 
tach raceme al "eh nock position and Oowering <by 
of taclI flower unit .nd tM pod set ratió for eaclJ 
ftower unir un the r.acemes on the mainstem for 
Porrillo Sintétko. Data uf bramhes exeludtd due to 
bigh variability, Data obtained from eight plants 
observed dally; adjusted for the rmal plant density 

!he base of !he eanopy (nodes 3-7) js more 
Iban compensated for by new leal area 
prnduced at nndes 8-15. Sinee the pnd sel 
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Figure 42. Rdationship between ftowering day.OO 
pod set ratio (the ratio of m.lUre pod numbtr lo.otal 
fIowernumber blooming un each day olthef1owcring 
period) and the actual number of Oowers blQomed 
.nd podo p,oo...:.d por Ilowerinc day lo, PoniIlo 
Sintetteo. nata are the mean of eigld plants obse"~ 
daiJy ud correded for the adual plant stand at 
hanest. 

on the upper nodes is very low, il is 
reasonable lo assume that !his new and 
active leaf acea js contributing 
pholosyn!hale during bean filling lo the 
Jower nodes where the majority of yield is 
borne, This 108$ of leaf area on !he lower 
nndes has considerable relevanee to post-
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Main stem node position 

Leaf area "rof¡]e ~ flowering 
(LA! _ 2.69 m2 i ml) 

Leaf area profde - flowering + 15 days 
(LAI: 3,15 m'ím'l 

flowering leaf area production 

Flowerill8 + 15 days stage 

Leaf area lost 

Leaf atea (100 cm2f node) 

Figure 43. Leaf ana profiles per main stem. node 
position.. mduding bran«hes subtended st eaeh n~ 
for two growth stages in acc:essÍOt\ P5ó6 

Leaf area index (mI f rol) 
7 

• 1'7881 
... 1'566 11 

6 '" P498J1!-r-t-+--t+-t--t-+I 
O PSl!9 IV 

2 

1'-, +.e,,--,t 

Days from emergenee 

Figure 44. Lea! area Inde" for four tontrastíng 
varieties in gruwth anat)'silJ experime:nt. 

flowering decreases in nítrogen Ílxation 
(see page A-30), 

-f able 26,Comparison of attribut-es among tour varieties (tf Phaseolw vulgaris used in arowih analysis studiesat 
CIAT, 

Aecesslon 1'788 1'566 1'498 1'589 
Growth habit I 11 JI! IV 

Sean yield (g/m2 14%)1 2,85 2,65 },05 4,54 
Dean yicld (81m2 dI')' wt)2 262 282 296 J93 
PodsJm2 III 255 294 315 
Bt".ans{pod 2.65 2,97 4,07 6,22 
Dcan weight (mg/bean) 317 186 247 200 
Percent yield on branches (%) 76 16 80 5 
Days to floweringJ 31 39 40 47 
Days lo physiological maturityl 77 82 90 % 
Bean yíeld per day (g/day)' 3.70 ),23 3.39 4,73 
Total dry matter (gimZp 454 494 475 583 
Harvest index (%) 57,8 575 62.5 67.4 
Percentage abscission (pods 3cm)' 65 52 59 55 
Percentage abscíssion (pods 3cm)6 10 17 17 18 
Pcrcentage abscission total 6 75 69 76 73 

Yu:ld from ¡{}mi yield $&ll'lpk atea Seedinllo phy,iolop;a! IMturity 
Yield of'sob$ample{t mI) tned for)'idd profile in fIgUre If} MmU!; kaves and petlolet at maWrity 

Days fmm seeUw. Perccníqt: oí totat flowert bloomedlm' . 
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A growtb analysis oC Cour accessions 
(P788, P566, P498 and P589) with con
trasting growth habits (types I-IV) was 
carried out. 

The climbing bean (P589) under sup
ported monoculture conditions developed 
a maximum LAl (Fig. 44) of 6.8 at about 
60 days wmle the tbree non..:limbers 
attained maximum LAl's of 3.5-4.0. Types 
I and Il differed mainly in time at which 
leaf area decline 'commenced while P498 
(type IIl) showed a later and s1ightly bigher 
peak witb a similar rate oC decline. Table 26 
summarizes otber key characterislÍcs. The 
yield difIerences between the bush bean 
varieties (types 1-1Il) were associated witb 
maturity (bean yield/day values similar). 
The determinate variety P78~ used in tbese 
trials sbowed excellent yield potential as 
acro.. a wide range oí varietie. and 
environments, type II varieties normally 
outyield the more determinate types. The 
bigher yield level of tbe climbing variety 
(P589) is also sbown in Tables 21 and 22. 
The overall pod ahscission pattern of tbe 
four varieties is quite similar witb a slight 
tendency for Ihe type I variety to abscise 
more small pnds (flowers opened up lO a 
pnd size< 3 cm). No conclusions can be 
drawn at tms stage with respect to tbe 
existence oC major genetic difIerences in 
pod ahscission rates. 

The pattern oC flower and pod formation 
during flowering is iIIustrated in Figure 45. 
The 'other varietie. show trends similar lo 
those discussed earliet for P566, especíally 
with respecI to the importance of tbe 
earHet formed flowers. The type III variety 
had the longest flowering period (28 days) 
and !he determinate type 1, tbe shortest 
period (13 days). P788 (1) and P566 (11) 
difIered in pattern of flower set during the 
firsl five days of flowering witb pod 
abscission during Ihis period being much 
more severe in the tupe I plan!. Cyclic 
flower production is also apparent, par
ticularly in the indeterminate varietie •. 
Beans Program - CIAT 

Yietd !?toftles for (he four growth babits 
are presented in Figure 46 with the yield 
per node strongly correlated with pod 
numbee per node and mature beans per 
podo DílIerences in brancmng pattern 

Flowers opened and mature poos 
produced flowt1'1ng day! m2 , 
1 fíO -
140' 
12'~ 
lOO; 

P788 (1) 

FloweJn 
l~PQdS 

P566 (11) 

P5l!9 (IV) 

Days after beginning of fIowering 

Figure 45. Flowfl' and pod productlonJm1 with 
resptd to days from nowering commentemenl in (our 
varirties In growlh analysis nperimerit. 
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'- Bean yield: 262 111 m' 
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Percentage yi.eld on 
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PS66 (11) 

Bean yield: 2828/m2 

Podo/m': 2SS 
Percenta¡e yield on 

branches: 16% 

P498 (III) 

Bean yield: 2% ¡1m2 
Pods/m': 294 
Pcrccntage yield on 

br ... bes: I!O% 

le 40 

Bean yield (g[nodelm'. dry wt) 

PS89 (IV) 

Bean yield: J9J 8{ m' 
Pod./m

'
: 31S 

Pereentage yield on 
branches: 4% 

I ! ~~L 

2& 40 60 80 

Figure 46. 'Vield promes by node position (ineluding branches) IOl' four varielles o(beans in growth analysis nperimmis. 



between varietíes are ref\ected in the yield 
proftles. Thus P498, a heavily branched, 
prostrate variety with good yield potential 
has a heavy yíeld concentratíon on lower 
nodes (3-7) where branches comprise 100 
percent of the yield. while the relative lack 
of branches in PS66 results in a yield peak 
at a higher node leve!. The low proportion 
of yield on branches in P589 is rather 
typical of the strong climbers at high 

density. While vanauon within growth 
habits exists for the proportion of yield 
borne on branches, the varieties used here 
appear typical of the majority of germ
plasm línes within each habito 

Contrasting growth habits differed in 
the proportíon of nonreproductive dry 
matter production after flowering (Fíg. 
47). The determinate P788 produced 50 

Dry wt (81""...;)'--________ --r------~ 

PS89(IV)-~ 

400 

200 

F1owerill8 

-r---, 
¡ , 

50% 
i 
I , 

. I 
~_L 

P7lI8 (1) 

Flowering 

Day after emerge-nce 
Figure 47 Vegetative (VOG) and reproductive organ growth (ROG) in two contrasting varietíes in vowth 

alUdy. experiments. 
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pereent of the maximum dry weight of ilS 
vegetative organs after flowering whereas 
P589 (IV) produced only 36 percen!. Post
t10wering growth of branches in the 
determinate variety compensa le. for the 
increased dry malter production in maio 
stem structures in the indetermínate varíe~ 
ty. 

Carhohydrate (sugars and stareh) deter
minations were carned out on the main 
stem and hranehes. Results in 1975 
suggested I¡,rge differences in stem storage 
between varieties. Data for the 1976 
ex periment for three varieties is presented 
in Figure 48 for grams of stem car
hohydratejm2. Maximum storage (ahout 
10-12 days after t1owering) occurs just 
prior to the eommeneement of rapid bean 

Stem carbohydrate (g/m: dry wt) 
.lO 

I 
I 
~ 

2 5 
: - P566 (11) 

D. P4'l8 (In¡ 

\ O PS89 (IV) 
I 

!J 
I~ 
! - : .. ....... 

! ~ t1 
tS 

O 

V 1- .\ 
LX b 

fiUing and subsequent pod fiUing reduces 
storage levels considerably in ell varietie •. 
The actual quantítie. transferred from the 
stem are relatively small in relation to final 
bean yíeld, í.e. from 2-5 percen\. The 
relationship hetween the stored 
photosynthate and pnd abscissíon has not 
yet heen studied intensively. However, the 
varietíes in this study with very similar 
levels of flower abscíssion (Table 26) had 
quite differen! levels of stem storage in the 
períod immedíately after floweríng. Tlle 
resullS for P589 (IV) very sbarply contrast 
to results forTrujillo 3 (IV)(CIAT Annual 
Repor!, 1975). 

Cro!, Manipulation 

A seríes of experiments was carried out 
with P566 and other selected varíeti •• to 
.tudy the influence of alteration. in crop 
structure and ¡ or environmental con
ditions on yield potential. 

Exlension of crop cycle using 
pbotoperiod response 

The pllotoperiod sensitive P566 (grade 2 
on a 1-5 scale of ¡ncreasing sensitivity¡ was 
grown in a 16 h 30 mín photoperiod as 
described in 1973. Growth analysis and 
final yields were measured on a series of 
plots at varÍous distances from the Iight 
souree. By using a slightly higher intensity 
light (lamps a! 2.5 m height), pret10wering 
was extended 15 days. The yield response 
comparing control plots 19-20 m from ligll! 
(effective daylength"" 12 h 20 min) with 
UtreatedH plots 1-2 m from the lighls was 
from 2.77 t{ha to 4.12 tfba. The data in 
T able 29 compares key parameters 
measured at four distances from the light 
souree. The majority of the yield increase 
occurred on branches, with íncreased 
branching at nodes 7-14 in !he upper part :~~ I 

Days after emergence 

100 of the canopy where light conditions and 
Icaf efficiency are better !han at lower 

Figure 48. Tuta) stfm carbohydrate (sugar and 
51arth) rOl' thfef' ""lidies of beam, in gr.,wth analysis 
experiments. 
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levels. An increase in pod number 1m'. 
partly influenced by reduced pod ahscis
sion and partly through ao merease in total 
flowers bloomedjm', was the only yield 
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Table 27.Crop p.rameters for accession PS66 measured at varying distances fmm alinear light sourct' with a 
photoperiod of 16h 30 mina 

Pararneter 1-2 

Be.n yield (g{m'HI4%)' 412 

Pod'¡m' (') 314 

Beans/pod 5.73 

Bean weight, mg! bean 197 

Nodes on mainstem/m2 (3) 520 

Nooes on brancheslm1 P) 268 
Total dry ruaUer (g/ m") " 778 

Harvest index (%} s 49 
Maxlmum leaf area (m2 ¡ m2) 3.96 

Days lo flowerrng f> 51 

Days to physiological matur. Í> 95 

Sean yield/day, (g{day)' 4.04 

Percent yie1d on branches (%) 82 

Percent total abscission t 59 

Mqll .... f f9U1" replicatiol1$, pl!)1 ¡Otea 8 m}jrepiil:ation 

AlJ yield ¡)om~ deflV«t froro 1m liUl»amplt ana 
N~ «rUma:! at maturity 

MmU! kaves and petioles al óUlturity" J rol subsample 

component changing significantly with 
trcatment. The harvest index was lower 
near the lights suggesting excessive 
vegellltíve growth over the longer growth 
pcriod available. The light trealment did 
not significantly alter crop growth rate, the 
differences in dry matter accumulation 
being due solely to Ihe increased period of 
growth. While bean yield/ day, increased 
slightly, most of Ihe 49 percent yield 
increase was associated with increase<! 
length of growing seasan. LAI (Fig. 49) 
was "" 1.3 units higher near the lights 
compared lO Ihe control plots with a 
similar rate oí decline of LAI after the 
maximum in all trealments. 

The results of this experiment, as in 
1975, demonstrate one direetion for yíeld 
improvement, namely, an extensíon of the 
preflowering period, allowinggreater node 
development and hence increased sin]¡ 
Beans Program • e/A T 

Distance fmm J¡gIlt source (m) 

7-8 13-14 19-20 

347 298 277 
255 214 208 
5.78 5.65 5.49 

201 210 207 

460 4Q7 370 

272 147 179 
646 614 532 

50 51 54 

3.76 3.01 2.66 

43 36 36 

84 71 69 

3.81 3.82 3.64 

39 18 14 

68 

Ddamined .m I W .$lIbtample 

Da)'$ fmm &tedmg 
Set<hflll: tQ pbY1/iologi¡;aI m.atunty 

FffCCm uf total f10Wtts btoomed 01'J eight plants pe! trea/roent 

potenlía! while al the same time increasing 
leaf area index (source) in arder that the 
crop has sufficient capacilY lO Hn Ihe 
increased sin]¡ available. Though there was 
no lodging in Ihis experimento improved 
lodging resistance could be necessary to 
mainlllin post-flowering canopy integrilY, 
given the inereased vegetative develop
men!. 

The results of a shading expcriment with 
P566 are presenled in Figure 50. The shade 
trealment (66% interception) was applied 
in each of nine growth stages of one weelt 
commencing 20 days before f1owering, 
Significant yield reductions oecurred 
during the firot four weeks after f1owering, 
In the lirol two weeks after flowering 
(periodo 4 and 5) pod number WQs most 
reduced, in the Ihird week (pcriod 6) hean 
number per pod was reduced while in the 
fourlh weelt (period 7) individual bean 

A·57 



teaf are. index (nV! ml) 

4. 

3. 

o 
Dls~nce f~om 

J~ light source 

Sr-t--¡oZm 
Q 7 - 8: m 

'1 l' 1'\ .13 - [4 m 

a¡9 o 20m 
& 

• VI \~ • 

S .0 
h I\, 

/--

i\ \ i 

·'

i 

~ 
O 

I 

000 

[\1 , 
, \\ 1\ S·· 

\ 1\ f"o 
O , 

3. 

2. 

2. 

l. 

1. 

• 

S i 
V • 

o. 

! . I ~. 
10 20 30 40 SI 60 70 80 90 

Days after seedling emergence 

Figure 49. Leal arra index for actession PS66 at 
four distantes from tite UgbUi in photoperiod 
extension of growth eycle experiments. 

weight was most affected by shading. 
Sequential detennination of the yield 
components is clearly demonslrated in this 
experiment. Reduced photosynthate sup
ply, particularly dunng Ihe immediale 
post-fl"wering periodo increased flower 
and smaU pod abscission. 

In anolber experiment (Fig. 51) with a 
range of varieties and with two-week 
shading intervals the rnaxirnurn yield 
reduction occurred at different growlb 
stages aecording lO variel)'. P459 and P302 
sbowed the largesl reduction al 14-28 days 
after flowering while the other varieties 
showed Ibe largest reduclion 0-14 days 
A·58 

from flowering. In aU cases however. Ihe 
yield component most associated wíth 
reduced yield Was pod numberlm' (Fig. 
32). Difference in source-sink balance 
belween Ihe vaneties al different growth 
stages probably aecounl for Ihese 
differences. The vanety P302 has been 
recommended lO Ihe Cassava Program as a 
variely sbowing less yield reduction due lO 
shading for use in associaled cassava-hean 
experítnenls. 

Carbon Dloxide Fertillzation 

Carbon dioxide fertilization (CO 2 con
centration ),200 ppm) was u.ed a. an 
experimental tool to evaluat. effects of 
increased photosynlhate supply on yield, 
particularly on po<! se!. T ransparenl open
topped chamber., I m' in area, were placed 
in a crop of P566 at four growth stages of 
10 days each. Results are summarized in 
Table 28. CO 2 significantly increased yield 
Ibrough higher pod sel when applied from 
-2 lo +8 days from flowenng. The im
mediate post-flowering peno<! is criücal 
with reopect lo pod production from 
flowers wWch bloom in tbis período The 
resulto suggest Ihat inereased 
photosynlnale supply applied over a sl10rt 
period can increase pod seto The impor
tance of lotal photosynthate supply dunng 
the pod sel penod is elearly demonstrated. 

Canopy Support and Artificial Lodging 

Tbree trealments ínvolving degrees oC 
canopy support in P566 wete applied to 
evaluate the importance of canopy struc
ture on yield. Control plots (S 1) were 
compared witb two horizontal wite supo 
ports, 30 and 60 centimeters high on eilber 
sld. of lhe row (S,) and a 2-meter treilis 
witb a vertical array of string. (S 1 l. 
Lodging occurred al flowering in S I and lo 
sorne extenl in S,. The variety sbowed a 
natural tendency lO climb on tbe .tringo in 
S, reaening a final canopy heigbt of 140 
centiroeters eompared to a maximum 
prelodging neigbt of 65 centimeters and 75 
centítneters in S I and S" respectively (Fig. 
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Figure 50. Effect of shading at different growth stages on bean yield and yield components for P566. Data are expressed as relative values (control plot: 100%) 
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Figure 5 (, Effecl of shading al fh'e- grQwth stages on 
fiv(> varjeties of beaos. 

53). S 3 had a longer leaf area duration 
partícularly on the upper nodes of Ihe maín 
stem although maxímum LAI values were 
símílar. Increased node production 20-40 
days after floweríng and increased pod sel 
on these upper nodes in S 3 over the other 

Yic1d (g/ m2) (% of control) 

11 o 

~-= !. '. I I LS.D. al ,05 

: ~o ! 
L,S,D. al ,05 ~ 1:1 

<Z L 
o o A'" , I 

O 

o Ip635 (1) "". ~ . 
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• P459 (11) L> ¡'" ... P302 (11) • 
O ó. P326 (lIl) 

! 

v 

" " P498 (111) L> 

100 

9 
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Pods' 012 (% oí control) 

Figure 52. R elatll'€' reductlon in yield and pods/ m1 

for fin bean varieties. Results are exprnsed as á 

pen:entage of unshaded control pJots ín eaeh variety. 

trealments was also ohserved. The yidd 
inerease from 2.77 t/ha to 3.55 t/ha(28%) 
from S, to S J was mainly assocíated with 
increased pod set on the upper nodos ofthe 
main stem. S 1 reached physiological 
maturity 13 days after S, due lo later 
flowering and pod set on Ihe new nodes 
formed late in the growth eyde. 

DeterminalÍons of lotal carbohydrate 
content in the main stcm (Fig. 54) al 
varíous stages shows a higher level of stem 
storage in S 3 and a slower rate of decline 

T able 28.Response1 to carbun dioxKte- fcrtilizaiíon al lour growth stages in accession PS66. 

úrowthJ 
Yield (g/ml ) 

,tage Control ca, 

-2 - +8 330 363( 11O)' 

+8 - +18 297 31O( 104)' 

+J8 - +28 212 286 (J05) 

+28 +38 288 298 (103) 

L.S,O, al ,05 31.4 

Mean of fi'FC chllmba"s in control aud C02 lte¡OlM\:p\" lI! ri'fI stage, 

CO ~ as % of ""n1r(ll treatrne1lt 

Control 

267 

268 
253 
265 

Pod number/ml 

23.3 

ca, 

297(IIIY 

282 (105) 

264 (104) 

271(102) 

Days ftó!U ílowtnng 
Mean \;Ir tbr« n:pltcatiom (lo!y 
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Days froro flowering 

Figure 53. (' anopy heíghl, Ifaf arta ¡ndex and total node number oC three support systt'ms (S h S2. S3) at 
differMt trowih stages in P566. 
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Figure 54. Total earbobydraie (SUl:af aud stareh) 
coment in stemsoftbr«supportsysiems(SI, 52 and 
83) al diffnrnt growth stages in P566. 

after the maximum (10 days after flower
ing). This evidence of excess photosyntha te 
availability in the supported "yslem during 
a period when increased pod sel occurred 
may suggest that exces. photosynthate was 
available above the requirements for pod 
set and Pod filling. 

Artificial lodging (Fig. 55) at seven 
Ilrowth stages (at one-week intervalo) was 
applíed lo P566 by rolling tbe plots wilh a 
bamooo pole. Prior lo tbe rolling treat
ment all artificially lodged plOIS were 
supported u.ing system 2 described in Ihe 
previous support experiment. Maxímum 
yíeld reduction, compared lo the fully 
supported control, occurred during Ihe 
immediate post-flowering period with 
yield reductíon associated both with 
deereased pod set and decreased bean 
number/pod. The results oC various 
shadíng and lodgíng experiments at 
different growth stagos show a stríking 
sirnílarity suggesting Ibat lodgíng dislurbs 
canopy light conditíons and reduces 
photosynthate supply during the pod sel 
and fillíng stage. Reasons fOf the yield 
differences ín Table 25 are now more 
clearly identified and related lo the elfects 
of reduced pholosynlhate supply on Ihe 
number of mature beans/ podo 
A-62 

Leaf and Racerne Removal 

LeaC and Pod removal treatments were 
applied lo P566 to evaluate tbe stages at 
which yield components are formed at a 
specífic node positíon (node 9). The 
source-sink balance was manipulated by 
(a) removing two of tbe Ihree trif olíate 
leaflets on nodes 7-11 (reduced source to 
node 9), or, (b) removíng adjacent racemes 
at nodes 7, 8, 10 and 11 (increased source 
for node 9). Both trealments were applied 
at five growlh stages in seven-day intervalo, 
commencing al f10wering of Ibe 9th node, 
to randomly seleoted planto in a normal 
crop stand. Tbe results in Figure 56 sbow 
the relatíve value of the yield and com
ponenls of yield at node 9. A Iarge increase 
in yíeld at O and 7 days from flowering was 
directly assocíated with íncreased pod sel 
when tbe competition from adjacent 
raeemes were removed. On the other hand, 
two-thirds leaf removal from all adjacent 
nodes bad a smaU depressing effeet upon 
yield. Leaf removal at 14 days after 
f10wering also had the addílional effeet of 
reducing beans per podo Effects on boan 
size were non-significant in alllreatments. 

Sean yieid (g¡m2) 

27. 

260 

'1-, T T -1 
I 

1/ ¡ 

1\ 1/ 
\ / ¡ 

~ 

! \ 1/ ¡ 

; o Artificiallodging I : , t Artifidalsupport (control)' 

I Natural lodgíng (control) I i X ' ! ! 

240 

23() 

220 

210 

200 
.. 

-9 -2 .5. +ll +19 +26 +33 

Time of artiftcia1 lodging (days fmm flowering) 

Figure 55. Effect of timf' uf artificial lodging on 
yieJd of PS66 in relation to natural lodging and 
ártif1dalJy supported: plots 
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Figure 56. Effed óhdjufn' raceme remont {at nodH 7 ,a~l' aud 11) and two~thirds leaflet renJovaJ (al node-
7.8.9,18.ud 11) at different growth stages orthe 9th node ón bean yiekl aud yiekl wmponents of the 9th nodeo! 
PS6tí. (Data expressed as reJatin pereentage (control phmts: 100%). 

The increased pod sel al node 9 was due 
to increased Oower sel al posidon 2 on the 
raceroe whereas red uced pod sel was due to 
increased abscission at posidon l. The 
results suggest that pod sel i8 controlled 
81rongly by photosynthate supply. The 
smaller effect. of leaf rerooval are possíbly 
&ans Ptogram - e/A T 

due in part lo Ihe mobility of 
pholosynlhale within the plant from leaf 
arca aboye node I L 

In the same P566 crop leaf r.moval 
treatmenl. were applied to three strata: 
lower(nodes 3-6), middle(nodes 7-10), and 
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upper (node. ll-14). AH leave. were 
removed (branches included) on Ihe 
flowering day of the central node in each 
.trata so that souree reduction would occur 
at the same physiological stage. Four day. 

Sean yield (t/ha) 
3.5~-~-· 

P675 

separated this date from Ihe lower to the I ...:r:fP4~9~8"':::~~~~C~~~=~ 
upper.trata. Meanyieldresultsonawhole 3.01- . __ ._. 

plant basis for each treatmenl are 
presented in Figure 57. Though al! leaves 
of the middle stratum were removed at 
flowering, the relative importance of the 
middle .tratum was maintaíned, the earlier 
pod. sel at lhese nodes continuing tn act as 
strong .inks which attracted 
photosynthate from the upper and lower 
strata. There appears to be no real 
independence of each source-sink nodal 
unit. Pholosynlhale is highly mobiJe ín the 
plant, movíng during pod growth lo the 
earlies! fertilized pods in a highly polarized 
manner. O' studies will be necessary to 
confirm Ihese observations. The impor
tance of endogenous hormone productíon 
by the young growing pods and sceds in 
controlüng the direction of photosynthate 
movement is also an important considera
tíon. 

Sean yield (g!plant) 

6 

S 

4 

Control 

• lower nadal stratum 
O middle noda! stratwn 
fZl upper nodal stratum 

Lower 
leaves 
removed 

Middle 
leaves 
removed 

Upper 
!uves. 
removed 

Figure 57. Effecl of lé:lf removal from lower. 
middlr and upper nodal strata UD bean yields uf eam 
nodal straturo lar PS66. 
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Figure 58. Yield response to plant density ín fin 
varietift of beaos rtóm gro ... -th hablts l~nl. 

Response lo Planl Denslly 

The yield resnll. of a plant density x 
varielY experiment are shown in Figure 58. 
The varieties were selected as represen
tative of Ihe three nonclímbing growth 
habíts (I-lIJ). In two prevíou. e"periments 
with P498 (1Il) almost no response to 
density was observed. These results are 
confirmed in the present experiment where 
a yield of more than 3 tlha was obtained at 
a planl density of 6 plantslm' (60,000 
plantolha). The type 11 varietie. sbowed 
densily response up to 24 plantsim' but 
P566 showed a negative response at 48 
plantslm'. The determinate variety P788 
.howed a sttong response at all densities. 
This Iatter resuIt i. not typical of density 
response data from prevíous experiments. 
The variety POO6, al80 type III, showed no 
density response over tbe range oí normal 
planl densities in the ( .. Id. These results 
hear on díscussíons of plant ideotypes for 
brceding selectíons (see page A-67). 

Adapmtion 

Components of adaptatian in dry beans 
Annuaf Repon - 1976 



are understud!t.at CIAT and elsewhere and 
include photoperiod sensitivily, droughl 
resistaDce (La Molina, Pero), resistance 10 
excess water, and stabilily oC growth habit 
(ComeU Universily, U.S.A.). 

Pbotoperiod Screeninc 

A further screellÍn8 oC promising lines 
was conducted in 1975B. Included in ).bis 
second group were a number oC Iype IV 
promising lines. The complete resulls Cor 
all material screened lO date are presented 
in Table 29 by growth habit and in Table 30 
by days lO flowerin8- The defmitioo of the 
photoperiod response classifwations is 
giveñ al lhe top of each table. Of the m 
individual genolypes screened, 40 percenl 
are photoperiod insensitive al CIA T fleld 
temperatures(mean 23.SOC). Theexistence 
oí photoperiod insensitive climbing beans 
(IV) is an importanl fmding though there 
appears lo be a hlgher proportion oC Iype n 
varieties io the insensitive group (4 days 

delay) than type IV. Further evaluations 
will be necessary in Iype IV to conÍum 
these preliminary observations. The search 
Cor late (days Crom planting lo flowering) 
photoperiod insensitive lines COlltinUeS. 
Maoy oC the photoperiod insensitive lines 
shown in Tabl. 30 as being late (>44 day. 
to tlowering in 12h 20min day,) have nol 
proved 8table io this chara':ter in differenl 
sowings al CIAT. 

Gro1l1h Huit Stability 

Research in progress al ComeU U niver
sily, in collaboralion with CIA T, has 
shown lhal the pbytochrome reaction 
directIy controls the degree of climbing 
exbibited by busb bean varieties con
sidered to be unstable in growth habit 
(CIAT Annual Report, 1974). The provi
sinn oC a red ligbl break oC IS min was 
sufflcient lo ioduce climbing in sorne 
varielies. Indeterminate genolypes show
ing stable growth habit did 001 tend to 

Tablc29.S_muy oí ..... It" ror.n .olerla .. ......,«I In 1975 by ~Ic rapo ... __ and 
.-lllbob ... 

PbolOperiod mp_ (daya oí fIowerin¡ delay)' 
Grnwtb 

bobit «4) ( .... 10) (11-20) (21-30) (>30) Tota) 

17 4 13 6 2 42 

(40.5%) (9.5%) (31.0%) (14.3%) ( 4.8%) 100 

11 65 18 l4 7 3 127 

('1.2%) (14.2%) (26.8%) . ( 5.5%) ( 2.4%) 100 

111 2l 12 13 JI 3 62 
(37.1%) (19.49f,) (21.0%) 07.7%) ( 4.8%) 100 

IV 5 , IS 12 10 47 
(10.6%) (10.6%) (31.9%) (25.$%) (21.3%) 100 

Total 110 39 75 36 18 278 
(39.6%) (14.0%) (17.0%) (13.0%) ( 6.5%) 100% 

Data iDtaWt .... ~ (Ji...,.. bleadlJNIIp" 

o.,. -1Joweri.Iw 4eIQ hl lA.,.. ~ lo MfIItti ~ oí Ilh :10m. cIAr l'N 
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Table 3O.Summory or r_ rOl' al! materiols _ed In 1975 by pbo~ reopolllle el_tío. and 
._ 01 doY' 10 fIoweJ'lnc l. Ilb :le mm .01 .. 01 doylenctJa.' 

Pbotoperíod response: days oC flowering deJay2 

Daya lo 
fIowmng «4) (4-10) ( 11-20) (21-30) (>30) Total 

25-29 1 1 2 

(50.0%) (50.0%) (I(I()%) 

30-34 14 I J 1 19 

(73.7%) ( 5.2%) (IS.8%) ( 5.2%) (I(I()%) 

3S.J9 43 10 26 8 3 90 
(47.8%) (11.1%) (28.9%) ( 8.9%) ( 3.3%) (I(I()%) 

44 lJ 29 12 6 102 

(43.1%) (10.8%) (28.4%) (11.8%) ( 5.9%) (I(I()%) 

45-49 7 3 12 6 3 36 

(19.4%) (22.2%) (33.3%) (16.7%) ( 8.3%) (I(I()%) 

50-S4 3 3 4 4 2 16 

(IU%) (18.8%) (25.0%) (25.0%) (12.5%) (I(I()%) 

SS.S9 2 2 1 2 8 

(25.0%) (25.0%) (12.5%) (12.5%) (25.0%) (100%) 

1 I 1 1 4 

(25.0%) (25.0%) (25.0%) (25.0%) (I(I()%) 

65-69 1 1 

(I(I()%) (I(I()%) 

Total 113 36 77 34 18 278 

% 41.7% 13.0% 21.7% 12.2% 6.5% 100 

Data in body oí tabk aives nw:nber oC pnolyp(!:l m ~ IfOUP . 
.Dt.fI oí Ilowcrina ~y in J3h da)" compared to .. tutal dayleogtb. ~.12h 20 min, erAr JIIN 

c1imb with this treatment. The response Breedlnc IÍnpllcations 
was reversible with a further period of 
infrared lighl Preparations are uoder way Bean production in Latín Ameríca 
to evaluate tbis method as a screening occurs under a wide rauge of clímatic 
technique for growth habit stability under cooditions, cropping syotems aod wilh 
freid cooditions al CIAT. variable levels of technological inputs. 
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Such differences must be recognized and 
plan! types suggested which are ap
propriate to the major growing areas. 

F oUowing the experiments described in 
previous sections, fourideotypes have been 
defmed and suggested to' the breeding 
program as goal. for growth habito plant 
architecture and maturity sel~ction. A 
summary of major features in each 
ideotype follows. 

Ideotype A 

Ideotype for short growing seasons. A 
type 1 variety with maturity of"",75 daysis 
suggesled. The plant would require high 
seedling vigor and production of 8-10 
nodes on an ereet main stem before 
f1owering. Branehing should be minima!. 
Plant densities clase lo 250,000 planto/ ha 
would be required ,inee the low density 
compensation characteristics of Iype 1 
genotypes appears poor. The ideolype 
could be expected to yield no more Ihan 2.5 
t/ha under reasonable conditions given the 
malurily limitations. 

Ideotype B 

Ideotype for high-yielding commemal 
conditlOlls. This ideotype is suggested for 
higher levels oC technology where en
vironrnental conditions (particularly 
length oC growing soason) are good and 
where plant densities can be maintaíned 
clase to 250,000 plants/ha. Under such 
conditions, a late flowering (50 days or 
more) type 1I plant aIlowing high level. oC 
node production prior to flowering, ereet 
main stem and branches and with lodging 
resistance, seems to offer the best alter
native, particularly where monoculture by 
mechanized means is practiced. P566 has 
many characteristics that could form a 
genetic base for the Ideolype B. Research 
on this variety has idenlified important 
yield limiting faclors which musl be 
manipulated genetically if higher pOlential 
is to be obtained. 

IJeans Program ~ CIAT 

Ideotype C 

Ideotype for variable growing con
dítions Ilnd/or low technology. This 
ideolype is needed for variable rainfall 
conditions both wilh respee! to length of 
growing season and lo rainfall variability 
within season and/or for canditions of 
highly variable and oflen low plan! density. 
Capacity to compensate for low and 
irregular plant distribution would be 
nece.sary, particularly f or .mall farroer 
production conditions. P498 (Fig. 58) 
could form Ihe genetic base for a type 1lI 
ideotype with streng branching 
characteristics, relatively prostrate growth 
habit, a long flowering period, and with 
reasonable water stress resislance to f10wer 
abscission. The need for genotypes with 
different maturity classiflcations is 
prohably greater in Ihis ideolype lhan in 
the olher three. The ideotype would need 
lo have stable yield under difficult growing 
conditions bUI lo respond when growing 
conditions are favorable. The ability lo 
maintain the pod load out of conlael with 
Ihe soil surface would be an advantage. 

Ideolype D 

Ideotype for planting in assoeiation with 
maíz... Climbing bean research suggests 
that strong climbing Iypes with a capacity 
to yield weU in association with maíze are 
available. Research on yield limitadoRs in 
climbing bean. in association have com
menced with a view lO drawing up an ideal 
plant Iype in Ihis calegory. 

In all ideotypes il is envisaged that Ihe 
genotypes would have wide adaptation 
features such as photoperiod insensitivilY, 
lemperalur. insensitivity(particularly with 
respect lo f10wering behavior), waler slress 
resistance, excess soil water resistance and 
stable growth habito Research is con
tinuing on these adaptation features. Early 
results suggesl thal sources of variation 
exist for all oC these latter characlers within 
Ibe germplasm collecdon al CIAT. Many 
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of these requirements for adaptation can testing of potential parents in the IBY AN 
be evaluated through the intemational and olher programs. 

BREEDING 
Bean breeding focuses information from 

a11 program disciplines toward the produe
tion of genetic variability, seeking lO 
recombine quaJities such as resistance to 
important diseases and ioseets with high 
yield and desírable seed eharacteristics. It 
also pursues ao orderly management oC 
hybríd progenies which extracts a1l useful 
genetic variabiJity from hybridizations. 

Tbe Bean Program'. short-term 
breedíng emphasis is on greater yield 
stabilily ín the four major plant group. 
shown in Table 31. As índicated in this 
lable, and in Ihe agronomy sectíon (page 
A-}3), rnany blaek-seeded línes eurrently 
yield 2.5-3t/ ha under protected conditions. 
While stabilization of such yields by 
ineorporatíng disease and inseet resístance 
factor. is a reasonable, a1beil ambitious 
goal, raisíng tbe yield potenlial by 0.5 t/ ha 
ín too same period would demand greater 
effort with much lower retum. By contras!, 
lhe difference belween existing and 
forseeable yields for the non-blaek boans 
appears greater, justifying simultaneous 

improvement for both inereased yield and 
stability. The program expects to obtain 
red-seeded boans equal ín yield to tbeir 
black counterparts. Clímbing bean yields 
of 2 tlha in association with maíze (see 
page A-38) are very promisinf¡, but given 
the low input levels of the small farm 
(wbere sueh associations predominate) wíII 
be unstable without genetie resistance lO 
ioseel. and diseases. Breeding in the short 
term for yield stabilily will benetil the small 
farmer by inereasing yield, the commercial 
grower by redueing eosts. 

Tabl. 31 also shows Ibe disease and 
insecl problems lo whieh Ihe breeding 
program has given major empbasís. 
Allhough Ihe major factor determiníng 
these priorities was the importanee of cach 
problem lo Latín American boan produe
lion, Ibe availability of suitable resistance 
(donor) sourees, the existenee and impor
tance of races/slraios, and Ihe ease or 
difficulty of screening Iarge numbers oC 
progeuies witb reasonable experimental 
precisíon, had a1s0 lo be considered. 

T ab~ 31.Key tharaders rOl «he sbort·term imporvanent of four importan' ...... nt ITOUPS of PMseolus vulgaris. 

Beanlll"O"P 

8tad: Bush 

Coloree! Bush 

Clímbing 

(different colón) 

Commercial 
varieHes 

Present 

1.5-2.3 

2.0 I 

Yie!d ('Iha) 

SQught 

3.0 (,taMe) 

3.0 (.table) 

2.5 (stable) 

3.0 (atable) 

Key character under improvement 

CBMV.Rust.&lpcos"" Variable maturity, 
Anthracnosc:. 

CBMV. Rust. EmpoqsCQ, IndtterminatejVariable 

maturit)', Antbrat:nose. 

C8MV. Antbracnose. Rust. Photoperiod insensitivity 

SpeciflC facton requesttd by M\.ional programs 
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In the intel'lllCdíale and long lerro we 
expect lo raise the physiological yield 
potenlial of the species significantIy, 
developing cultivan which are more 
effk:ient in thcir architecture, use of Ihe 
available growing season, and car
bohydrate and nitrogen metabolism. A 
clearer picture of ¡he physiological re
quirements for higher yields in the different 
areas and production systelllll of Latin 
America is emerging (see page A-67) and 
alTeady permits increased breeding for 
yield potentíal. 

Sean Hybrldizallon Program 

80th the number of new parent. and of 
new crosses increased substantíally in 1976 
(Table 32); so too did Ibe emphasis given 
parents and crosses holding Ihe promise of 
segregants with desirable genes fOf multi
ple factots. To support the priorities sbown 
in Table 31, extra weigbt has becn given 
recentIy to coromon mosaic, rust, anthrac
nose, and Empoasca resistance in crosses 
and tbeir progenies. Altbougb extensive 
crossing bas not yet becn initiated with 
climbing beans (group 3, Table 31) many of 
tbe major gene resistance sourees (j.e. P699 
and P717 fOf rust), are of growth habit IV 
and segrega!e recoverable climbing types 
in filial generatioDs. 

Table 33.RaJlce ond m_ for yidd of dOllOl"S .. itIl 
maJor lftIf or tield res:btanee to by procludion
Iimking ro<ton, _ 01 CIAr duringI974-76' 

Year 

1914 

1975 

1976 

Number of donors Yield potential('lha¡ 

Wi.h yield 
Total data Range Av¡¡. 

1 7 1.9-3.3 2.5 

29 13 1.2-3.3 2.S 

S8 27 1.9-3.3 2.7 

DruIon wítb resittance lo CBMV, rust. IJ1tb~. O't 

En""",,,,. 

Continued screening' of germpiasm 
collections by pathology has produced 
resistance sourees higher yielding tban 
many of tbe poorly-adapted sources 
initially used incrosses(Table 33). Similar
Iy, our confidenee in yield sourees has 
increased through continued testing of 
promising lines and cultivar. hy tbe 
different disciplines, particularly 
agronomy. Tbe best yíelding and most 
stable representatives of each major color 
group are well-known. and receive high 
priority in termo of crossing frequency. 
N on-black parent. combining yield poten
tial with more tban one resistanee factor 
are &caree; a high priority has been p1aced 

Table 32. Cumulative numbfr ol parents and hybrid progenies wlth single aOO multiple resistance tKtors 
durinll914-76.' 

Common Two Four 
mosaic Rus! Anthracnose Empotuca factor5 factors Tota) 

Paren .. 

19R 5 2 S 5 10 

1975 16 15 1I 31 16 100 

1916 28 :w 22 41 24 118 

Progenies 

1974 16 8 2 16 O 20 
1975 433 279 165 461 21 835 

1916 I.SOI 1,273 756 1,841 192 3,482 

Cwautative tOl' boUl pAm'lts and pros,miet- {twmbet oí paredU and prnpic$ URd dlltlna 1976 ¡ndudl! those fmm 1974 and 19151 
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upon recovering sueh materials from 
progenies. 

Given lhe Iarge crossing capability of the 
programo many crosses hay. been made for 
national programs. These nonnally seek to 
incorporale "pecillc resistance. inlo impor
tant commereial varielies. Where prac
ticable Ihese are seceened at CrA T under 
inoculated eonditions in Ihe F 2. then 
delivered direetly to Ihe national program 
for further seleclion. 

Progeny T eotlnl: and Selertion 

Studies conducted by lrainees in the 
breeding program have sbown tbal early 
generation selection of single plant. for 
yield was not effectivo. Yields of F 2 single 
plant selections of five single crosses were 
not significantly different from those ofthe 
besl parenl and Ihe unselected bulle (Table 
34). Results from other sludies sbowed no 
advantage for double crosses over single 
crosses. 

Given tbis difficulty. a plan for 
progressive mass selection has becn 
developed in which early generation 
screening focuses on the more highly 
heritable major gene disease resistances 
(CBMV and rust). Yield, Empoasca 
toleranee and anthracnose resistanee are 
evaluated in Iater generations where larger 

quantities of seed and more homozygous 
families are available (Fig. 59). lmproved 
screening proce<lures for the lalter 
cbaraclers are being developed, and will be 
applied both lo progeny testing and to 
recurrent selection for hígher level. of 
resistanee. 

Since il is essential to maintain genetic 
variabílity for yield, plant architecture and 
seed color into advaneed generalions, the 
inilial stages of progressive rnass selection 
demand a massive efforl in tenns of seed 
handling, inoculations, and land. 
Therefore in November 1976, more tban 
100,000 F 2 plant. were band-inoculated 
with CBMV (Fig. 60). The need for such 
large nurseries should decline rapidly as 
broad-based progenies homozygous for at 
leasl two key resistances are identified. 
Despite this, the presence of modifier genes 
in some hostcultivars and genetic variabili· 
ty (slraios I races) of the pathogen will 
neces.itale reevaluation of some progeny 
group. and Ihe international !esting of 
sorne F, I F, famílies. This is neither 
surprising nor an inconvenience, as local 
preferences for seed color and grain type 
demand evalualion and seleetion al the 
nationallevel. 

Difficulty has also been experienced in 
selecling promising plant architectural 
types from among segregaling F 2 pop-

Table 34. Vield (ke/ba) af &mUies from F2 sinl.le plant seledion~ compattd to (he best p.rent arad the 
~leded bulk? uf fin singlE' crO$$e'S:. t 

F 2 selection 

Bes< Avg. Analysis of 
erOS$- parent No. yield Bulk variance 

2 POO6 x P459 2,300 3 2,353 2.327 NS 
9 P4S9 x P568 2,233 7 2,287 2.300 NS 

11 POO8 x P459 2,233 3 2,087 2,367 NS 
16 POO4 x P459 2,233 6 2,120 2.540 NS 
17 POO4 x P56ó 2.820 3 2,393 1.%7 
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I F,POPULATIONS I 
~.-----D----¡~ 

lnoculat. CBMV lo I I Space plan, evalua'ion 
ae1ect rcsistants . Commercial variety . 

erosses tu national 11 __ _ pr_ (sen:en ~ 

F3 plant tu row, 
inO<ulate rusto 

se1ect amóng and 
wíthin families 

F, rtn' if 
practicable) Stock F J populauoo 

(available t. nauooal 
programs ."" foc early 
generation adaptation) 

s progenles 1 m 

Sp ... plan ... lec"'" F J 
population for special 

evaluatíon (arebitecture) 

3 locations ro< yíeld, O 
growth babi, .lahility. 

F6 linea to intemátional 
elite progeny trial 

L-____ ~m=o~en~·~od~ ____ ~ 

Figuu 59. PrOlfessiv. m.us sdection ",heme _ by CIA T bean _in¡¡ prngram. 

ulations. As statOO earlier, many F, 
populations derive from crosses featuring 
type IV parents. Screening such 
segregating populalions at normal crop 
densities results in the elimination of Ihe 
less compelítive genotypes which in several 
olher small grains have ultimately provOO 
lo be Ihose material. most responsive to 
high densities and intensive management. 
Stodies on the qifferenlial effects of 
intergenotypic competitíon in relation lo 
progeny screening are under way, and aim 
to develop a plantíng and genelic manage
ment scheme minimizing phenotypic com
petitiveness (habit-architecture) x environ
ment (spacing) effects on Ihe selection of 
high yielding genotypes. 

Unlíl such results are available, F, 
populatíons are being _pace planted fOf 

Beans Ptogram ~ e/A T 

simultaneous evalualíon by breeder, 
physioJogist, and pathologist (as in Fig. 
60). The unidentified bean disturbanc;e 
(Problem X) ob;erved in Ihe Cauea Valley 
and under study by palhology and 
agronomy (see page A-14) has made 
selection for plant archilecture and yield 
components exlremely difficult, primarily 
because of Ihe varietally specific natore of 
expressed symptoms. 

Bean Information System 

Considerable attention was given in 
1976 lo developing an integrated inf orma
tion .ystem wruch not only defines the 
origins of the many crosses being under
taken and Ihe desirable factors to be 
selectOO in each hybrid populalíon, but 
also maintains results from the progeny 

A·71 



Figure 60. Screemnl for resistam:e lo bun common mosak virus CBCMV) is the ftrst stace in the mass 
sel«tion pf'OfNUU lo maintain "ide genetic 1'8riability in materials. unirorml, resistan! to major pest5 ami 
disease5. The photos show aspeds of field inotulation uf 1<'2 plants "itb suspemions of BCMV. 

testing in a computerized and continuously 
updated formo This system belps tbe 
disciplines in tbeir progeny screening 
programs, permits Ibe breeder lo better 
plan bis eros ses, and ensures tbat max-

¿j·72 

¡mum advantage is taken of genetic 
variability in Ibe segregating progenies. 

Management of progenies is furtber 
facilltated by tbe use' of information cards, 
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which serve as a working field hook. These 
may be photocopied as needed, and 
pbysically acoompany al! seed distributed. 

MuJtl..location Progony Testing 

Severa] faeton demand that, seed supply 
permitting, progenies be moved rapidly 
inlo a system of muld-Iocadon lesting. 
These factors include: (a) The importance 
of seed size and color to national pro8ram 
interesls, (b) Ihe alypical behavior of 
several BCMV resistance 10Urees when 
tested atPalmira, (c)theexistence ofmajor 
race differences for diseases 8uch as rus! in 
the different areas of Latin America, (d) 
different needs in maturity time, ( e) the 
need 10 obtain an active inlerest and 
participation from national programs, and 
(1) Ibe absence of certain importantdisease 
and inseet pests in Colombia. 

By - mid-1977, the bean breeding 
program will generate 2,000 F.¡Fl 
families per semester. Plans are under way 
for two syslems of multi-Iocation testing. 

(a) A multi-Iocation progeny trial at Ibree 
locations wilbin or near Colombia, 
controlled by Ihe program for Ibe 
purpose of screening large numbers of 
progenies. 

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

This multi-Iocation testing wiIJ become 
increasingly importan! in 1977 when Ibe 
breeding program initiales crossing among 
progenies homogeneously resistant lo 
several key diseases. 

ECONOMICS 

The principal objeclive of the bean 
economics group has becn lo identify Ihe 
mos! important constrainlS lo increasing 
pruduetion and productivity of beans, one 
approach being Ibe identification of 
factors influencing bean yields at the farm 
level. To accomplish this and 10 better 
understand bean production syslems, 
intensive field interviews were done in four 
regíons of Colombia in 1974 and 1975. 
Table 35 surnmarizes the location of these 
sites and Ihe number of observations in 
each. In Ihe 1975 CIAT Annua] Report 
various result. were presented on disease 
and iRSeCt incidence, input use and faeloes 
affecting bean productivilY iD Ihe Valle 
region. This report will focus on the 
regíons of Huila and Nariño. 

First, it is useful to review the 
characteristics of production in Ibe four 
regíons (Table 36). Valle is charaeterized 
by large farms with high levels oC purchas
ed inputs, prnducing sroaU black beaos 
prirnarily for export, and utilizing 
monocropping. The olber Ihree regions are 
BefII!J Progrom • e/A T 

characterized by smaUer farrns, using fewer 
purchased input.. producing large red 
beans in combination wilb olher crops and 
having only slighlly lower yields in bean 
equivalenl teTms'. One bean syslem in 
Antioquia gaye subslantially higher bean 
equivalent yields; however, Ihe entire crop 
cyc!e was 14 months compared wilh only 

1 8ean equivalents oonvert the other commodities 
ioto baos by rnultíplyíng these yields by the 
relative prices. See footnote 3 in Tabfe 36, 

Table 35. Number of Carros intervlewed in loor 
Culombian regions for bep economlcs 
.urvey, 1974/75. 

Region No. 

Valle JI 
Huila 105 
Narif\o 19 
Antioquia 22 

Total 177 
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Table 36. Ch.ar1lCteristits 01 bean producen in rour fecWas of Colombia. 

Mean fann 
characteristics 

Total area! {ha) 
Crop area (ha) 

Valle Huila 

91.7 29.5 
4415 6.8 

22.6 4.1 

Regions 

Nariño Anríoquia 

9.2 4.4 
3.1 1.7 

1.8 1.5 Bean arca (ha) 

Systems 01' bean 
producÜonl 

monocrop JO% monocróp beansfmaize 54% beaosjmaize 
(principally 
leve! areas) 

1Q%. beansf maize 
(principally 

sloping land) 

beánsjmaizeJ potatoes 
46% beansl maize I arracacha 

others 

Type of!>ean 

Yields for mOfiocropped 
!>ean, (kglha) 

Yietds ol' bean 
equivalent (kgihap 

black~bush red~bush 

906 805 

834 

Thi$; 15 the to"alarea availllble tu Ihe farmrr 

red-bush red<limbing 

732 723' 
2.754' 

Wíth mo~e Iban fine $'fSlem ol bcatu .. ~r«nt.lgt! refl:'f 10 Ihe nllmber of fllmte:f$ tn uch categor). 
B~n tquwalenb are calculated by Ultlillllg ¡mees oí othu commoditlt$ rt"Íative lo be!U'I$ aJI follmo.'S: 
'I'lcld {beam)" PrtCC (malJ~e) ytdd (_ize)_ Yu:k1 (!:lean eQuiv.) 

The bu:n crop l? Ihe Valle tqltm can be g.~own l!l ,;U m(mllts am! followed by .¡mntlw:r crtIf' 
Rde¡¡¡. tI) lile fil"$t int:etcroppmg roml>ination of beans:malll:, 
Refers to the seoond lntueroppinl! col'llblf\AliotU of beallll!maiu!potaIOXl. beanslmaizeianaucha and othern 

four monlhs in Ihe Valle. The input use in 
Antioquia was also very high. 

y ield. varied subSlantially among farms 
in each lone. In Table 37, Ihe average 
yield. oí a small sample oí five farms froro 
each end oC Ibe yield distribution are 
shown. In all four regions~mall groups of 
farmen were already obtaining higher 
yield. Iban the subjective expected yields' 
from a low-cost technology package for 
monoculture !>eans. In several cases, yields 
higher than were e.timated as being 
possible from a high-cost technology 
package were obtained by this group of 
farmers. One policy implication is Ibat an 
improved understanding of how sorne 

1 These subjectíve pOlential yield estimates with two 
types oftechnologtes were obtained from estimates 
by Dean Program sc1entists and included a 30 
percent discount betwecn experiment station and 
fann yields. For more details sce footnotes 4 and.5 
in Table 31. 
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farmers obtain higher yíelds and why olber 
farmers do not, could help onen! strategies 
in the !>ean programo 

Yields are expected lo be a function oí 
inputs ulilized, cultural practices, native 
soil fertility, climate, insect, and disea •• 
attack. The following regression explained 
almost two-thirds of tbe varialion in !>ean 
yields among fanns in Ihe Huila and 
Nariño regions (Table 38). 

It was assumed Ihat the above sample in 
the regression is representative oí the Huila 
and N ariño area. U sing an estimated 
beansl maíze crop area of 23,000 hectares 
sorne estímates of total effects from the 
vanou. factors influencing yields were 
made fOf lhe two region. (Table 39). 

The mos! important factor determining 
bean yields is the type of cropping syslem. 
Wilb increased maíze crop density bean 
yíeldo are reduce<!. Consideting the di.-
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T ab1e 31. Bat ud worst Jields from tbt sune, samplein lour regions ofCoIombial and pottntiallJ1OáOCtllture 
ylelds "ltb 10 .. - OIId billHosI techoolocies. 

_yield, 
Difference between best farmeT 
and avecage farmer yields (%) 
Worst yiddsl 
Expected fami level yiekb 01 
improved bean varieties with 
imprQvcd cultural pTaetices. 
monocultuTC:4 

Expected farm level yields of 
improved varieties. improved 
cultural practices and high 
input use, monocu1ture5 

Valle 

1,773 

96% 
245 

l,500 

2,200 

Huila 

1,563 

87%, 
239 

1,000 

1,600 

regiQn 

Narmo Antioquia 

1.193 3,379 

63% 23%' 
368 184 

1,000 1,000 

1,600 1,600 

I AvctqtI ¡'; Ole fM best and '\!10m yieldll werc: ealcul3tcd for elleh rtgion. The$C are yields for mortOC\ÚlUn in Ihe Valle and lor muhiple
«~~ In tille otlIt:t.1iI. Tl\(m: WCft DO atnmt \'B.h.~. 

l e ompa.red wirh bean equivalcnt yieIds. 
Compued with mean yiddt: fO!!be more profit.abk crop oombinations of beamimaiutPQtatoes, oo.ns/malzejarracadta and otben. 
Thest wtn! sub}mNt ~ m \'Qtln yir:hts fm impl'O'ltd varíeries: witb reeommended plant density, lime of pJanri:ng. ami lbe use of dean 
KCd. A 30 perccnt diseotmt fmm el~ c~perimem &tatwn yicldl W85 utdiL«t to adjurt fo¡r ;jifferencet in toil quahty luld management _. 
Be:Iidet aew varittia and improwcI aUtuntl pt1ICtic:eI. bish mput ute Impbes hÍlh kwts of fertilizaban and Uthl.'f &grkullund cfu::micalli. 
H-GWC\'Ct. ~ wu noI induda:l. 

tribution of returos, multiple cropping 
results in lower profits and lower risks so 
that furmers able lo take bigher risks 
graduaily sbift into monoculture bean 
prod'uction, higber input use, and looger 
storage periods to avoid the seasonal price 
collapsel , Besides risk reduction multiple 
cropping may reduce leacbing and erosion 
especially on sloping soHs and enable 
increased nitrogen fixation (see page A· 
31). For tbe second moSI importantfactor, 
topograpby, Ibere is liltle lbat the farmer 
can do otber than farm elsewbere so tbis 
variable has Httle policy importance. 

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

I Camilo Alvarez P .• ". Análisis Económico Com
parativo de dos Sistemas de Producción de Frijol: 
Zona Sur del Huila - CoJombia .... M.S. Thests. 
U niversídad Católica, Santiago, Chile. 1976, In the 
sample year rnultiple cropping produced slightly 
higher profits; however. consídering the cntire 
distribution of retorns fOT the two syst~ of 
production. monoculture bean product1on gave 
higher retums at higher risk: levels, See p.147. 

Beans frogram - CIAT 

pesu are identified in !he field, W ork is also 
in prog~ess in CIAT on genetic resislance 
to Fmpoasca (see pages A-15 and A-68). 
Tbe four diseases excludiog mildew led to a 
combined total production loss of 2,199 
tons in tbe two regíons or an average yield 
reduction of 168 kgl ha. Can these four 
diseases be controlled with clean, treared 
seeo!? This would be a low cost, low risk 
technology, which would inerease average 
yields by almost 28 pereent if the disease 
did nol appear in lhe field after being 
removed from the seeds. The yield incre
ment is small: however, average yields are 
also low and the distribution of c1ean, 
improved seed would involve only a small 
expenditure by the farrner. 

Increased aggregate yields in a eounlry 
can be obtained (a) by helping !he reslof 
the farmers move toward best farmer 
yields, (b) by introducing adapted varieties 
of hjgher yield potential than (hose 
currently used by tbe best farmers, or, (e) a 
combination of tbese two strategies. Given 
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Table 38. ReRression results from Ihe analysis of bean yields for the states of Huila and Nariño. ('olombia. 

Average 
Regression value of levelof 

Factor coefficient Unit variable confidence 

Maize plant population - 11.3 I,OOOfba 17.9 0.99 

T opography of 101 82.5 Dummy2 0.62 0.94 

Thrips 1.9 % of 101 25 0.98 

Empoasca 0.1 I,OOOfha 383 0.99 

Pota!isium content of soil 92.3 Dummy 2 0.28 0.96 

Fallow prior to beao crap - 63.7 Durnmy 2 0.39 0.90 

Virus -104.6 Dummy 2 0.76 0.99 

Anthracnose 4.8 % of pods 4.7 0.98 

Mildew 6.4 % of foliar area 3.4 0.99· 

Stern rol 8.7 %oflol 2.3 0.99 ' 

Angular leaf spot - 45.9 % of foliar area OA3 0.991 

Rainfall conditions 58.1 Dummy 2 0.32 0.84: 

Organic matter content in soil 63.2 Dummy 2 0.27 0.83 

Bean plant population 3.1 I,OOOfha 0.83 

(Bean plant population)2 0.008 (I,OOOfha)' 0.74 

Variable costs I 0.067 Col. pesos/ha 1,900 0.99 

Phosphorus content of the soil 0.013 ppm 53 0.05 

R2 _ 0.64 

Y = 599 ka/ ha of beans 

No. of observations = 88 

Tbis only includes thc costs ofbean production and !iC1Ve$15 a proxy for al! inputs. Family labor was priced al Ihe going wage rale. 

Ddinilions oC dummy variables were ibe foUowing; 
- Topography 01 tJw lot - O $topin¡ 

I level 
- pottlSsium tXHItent 01 the soil • O derLCient 

1 adequate 
_ Fallo", prior 10 betJn crop • O in crops the previOUB year 

I fallow the previOWl year 

o rainlaU ccmditio,,", 

- orga,,¡c material comenl 

- O no diseate 
1 eXJstence oí the eliseue 

o O considered excessive or 
defident by tbe fanner 

I considered adequate 
o O deficient 

1 adequate 

Note lhal only the sign oí the prcvious croppiq pal1em was a surprix. It was expected that the soil would be more fertile If 11 was nOI In 

crops the prcvious year. Our interpretatíon JI that poor soíl preparation after a fallow period resulted in lower yields. 

the importance of risk from disease, 
insects, and price fluctuations, lower cost 
methods to red uce the risk of stochastic 
factors such as diseases and insects may 
have a larger impact on aggregate yields 
over time than high-<:ost methods to 
maximize physiological yield potentia!. 

Results from the Huila-Nariño surveys 
suggest !he potential strategy of breeding 
bean varieties for resistance or tolerance to 
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a series of diseases, insects, and non
irrigated conditions, so that a low cost, 
current input package can ·be developed, 
which a risk avoiding, small farmer would 
adopto Wth this strategy the public sector 
(i.e. ClAT and the nationa! governments) 
makes investments instead of the farmer 
being obligated to spray and fertilize at 
high levels and thus be exposed to more 
risk and the necessity for credit to finanee 
large cash expenditures on inputs. 
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Table 39. Estimalte! ...... production ....... by factor in ..... n/ ",,,1 .. croppin •• yst ..... 1n tbe,'11ons ofHullo 
ud N.TiIlo, Colombia, 1975. 

Est. avg. yield 
and total 

Est. Ion produ~tion 10*$ 

in totaJly 
Total affect«llot 

production 
Factor kJ!/ba %J kJ!/ha %' 1 ... (1)' 

Pn:sence of maize 202 25.2 202 25.2 4.650 
Skq»nglopography 83 12.1 51 7.9 U16 

Tbrips 187 23.8 47 7.2 t07l! 

/i;mpo<uca p,a. n ... 46 1.1 1.054 

Virus 539' 90.0' 105 17.4 161 

Low potassium 
of soil 92 lB 25 4.1 584 

faUow prior to bean crop 64 9.6 25 4.0 572 
Anthracnos.t 484 44.7 2J 3.6 521 
Mildew total 100.0 22 3.5 sao 
Stém rot total 10M 20 3.2 463 
Angular leaf .pol total 100.0 20 3.2 454 

Poor raínfaU 58 8.2 18 3.0 421 

Low organic tnálter 
in soiJ 6J 9.5 11 2.7 387 

N_timum ...... p1ant 
population 14 2.3 14 2.3 327 

Perctntate w.u bQed upon ÚIilll*timated m. 4lkt tu lhe particular facior divided by tbe av~ yield. 
Eailuted total prodvctlOll _ is 0lI tlw buiI oí a total_ of23.000 hrdanis. with beansjmaiR intm:roPPint in tite tWé 

""-It ... 1'iOt ~ w1tJI tbc tqUUion lo em-le tite Ioacs o! totaUy atfected 101:$, Tbis atimate 0(90 pettf:nt _ bued upon 
experimental data oí artitlci.ny innoeuli.q!he..,..rietiet in !be Ame wect as !he virus 1m obser\'cd. k p.C,",,2 ofCIAT 1975 
AItiIMMl Repon. 

COLLABORA TlVE ACTlVITIES 

Tbe .Bean Program assumed respon
sibility from· tbe Consultative GlOup Cor 
International Agricultural Research 
(CGlAR) to develop and coordinate a 
Latin American network oC bean researcb 
workers in 1975. Program sclentists felt 
lbat each national bean program presented 
a unique situation to be approached 
differentIy according to degree of develop
ment, local needs and priorities, and 
interest in coHaborating with CIAT.lt was, 
tberefore, agreed to divide the tasle of 
maintaining contact witb national 
programs, with eaeh scientist accepting 
responsibility for collaboration with up to 
three specified countries (Fig. 61). 

To plOmote better understanding of 
_ Pr"!CNJm - e/A T 

ClA T activities by scientists in national 
programs, bean program staff visited lbeir 
assigned countries and invited research 
lcaders and senior scientists from tbe 
natíonal programs to CIAT. Training and 
documentation servíces, already major 
program activities, were increased in 1976. 
Thirty-eight graduate scientists undertook 
discip1ine-oriented training wilb the 
program (see lbe report oC lbe Training and 
Conferences Program) while documenta
tion cardo were forwarded by CIA rs 
Documentation Center lo 417 scientists in 
43 countries. To dale more tban 1,500 
articles on beans have been identifted and 
processed. 

More concretely, CIAT was able to 
A-77 



Cuba 
Guatemala 
Mexico 

----+lr·_:; Guillermo Gálvez 

Costa Rica 
El Salvador ¿c---'t:.b~r1 
Honduras 

DoIl8I .. ~ 

Dominkan Rep. 
Guadelupc 

...... ----Haiti 
Puerto Ri~ 

Guillermo HC1't'Iández 

Venezuela 
-""'C----=-West Indies 

Peter Graham 

----,LBrazil 

Bolivia L. __ ->-..... _ '\ 
Peru 

Reinhardt Howeler 
• 

Steve Temple 

Chil. ---::-:---:---f. ¡ 
Aart van Schoonhoven Argentina 

Ecuador 
Paraguay 

C.A. Francl5 

Figure 61. Latin AQlftican eountry resJ)onsibilities fO!' CIAT bean tum mem~ 1976i 

inerease direct germplasm and technieal 
assistance lo those programs expressing 
interest. Detall. of the fmt Intemalional 
Bean Yield and Adaptation Nursery 
(IBY AN) have already been presented (see 
page p.A-33)Other actívities ineluding lhe 
second Rust Resistance Nursery (p.A-7) 
are shown in Figure 62. These included: 

(a) Screening of 3,000 germplasm 

A·78 

aecession. for tolerance to golden 
mosaic virus at sites in Guatemala, El 
Salvador and Bratil. BGMV is of 
lirnited occurrence in Colombia, but is 

a major disease in much of Central 
America snd Brazil. 

(b) N ineteen accessions reported in the 
Iiterature as being resistant to the bean 
pod weevil, Apion godmani, were 
reevaluated in Nicaragua, El Salvador 
and Honduras. The resistance oC 
Negro 151 and Puebla 152 was 
confirmed and a crossing program has 
been inítiated to incorporate the 
resistanc. into commercial varieties 
from Central America. A total of ISO 
cultivars were screened for Epinolill 
aporema resistance in Pero, the 
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• Rust nursery 

• Inoculado" ¡tudies 

+ Soif anarysis and recommendations 

• Provision segregating material 

6Screening for golden mosaic 

t:I Apio". Epíoo/ia. Empoasca 

o Drough~ sludies 

Figure 62 Locatíons and types of collaborative aetivíties, uuden.bu by the erA T Bon Program iu 1976. 

accession G 04421 proving resistant 
both to E¡:tinotia and to Empoasca sp. 

(e) Tbe program organízed soil analysis 
and fertilizer recommendations for 
the El Paraíso region of Honduras. As 
all soils proved deficienl in nitrogen, 
cooperative inoculation and fertiliza
tion experiments have been prepared 
for seVen sites in tbe regíon. Similar 
experiments are under way in the 
Dominican Republic, VenelOela and 
Colombia. 

(d) Given tbe experience, time and 
facilities involved in crossing for 

ileon3 Program - CIAT 

specific fcatures of yield or disease 
resislance, the Sean Program has becn 
partíeularly responsive lo lhe 
breeding needs of national programs. 

More Ihan 20 of Ihe 155 parents 
included in the crossing program have 
beeo included at the request of 
national programs, and segregating 
materials have already been forward
ed to numerouscountries.ln addition, 
CIA T has served as an off-season 
location for the multiplication of early 
generation materíal from Chíle, 
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Guatemala, and Honduras. 
(e) Drought toleranee sludies continued 

in Peru and in collaboration witb 
ComeU University (U.S.A.). 

APPENDlX 

c..........r ........ 01 CIAr promislng .""mIo .. _In Ihis repon lUId _ G<rmpla .... _ ....-
-btrs., Jdentifkatioo md souue 01 the ac«ssion. 

CIAT 
CIAT Oermplaom Bank Seed 

Promising No. Register No. Idendftcat¡on Source 

POO4 02115 PI 310878 U nited S tates 
P006 02005 PI 310739 UnitedStam 

POOS 02056 PI 310 814 United Stat" 

POO9 02959 Pecho Amarillo Ouyana 
POl! 03729 Argentina 2 Venezuela 
POI4 02146 PI 310 909 United States 
POI7 03719 M.xioo 12-1 Venezuela 
P039 00093 PI ISO 948 Canario United States 

P014 00184 PI 166 066 Sbimi United Stalt$ 
POO2 00310 PI 169 8SS U nited States 
PI99 01220 PI 196 927 Cri.Uo United StatC$ 

P209 01259 PI 201 333 United Statcs 

P22S 04433 PI 201130 Panameno United State. 

P226 01308 PI 207 198 ecOB 44 Unjted S1J1tes 

P23S 01362 PI 209 488 U nited. States 
P2S2 01070 PI 261 980 Unittd States 
P259 01093 PI 282063 U.ited Statcs 

P261 01101 PI 282086 Rocha United Sta ... 

P278 01679 PI 306 149 Caraota United States 

P302 01820 PI 309 804 U nited States 

P320 01967 PI 310 686 U nited Stal .. 

P322 01995 PI 310 724 United States 

P325 01999 PI 310 732 United States 

P326 / 02006 PI 310 740 United Sta ... 

P334 02034 PI 310 784 United Stal .. 

P337 02045 PI 310 797 United Sta ... 

P347 02164 PI 311 780 United Sta ... 

P349 02281 P1311930 United StalC'S 

P352 02326 P1311 991 Unite4 Statcs 

P358 02382 PI 312064 Uníted States 

P364 02S40 PI 313 653 United States 

P381 02935 PI 343734 United States 

P392 04498 SaniIac United States 

PJ9J 03736 1 1012 Alahama I Venezuela 

P401 03065 Blanco 137 Guyana 
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Continuation. 
CIAT 

CIAT Germplasm Bank 
Promising No. Register No. Identification Seed Source 

P~2 03807 Brasil 2 Rico de Ouro Venezuela 

P417 03696 Colección 12D 1-964 VeneliJela 

P420 03607 CCGB44 1462 CRI2 Venezuela 

P432 03153 Frijol de Parra 350 Guyana 

P437 03128 Negro 321 Guyana 

P443 03223 Negro Cahabon 453 Guyana 

P449 03451 Guanajuato 116 Mexico 

P458 04454 ICA TUI Colombia 

P459 03645 Jamapa 1-810 Veneluela 

P464 04354 Mexico 114 Mexico 

P466 03852 Miranda 5 Venezuela 

P481 04206 N 257 Sal Rico de M Gera Costa Rica 

P527 03814 TrujiUo 7 Venez.uela 

p~ 037&4 Venezuela 29 I-J071 Venezuela 

P559 03733 50600 l-IOO9 Venezuela 

P560 03834 51051 1-1138 Venezuela 
P566 04495 Porrino Sintetico Honduras 

P567 05478 Tara United States 

P568 05479 PR S 70 15 RST B K Costa Rk-a 

P569 05481 Cacahuate 72 Mexico 
P579 02703 PI 313 !l68 United States 

P588 04455 leA Huasano Colombia 

P589 02525 PI 313 624 United S1ates 

P590 05702 Cargamanto Colomb¡a 

P591 00197 PI 167201 Aysekadin United Statcs 

P591 01222 PI 196932 P Acutifolius United States 

P598 01239 PI 199041 I langaza United S1ates 

P634 05683 ICA Duva Colombia 

P635 04452 ICA Gualí Colombia 

P637 04523 Linea 17 Colombia 

P643 04459 NEP 2 Costa Rica 

P646 00881 PI 203 958 N 203 United States 

P662 02472 PI 313 343 United States 

P667 04191 Coleooion 166 N Costa Rica 

P668 04190 Coleccion 16& N Costa Rica 

P675 04525 Linea 32 ICA Pijao Colombia 

P684 01320 P120? 262 United States 

P685 05694 CorneU 49 242 United States. 

P692 04494 macol Calima Colombia 

P693 05653 Ecuador 299 El Salvador 
P694 05477 Grcat N orthern # 1 SEL 27 United Sta tes 

P698 05476 Jules United States 
P699 05652 Mexico 309 El Salvador 
P700 05706 Jalpatagua 72 Guyana 
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Continuaüon. 

CIAT 
CIAT Germplasm Bank 

PrQmising No. Register No. ldentification Seed Source 

P704 04795 Porrillo 1 El Salvador 

P709 04485 Turrialba J Guyana 

P712 04792 51052 Nicaragua 

P714 04505 Top Crop United State~ 

P71Ó 03738 Baurre O Paulinat Venezuela 

P1I7 05711 Comp Chimaltenango 2 Guatemala 

P737 04456 Jamapa Costa Rica 

P756 04445 Ex Rico 23 Colombia 

P757 04461 Porrillo J Costa Rica 

P758 04446 Puebla 152 Mexico 

P760 06334 Vidresco Holland 

P770 02689 PI 313 853 Gnited State:s 

List uf CIAr Germplssm Bank reference numbers Usted in this repoft, Hu'ir identification and the seed :rourcI!. 

CIAT 
Germplasm Bank 

Register No. tdcntification Seed source 

GOO805 PI 197034 {;nited States 

001212 PI 196299 United States 

001213 PI 196 462 United States 

001224 PI 196936 United States 

GOI540 PI 284 703 UnJted States 

G02704 PI 313 &69 ","nited States 

004165 Preto 2449 (1'-487) Costa Rica 

G04834 Puebla 56-C (Negro) Mexico 

004835 Puebla 56..c (Blanco) Mexlcú 

004835 Puebla 56-C (Blanco) Mexiro 

G050B6 1886-48 (Bra,;1 555) Brazil 
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