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CIAT, Centro Internacronal de Agi;,cultura Tropicla , is a nonprofit agriciltural 
research and training org3rn'athon de-oter to the goal of increasing sustainable 
food pmduction ir, tropic al develot ny. r ;rq s CiAT ., .ne of I 3 intei national 
agricultural resear cente s Wii,.r Mha .sn -s of die ConsulNtt.rt GroLp or 
Internatioral Apir tul Re,' : (CGAR) 

lP,.: .;r, +:n ; .t CI is-I l.in dj y ,: u r 'f 'donwr. Durin 1987 thi ef 
IAT d(',ngr s 'ItJ. rd r trj' n' BoI-tr i, (. di, Franc:,, the F-.doraIl 

Republic( !)f (1&/rr i ti Japn l t Nef.tlt r walr , Norway. thts. People's 
Ropr blic ,of CM imi *-airr S,''sli -. rlard, ',il(fdrrr c tJ tire'vil the Unitrd 
rJrpit I tt , I i ' '1 1' f,'' I , t im a r CI.h ; dlo r,. m 1 9837 ncliudo 
t .ie i r 00' in' (ITI,l~ritI, (E l-C),;h-e Fir Fw:d ,(Ftcwr, 9: Irnte 
/. lirrr irs r , . pi n ); 0 k L )11" t rittcr itintO i l rank fo, -T c) r w:t 
and 'r.l 1r, nt IIRu) th, ir tiirniational Dev.olpmeint Rrsw:e rch ;enire 
(IDR('), the,tieirrn rrntrc al fri A';ricnlt'ir-l cvv o-piert- (IFAD), thre Rocln 
feller Indii;;,I Nations, Dovelopment Proyramriifl} iNDP)dr, 1+JIjorred 

lnforryiat in, n Jr oiusioi/s . erpc!ted herein do not nrecessarily !teflectthe 
position of <any of tire aforewentioned antities. 
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THE BEAN PROGRAM
 

Beans are the most important food legume in Latin America 
and the highlands of eastern and southern Africa, where for hun
dreds of millions of people, especially among the poor, beans are 
not only the main source of ditarv protein but also one of the 
leading sources of calories. There are, however, strong local 
preferences for many distinct grain types. Production systems 
are also highly varied as a result of major differences in 
soil /moisturo /tempera ture regimes, as w,ell as in the objectives 
and resourcc lndowmcnts of p rodulcers. Poor farmers, for whom 
capital I0 a, carce resource, produce ,- la rge hdiae of beans in 
Semi-subsist nce svS tS. 

()1 tho major food crops, beans arc among the most suscepti
le to dlisea," Bean productivitv i imited by an array of 
pathogens and pests. Growth in productivity has beLn slow in the 
tropics where f:nmiior:' traditional landraces are still widely 
grown. Bean, airi I ruquL prlV grown int'crcopped witlh othr food 
staples. With few e:ceptions beans have not been the subject of 
extensive re.earch or improvement in thl tropics, where research 
resources have ben genel] Ilv meager. 

Thie (roira 1 nil of the Beaui Png ram is to improve food 
availability and income for poor people by, improving the produc
tivity of ble,in through the rapid development and transfer of 
technology in colInlboration with national agricultural research 
institutions in countries where beans are an important food. The 
Program's goa I will be reali zcd by ac .mpl ishing three 
obj ect ives: 

1. 	 Developing scientific innovations that overcome major
 
productivity-limiting constraints in beans.
 

2. 	 Strergthening national bean research and technology transfer 

capac itv. 

3. 	 Accelerating the transfer of bean production technology 
through intr national networks exchanging germplasm, scien
tific methodol ogies and informat ion.
 

Program strategy lucuses on research to improve bean produc
tivity; training to increase re. earth capacity in tropical bean 
research insti tt tions; and networking to speed up the generation 
and diffusion of improved bean production technology. 

Research
 

Program research is strategically oriented to maximize im
pact in the context of research carried out by other insti
tutions. NARIs have a comparative advantage in adapting tech
nologies to the specific circumstances of diverse production sys
tems. Developed country research institutes are the source of 
many advances in basic science. The Program concentrates on 
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applied research of broad app]icability, while undertaking basic 
or adaptive research whore this serves as a valuable complement 
to the efforts of others, both captitalizing on strengths and 
filling in gaps. 

Genetic improvement it; the P rogram'sI nmin research f cus 
given its subst:ant: a] potent in Impact inu Wind an(iptabi]itv. 
The Program emplan izes the genetici improvelellt f stance to 
(IMsuss andninsects, le mKO ing rI ance -a griochemicals 
and giving prioritv to important widespr,,_d count ntrLts. (;enet ic 
improvemnt ini anl' noought lot yo( d potsont-ia] , diOu Wlt resi.n
tance, carl in,)05;, niti-ogen fixat ion and adaprartion to acid and 
low phosphlorus soil s. Pesea rcli in pattln 1olv, virology, 
entomology, phioto,logy, miur,- l ogy, agrononi n d _-enT cs 

al I iitei, ct 'Il d :411ppo-t the Pr("gram's l ir b oi ng ef 
fort. Improved cillturl1 pr:ctices to accompany now germplasm are 
a second-order prioritv. Agronomi c research is also conducted to 
address problems fO,r which generic solutioins ane not readily 
available. 

Training 

The researcih capacity of national agriculturo l research 
institutions is s t:reng thenied by their partnership with the 
Program in research ictworksa, as well as through training. 

Training is .tri tog i>l x adapted o the individua1 needs of 
national programs. Mhltidisciplinnrv produI:ct ion courses develop 
the co'pac .tv to p<rt icipato in th, iuternati-naI bean network. 
NARI ree l h cap ac it y is strn thened tihroughm courses and 
internshm ips emphas izing brooding and plant protectLion. Training 
in O0-fa-n rcsearch r eives major at tent ion to improve problem 
definitin and t lcmulorv evaluation. A great don! of training 
is through o onnl o in-country courses where trainees develop 
work pla<'ns for -itii nilet i ties. The Progriam follows up mlost 
ex-trfinorK iin order to bclk stop them in implementing their new 
skills. 

Network ng
 

The Program actively promotes the exchange of information, 
scientific methodologies and germplasm. 1T.]s, network approach 
makes the results of advances in basic science more accessible in 
an applied form. Network relationships among tropical 
bean-producing countries capitalize on special ization in re
search, while also facilitating the horizontal transfer of tech
nology they generate. 

Regional network; aare formd around comnan problems, with 
0each individual national pro-gram takig the :e,;iw 1sib ility for 

research leadership in a specific problem; and the results of 
their research ate shared among all network participants. This 
not only improves the multisite reliability of data, but also 
makes results quickly available to all participants. Such
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regional networks have been formed in Central America, the Andes,
 
Eastern Africa, Central Africa, Southern Africa, as well as 
Brazil and the Southern Cone. Most networks have annual research
 
meetings and a steer:ing committee, which coordinates activities 
of mutual intercst. E::changcs at the continental or world level 
arc alIso maintaIned through periodic workshops, international 
Bean Nurseries, and Program publications. 

Program organizi tior 

III or(er to rompkIent these strategies, the Bean Program 
has formed i critical mass of scientists at headquarters. This 
interdiscipl i nar team conducts research to find practical 
solutions to major widespread bean production problems. The 
close coortimotLon of activities across; d in iplines is crucial to 
the Program's researc t ogy: pathology, virology, entomology, 
physio0logy :H1 cobiologv clsrolv breeding the1i1 work wit;l in 
identificatii, V p'tnt -q1surces oi desirable clnraters and in 
the selectiwi of p o ,ny feor high L presoion of theSe traits. 
Agronomy and i di00sti farm-level studies toc_ ononic ,dut 
help set desi, prioritius fu r now tVchnml og annd also to .vaIu
ate the perltoin, ce o promising techIology. 

Reserc is organi , d irt Around character improvement 
projects (e.g., nthracno leaf hoppers, nitrogen fixation), in 
which a breeder works cloyev with ,At least one disciplinary spe
cialist. The products Q l- thoe chiaracter projects are then made 
available fOr use as prts to al l Program Ireeders, both in 
Colombia and ot prte , Nn well as2to NARIs. Mhiltiple characters 
are then combin,,d in cult ivar improvement projects i or eight dis
tinct grain la sses. Sgregating populations and fixed lines are 
then distrilbuted to NAIs and are a] so evaluated in uniform nur
series hv the entire healquiarters team. Oniv through a critical 
mass oh reseArch ient ists working in tight integration can ra
pid and significant progress he made in finding solutions to the 
numerous factory; tsl t Iimit bePPr- ,sit ivity in cuit ivars of 
diverse grain type and irchitectr 

()utpry; ted s ta fI t an essential complement to the 
Colomb ia-based activities. Both in Africa and Latin America, 
outposted staff have a major responsibility for working with 
NARIs in evaluating improved chiaracters for their local 
performance and deve 1op i ng imp roved cul t ivars wi tb local. 
adaptation. Moreover, .studies of major problems in the regions 
provide informaLi-on needed to set resea rch stra tegi e . (itposted 
staff work closely with ".,ARI scientists on a dailv ba-is, and 
training and networking activities; ore as important as research.
 
Although Colombia-based ,staff devote more effort to research, 
they also are heavily involved in traiining and network support. 
Both headquarters cnd outposted staf f col laborate in cu] tivar 
improvement projects, 1 oa! eva n t , tra ining and networking. 

The bulk of outposted staff are currentlv located in Africa, 
reflecting the great importance of African bean production; the 
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Program's relatively recent commitment to supporting national
 
research efforts in Africa; and the challenges of finding locally 
adapted solutions to the diverse, often intense, and sometimes 
unique problems limiting bean productivity in Africa.
 

Specific activities
 

Thu central research activity of the Program is genetic im
provement to overcome principle production constraints with mini
mum 	 use of agrochemicals. Priority is placed on improving dis
ease 	 and insect resistance, as well as on tolerance of drought, 
low phsophorus and acid soils, improved nitrogen fixation, early 
maturity and yield potential.
 

The CIA,\ beo, K rap Iasm hank is a key resource for genetic 
improvennt. (1AT ' ains the world's largest collection of 
Phaseolus vyilrai sc as well as wild ancestors andi( -ions, 
related species. ' Ivnltin of this germplasm for useful traits, 
study (A tU gwltiLcs, and continued strategic cnllection for 
needed vrinhi i t x provide N rotdntion for the Program's breed
ing effort. 

(ive tih arge imbor of constraints thar imit benu 
producti vi ty and the great dWfferences in grain type 
requ i remen , growth habit, c ropp ing systens and growing 
environments, the division of respons iibiit ies and a 
decentral ized approamch arc cruc ial to the Program's bean 
germplasm LNprovemont act iv i t ies. Genet ic improvement 
concentrates an four activities: 

1. 	 Developing high and s table leve!s of expression of desirable 
characteri stics for incorporation in a variety of grain 
types. 

2. 	 Providing NARIs with multiple-factor, bulk segregating hy
brid populations or advanced lines according to their needs 
and requests.
 

3. 	 Strengthening NARJ capacity in crossing and selection. 

4. 	 Promoting the regonal and international exchange of promis
ing germplasm. 

Responsibility for twenty-two character improvement projects 
is allocated among three breeders at headquarters, who also di
vide responsibility for cultivar improvement in eight separate 
grain classes, corresponding to regions for which their character 
projects are particularly relevant. Sources of high character 
expression are shared and used as parents by all Program breeders 
and NARis. Incorporation of desired characters in locally adapt
ed cultivars requires decentralized selection achieved through 
strong NARIs.
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The NARIs are supported by providing them with specific ge
netic variability, through joint research projects, and training.
 
Outposted breeders have particular responsibilities in
 
strengthening NARIs through training, assisting them in local 
selection, and building regional networks so that their activ
ities are compi ementary. 

The major responsibilities of pathologists, virologist and 
entomologists arc to participate in breeding programs and conduct 
studies on host plant res.istance mechanisms, screening method
ologies, pathogenic variabilitv, i.nsect biology, and intonsity 
and incidence of crop losses . Emphasis is placed on developing a 
wide range of genecic sources of resistance in ord]er to ensure 
production stability through the use of 1 road gene fc base. As 
mui.tip] e-resistance ge rmp I(Im becomes increasing] y avail ab ,, 
more a t Lent i n ts being devot ed to devc Ioi,ing in teg I.tod control 
strategie, or diseases and insect pests. 

A pathologist aind virol g ist. at headquirters conduct re
search on high pr tv distaoses! of worldwide distribution (e.g., 
bean common mosa i c vi rus, rust , anlthracnose, angular lea f spot
and common bacteril bl ight) , whi l e al ossu pporting NARIs in 
latin Ame rica. Outpost."' pa th)]og ists in Rwanda and iTanzanlia 
support African NAts and aissist in rimpla;ni eval nat ion through 
the ,._sc of a ibroid genetic base. 

dqIuart u pest 

of worldw,:ide sgnificance (leaf hoppers, l)ruchids, whitefLy), 


I lie I:I rs-based entomologist works on problems 
as 

well, as those of purely Latin American importarnce (bean pod 
weevil). 1ie AI rica -based ntomologist wi 11 be p riTa ri ly con
cerned with control of tlie heaniflv, one of the most serious pro
duct ion probIems in Africa. 

Nitrogen is an almost universal]y limiting constraint to 
bean product ivity and a cr:iticl factor Li bean yiecld physiol.ogy. 
Increased b_'.,]ogica] fixation of n:itrogen is a low-input tech
nology t, r can contribute substantia]ly to nitrogen availabil
ity. A headquarters-based m:.c robiologist is ident ifying 
characteristics that can be used in bean breeding, as well as 
working closely with breeders in developing methods of screening 
for impravod nitrogen fixation. Rhizobia strains are also being
 
screened for effectiveness and competitiveness. The results of 
this research arc heing Lested in Africa and Latin America by 
forming a network in which previously isolated microbiologists 
are being encouraged to work closely with plant breeders and 
agronomists.
 

Strategic research on yield physiology, earliness and 
drought mechanisms is undertaken to guide breeders seeking 
genetic improvement for these characteristics. Priority is given
 
to identifying traits that can be useful to breeders selecting 
for yield or drought. This research is carried out by the 
headquarters-based physiologist. 
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A high proportion of beans, both in Africa and Latin Ameri
ca, are produced on heavily weathered acid soils with low phos
phorus availability and high levels of aluminum. Physiologists 
at headquarters are working to identify traits useful in breeding
 
superior bean genotypes in order to optimizc bean productivity in
 
these low-fertility soils. This research integrates whole-plant 
nutritional physiology with soil fertility and chemistry, and is
 
closely cocordinated with research on rh obiNa symbiosis. This 
research is currently being conducted by a postdoctoral fellow.
 

Ma]r emphasis in agronomy is on the on-farm testing of new 
lines for adapt ation to farmers's curceoM cropping systems. Re
search is also carried (nut on improved cutra] practices and 
intensified crcpping systems, both to e:ploit fully the advan
tages of new bean gcnotypes Nnk to increa!se product ivity where 
genetic inprcovement is nt the mu st efficient strategy. Because 
of the tocriton-specific nature of much of this research, train
ing NARI personnel is a high-prioritv activity. Agronomists are 
outposted to Brazi, Ethiopia, (uatemala, Tanzania and Uganda; 
while two iendquar-ters-based agrisnoists are responsible for 
on-farm ousuar. in Kouth America and international yield trials,
 
respectively.
 

Understanding user critseria for evaluating new technology 
provides essential gui dance to the design of new technology. 
Studies of farmers' ,duction systems, resources, problems and 
objectives are criti, as are studies of consumer preferences 
for new grain types. SocioeconomLsts participate with 
agronomists in on-farm evaluation of new technologies and have 
the additional responsibility of generating feedback on the
 
adoption of new technology. A headquarters-based economist is 
responsible for strategic studies on the demand for improved bean
 
technology and producing input to the setting of research pri
or_ ties in Latin America. An anthropologist in Rwanda attend 
Africa, wher._ the emphasis is on farm-level evaluation of new 
technological alternatives.
 

The Program Leader, 'ased in Colombia, is responsible for 
coordinating the Program's research, training and network activ
ities. An All-Africa Coordinator insures consistency and inte
gration of activities across three separately funded special
 
projects.
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HIGHLIGHTS 1987
 

The year 1987 saw major changes in the program as activities 
to increase bean productivity in Africa expanded and signi.ficant
adjustments were made to respond to the evolving situation in
 
Latin America.
 

Program developments
 

After serving as Program Leader with great vision since 
1977, l)r. Aart van Schoonhoven left CIAT. Dr. Douglas Pachico, 
former Iy Prog ra!m Economist , wa s se ect ed Program Leade r. 

7t Iienod 

Africa. 1Dr. (plioll t.-svhtl1 1a( Tdo Edie joined CIAT as cropp:ing 
s vs tems agr ,noni t f a Southern Arca, in Arusha, 

New appoi n tment, . re ng tli Program's efforts in 

A- stationed 

Tanzania. I)t-. Chiarles 1rtman joined 
 I IAT as cropping systems 
agronomist for E IsI A tica, stat ione in IKawanda, Uganda. Dr. 
Barry Sithsont w C;t~ransferred from temporary duty station in 
Ethiopia to serve :is hiietder for Southern Africa, stationed in 
Arusha,, Tan ran ia 

To pro.'Lde con si stenc of approach and integration of activ
ities a cro-s separatel y funded special proj ects in Central, 
Eastern, and S,;uthern Afri¢.a, Dr. Roger Kirkby, already stationed 
in Addis Abaha , EthiLopi ia, was named Ali-Africa Coordinator. Dr. 
,Jeremy Davis, formerly a Program Breeder at Palmi ra, Colombia, 
became Coordinator and breeder for the Central African Project,
 
stationed in Phubona, Rwanda
 

Dr. Michael )es;ert , formerly Reg i nal .Coordinator and 
breeder for Cntra"I :fric s, will assume a similar responsibility 
in Central America, with his duty station in San lose, Costa 
Rica. Dr. Gulil ermo Galvez, formerly Regional Coordinator and 
pathologist for CentrI America, has been shifted to Lima, Peru, 
to coordinate a newly formed Andean Legiona I Project. 

Dr. Julia Fornegay has been named Program Breeder in 
Palmira, replacing D)r. Davis, and l)r. Willem Janssen has been 
appointed Program Economist in Palmira. 

Dr. John Bowman completed his post-doctoral1 Fellowship in 
pathology and l eft CIAT. I)r. .Jona than Lynch Lecame a 
postdoctoral Fellow in Phys iol ogy, stationed in Palmira, 
Colombia, while Dr. Custavo Frias was named a post doctoral fel
low in Pathology, stationed in San Jos6, Costa Rica. 

Research highlights 

Low soil phosphorus is perhaps the most widespread limita
tion of crop production in the tropics. Due to intensified land
 
scarcity in Africa, and competition from commercial export crops

in Brazil, beans are increasingly being grown on low phosphorus 
soils. While some Brazilian cultivars have long been found to 
be
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tolerant in low phosphorous screening carried out at the 
Quilichao, Colombia, station, recently some advanced CIAT breed
ing lines have shown superioritV over the previously best checks 
under phcsphorous stress. Progress ior selection of this trait 
continles Lo be severely impeded by tihe lack of an adequate
selecti-on criterion in early gene rat <. Wiitlout research to 

identify selection criteria, the best that can be achieved is to 
screen advanced lines to ensure tlat tol.erao)c' levels:a'ai1able 
in commercial cu]tivars ,are ait caSt maintsi ed. 

Progr, ,m s tr;et, has eilif)his Ied improving di.sease resis
tances, and cntitinued prOyc;i,-; is evident in c'omb i[nig multiple 
resistances. [lencteforth only ] iies withi resista.nce co BCMV as 
we] 1 c ; ce sli tu.ant or i n termed Late rea c t ion t: o C1B and 

I i iic 1uded .ri nurseryanthracn os- wi i be in the in ter ti cni1 vi ,1d 
(IBYAN). 

VIM e1 p ogres ; in im) ro%,in g resi stince s has been a ccu
mul ating over t ime, ic I )87 for the firs t ime material s coming 
from the high ieI &__ d p tnilt breedin g proj ect markedlyna outyie1d
ed all best checkl in the pireliminrv yield trials (EI). 'These 
results ustl>lt he colliilnd noJ =11otH0er1 sea]solnS. 

Advances in Iden i i ., sourcc, oC resistance to malor 
diseases in lat.in Amc'r! is ilso paying ul! in Africa. This 
year evalltiols, of ,:t to Ascochvtai blight in Popayan 
Colobiaiad Evawcc-ia , Eaciin1la cal-iry shoved i strong a;imilarity 
in rankingp bt''i1,hean ma tct-ia 1s, Sillt i.ng that resistant 
materi a e > tad in ihapa"rn Io per fom it n Arrica. 

"ou i:tlntued aC! aia5 . I Or iV -cli inca in cal alboarcction 

witt i IA i.nMan a , (;ntetnalt, las" hd0 110 CL, identI Lication of 
some 40 'ew sources of BC(,,'1 rc. ist-,n n a ariet of sued col
ors. ThIn t.,i' -r1i) t n Irodern of t;, 1eneti c base of resis
tance in 1I - iac wheirie PtIVi - istance largelyiN baa 
been basuad uen i ie I i o i I itinil: ici. I itherinore, the new 
sources' ,,Ill b,- ui;ed Di crc . i%,vi:NPA: Lince older s ources have 
not been very efect ire in I-rizi I . I n col laborative research 
with the In'l era i-v o I haiscon in involving the secluencing of DNA 
genomes of- ran:i 1.tan an- odt he r [W10", i so La tes , significant 
differences; n n c ,-or i (Ie seLqueccs have been demonstrated, 
cons istc rt with previous field observation of differences in 
reaction f B:a jian and Central American 1<-tv isolates. 

The bean pod weevi cause; iajor economic iuns in (Gintral 
America. 2tudies conducted in Honaduras with ERN found that ihi le 
there are no differences in oviposzition rates on resistant and 
suscE-Dtble I ines, significantly .ower a rval populations were 
observed on tLhe resistant line, suggesting that antibiosis is the 
mechanism responsible for resistance. Furthermore, several bush 
bean breeder's lines have shown resistance as well as good 
adaptation and seed color. For the first time, climbing lines 
have also been selected for resistance and adaptation.
 



9
 

A continental map of bean production area in Latin America 
has been prepared by the CTAT Agroecological Studies Unit. These 
data are being combined with soils and climate data to character
ize bean production regions. For cxample, preliminary results 
indicate that nearly half the area sown to beans has less than 
adeluate phosphorus (less than 10 ppm), while one-qurarter of the 
area is clearly phosphorus deficient for beans (less than 5 ppm). 
Such soils were fcund in Brazil, the Mexican highlands, and the 
Andean region. A similar mapping study is planned for Africa.
 

An economi study of the importance and potential of snap 
beans (,e pods) tropics. ,as in Casedibl in the initiated 1987. 
studies are being conducted in col laboration with national pro
grams in Braz il. Colombia, Costa Rica, lndonesia, Philippines, 
Rwanda and Ta wav. Preliminary results -indicat- that most snap 
bean production is by small armers. Demand growth is projected 
to be rapid, with innual production growth of 4% or more needed 
just to maintain prices constant. T'hus, snap beans appear to 
offer an attractive income earning opportunity For small farmers. 
The first Internationa I,,orkshop on Snap Beans was held at CIAT 
in May, 1987 t-a form rhe basis of a network of researchers on 
tropical snap beans. 

)rouht is the single most important cause of major bean 
crop failures, aml ovr 6Z0 of bean production area suffers from 
drought. A study of I) gonotypes confirmed that greater root 
depth can be an effect Le drought resistance mechanism in the 
deep soils at Pamira. Data from the CIAT agroecological unit 
suggests that this mechaism could be useful in up to 80% of 
soils where leans are grown. Although this mechanism is not 
effective in the acid soils of Quil~chao station, there was a 
significant correlation in root growth across sites, indicating 
cultivar differencei in root growth over contrasting soil types. 
Moreover, in Quilinhao a grafting experiment found a clear 
association between root genotype and drought tolerance. This 
suggests the existance of root characteristics other than root 
growth that determina performance under moisture stress.
 

Besides the promising results of root characteristics in 
improving drought tolerance, it is also wall known that early 
maturity (less than 70 days) can he useful for drought avoidance.
 
Earliness can also be desirable for easier integration into crop 
rotations and in a subsistance economy to obtain an early harvest 
in a period seasonal food shortage. Many different sources of 
earliness have been recently identified. Currently a study of 
the inheritance of earliness in a dozen different sources is un
der way in order to develop a breeding strategy to transfer this 
trait into desirable commercial cultivars. 
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Regional projects
 

On-Farm research has received a considerable boost from the
 
East Africa regional project. Diagnostic surveys of farmers on 
rheir bean production problems and practices were initiated in. 
Uganda with a study conducted by tlhL niational program, while 
on-farm varietal trials of beans were also planted for the first 
time. In Ethiopia national program research on intensi J7- ng 
cropping systems by growing beans intercropped with sorgl r 
maize is being supported. 

In R..ida, whlore Uhe Central Africa regional project has 
been active since 1983, an imortajit achievement has been the 
recent withdirewal of the (71AT a,:,;-onomist Ifrom the imanagement and 
planning of on-farm varietal trtials, as this task is now being 
fully done by TSAlR researche; rid technicians. 

The Africaniian Yield -,id Adaptation Nursery (AFBYAN) has 
been e s;tah:I-fled to evai Iota, tihe hest available lines from 
nationai programs in all thre of the CIAT regional. projects in 
Africa. Tn 1987 AFI'YAN t i a]s were conduc ted in Ethiopia, 
Rwanda, iganda, Zaire aind Z:.uniia , providing u;stional programs 
with promising roaterials. For example, K20, a Ugandan line, 
ranked Lrep -in vield in Rwanda and second in Zambii. 

The impressive progress; of the Central Ameri-ca and Caribbean 
regional project is reflected in the decision of the Regional 
Steering Commictee (compos-ed of the national coordinators of bean 
research in the 10 partiziparing countries) to remove BGMV from 
among their top research priorit~ies, due to achievements already 
made in developing resistant varleites that are now widespread 
among farmers in Guatemala and parts of MeJL[co. 

In the regional projeoct for Brazil and temperate South 
America, the increased bre-eding capacity in Brazil. has led to a 
decline in shipment of advanced lines to Brazil. Crosses have 
been planned jointly by CNPAF and CIAT. CIAT produced 
segregating populations and CNPAF breeders are selecting the 
advanced limts. Similarly, several breeders from Brazilian state
 
institutions have received training at CIAT, and are now 
receiving segregating populations from CNPAF and CIAT. 

Training and workshops 

Program training activities are specifically targeted to 
meet the priority needs of national programs. Individualized 
training in specific disciplines is offered principally at CIAT, 
while most training courses are now conducted in the regional 
projects. Recently there has been a major emphasis on on-farm 
research courses in Central America, where a great deal of 
promising materials have been developed on-station by national 
programs. These lines now have to be tested on-farm, and the 
best ones must be transferred to farmers. The Program's training 
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strategy for the region is clearly focused on improving capacity
 
to meet this high priority need.
 

CIAT works closely with other international centers in its 
training activities. In Africa one technical training workshop on
 
grain legume research was conducted in Rwanda and another in 
Malawi, both in collaboration with IITA. A course for graduate 
agronomists in Ethiopia was co-organized with CIMMYT, and CIAT 
and CIMMYT both supported a regional seminar for on-farm research 
in Central Africa. In Latin America, CIAT iQ working with CIMMYT 
in the co-writing of training materials for on-farm research. 

The Fifth International Bean Trials Workshop was held at 
CTAT, with participation of scientists from 17 countries in Latin 
America and 7 countries in Africa. The workshop provided a forum 
for the exchange of information and experience as well as serving 
as a feedback mechanism to CAT. 

An International Bean Drought Workshop was conducted for the 
first time in 1987 at CIAT bringing together experts in breeding 
and physiology from Latin America and Africa as well as developed 
countries to review the latest advances in methoerlogies for 
drought screening. 

Varietal release by national programs 

Brazil, Rio Grande do Sul Capixaba Precoz (BAT 304) 
Brazil, Algoas, Mato Grosso EMGOPA Ouro (A 295) 

do Sul, Minas Gerais,
 
Sergipe. 

Chile Blanco Inia 87 (WAF 9) 
Costa Rica Chirripo (HT 7719) 
Cuba Siboney (NAG 20) 
Honduras Catrachita (RAB 205) 
Venezuela Montalban (BAT 58) 
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A. GERMPLASM RESOURCES
 

Aquisition-Introduction
 

The acquisition and introduction of new germplasm continued 
to be a major activity in the management of the Phaseolus 
germplasm bank during 1987. A total of 2,145 accessions were 
introduced into the bank, of which almost 55% corresponded to 
germplasm collected in expeditions or donated from national
 
collections ; the remaining 457 are accessions included as
 
parental materials of varied ori.gin (Table 1),
 

Of1 the total germplasm acquired, 857 comprised comnon bean 
(P. vulgaris), 67 lima bean (P. lunatus), 67 runner bean (P. 
coccincus), and 2Z wild Pha Iomlus spec-ies. Three sets of the 
germplasm introduced require special mention-- (1) the Bulgarian 
collection corcspond' mostlv to Iarndraces collect .d in 1984; (2) 
the African collections were the result. of exped i tos funded by 
IBPGR, with mult ipl ut Lon of coilected materials bing carried 
out in a third qua ran tine count rv (Wel1 eshourne, England or 
Gembloux,Belgium);and (3) the germpl asn from helium corresponds 
to materials collected in .exico and Colombia a Inv years ago. 
The details of the go"rap]asm collected by CIAT's collector in 
Mexico, Guatemala, (osta Pica and Peru are included in the 
section antitled Coilect-ion. 

Status of the Phaseolus co]lection
 

Witrh the new germplasm acquired during !987, the Phaseolus 
collection is currently comprised of 40,000 accessions (Table 2). 
The germplasm of wild species now held increased greatly in the 
last year; however, cultivated species other than P. vulgaris did 
not increase greatly. 

Of the almost 2"3.00 0 increased and/or ovailable germplasm
 
accessions, 90% is P. vulgaris, 7% other cultivated species, 2% 
wild ancestral species, and about 0.3% is wild non-ancestral 
species.
 

Increase - Multiplication
 

The increase of :-.w germplasm in the greenhouse and 
meshhouse added up to a total of 2,436 accessions, of which 82% 
corresponded to P. vulgari.s, 8% to P. lunatus and P. coccineus, 
and about 10% to the wild species. 

The highest percentAge of materials increased were from 
Europe (337), followed by Central America (18%) and South America 
(18%); the germplasm frcm Africa had previously been increased in 
Wellesbourne (England) and Gembloux (Belgium).
 

In the fields of CIAT stations in Palmira, Popayan and i)agua
 
a total of 5,467 accessions were planted, including materials
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that followed the post-quarantine initial increase (9%), the
 
rejuvenation of germplasm already stored in the bank (55%), and
 
characterization of the collection (36%).
 

Characterization
 

The search for similarities among germplasm groups is
 
facilitated by means of seed description (color, brilliance,
 
size, shape, hardness etc) as well as field characterization of
 
plant phenotypes, The objective is to measure the available
 
variability of the collection stored in the Genetic Resources
 
Unit, in order to provide more complete information on the
 
species to bean researchers. The first major division of
 
germplasm groups is based on seedcoat color and plant growth
 
habit (Table 4), which indicates that the white and black colored
 
beans are the most common in the collection, followed by creams,
 
yellows, and reds. Likewise, growth habit III is the most common
 
followed by 'type IV and type I; with type II appearing least
 
frequently in the collection. In dividing .germplasm into groups
 
using a combination of seedcoat color and growth habit, the order
 
of frequencies from high to low is as follows: cream- type III,
 
followedjo hy white- type I, black- types II, III, IV, red- type
 
III, ardwhite- type III. The combination of all colors with
 
type II is the least frequent except for blacks. More refined
 
groupings using cluster analysis and electrophoresis are being
 
used.
 

Seed distribution service
 

A total of 9,004 accessions of Phaseolus beans were
 
distributed to 33 countries to fulfill 66 requests (Table 5). 
Most of the requests for germplasm came from Africa (43%), 
followed by Europe (17%), and Central - South America (13%).
 
The majority of the germplasm requested was P. vulgaris (83%),
 
followed by P. lunatus (6%), P. acutifolius (4%), P. coccineus
 
(3%), and (47) wild species.
 

The Bean Program at CIAT-Palmira is also actively requesting and
 
using the germplasm available in the bank. The different
 
disciplines in the Bean Program received a total of 31,780
 
samples during 1987 (Table 6).
 

Collection
 

The Genetic Resources Unit continued broadening the genetic
 
basis of the different bean crops, through the collection and
 
study (in their native habitats) of primitive landraces of the
 
five cultivated species, their wild ancestral forms, and the wild
 
Phaseolus species.
 

In addition to their potential value to breeders (e.g.
 
searching for resistance to bruchids), wild ancestors can also be
 
used as evolutionary markers, which will increase understanding
 



14
 

of the thousands of poorly documented accessions of the five 
cultivated species.
 

PhaseoLin analyses carried out in cooperation with the BRU 
of CIAT and previous studies on morphological characters have 
shown that several regions in Peru act as transition zones 
between the North Andecan center and the Southl Andean center of 
primary di versification. Tn ;emidomesticated types, and zones 
where possible iatii-al ilntrocio,ssion could hare occurred were 
both variables t;kien i.ntt) aiccount during,, I ord inwork these 
a reas. 

A study on secoidiiv centers! of- divirsification was; begun to 
appraise the re Iat ive newness of th; I diversity , using 
morpho I %gira I c haract-L rs and the phaseolin marker. This study 
employed ti) Afri can collection of cu t ivated comar,n bean 
availaiblt in tLt (;enetic Resources I'nit. 

Resul ts 

Thrr.,r, fieId explorations were carried out this year 
resulting in a total of 307 samples representing 32 different 
species or taa 

Al I tl c (, l I ect ion data were entered into ai data base. 
After coupiliiqg acressioi data of current holdings in the GRII, it 
was possible to, prepare a set of ma1ps shlowing rceal distribution 
of the seed icross ions ior eaich Plhaseo I us spec i es . Knowledge of 
the potenti ] ,distribution of each Phaseolus species (provided by 
herbarium dat a a I so p roces sed in a data hase ) enabled the 
research ers to fi ll in gaps in genetic diversitv in a more 
reajistic way. 

Costa Kica 

Fiei.d work was carried out together with the Estacion 
Experimental Fabio Baudrit of the Universidad de Costa Rica. 

The following 46 materials were collected in the central 
part of the country where genetic erosion is most severe. 

Species No. of accessions
 

Phaseolus leptostachyas 2
 
P. lunatus (wild) 14
 
P. oligospermus (Lype locality) I
 
P. polyanthus 1
 
P. tuerckheimii 6
 
P. vul]garis (wild) 2
 
P. vulgaris (semidomesticated) 2
 
P. sp. (natural hybrid with P. polyanthus) 1 
P. sp. (new taxon of the P. striatus complex) 11
 
P. sp. (new taxon of the P. coccineus complex) I
 
P. xanthotricus 5
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The most interesting finds from the Costa Rican study were: 

the presence of wild P. vulgaris in (osta Rica where it was 
not reported ha lt,,. Whe,i ana 1vzed bioclhemica lly, this 
material could tell "v what happened in th.at part of Central 
America, a ,iron o, itc,,.we are ospec iaI ly lacking inh 

evelut olna rv data.
 

the exStLunce o1 n new taxon in the i'.striatus complex 
(wild sc rl-2vt runner bean with purple flowers) witi epigeal_ 
germination, thus I in'. ing with P_. plyanthus and P. 
vuiigaris. 

Peru
 

Field work was conducted in Peru together witlh the Banco de
 
(ermopl asma of the Institute Nacional de Investigation y 
Promoeeion Ag''pecuarl-a (INIPA). Several parts of Junin and 
Apurimnac were visited, in a search for the ancestral foIms of the 
numri phaseol in types ioun(d so far in the uItivated P. 
vtlgaris . ; ore were 17f6 samples collected: 

Speces No. of accessions
 

P. augi,-t i 4 
T'.J lunatis (Iandraces) 4 
P. lunatus (wild) 1 
P. pachvrrhi:,cides 17
 
P. vulgai s (1,5ndraces) 139 
P. vulgari (semidomesticated) 3 
P. vulgaris (wId) 7 
P. sp (clos to P. nachrrhizoides) 1 

The most interesting finds from the Peruvian collections
 
were:
 

- the wild P. vulgaris. They have larger seeds in comparison 
with the Mesoameri can forms, although morphologically they 
are not equivalent to the P. vulgaris v. aborigenecus 
extending freom (uizo suthwards.
 

- the scmidomesticated P. vuLLaris. Two kinds of material 
were ose rved--escaped for-ms p resent in cultivated fields, 
and wecdv types growing in shrubhv habi tats together with 
true wild :orms. 

- the wild P. 1 natus. They were found on tihe eastern Andean 
slopes ami are morphiological ly different from the 
interandean forms reported elsewhere. There are thus two 
wild lima (Q. 1unatus) beans in Peru, of which only one had 
been domesticated.
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- the landraces of 1P.vularis. They are disappearing from 
that region, as mixture size become; smaller and lighter 
colors are becoming dominant--progresive subst[tution of 
improved vatrieis ., taking place. 

Mexico 

Tim field work was carricJ out jo itly wifth the inidad de 
Rccursos ;e11e ticos of the ln, t iLuto Nac c no de [nvcstigaciones 
F"ore:;t;ta] ,-, Agrijol e, v Pecua im (I ,\'. A total of 85 samples 
"'as cell] Oc t cd fromil s eve:ai sItos in entra-it ":icO which are 
undo log :'portant and reI an ivelv recent natmitr I vegetat en 
cI an go s; 

Species No. of accessions 

P. acut i foi in( v. tenuifol iis
I7 chi 1p s-,nus *1 

1' coccineuis (wi 1,, several taxa) 21 
t" e I-; aI *8 

t inc m ii I 

I p t st c1. 15 

I 2
 

' 1': M:,at *2U>;1 
111cZo%l ::,;r t l 
I edI c I uit 104 

t' i . 2 ta ;:)*2
 

P vulgaris (wi 1li) 6 
P .:oI oco t ; ii *1 

Important finds in this study include:
 

- for the fLrst time, 'ermplasm is now available for six more 
species (moarked *). 

- additirnal 1 of wild foundnatc iAI P. vulgaris in Guerrero, 
Oaxaca , andl Piel 1a would confirm previoLs observations that 
wild P. Yui prscnt in tie iluestaca arc More recent 

escaped aIt ,l 

- ve ra I v;itei ia!, o V P. coccineus cannot be considered as 
true ancestors tJi, runner bean; the presence ofof , ! "illet 
other sp. i theii vcinity indicates that we should 
look f,,r "'ides'" r(!scso!;sfU!F ing. 

- the most t,mdo oe red :,pec hs (P. cIipasanus, P. esperanzae, 
P. marechalii, 1P.perplexis, P. xoiocotzii) in that list are 
those which cannot survive outside undisturbed woody 
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habitats. A list of sites for in situ conservation of
 
several species has been established. 

Africa
 

The ongoing study of the African coilection held at CIAT has 
so far resulted in the following conclusions: 

- an important part of this col]ection is made up of breeding 
l ines. 

- a low proportion of thu coilect ion (51) is composed of rare 
phenotypes as judged Iy un usualI seed coior characters 
(green, ci t rne, flesi, grey). 

- the majority ol phaseolin typos found so far (for Kenya and 
Malawi) is of 'T', followed by the 'C' type; only a few 'S' 
types have been ound, most 1v in 1panami tos '. No 
recombinants have 'Leon discovort to Iat-o, nor have other 
types.
 

- the majority of he di-fferent genotypes would have been 
introduced from the Southern Andes, probably indirectly via 
Spain and Portugal. 
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Table 1. Phaseolus accessions to the germplasm bank added in 1987. 

P. 11!'.t. P. 
Region vulg. lun. coc. acit. wild Others 

North America 
United States 139 - - 5 - 26 
Subtotal 139 - 5 - 26 

Central America 
Costa Rica 29 - - - 30 17 
Guatemala 16 9 59 - - 50 
Mexico 296 - - - 69 -
Subttl 341 9 59 - 99 67 

Caribbean 
P ert Ri co1 - - - - -
Subtoral 1 - - - -

Andean South America 
Bolivia 64 3 2 - - 13 
Colombia .57 60 32 - 2 1 
Ecuador 7 - - - - -
Peru 137 46 8 - 20 1 
Subtotal 265 109 42 - 22 15 

Non--Andean Sruth America 
Argent in;i 16 - 2 - - -
Brazil 106 - -. 

Subtotal 122 - 2 - - -
Europe 

Belgium 22 2 5 - 40 2 
Bulgaria 411 - - - 3 
France 6 - - - -
Portugal. 105 - 16 -

Rumania - - 10 - - -
Subtotal 544 2 31 - 40 5 

Africa 
Burundi 86 - - - - -
Madagascar 6 - - - - -

Malawi 72 - - - - -

Rwanda 32 - - - - -

Zaire 78 - - - - -

Subtotal 274 - - - - -

Asia-Oceania 
Turkey 37 - - - - -

Subtotal 37 -.... 

TOTAL 1,723 120 134 5 161 113 
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Table 2. Status of the bean collection held at the C[IT Genetic
 
Resources Unit as of December 1987.
 

No. of accessions
 
Species 
 nt rodu ced I :c r,.,ised 

P. vuigaris 34,665 20, 7"3 
P. vulgoris wi Ii ancestors 410 357 

P. lunatus 2,835 844 
P. lunatus ,i 1 1 nncest  97 4t 

0 ic ii . In__cus 928 439co_ i CLS CCCC 

P. ccIc incus .uibsp. Po:lvanthus 460 246
 
P. cocci (2 scu1 il, :ncCs tors 102 24 

I. acu ifolitis 143 116
 
P. acutlf)I ius wi I, :nce!;to r 57 57 

1<IIu l-ct I, i\ittnd oi
1_. ,n.uc.'t I :ilinu, , _" !jp tous tachvus, 

g' iel n ; , . i fo i ,
I' .k m : c I, inn if1lo usq,i' !' 


1 g ihc r 1 1i I v 'Itinn'

1 edicelIlIa t .r u , 

1' iPlurif loru:4, L,.j-1-11v:-rioides,
P. P i P. soimorphls, IL'iiI 

P. ri tens iS, '. o:vii I fo I ,1 , 

P. tIIurckhir,ii , _wright ii, 
P. anahuticerlsis, I1.floribuindus,
 
P. negl.ectus, 1. st-T[itus, 
'.xar.thotrichus . parvulus 307 61 

Total 
 40,005 22,928
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Table 3. Country frequency of new Phaseous germplasm increased 
and/or r1cl, u miennred in C1AT's, grvenLous, in 1987. 

Region/(ountrv No. accessi0ons 

North Americri 
[n :Lc, SttLe,; 
Sul) total 

171 
171 

Centra !I\Aie rica 
Costa Ric'I 
Guat:ema la 
Mexico 
Subtotal 

45 
8 

439 
492 

Caribbean 
)omi, ni can 

Subtzota I 
Republ 1 ic 6 

6 

Andean South America 
Col ombl a 
I- nu (o r 
Peru 
Subtota I 

135 
12 

313 
460 

Non-Anden Sonth 
Argentina 
Brazi l 
Subtot'li 

America 
40 

138 
178 

Europe 
East Cermany 

B e i g 1urn1 
Blu] ga ria 
France 
Nethe r lands 

Portugal. 

Subtotal. 

97 
49 

460 
9 
1 

177 

793 

Af ri ca 
Burundi 
Madagascar 
Malawi 
Kenya 
Rwanda 
South Africa 
Tanzania 
Zaire 
Subtotal 

97 
6 
75 

2 
37 
28 

4 
87 

336 

TOTAL 2,436 
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Table 4. Percent distribution of the available P. vulgaiis germplasm,
 

according to 
seed color and growth habit (1987).
 

Growth Saconitecolor (1)
 
Habit White Crnmn Yellow Brown Pink Red Purple Balck Total
 

I 7.2 3., 4.9 1.2 1.2 2.0 1.7 1.6 23.5 

TI 1.6 1.1 o.4 0.4 0.3 0.4 0.5 7.2 11.9 

III 6.3 8.0 3.2 1.5 1.9 6.7 2.0 
 6.9 36.5
 

TV 5.3 5.8 3.0 1.6 1.4 2.3 
 1.7 6.2 27.3
 

Total 20.4 18.6 11.5 4.7 4.8 
 11.4 5.9 21.9 100.0
 

Table 5. Phaseolus seed distribution outside CTAT (1987). 

No. of No. of No. of 
Region countries requests accessions 

North America 2 12 404 

Central America 5 6 1,192 

Caribbean 4 3 480 

Andeon SoMth ,America 3 13 1,119 

Europe 6 16 1,549 

Africa 7 9 3,871 

Asia-Oceania 6 7 389 

Total 33 66 9,004 
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Table 6. Bean seed distribution within CIAT (1987).
 

No. of No. of 

Program rcquests acces;ions 

Breeding 1 14 14,001 

Breeding 1F 49 7,407 

Breeding iii1 15 1,982 

Physiology 11 3,086 

Entomc)!ogy 18 3,976 

Vjro1ogy 15 357 

1athLo1 ogy 8 180 

Econrmv 1 4 

Microbiology 2 3 

Farming Systems 2 25 

Biotechnology 11 333 

Total 146 31,780 
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B. AC(,ECOLOG ICAK STUDIES 

The aim of the Agroecological Studies Unit is to collect, 
manage and analyze inlormat ion on the target areas of CIAT 
commodities,. Tlhis i ntrm ttion includIes data (n soils, climate, 
cropping system and <;ucicloInk" actor.,r 

Dlur ir, th s. t,r ti. .,![ ipasts developedI a hierarch:ic 
approach to t he deiinit ion "I t:hie L,:r, t a rea ond the data 
collectiotn. Go I I st lovxi is a cntinental study of the 
grograph - r , crop, Kilning crop distribution and, by
combining thiq dis:Liibuti '. itnl sai s and climate information, 
comp !iing< . i p of existing crap _vi r 1i1e . 

Tii catalao K tier usd r" produce a Clanssiftcation of the 
environmeits ina i Lti crp i found. tnowing tie amount of 
the crop onl i .i, patent iialenvironmental subclass greatly 
assists this r A"ho':as ft a. ani ni theN he used to 
subdivid, c rca inato h, ,'csa, units for the 
su b s e q u e nqt Hi<,i.'!n i J, F iurt hle r Iit1". 1 l rl- td' a. The s e llI]it s 
ar c d e s ig n m , n:i<r-<FO!,i~ n . Nund l,,r m rh o,h,s is for v,to r in g 
cropping s's I , v tiaaron'(ch as Ao.iqm , pest inc idence, 
cultivarstsocgLatd a 10 I,Fi0 "s i in, al]so relevant 
socaicnic aahc as tm mineL i tnca Lti markets, 
teiiaincy t 't p,: . 

The ast st,le a be,h to -ouduct dat ti led studies within 
certain strict iv defincd areas to ret iiie thc Ata and to answer 
specific piroil ' put by mcmbers af thehBean 'rogram. 

[hi,- i-eport deal wiIthrhe i :r tgc af this process for 
beans in l.at in Arica which has occuied Cho Al' during 1987 and 
is now sti coom I te. A ont iL at. i 5iilrr'F'V of beans was 
produced n America V, I:aTOr nt[ coi" ya::; ( Annual Report 
1978-79) wha t vielded uqa.iil ino t t:aon ona, c aspects of bean 
climates b rAt proved imp,,;ihle to, digirirc and veiv difficult 
CO associate .La : Also, sincenoil information. tie information 
is almost ) ye a old, it was it Lided to i-ep,,st the process 
using the best t'chnique.i ivaila)e today. 

Continental -'tudv oi 
 Latin American bein distribution
 

For ea crn II v information on the area of production of 
Phaseolus bean.K was c:t racted from all available sources. These 
included national agric Ltura! census', agricu1tural production 
statisti-cs, regional e::tension publications and personal 
information from CIAT and national program sc ientists. 

A dot rep-esentan ion of bear istribution was constructed 
and matched to tie IAO SoILl Map of tiie World. 

Major and associated soil types were identified with
 
physical and chemical properties being tabulated for the soil 
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types included in the distribution, using information from 
representative soil profiles and laboratory analyses. 

The buan distribution file with, ident i fied soilI type was 
merged w.Iith the ta1)ulated soL 1 1)ro pu rt i e. CI imiate data was 
merged with the soils identified distribt ion file. (For 
detail ed i.nfo -. t ion on me thodo logy , coj iqt It CTAT' s Ag roecology 
Section). 

Results 

Some pre i i nary resulIts of the characteristics of Latin 
American beans ;oil are prec ented here. Analyses of the climate 
information, and particularly joint effects of climate and soil. 
are still p)rOc ed in and vi 1 be reported later. 

F"i gure" ] show d it O 1 areast ( tihe ci but i f bean 
ci assi fied LV CtCrta in so il pTp-orci . Ilost bean aol Is would 
appear to ave i uI'a1:t.e eve s o11 La;s inum i f we assume thia t 
levels from . to, U.) me t (I')'- are u f icient for the bean 
crop, nevertlt arI 15;' Io- the o,-,i Is are se riouslI 
deficient (less t h,is .! me 1l00g- ) I'he:-;e are mainly in Brazil 
(Figure I 

secoion p rev iou: I 
effective dr(nght t o i n1H2 11WC(h'aln isill vlichi operates via deeper 
rooting and more cif iciut tee extraticjon. It would appear 
(Figure 2) that this may be ineffective in about 20 percent of 
bean soils Iere ,ooting depth is to less 

T'I'e i eea pLy:;I o e r has rep o 1ted an 

wh,' potential restricted 
than 35 cm. Further !-tuidies of the interaction of rooting depth 
and soil texture with cl i n te are under way. 

So:il organic matter (Figire .') total nitrogen (Figure 3) and 
pH (Figure 6) will affect choe eficiency of rhizobium nitrogen 
fixation, both through direct effects of pH and rates of nitrogen 
mineralization. These effects will also be mod i fled by climate. 
No attempt has yet been made to analyze these combined effects, 
but the inforiiiation on file will allow such an analysis in the 
future. 

Figure 5 shows the levels of available phosphorus in Latin 
American bean soils. The data on phosphorus levels were obtained 
from a variety of laboratory tests but efforts were made to 
correct the readings to an equivalence with Bray 11. It would 
appear that about half of the area sown to beans has adequate 
levels of phosphorus, with greater than 10 ppm. About one 
quarter should benefit from either phosphorus fertilization or 
varieties with greater phosphorus use efficiency. These are the 
areas with between 5 to 10 ppm. The remaining quarter of the 
bean areas are phosphorus deficient for beans. A significant 
proportion of these areas are on highly acid soils in Brazil 
(Maps 2 and 3) however other important areas in Colombia and 
Mexico are not related to low pl. These soils are mainly 
Andosols which have a moderate p11 and high levels (up to 3000 
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ppm) of total phosphorus but because of- amorphous clay minerals 
are highly phosphorus fixing. 

The totla diwt r ibuti on of Latin American beans is shown in 
Map 1. A conside"cabil bdx of soails aid : limate dLata are now on 
file to describe theSCs t trcs-. uch ai I vs s sttill rema in to be 
done and the next ch1allenge will be to construct a useful 
envirorn eiit- 1:t 1 o; i-i c t- ion. This ,i I proceed in close 
cooperat i on with bean tw in s cientist:s. 
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FIGURE 1. PUfASSIUM
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FIGURE 5. AVAILABLE PIOSPIIORIUS 
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C. DEVELCPING METHODS FOR UTILIZING GERMPLASM
 

1. Biotechnology
 

The range of genet ic variahi ltv available fol the 
improvement of ',,aseols. vii , ; is large. Plant breeding has 
been succes.ful l ti n171 li, ,a!-iahi :ity selectioniut tI tLroigh 

of pl,'iit;',,'i tihtIs rJ 
 I t- :i0tAi rs -irt ic i t ion between 
parental i'r , i I" c, hos'we'er, I italtitions inl the
p'recis;ion .owl, :q;""A .vi{ V/ ' trafitA can W; idenmtifiedwich i pt>e" 


anld ' "I' 'd ill a],1 I ols,1 ll LI i, ! [I1co (' t-. [ 'I t', : iI I 11dn 
sxt2:, :, ihnlnge
S g-,gtt in)g 1 l it Pt[:ti . W:. N: ir K ;, Il o gene' 

I) ' LU 0 "! I "_ r' t a i 1 ' ! (1 t: t )t I i- I il1l1t i Jtdu(" Vo ' eci t I iS 
i n c o u.p~ h a rr,, r- u , , in c'o i th i cr o s, ,s; n
l t in );l ie s a n mp a tv vu', i t i s ,,t t eo 


di l iCu 1. ii o ii I t !lill:l 2 tu f't'1en s' f i.h io v aiout- t ropa I c 

In the l,ir '. v,'Ut2 -, ,1 :iboraLti ve eflr rts we re initLated 
between the tf uichnl, gy Resai>'rcl UInit (Bi',U), Beuan lrogram
Scientist-s, LU' Is [ii: i ir'ss [it ( L',) anti s ( lit i st"4 in 

advanced iu Lit t-it'll tio iex Iup mel tlio log i cs t -- ,:pandiingr the 
gene pool cc,,W-;::lb C tir plint Kreeding. 'Tiis collaboration 
inc 1 I ,I I' :,5w i n thI o 1 ow in ;n:ii- ss : a) tove lhipment: of 
b Locle ic ; c : i(iit inn 1,1ie sil slt) ") and rto]o lecula 
(DNA-restriction i gimr ri ,1,ntli ptlymt' iolllismis: RFi'ls) markers to 
charactri e goles pt,' , tt traick genolilic evolution aid dispersal 
of commloln he n g..rnpl<.i511, tot dev,, elo p linkages w,,iti apgronolfically
importLlnL Vrii-L nt, and( t~o cons'-trutl get~neti c" )lnkagge map.sj:4; b)
 

recovery o- IWN fioii.' p1:.n r n r- andi inter-speci ic
 
Ihaseulu'; spp i ri',' tx- sait u
t s cuiltuire tecllniques;

lo aJ!~ " i1 l1tes i l n Ph a s e o l u sc ) d ev e, p m n o Ip n r .w.; !1 t 1 - ;li t ) l I:.1 ( 

tissue ('iul U ;A SrIp (q11is f forIto exploiting non-sexual_ 

methods tr :ie protducti on o1 genetic variabilitv. 

Tim' ;o5 E iriportlint highl ights of this work are stinnla rized 
b e Iow. 

Biochemical and molecular markers
 

a. Seed proteins
 

As nart of the Il)-unded col aborative project between 
CiAT and the [niversit,' of Manitoba, Canada, a procedure based on 
acid plolyvcrv1 muide gel electropho resis (acid PACE) was developed 
to characterize common he:in germplasrm. 

Sixtv- 114cr acc"tss i ors grolpedI into I,/4 c(OlIflIOln nales were 
provided by the (IlU for ec ctrophoretic analysis. Out of the 14 
groups, only 4 di splaxi tLhe same banding patterin, while 6 groups 
were separated into two electrophoretic patterns, 1 group into 
three patterns, 2 into fi ve and 1 group comprising 24 accessions 
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(Flor de Mayo from Mexico) was separated into nine 
electrophoreti c patterns.
 

Single sjcd analvse. showed interseed variation in about 25% 
of the accessions, in contrast to 4;, vis[be variation in seed 
morphology. In most case.& however, variation was limited to one 
out of ten seeds and referred only to one or to bands. More 
work is needed to F ind ,u the nLature of the variation in the 
acid PACE1. patterns of s eed proteins. 

Analyvis ol WNdi&ia1 seeds collected from different plants 
of the sar.e varit'ty, and from different pods of the samn plant of 
highly inbr-ed c"Iti vars (AbA, :nd AB 7) showed no diffe rences in 
electrophortiCLU pnttern;. Tb sugghsts residua I hetorozygoci ty 
as a possibl r cause Qz r intorseed variation. Therefore, 
into seed anli s\s may be necessary prior to cultivar 
identi fication. 

b. Phasonlin markers 

Phaseoln, i high molecular weight protein which represents 
40-601 of the storage protein in bean seeds, has been used as a 
marker for tie geographic distribution of common beans in the 
major centers of diversity. At present, seven electropioretical
ly distinct phaseoi in types have been desc ribed: S,T,C,I,A,M and 
B. These have been related to centers of domestication, e.g. 'S 

phaseoIin are present in Mexican beans, '' in Southern Andes, 
etc. 

Work was initiated this year in collaboration with the GRU 
to use electrophoretic anialysis of phasen]in types to follow the 
dispersal of common bean cult ivars from its center of 
domestication in the Americas to East Africa. Out of 39 
accessions from Kenya, 26 had phaseolin type 'T', 7 showed the 
'S' type, and 1 had the 'C' ph-aseoIin type. From 81 Mal awian 
materials analyzed, 58 showed the 'T' phaseolin type, 12 had the 
'S' type and 11 had the 'C' phaseol in type (Figure 1A). These 
preliminary results suggest that most southeastern African
 
materials were possibly introduced from the southern part of the 
Andes. A few phaseolin types have been found whose 
electrophoretic pattern differed from the typical 'S', 'C' and 
'T' types, suggesting the occurrence of either other molecular 
forms of phaseolin or new genetic combinations. 

Although electrophoretic phaseolin types can be related to 
the major centers of common bean domestication, they are not 
sensitive enough to detect variability among accessions having 
the same phaseolin type. In collaboration with Bean Program 
breeders variet ies with the same phaseolin type were analyzed 
with the acid PAGE technique. Discrimination between genotypes 
was possible and furthermore, band polymorphism was detected 
(Figure 2). Genotypes having clear polymorphism will be used for 
analysis of protein banding patterns of their progenies. 
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c. Isoenzyme markers 

Isoenzvmes can h used to study the relationships among the 
common bean gene pools and estima te the genetic distance between 
the gene pools. anesd on morphological data (seed size, growth 
habit) and ecological adaptation, dry beans have been classified 
into various genepocls. Gene transfer between some of the pools 
is difficult, e.g. transfer of high yielding potential of small 
seeded to 1 i ge seeded cul tivars linderstand inn of those 
relationslips at the isoenzyme level should give insight for 
future e:.pans on of the ava ilable gene pool in Phaseo us 
vulgar is. 

In col lahorat0on with Bean Program breeders, work was 
initiated thLis year to conduct an eectrophoretic survey of 
isozyme varia tion amoni ]aladraces from Peru, CentraI Aerica, 
Mexico, Af rica, the ,'.liddite East region and advanced lines. Out 
of 12 isoenzmes , wece sol cted due to their piolymorphism among 
materials ut ticc n ,i !,.,gIn,s Figlue 1B), Over 200 materials 
have ar1lrea v he cii sore ec'ed ;nd (Iat a tiik n From many loci. Enzyme 
pattorn,; , V:I:! ooen r ro between lines ofFi F., c mes 
differen't ,enc poois wfil h vi naird. 

d. DNA- rLstric' 1 0ri Frq;wnt !wanrLh polvnmrphism (RFLIPs) markers 

In contrast: to morpho Kgi uc&i mar!"kers, molecular markers 
(isoenzymes and HWYi.Ps) are naturt-ul v occurring, are codominant, 
and their expression (isocn:'.vmes) nr p-c:: ence ( }I Ps is not 
influeccud b the environlentL and tpiscoLic into ractLons. The 
segregation of :n infinite number of these markers can be studied 
in a single progeny, thus alIlowing tie stud, of the entire 
genome. Mol ecul a r ima ro on bu used to tag genes for 
qualitative and qant Itatire traits: via inkage analysis and used 
as effect ive seloction critcria t:, accelerate the transfer of 
traits into comperc ial cul ivars. 

With the -;iupprt of US-AlI), a collabo t ye project was 
initiated tis vear with scientists (E. Val vjos, project leader) 
from the Univesint of Florida, Gainesvil Ie, to construct a 
saturation linkage map of DNA marl.:ers (P.- iPs) hor 'l'iaseolus 
vulgarl,. 

Seg rega t ing progenie between two polymorphic genotypes 
(provided by Ci A) have been produced, and a number of cIlNA and 
genomnic clones for detection of RlLPs have been generated. Over 
25 cDNA and 'ten oi ic clones bare been hvbridized to restriction 
digests of Ca 1.a' and "XR- 235-1'' Out of these, 11 have shown 
pol.morpii s between the two lHnes . The use of those two lines 
will al.1ow tih. niapping of the major gene for resistance to 
Xanthomonas Lnptris pv. phase ]i which is present in line 
"XR-235-," Firthermore , probing i)NAs of an F, progeny which was 
scored for disease resistance has begun. 
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In vitro culture to recover wild P. vi aris crosses 

Collaborative work with the GRIU was cartried out to recover 
viable hybrid p1mt from various crosses of wild, weey an:1 
aborigeneun 1' v_ ga is types. in LII cv etA, \,as (whici would 
norma1 y abho t) ,,,ere exc ised t rom young pods after 
cross-ferili:ation aid ntimulatud t " grow into ldlints in an 
artifici:.', sterile, nutn ent medium, fable I shows that viable 

rescued otilair difficult making 
such h , [id, va A f,o r util ::a ton in breedin'. 
plants can he lyrn ie crosses, 

i;bllr%,, cii[I hF it;e-; beea to P.Lul- ii ai1;O used recover 
cocc:ineus -it ver sped which otherwLse would noti-ccston- o'1,id 
germinr'te. Plnts iI !Q gtri-Lyp,:-; have been EoVed to the field 
in'lP pay r by ,P1 sci ni . 

Towards a Li ,vit C \ he.ins,nt VI inii 

Ihe da' IoFimli: it oiI - tii.sue ,.'lture cycle in Phaseolus 
vulgaris is 1 nt- es senuti.a s;tep for undertaking many 
biotechnologi' 0: ippA;;i('i,_'-; witihx.' bean:-;. 

A tinsule cltur'e rvCc u L]V Inv'Lvsthe ustil] isiiam rt of a 
de-differentiate-d eel I or tissue cult:ure, pcol ifurat iou foC a 
number ei* ce li generotions, aid the subsequent ret-eilera.t LII of 
plants, 

'Thus, a perio d cf essent ia 1Ly d,-different iated cell 
proliferation is imposed between an explant (initial plant part) 
and the next plant regeneraLion. 

Induction of in ion be readi lv withNO-i1 ff L2nti.t can done 

beans, but this species has rOOL.sitCed thet reeneratio, oi-e.s It 
has been recogn i rod tha- regoneration is a trait Vndlor simple 
genetic contr , 11,C:' it: is reasonale to be]ieve that in the 
case of ' vu i i i :i'h , trai t y have ben-. lost, or 
selecti'v I ta-,iF, ,?, , a1( t 0rtd Lhli lngh)lt 0cr d) odoiller -cation. 

There [aic,,orn, litpro1ch woo 1ld be Loi z(-,r ee L, vi].d 
relative- A K vul i a p lant roe enoc:1t ion under -eined 
culture coniLio, 

Cot o'' iln - nodes f gflIerl nate d iliaLu' seoUds (to several 
wild rejativc,; ot 1'. vu].aris, were used as primary explants for 

Lure. t ormed whichcult. A q-, I:- c'1 lis on the e::plants, upon 
sub-cult ur' inraoe;d :n mays; ideep green ,;pots formed on the 
callus 'hi11- t-licri diitoFo ntiawt d :i nan%, lud initials. Uponm(1 
transiel to 1 d fIicrt::nt tmrde lu , buds i].., 'Ppcd complCtei into 
plantlet- (Figure A). 

In s lnr,t,, epu iment-, immaturo erilr (6-1! days- after 
selfing) of P'. ,,,ulga: and P. unatus were dUssected out from 

cutIur,:d :-rL friablepods and in c 10(,n'.. A callus formed, 
and after transfer of the callus to a medium of different 
composition, somatic embryos differentiated from the cal lus 
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(Figure 3B). These are the first efforts of successful plant 
regeneration in wild 1. vulgaris and induct ion of somatic 
embryogenesis from 11. vuilgaris and P. lunatus ca llus cii tures. 

Lstil 	 L. n'The r t;I; (lA , p 11 those from other 
laboratories i t: w i I CAT(I has es tb] i f Ci(collaborative 
projects 1cad us t nel ieve that r-outinu pi nt i ogeneration in P. 
vu.i.aris i.s nt v rr away. These tW: Iques wIl I pave the 
way to non-so:-:U,! I p- odt(' t.Ion oC genetic variab lIlt v as well as 
other genllt ic :1 : pil i:::t:io:ii5 in 'haiseolus. 

Collaboralt iv\, ,o>"ea ic 

1n th, 1,:t , years , collaborative research projects have 
been es tab] lls 12d %i t o her inst :itutions where capabii ities for 
undertaking -,p,c i f i c research have been identified. Current 
collaborative proj'ccc: include: 

1. Proj ect: 1 ect-roplolretic characterizationl of P. 
I'tilri getmplasm 

Institution : 7n vL rs ity of Mainti~oba, Wnnipeg, Canada. 
Funding : IDRC 
Period: 1985- 1087 

2. Project: 	 Tissue cnltire regenerat ion in Phaseolus spp. 
Institution: 	 instituto di iologia Agraria, Viterbo, 

Italy. 
Funding: 	 Italian government
 
Period: 	 1987-1990
 

3. Project: 	 Development of molecular markers in Phaseolus 
as Breeding tools: Disease Resistance.
 

Institution: University of Florida, Gainesville, Fl., USA.
 
Funding: US-AID
 
Period: 1987-1990
 

4. 	 Project: Identification of gene pools in P. vulgaris
 
germplasm through biochemical/molecular
 
markers.
 

Institution: University of California, Davis, CA. USA.
 
Period: 1987-88.
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Table 1. 	Recovery of viable plants from P. vulsaris wild and
 

aborieneous crosses by means of immature embryo culture in
 

vitro.
 

Type of cross* 	 No. of No plants
 

crosses recovered
 

1. Wild P. vulgaris X P. vulgaris var. 1 1
 

aborigeneous
 

2. P. vulgari, var. X Wild P. vulgaris 3 11
 

aborigeneous
 

3. P. vulgaris var. X Weedy P. vulgaris 1 1
 

aborigeneous
 

4. Wild P. vulgaris X Weedy P. vulgaris 1 	 2
 

6 	 15
 

* 	 Crosses made and material provided by the GRU. 

Germplasm collected in Argentina, Peru, Mexico and Colombia. 
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Figure 1. Phaseolin and isoenzyme markers to monitor
 
the dispersal of germplasm and characterize gene pools.
 

A., Analysis of phaseolin, types using basic PAGE: (a)

,


reference phaseolin 'S, 'T and 'C' patterns
 

(arrows); (b) phaseolin types found in germplasm
 

accessions from Malawi. Note that accessions with
 
phaseolin type 'T' predominate.
 

B. Electrophoretic isoenzyme variation of material from
 
various genepools: (a) Diaphorase; (b)loC,8 esterase.
 
Note polymorphis.,lof isoenzymes shown by many accessions.
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Figure 2. Comparison of electrophoretic patterns of two varieties using
 

basic (A and B) and acid (C and D) PAGE. Although the two varieties have
 

the same phaseolin type (see figures A and C) they differ markedly in
 

their basic PAGE patterns (see peaks in areas a and c in figures B and
 

D). Areas and peaks of graphs were obtained through integration of
 

readings using a computerized densitometer: band migration shown on
 

horizontal axis and band color density (absorbance) shown on vertical
 
=
 axis. A and B Calima; C and D = Tundama.J
 



Figure 3. Development of plant regeneration techniques
 
in P. v. A. Organogenic callus (left) and shoot
 
differentiation from callus 
(right) in wild relatives
 
of P. vulgari. Arrows point at bud primordia on
 
callus. B. induction of somatic embryogenesis on callus
 
of Auloaris. globular and
Arrows point at

heart-shaped somatic embryos.
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2. luterspecific Hybridization
 

objet ccv 
(Belgiurm) Ls tit gen ic im:r-, : tm K. yja ,ri s through 
interspecific h hr id P at ion . I I ,d Intiir palee1t's , ;. 

Tlhe mai ve o 1 ti" p' 'l- t:,t-wor (1,V1 and (mbloux 

Iiti' 


COCinouts anI I in nrny s u l,.--aef 

charac'teriistic'n Pa<r ,un-prwn: ,,,i ,-vp,wy '. p"ie: s-td. A [te ('nmlmron 

.. , , 'r'in
bean gnsn: , , ' '' K. l i. reuires as 
a t r rlevtquli:: ! ,! 't,' :;1, ui1 Ii c i,',,L , CV1',,!I'Uuli on , thze P. 
coccinl, in! . t h 7i (Ste "ImprovingP:.''iIts' nll, Ai iv A 

,ccc ]i ,,i manyI.t i ne, s_ po li ilnc' ;1d. l 

hiighly\ !lElt,'iii'l l dtI,. t o the floral hiology of the 
scarlet runner 1KLa-, i nId lie - tn contiuues, in advanced 
generatins. 

Tie hruedin, .cheme ridoprtt)td i s a mechod of cumuli ive 
selection which ivo,.[lve. Heonreslc geune;icen after geCeration 
and int erbreeding f selected plants. Ihe broeding methodology 
includes tie i-ic]lectLicn o the . individual-o lowing steps: of tn 
plants for Yield dnd disease resistancc, and tho faoring of 
interbrecing of the ovinced lnues - The ultiMit L goul Is to 
provide adantVii i:n; t" the beaniu breetr; fto the I. 

Screonin, fvr bea-i!lv (±hi vin hAiscol ) si taice 

Iri 1 F3D v )-'7, 1i!i) i t -r; p Pci ic hv r i d I .nes betwec n P. 
vulgaris and P coca.inu.s -, &'t in A. .. 1,). C. (Taiwarl) by Dr. 
Talekar for ntf Iv re'.;tanc, wr planted in Palmiru for 
multiplicatin NO', ,'v ical elction. 1', secds from 307 
selected p L:tt- ent I to 'aiwan ! o iturteh'it 
and beanflv rps lanc t - luction, 

oar 
done in Ta Cirtv-niu of 221 lines aned:ium 

Screening of l, A iet geneot itons (F. and K,) was ol so 
Iwan. m pre.rnted A or 

higl level aif rtist once antd were selected. Seeds fro: these 
selections were sent to CI AT and have been planted in lalmira for 
agronomical1So I ction. Results of the screening made in Taiwan 
are presented t in Tables I and 2. 

Rio Negro ](I9H , 

in ,io Negro, i8 F., populations and 48 F"6 to F, populations 
of interpac ific direct 'hybrids (P. vulgaris x P. coccineus or P. 
polvantitus) were planted for Ascochvta resistance evaluation. The 
trial addtitonally included two F and 12 F- complex hvbrfd.s (F 

( P. coccineus wild form x P. I"uLgaris) x P. polvanthus .x
vulgaris; F: ( P. coccineus wild form x P. vulgaris) x P. 
coccineus). -
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Architecture, adaptation and productivity were also observed 
and 107 plants from 7? populations were selected. In relation to 
their precocity ind resistance to diseases, the most interesting
hvbrds wor : on,, M, rtino x X7 (F-,), three Ecuador 2d9 -.: Pilov 
(F 6), two (Mi Wt7 :Y:Woerrtj 1259 ( '') , one NI y G (F8 )141 (x 5174 ,
four San artin " i'ilov (,) and one (NI 889 :- 1) IV4 ) x Ni 15 

). e most adtvanced generations were given to theSCeuds oft th 
breeding program and tie earlier progenies were included in 
further see ct ion trials. 

Popayan AM 

In Popa'.an, the plant ings of the second semester of 1986 
involved FI to FQ direct and complex hybrid populations. 

TIL.! 11) oge iv inc ludes 2? direct hybr ids P. vulgaris x P. 
pol'anthus, threw comple:-: hybrids ( LI. purpurascens x P. 
vulgaris) x L. po Ixanths and two complex hbrids [( P. coccineus 
wild form K vulgari) plvanthus P. vulgaris, made toz i .K x 

introduce resistance to A\cchvta into P., ul,,' ris. 'Tle direct
 
hybrid plart wer el lfe t' inlcr-as the -ocd produnct ion. 

In i-he !" nt:; t dn:c tF,, Ipl I cc popf!tliti :id nine 
plant:; Crum iF-v,-rvn hybrid popuiat ion:- ere !'[ 1c t'rid forIrt " 
Ascochvta rc.;istance. I F el>& wr: plntd iin lpavan to be 
evaluated during thei I t aester "I M y. 

In m!:Ore advaunced prop0-licm indivirus select ion was made 
for disease resi stinc e ( n'ini A' 'oc1xvLa 1e zf spot) and for 
other characters 1iF arcii tecture and adaptat ion. Some 36 
plants From 27 populati s Vre clccd in the 1 , as well as 22 
plants from 17 popul tiotns oi the F,, 1) p1 Unts from eight 
populations of the F'8 and 17 plant s froi eigit populations of the 
FQ. SeeiS ave been givei to the breeders of the Bean Program to 
Ke included in their selection trials. 

I'opa-an 19)87 A 

During tie first semester of 1987, the F progenies included 
130 direct hybrid lines P. vulgaris x. P. polyanthus or P. 
coccineus and 44 complex hybrid lines. Table 3 shows the number 
of lines and objectives for eachi cross combination. 

In the F,,, 2( plants out of 50 P. vulgaris x P. polyanthus 
populations wre solectucd for their reOs stance to Ascochyta sp. 
The 3 'scds wi 11 h P lan ted in 1(opayan to be eva 1ua ted during 
the second semester of 1987. The more advanced progenies 
incLuded 5 and F, populatioins, that were screened mainly for 
di seae .es stance, architecture and adaptation. Fifty-two 
plarnts fri m 109 populations in tie F and 14 plants from 32 
popul;,tior in the F, were selected and will be planted both in 
Popayan and Rio Negro for the next selection cycle. They are 

http:Popa'.an
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made up of both direct and complex hybrids. Details are given in
 
Table 4.
 

VEF 19h (Bean ()nro'mr Nurs- ry) 

Threc. ddvauccd lines I- two compilex crosses were included in 
the VEF thi , year. They are indeterminate ciming types and 
Came ic 1 -I:! trial Palfliru during 19B(0. Theyn o a: ptati in ra 
include Ie l 1g) NI x 2.4] NI ( ( 1.(N 1 N f,7) BAC x (1% 
coccineus wi lI forti x)-:!'. vulgari S) X ). Vtl garis I X P. coCCineul-s) 

line (paI el -o n : 3 two (Ni (; 107) x IAl 24 (( P.h r eiie :inl 
coccineun; wilId ,ra - ' vi a ris) x P. vu! Ii ri) lines (cream 
with brwn spept m ,yc , ., re t y.' See r pc ye 

EII 1087 (I PM i : xi t r i - I 

Fu o l iv',- i rc-c l rid P. vulgarI.s x P. coccineus 
Sineu; iu LULCdCL it VII'F 1')8( were se]ected for their good 
reaat Io to ',-mm'on i cter-ia] lhl ight, antlhacnose and angular leaf 
spat. TheV i17 being evaluated in the FP during 1987. They 

include two Aete 1/'38 x M 7689A (red and cream seeds) and two 
I(YTA Quetzal : H 7285 lines (black and brown seeds). 
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Table 1. 	 Distribution of resistance to beanfly of 221 P. 
vu.]garls x I'. coccineus lines for their resistance to 
beanflv in Taiwa. 

Category No. of l ines % of lines 

IIS 30 13.5 
S 68 31.0 
Il1 84 38.0 
MR 37 16.5 
HIR 2 1.0 

TOTAL 221 	 100.0 

I. 	 IIS = high susceptibility- S = susceptibility; LR low
 
resistance; MR = medium re!;istance; HR = high
 
resistance.
 

Table 2. 	 Identification of the best F and F8 P. vulsaris x
P. coccineus lines selected ?or beanfly resistance 

in Taiwan. 

No. of Resistance 
Identificat ion Progeny I in.; I evel 

Pasto x G 	 35}22 tK. 4 MR 

2 HRBAT 338 x 	 4-1 F7 

MR
BAT 338 x 46-I F7 29 

X23-3-66 Cafe x G 35023(A) F8 1 MR 

78 VEF 1176 x C 35075C(A) 	 1 MRF7 


X 28366 Cafe x G 35023(A) 3 F8 2 MR 
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Table 3. Number of lines of the F1 progeny and objectives
 

for each cross combination in Popayan during the
 

first semester of 1987.
 

No. of
 

Cross combination lines Objectives
 

P. vulgaris x 1_.polwyanthus 35 Andean zone 

31 East Africa 

23 Multiple resistance 

P. vulgaris x 1P. coccineus 14 Multiple y-es istance 

23 	 BGMV resistance 

4 Beanfi y resistance 

[( P. coccineus wild x P.
 

vulgaris) x '. poelyanthus] x 

P. vuguaris 	 4 Andean zone 

5 East Africa 

14 Ascochyta resistance 

(P. coccineus wild x P.
 

vulgaris) x 11.polyanthus 5 Multiple resistance
 

(P. purpurasccins x P. wlgaris)
 

x P. coccineus 6 Multiple resistance 

(P.. purpu rascens x P. vu]garis) 

x 1). polvanthus 6 Multiple resistance 

(P. pur purascens x P.
 

polyanthus) x P. vulgaris 4 Multiple resistance
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Table 4. F3 and F4 selected lines during the first semester of 1987
 

at Popayan. 

No.of 
Cross combinations Parent idemtification Progeny lines 

P. vU1garis x P. polyanthus Kirundo x NI 757 F3 3 

Urubonobono x NI 757 F3 15 

Antioquia 8 x Ni 757 F3 3 

BAT 1297 x N1 1015 F3 14 

ZAV 83102 x NJ 757 F3 1 

A I1t!' xHIN105 F3 13 

Antioquia 8 x NI 1015 F3 1 

(P. purpurascens x P. (NI 552 x ICA-Guali) x F4 
vulgaris) x I. polyanthus NI 757 

[( P. coccinous wild x P. [(NI 889 x NI 637) x F4 2 

vulgaris) x P. Iolyanthus] x NI 758] x VRA 81043 

P. vulgaris [(Ni 889 x NI 6:37) x F4 5 

NI 1015] x Ni 1007 

[(NI 889 x NJ 637) x F4 2 

NI 1015] x A 114 
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D. IMPROVING YIELD POTENTIAL
 

1. Yield Physiology
 

Germplasm improvement is the objective of the Bean Breeding
 
Program, and is facilitated through a series of independent 
breeding projects. Research directed toward increasing yield
 
potential in 1987 was carried out via studies e:n genotypes wth 
erect a,-cnitect: re combined w[t inttens ive a gronomic management 
including use of narrow row spac ings. Reseo arch in previous 
seasons ird.icat ed that while vegerative growth , part icularly 
before flowering, waq grea tly enhanced at 0.i m vy 0.6 m row 
spacings, vield increase:; were only in the order of 5' to 10Z. 

One pos ;ib I exp lana t ion is that vi th intens ive management, 
bean crops dcevulop excessive leaf area index (IAI). Evaluation 
of LAI in two triak 4showed maximum LAI-; of 4.7 to /.5 at 0.3 In 
row spacings (Tab , 1I, these values consideraD lV exceeding 
estimated optirma A 4 . for bush beans,LAI f A to 


Lodging was also suspected as a factor contributing to poor 
yield performance since previous studie s suggested lodging could 
cause 201 yiel(d reductions, and since severe Lodging has occurred
 
in row spacing trials, notwithstanding inclusion of genotypes 
with more erect architecture. However, in a first attempt to 
quantify effects of ledging, no difference was found between the 
control plot with natucal lodging, and plots where lodging was 
prevented through use of various systenms of horizontal supports 
(Table 2).
 

Combined with previous stud ies showing no or negative 
response to split nitrogen appli cations ;n crops with 0.3 im row 
spacings, these results indicate that existing bean cultivars 
respond to narrow row spacings and hig: soil fertility by 
increasing partitioning to leaf growth. While such a response is 
probably useful for conditions with poor stands, weed 
competition, or other production constraints, it seems to result 
in a severe limitation on yield potential under highly favorable 
agronomic condi:ions. Future research will test this hypothesis, 
placing particu ar emphasis on understanding the nitrogen balance 
of bean crops. 

Complementing this main line of research on yield potential 
are continuing studies on specialized problems related to yield 
potential. These include the relation between seed size and 
yield, efficiency of pollination, and strategies for increasing 
yields of early maturing cultivars. 



-----------------------
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Table 1. 	Maximum leaf area index (LAI) and seed yield of three
 
genotypes grown at 0.3 m and 0.6 m row spacings, in two
 

semesters 	 at CIAT Palmira. 

-LAI Yield 
Cenotype 0.3 m 0.6 in 0.3 m 0.6 m 

kg/ha-------.
 

Semester A
 

ICA Pijao 6.7 5.2 2440 2250 
BAT 477 4.7 3.9 2540 2250 
ICA Linea 24 5.7 4.0 1790 1740 

Mean 	 5.7 4.0 2260 2080
 

Significance level of effect:
 

Genotype C.Oi 0.01
 
Row spacing 0.01 NS
 
Row spacing by genotype NS NS
 

Semester B
 

BAT 477 7.5 6.2 3380 3010
 
BAT 881 6,5 5.6 3050 3020
 
Porrillo Sintetico 6.9 6.5 2920 2870
 

Mean 	 7.0 6.1 3120 2970
 

Significance level of effect:
 

Genotype NS NS
 
Row spacing 0.05 N3
 
Row spacing by genotype NS 	 NS 
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Table 2. 	Effects of artificial support on yield of cv. ICA Pijao
 
planted at 0.3 m row spacings. Support consisted of
 
polypropylene twine layed in horizontal grids supported at 
varying hjighlt:s. 

Grid size 	 Grid height Seed yield 

m m 	 kg/ha 

0.3 x 0.6 	 0.3 3310
 
0.3 x 0.3 	 0.3 and 0.5 3380 
0.3 x 0.3 	 0.5 3200
 
0.15 x 0.3 	 0.3 
 3300
 
Control (no grid) 	 3250 

L.S.D.0.05 350 

http:L.S.D.0.05
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2. Yield Breeding 

Morphological, physiological, vyield and yield components 
have often been suggested as selection criteria to breed for high
seed yield. In earlier studies sulections were made for plant
type, leaf, node and pod numbers, and lea f size due to their high
positive association with seed yield and due to their relative 
ease to select. iHowevur, contrasting lines thus developed did 
not signific antl Outlti eI the convenitio nal cultivaurs under any 
of 16 gcrvtypu, densitV and envi ronment c:ombinations (CIAT Bein 
Program Anna a! 2up rt, IY87). 

Among p a r-a n t plysio iog i ca ra i ts, total biomass,
biological f-ficienrv, 1,:af area dura tion, harvest index, and 
seed Veld/da Nr reported t o he highlIy and positively
associated W U! !;-wl viuId. But their usefulness as selection 
criteria for beel ,iu r higher seed yield has not been 
demonstrt d, in tu ,mmon hun. 

iLhii tle past KeVtra years studies have been underway at 
CIAT t, larit v the role that vield and yield componunts play in 
attempts t-- inuruase vWeld potential . Before summarizing the 
results ohtai ned to daLe it may be useful to describe different 
gene pools i and in cul t ivated dry beans and their vield 
potenti Is. 

Based upon the occurrence and concentrat ion of gene tic 
variation in its cultivated, wilId and related species it is 
general 1 y accepted that Phaseo Ius beans originated in the 
Americas. Wild and cultivated common beans are distributed from 
northern Mexico to ehe southern t ip of the Andes of South 
America. Among the cultivated tvpes groat var i at ion is found for 
growth inib it and otlie mmorphological trai ts, seed 
characteristics, adaptive turesfe and yield potential. But
 
variation for tliee traits is not distributed at random. For
 
example, there 
 ,r- at east two principal centers of
 
domestication and diversity; one belonging 
 to Central America and
 
the other to And ean South America. Smal1 and large seeded beans,
 
respectively, belong to these i 
 regions. Based on other 
morpho-agronomic characteristics, germplasm from each of these 
two centers can be divided into six dif ferent gene pools. A 
summary of ecological area of adaptation, seed characteristics, 
crop duration, and existing vield potential of 12 gene pools of 
common cultivated dry beans is given in Table I. 

Morphological ly and genetically, snap beans are related to 
Andean germplasm and can be grouped into two additional gene
pools (determinate bush vs indetermi nate semi--cl imbing and 
climbing types). From Table I it should be clear that in growth
habits I and IV, there is apparent lack of any association 
between seed size and yield potential. But small seeded types II 
and Ill of Central American origin have much higher yield
potential than their counterparts from Andean South America. 
Also, F1 hybrid dwarfism and problems of genetic recombination 
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between the two groups of germplasm have been reported (CTAT Bean 
Program Annual Report, 1983). Therefore, it is essential to have 
a thorough understanding of the genetics of ,ield, combining 
ability, and nature of genetic recombination between and within 
gene pools in order to be able to fully exploit their existing 
potential for vield breeding. With that in mind studies were 
initiated for Central American gene pools suitable for sole crop 
sys tems. 

Results from two separate genetic studies (involving 
nine-parent complete diallel analyses and the N.C. Design IT 
mating system involving 80 parental materials) indicate that: 1) 
while in the F I both additive and nonadditive gene actions were 
important , whe rea s in tio - F,, and subsequent generations only 
additive gene act ion w '-spo-n1sibles for the inheritance of yield 
and yield components; ) th it narrow-sense lheritabiIity of seed 
yield and peds/p Ian t waI low (33-391), seeds/pod was moderately 
high (5571, ar'd that o: -eed weLght wa-, Very high ' 85); 3) that 
expected genetic gain. I - were pos-itive and high when-vicll (67) 
seed yield p'r se ind s5_00(1 weight (75) were used as selection 
criteria, hut correlaited r ,o;1s-'e for yi 1 d wo- I t I r negative 
or nons i gni fican t wh,n indirect se Iect -ion-; we ri made for 
pods/plant and sOeds/pod--thle two tra its positively associated 
with seed ield; !1) tlhIt the ma Jority of sma II seeded commercial 
cult ivars, holt- t:raditional a-d ne w releases, e:-tens ively grown 
in Latin ,Amet-lca and used as donors of desirl) le resistances for 
many p r duc tI ion i mi t ig factors , possessed negative general 
combining abii ty (GCA) Icr yie I d, ad 5) that their GCA and 
yield potential could be improved by crossing them to some 
accessions from semi-arid liigh1ands )F Mexico (gene pool. 5). 

This informat ion was used to design two different selection 
experiments for \ield under high and low stress environments at 
Quilichao and Popayan. Two hybrid populations involving parents 
belonging to siialil seeded gene pools 2 and were utilized at 
Qui].irhao. Six crosses were utilized at Popayan; 2 each of low, 
intermediate, and high yield potential. The first two groups of 
crosses were from parents belonging to nene pools 2 and 3 and two 
crosses of high yield potential involved parents belonging to 
gene pools 3 and 4 on the one hand and those of gene pool 5 on 
the othcr. The two stress environments varied for amount of lime 
and fertilizers applied, as well as disease inoculation vs
 
protected conditions. Mass selections in segregating generations
 
were undertaken to obtain seed yield. The results of the two 
experiments were similar in that there was no significant 
difference in the mean performance of lines selected from the 
high and low stress environments (Tables 2 and 3). Although 

selection for yield was effective in all crosses in both 
environments, significantly high yielding lines compared to the 
highest yielding parent and check cultivar were derived only from 
the highest yielding cross at Popayan (Tables 4 and 5). Thus, 
the selection of parents and their knowledge of GCA played a key 
role in selection for yield. Similar experiments involving gene 
pools from Andean South America have been initiated. Also, 
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effect of location, breeding methods, cropping system, 
plant

population, and selection criteria are 
being investigated for
 
yield breeding.
 



Table 1. Patterns of variation in cultivated dry beans; proposed gene pools; estimated days to maturity; yield potential. 

ORIGIN 

Seed type SMALL SEEDED 

CEaRAL AMERICAN 

MEDIM SEEDED 

ANDEAN SOUIH AMERICAN 

>'=IUM ANDM LARGE SEEDED 

Adaptation (LVIANDS) (HIGHLANDS) (EDKIRM ALTInIDES) (HIGHLANDS) 

Growth Habit I II III IV III IV I II III 
Elg. Rnd. 

IV 
Det. Ind. 

Yield 
(kga) 

Maturity 
(Days) 

Gene Pool 

3000 

70-90 

1 

4500 

80-110 

2 

5000 

80-120 

3 

6000 

120-150 

4 

5000 

100-120 

5 

6000 

130-150 

6 

3000 

70-90 

7 

3500 

90-120 

3 

4000 

100 

9 

4000 

130 

10 

5000 

210 

11 

6000 

280 

12 



Table 2. 	 Mean squares from analysis of variance for seed yield, yield caponenrs, and days to maturity from dry bean lines selected under lw 
and high stress environrrents at CIAT-Popayan, Coloubia. 

M E A N S Q U A R E S 

Source d.f. 	 Yield Pod number Seed nunber I0O-seed wight Maturity 

(kg/ha) (g) 	 (days) 

Year 	 2 740390* 233234* 9490941* 170.0* 2329.0** 
Stress Levels 1 3059290** 1571530** 31178229** 	 763.0** 625.0** 
Crosses (C) 5 591745** 104272** 2010376** 1901.6** 1186.0** 
Origin of 	lines (0) 1 
 4410 52173 * i046255** 107.0** 74.0** 
Lines (C x 0) 	 60 24436** 139G8** 319385** 54.4** 195.1** 
Parents 4 53403** 14307** 322036** 179.7** 112.0* -

Checks 3 4997 	 32017** 474752** 184.7** 65.3** 
Error 	 384 3096 1887 
 44791 	 1.4 


*,** Significant 	at P = 0.05 and P = 0.01, respectively. 

1.3 
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Table 3. Mean squares from analsis of variance for yield, 100-seed 

weight , zind days to tmaturity for dry bean lines selected 

under low and high stress environments at CIAT-Quiiichao, 

Colombia. 

M E A N S Q U A R F S 

100-seed Days to 

Source d.f. Yield weight maturity 

(kg/ha) (g) 

Year and seasons 3 112813721** 789.27** 939 39**
 

Stress levels 3 345200143** 973.44** 520.98**
 

Crosses (C) 1 2368800** 267.96** 283.27**
 

Source of lines (S) 1 122438 15.23** 19.04*
 

Lines (C x S) 52 277816** 17.51** 10.95**
 

Parents 3 884419** 66.88** 22.80**
 

Checks 3 686776** 114.98** 4.33
 

Error 392 50215 0.91 2.31
 



Table 	4. 
Yield, regression coefficient (b), and coefficient o' determination (R1) for dry bean 
lines selected under low (L) and high (H) srre!s environments at CIAT-Popavan,
 
Colombia.
 

Identification 

Yield 	(kg/ha) 

1984 1985 !)86 Mean b R-2 
L H L H . Hl L H 

A 114 	x (Flor de Mayo x AB 136)
 

LSL 4782 2924 4155 2878 
 6560 3835 5166 
 3212 1.75* 0.87

LSH 4789 3455 4109 3523 6372 4154 5090 3711 1.31 0.84
 

A 113 x G 1805
 

LSL 3898 2342 3336 2958 4825 3339 4020 2880 
 1.09 0.97
 
LSH 3579 2211 3243 2603 3682 0.91
3004 3501 2606 0.69* 


A 175 x (G 2333 x A 62)
 

LSL 3594 1622 3222 2814 4418 3216 3745 2551 1.19 
 0.96

LSH 3875 2183 3249 2646 4522 	 0.97
3193 3882 2674 1.08 


A 62 x (A 77 x G 13224)
 

LSL 3769 2214 2836 2444 3940 2790 3515 2483 0.83 0.85

LSH 3658 2394 3131 2473 4215 3229 3668 2699 0.85 
 0.91
 

G 5059 x (G 3393 x A 175)
 

LSL 2848 1488 3193 2606 3703 2712 3248 
 2269 0.88 0.86
 
LSH 3113 1333 3373 2385 3441 2179 3309 1966 
 0.92 0.75
 

A 	140 x (G 3038 x G 1274)
 

LSL 2222 1101 2364 2151 3528 2407 2705 
 1886 0.92 0.86

LSH 2365 1044 2908 2662 3732 2584 3018 2097 0.99 0.74
 



Table 4 continued. 

Identification 

L 

1984 
H LH 

1985 

Yield (kg/ha) 

1986 

H LH 

Mean 

CONTINUE 

bR2 

Parents 

Checks 

Mean 

3126 

3406 

3563 

1362 

2037 

2104 

2523 

3207 

3336 

2209 

2675 

2715 

3502 

3049 

4336 

2553 

2825 

3057 

3050 

3221 

2041 

2512 

0.98 

0.48* 

0.96 

0.62 

LSD (.05) 

CV (%) 

1230 

18 

857 

22 

1064 

17 

854 

16 

1509 

18 

1022 

17 

* Significantly different from one. 



Table 5. 
Seed yield, regression coefficient (b), and coefficient of determination (R2) of dry bean
 
lines selected (LS) under low (L) and high 
 (H) stress environments at CIAT-Quilichao,
 

Colombia. 

Identification Yield (kg/ha) 

L 

1985 

H L 

1986 A 

H 

1986 B 

L H L 

1987 

H 

Mean 

L H 

b R2 

A 286 x (C 5059 x a 80) 

LSL 3532 
LSH 3583 

A 286 x ICA Pijao 

LSL 3216 
LSH 3616 

Parents 3073 

Checks 3277 

Mean 3448 

LSD (.05) 694 

CV (%) 10 

1279 
1333 

1274 
1052 

1188 

1381 

1241 

605 

24 

1713 
1565 

1611 
1616 

1506 

1588 

1616 

372 

11 

548 
551 

547 
465 

475 

583 

528 

204 

19 

1465 
1365 

1349 
1335 

1207 

1421 

1370 

343 

13 

805 
777 

719 
683 

678 

877 

750 

266 

18 

1373 
1398 

1270 
1164 

1171 

1416 

1300 

432 

17 

650 
616 

566 
423 

660 

588 

571 

466 

41 

2021 
1978 

1862 
1933 

1739 

1925 

821 
819 

777 
656 

750 

857 

1.05 
1.07 

0.94 
1.15 

0.88 

0.93 

0.99 
0.99 

0.99 
0.99 

0.99 

0.99 
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E. 	 CHARACTER IMPROVEMENT: DEVELOPING SOLUTIONS TO MAJOR
 
PROBLEMS
 

1. Soil/Nut ritional Constraints
 

a. 	 NITROGEN FIXATION
 

Nitrogen deficien cy limits production in many bean growing 
areas as indicated hv the responses to nitrogenous fertilizers 
that ha,,e hK.ai ohserved, wi th subseq,.nt recommendations that 
farmers appvx t l(; minimal (loses of this nutrient. Research 
dirueted V .. esing ii ion emphasizedi nitrogen fxat has 
improving , h .notype the strainhLW pan and RhiW:obium 
compon ts& Ia- n.hbi0si Inaddition, agronomic management 
and soi] I ,r:I that Iv e:pression of improvedlimit fixation 
potent , a : . lnat.oI in on-f rm trial:;. 

Breeding for 'niIced li:a- uin
 

rc s; program improving 
fixation in snall seedcld tltdto inate bcans was initiated about 
ten years ago using materiis such as Puebla 152, BA' 332 and BAT 
76 as '"god-fiing" parens. RU liles are selected based on 
performanuc for a rangu of N., I ixation-associated characters in 
three field sites and in the p;is.iuise. For example see Table I 
for selecti:on KIZ no I rn;la group cream-colored 

'The 	 7c int ct ion for nit rogen 

of 1Wes 	 of 
materials. Criteria include: nLulati: ion, vigor, total plant N 
and grain vield, all in low mineral N, Rhizobium-inoculated 
treatments. Lines very susceptible to rust, bacterial blight, 
Ascochvt< or anlthracins, c elim i natod. 

Resu'ilt s of studies using the 15N isotope dilution method to 
quantify N.) fi:-:ed bv some RIZ lines and early parents indicated 
that in ge'eral the RIZ lines fixed more N, (see 1985 and 1986 
rep_ rts) . Some ald itlona l R1Z lines anim sme "favorites" iam
inated ly the breeders have been evaluated using the same method, 
in two locations over two seasons. In the tirsc semester in 
CIAT-Palmira no fixation was observed by any of the materials and 
nodulation was very poor. High nitrogen mineralization rates may 
have been partly responsible, however very low grain yields in 
that semester ind:icate that other factors werc also involved. 
Results from the second semester trials are sho,n in Tables 2 and 
3. Amounts of N. fixed ranged from 9) to 51 kgN/ha in 68 days, 
with less than half of the plant N coming from fixation. The R1Z 
lines showed no obvious advantage over the materials from other 
breeding programs. BAT 477 and RfZ 32 fixed large amounts of N2 
and WTE 3 and RIZ 44 were poor at both locations. When these 
same materials were evaluated by Gudni Hlardarson at the IAEA in 
Austria, WTE 3 was again the poorest and among the best were RIZ
 
32 and RIZ 68, fixing over 100 kg N/ha. The most striking 
difference was RI!Z 44 which was excellent in Austria and very 
poor in Colombia. 

http:subseq,.nt


Althougl 1 5 very useful for quantifying N2 fixation by a few 
lines, the N isotope dilution method is too expensive for 
routine screening. Nodulation evaluations together with other 
fixation associated characters, frequently permit differentiation 
between_ the b est i~fxing materials;--for example,_in 
the experiments reported in Tables 2 and 3 RIZ 68 and BAT 477 
had the best overall nodulation (area under\curves of number of
 
red nodules vs. time) in both Palmira and Quilichao. RIZ 32 was
 

*particularly good in nodulating early which may have accounted
 
for its good fixation. Using nodulation as the evaluation
 
criterion, WTE 3 and RIZ 53 would have been considered poorest in
 
fixation. RIZ 53 suffered from a virus disease in Quilichao but
 
in Palmira was one of the best for fixation, although it
 
nodulated poorly. From the acetylene reduction data it was noted
 
that specific nodule activity was particularly high in RIZ 53, a
 
characteristic previously observed in RIZ 30.
 

With the identification of materials good for specific
 
N -fixation associated characters, the present strategy for im2
proving fixation in small seeded indeterminate bush beans is to
 
work towards combining the traits. In 1987 genotypes good for
 
each of the following characters were crossed: early nodulation,
 
late nodule senescence, maximum nodule mass, nitrogen harvest
 
index, vegetative vigor, specific nodule activity and yield
 
potential. Obviously a priority area is the evaluation of more
 
germplasm in detail to identify better parents with these
 
desirable traits. Preliminary indications are promising as
 
materials superior to RIZ lines and other "good fixing" checks
 

-
have already been identified for at least some of the above
 
characters.
 

As reported in 1986 (Annual Report) a breeding program to
 
improve fixation in medium to large seeded materials with promise
 
for Africa has been initiated. Germplasm evaluation for the
 
identification of parental lines included the measuring of
 
nodulation, plant nitrogen and grain yield of 12 varieties under
 
low and high mineral nitrogen availability. Some of the
 
materials were repeated from last year and the results were simi
lar; Ancash' and Tostado nodulated well while Natal Sugar and
 
Kabanima were poor. See Table 4 for relative nodulation values
 
of the materials in the two nitrogen treatments. Two new
 
well-nodulating varieties were identified: Canadian Wonder Moshi
 
and Masai Red. GLP-24 had fairly late nodule senescence and
 
nodulation of the Tanzanian variety T-3 was significantly less
 
sensitive to mineral nitrogen, a desirable character particularly
 
in mixed cropping systems where the non-legume is fertilized.
 
Plant nitrogen and grain yield of these varieties are shown in
 
Table 5. The nitrogen response index (NRI) was negative for some
 
materials thus the high mineral nitrogen treatment did not serve
 
as a good indicator of plant potential; however it was
 

-. 	 interesting to note that in general it was the poorly nodulating 
varieties that responded to mineral nitrogen. There were 
significant (P = 0.05) linear correlations between seed yield in 
the low N treatment and both "total" nodule number and i nodule 
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number at 56 days (r = 0.602 and r = 0.695 respectively). There 
was no relation between nitrogen yield in the low and in the high 
N treatments ( r = 0.094) ; however, as has beev observed in 
previous trials, the change in genotype ranking between the two 
treatments was not notable with respect to grain yield ( r = 
0.667).
 

The backcross pro grai to increa se fi .xation in well -adapted 
but poorly-nodulating variet ies such as Mutiki 2 and Rubona 5 in
cludes selection for early nodulation in the F) ' and 13 gen
erations of BC (1) and BC'(2) populat iens, then selections are mul
tiplied for replicated field evaluations under 1ow an(d high 
mineral I' availabiltv. I n 1987 sel]ections were made f rom 
BC( t)F,3 , ";(:( )F, and 1(:).,, popll:itions, of the Mmitiki 2 x RLZ 29 
cross; a I ;o I on F,) andt BC ( I) I,',popiu Iat ions of six othei 
"African" miteria1,s cros sed with *RIZ 23. In addition to the 
backcross program, (rosss have heen nadoebetwecv, mlieties with 
different good fixat on traits; e.g . Canadian Wonder MloshL (good 
early inodu 1,i on) , los tad1o (many nod lii es at flowering) and 
Naivasl (laC IodIle senescence). 

Nodu lat ion EMutants 

I11C f fect i VO or non-nodu Iating mutants of beans are needed 
for -N and (Iif ference method evaluations of N,) fixation, as well 

nore r physio togicalas for tCfunda-i ta I gene tic and studies on 
fixat ion. The cause for poor seed set by the two promising 
n -.1odu Ia t ng niuta ts NoI) 1()9 and NOD 125 (described in the 1.986 

report) was found to be very low pollen viability (about 27). It 
is hoped that the non-nod character can be isolated in the 
progeny of the backcrosses . NOI) 238 1Is another interestling mutant 
that has: cons istuentlv shown ine ecctive nodulation (a number of 
Rhizobhiiurn strains have now been tested). 

Several thousancd see( of th0 varieties fluetar and Talamanca 
were gamma-irradia ted with doses;ifrom 5 to 20 krads and treated 
with several concellcration: of t'.MS to 0.0(1/5,' for 2 h . The seeds 
were planted in the field,1,hut even at the highest (loses mutation 
rates were low. Several hundred M,) plants of each variety were 
evaluated for mut,ations in noduLat71o1 but none were promising. 
Hopefully the basic work on refining mutation methods for beans 
being done in collaboration with the University of Napoli in 
Italy will help in this area. 

Rhizobium strain collection and testing 

Work on the bacterial component of the symbiosis is focused 
in three main areas: maintenance and characterization of the 
strain collection; screening for effective and competitive 
strains; and ecological studies on nodulation by inoculated 
Rhizobium. 

A set of 100 strains from the collection was used to develop
 
a system of characterization for Rhizobium leguminosarum tiovar
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phaseoli. Simple and inexpensive methods were sought; those that
 
can be used by national program collaborators to identify
 
variability and to ensure purity and maintenance of tested
 
strains. Some morphological , physioiogical and serological 
categories are defined. The clonal morphology characters include
 
growth rate, gum production, colony shape, appearance, acid
 
production, and texture when grown usi.ng specific plating and 
incubation Col-nditions. Physiological parne tCrs include growth 
rates on media of diffLrent pH1 leve ls from 4.r to 6.8, growth at 
different temperatures and tol erance to high salt (NaCI) 
concentrations. The strains are tested for reacti.on against 
eight antisera using ilmunodiffusi (n or MIlISA. This information 
together with result s of infectiv itv,' tests in Leonard jars and 
effectiveness studies in soil conditions wi! 1e ecded in the new 
catalogue that is being prepared. . photograph of the strain 
grown on yeast manniL ol agal days at h 1r forI1 20 C, will fhle . 

The inabil tv of ioculanlt Rhizohium strains to survive and 
compete against the abui da nt and often ineffective nat iye soil 
populations severelv iii.s improvement f the bean-rhizohium 
symbiosis. ''wo ears aa a greenhouse st ra.iln screening prograim 
was initiated using plant growth response to inoculntion in soil
 
as the of eficetive and coiipet iti,, st sindicato an eThIiain. 

work contin(uid in lQH7 with 3( s tra in:1being tested
0 in two soils.
 
Some ref inomen hove been made in tie me thod: the addi tion of
 
0.4Z cassava f cur w is shown to he more effective than leaching 
for lowering mineral nitrogen; and the pot size and watering
 
regime have been changed to facilitate maintenance of soil
 
humidity late in the growth cycle.
 

In order to stidy Rhizobium inoculant strain survival and
 
competiCion it is necessary to be able to identify, rapidly and
 
effectively, the strain present in the nodules. The serological
 
method ELISA has been used successfullv with some other
 
legume-rhizobium systems, and this year work was done in setting 
up the method for coipetition studies of1 R. ]eguminosarum hiovar. 
p,aseoli. A preliminary study was done (in Leonard jars) in 
which two bean genotypes (BAT 76 and Frijolica 03.2) were 
inoculated with vary ing concentrations of two Rhizobium strains 
(CAT 632 and CIAT 652). After 40 days the propnrtion of nodules 
formed by each of the strains was determined using ELFSA. The 
results are shown in Table 6 and it can be coi.cluded that strain 
652 was more competitive than 632 in these controlled conditions, 
however there was an interaction between strain and genotype 
(CIAT 632 did compete better with Frijolica 03.2 than with BAT 
76). A surprisingly large number of nodules contained both 
strains; to determine whether this double occupancy occurs to the
 
same extent in a soil eneironment awaits further study. The 
plant response to inoculation in a soil environment is shown in
 
Figure 1. Although the nodules were not typed in this experiment
 
the better performance of strain 652 is consistent with the
 
notion of it being more competitive. Inoculation trials are
 
being conducted on farms in several areas and the competitiveness
 
of these two strains is being evaluated. This information should
 

http:reacti.on
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help in understanding the variable inoculation responses obse rved
 
on farms (see On Farm Agronomy section, Latin America).
 



Table 1. Selectijn of RIZ lines for increased potential to fix N2 (best materials in each category are underlined). 

Lines 

Noduation V 1/ 

C S p2/ 

Nodulation R6 

C S P 

Vigor Score R6 

C S P C 

Grain yield 

(low N)3 /  

S P 

Grain Yield 

(high N) 

P 

N-yield4 / 

GH 

Seed 

'.-iality5 / 

879-

884-

41-14-

45-8-

45-1-9-

45-9-2-

40-16-

8 

12 

12 

13 

2 

5 

18 

13 

20 

14 

7 

14 

12 

25 

30 

32 

46 

26 

17 

34 

35 

5 82 

17 157 

2 105 

1 145 

1 103 

3 124 

5 88 

48 

77 

167 

47 

84 

181 

55 

4 

4 

4 

4 

5 

4 

3 

4 

3 

4 

4 

5 

3 

5 

4 

1 

4 

4 

3 

3 

5 

10 

15 

17 

11 

16 

13 

14 

7 

13 

10 

14 

17 

10 

11 

8 

12 

8 

11 

14 

14 

12 

10 

13 

13 

16 

17 

14 

16 

249 

409 

372 

408 

347 

433 

324 

2 

2 

1 

2 

3 

2 

2 

RIZ101 

RIZ 102 

RIZ 103 

RIZ 104 on 

45-1-7-3 

41-17-4-

41-3-

40-13-

45-9-4-

45-1-7-1 

41-17-1-

6 

11 

34 

10 

21 

4 

12 

13 

28 

16 

8 

19 

24 

24 

25 

29 

23 

34 

32 

31 

54 

15 122 

3 98 

14 167 

9 158 

15 122 

7 62 

4 90 

61 

56 

122 

85 

70 

62 

130 

4 

4 

4 

5 

4 

4 

3 

5 

4 

4 

5 

5 

6 

4 

3 

2 

3 

4 

3 

5 

2 

16 

10 

14 

14 

12 

14 

12 

12 

7 

11 

14 

14 

8 

9 

13 

10 

11 

10 

11 

14 

14 

15 

14 

12 

16 

13 

18 

12 

358 

332 

285 

375 

330 

371 

332 

1 

2 

1 

1 

1 

2 

1 

RIZ 29 

RIZ 34 

12 

7 

12 

19 

36 

51 

23 135 

14 147 

88 

126 

4 

4 

4 

4 

3 

4 

15 

11 

13 

14 

12 

10 

13 

13 

382 

-

2 

2 

2/ 

3/ 

4/ 

Nuriber of red nodules/plant 
CIAT-Palira (C), Santander de Quilichao 

g/plant 

rg/plant, sand culture 

(S), Popayan (P) Glasshouse (GH) 

3-acceptable, I-very poor 
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Table 2. Nitrogen fixation by nine bean genotypes grown in
 

CIAT-Palmira. 

Mean atom N fixed % N from 

Genotype 15N excess kg/ha fixation 

BAT 477 0.074 51 49 

RIZ 32 0.082 50 43 

RIZ 53 0.089 39 37 

BAT 1554 0.089 36 39 

RIZ 68 0.080 36 50 

RIZ 30 0.087 31 40 

DOR 41 0.091 27 37 

RIZ 44 0.097 23 33 

WTE 3 0.18 18 19 

SORGHUM 0.145 

SE 0.0108 7,3 8.3 
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Table 3. Nitrogen fixation by nine bean genotypes grown in
 

Santander de Quilichao. 

Total N Mean atom N fixed % N from 

Genotype kg/ha 15N excess kg/ha fixation 

BAT 477 100 0.247 41 40 

RTZ 68 93 0.250 37 40 

RIZ 32 101 0.276 35 33 
DOR 41 92 0.282 29 32 

RIZ 30 71 0.250 29 39 

BAT 1554 72 0.259 27 37 

RIZ 44 71 0.273 24 34 

WTE 3 54 0.291 18 30 

RIZ 53 36 0.315 9 24 

SE 11 0.0147 6.7 3.6 

SORGHUM 57 0.412 

SE 14.6 0.0360 



68
 

Table 4. "Total" nodule number (area under curves of red nodule
 

number [/ vs. time) of 12 genotypes in soil with low
 

and high mineral nitrogen availability (Popayan
 

1987A).
 

GENOTYPE LOW N HIGH N
 

Ancash 66 15.00 9.10
 

Tostado 14.95 8.33
 

Canadian Wonder Moshi 9.90 4.87 

Masai Red 8.13 4.38 

GLP-24 1.97 4.95 

Canadian Wonder Mbeya 6.83 3.88 

RIZ 29 6.15 4.43 

T-3 5.89 5.13 

Rubona 5 5.42 4.19
 

Natal Sugar 4.30 3.49
 

T-23 4.11 2.60
 

Kabanima 4.04 3.18
 

I/There was little variation in nodule size within a treatment, 

but the size of the nodules in the high N treatment was about 

half that of the low N treatment.
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Table 5. Plant nitrogen (low N treatment) and nitrogen response 

index at R-7 and the grain yield at R-9 of 12 

genotypes-" (Popayan 1987A). 

GNOTYPE 

TOJAL N 

(g/plant) 

NRI 

% 

GRAIN 

(g/plant) 

C. W. Mbeya 

Ancash 66 

RIZ-29 

Masai Red 

Tostado 

Rubona 5 

T-3 

Natal Sugar 

GLP-24 

C. W. Moshi 

Kabanima 

T-23 

0.524 

0.408 

0.404 

0.390 

0.382 

0.347 

0.341 

0.325 

0.314 

0.313 

0.266 

0.231. 

-45 

22 

-19 

4 

-9 

36 

21 

28 

23 

-12 

26 

35 

10.41 

12.48 

10.51 

10.01 

11.53 

10.43 

9.57 

9.16 

9.58 

8.54 

8.50 

6.53 

SE 

P 0.05 

0.047 

S 

12.1 

S 

0.60 

S 
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Table 6. Competitiveness of two Rhizobium strains in the 

formation of nodules on BAT 76 and Frijolica 03.2 

Inoculation treatment # of nodules reacting with the 2 ancisera 

No. of Cells x 10 BAT 76 FRIIOLICA 

632:652 632 652 632 652
 

5.0 : 0 24 0 24 0 

4.99: 0.01 12 21 21 16
 

4.0 1.0 7 23 23 24 

2.5 2.5 8 23 9 17 

1.0 4.0 12 23 8 21
 

0.01: 4.99 2 24 10 23
 

1/ 48 nodules 
(12 x 4 reps) per treatment were tested
 



CIAT-Paimira soil (pH 7.2) Santander de Quilichao soil (pH 5.2) 

H1 16.3 

4 1 

4-7
, , 

L.L 

z" o-.o ,,-zL C-- a)-.-.- b -or- to _to , 
.1 .0303 

Rhizobium strain 

Figure 1. Growth of BAT 76 in 2 soils inoculated with 25 diffarent Rhizcbium strains. 
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b. LOW SOIL PHtOSPHIORUS AND ACID SOILS 

Low soil phosphorus is probably the most widespread 
limitation of crop product ion in the trop ics. 1)ifferences in 
to]erance to l.ow soil I' wctr( recognizred en rlv by CIAl''s Bean Team 
(C[AT ntuml 1,upoLrt , C1).C'ult iv rs; td,_optt d itd utiL ie d in 
Brazil, part icularlv Carior and Ri Tibagi , pruvel to be 
relativelv tolerant in ;cnor n ing carried out in CIA 1's research 
stai iti.a at nilder di qi' I i chi 

'11i t St ni'' ,! 1 c L i c di Fft: rnc n miand tie good 
pertormnci of t iv . r,.dv in usc impl ie'd two th ings: that 
it would lt. iince i v it Iiit t i"mlniitali the levc!'] i toiler ance 
al ready ivail I e in 'minc i l enl t ivr' ; ind t it might be 
possible to inIrei , ,L,,irnrce bv acti v' v breeding for this 
trait. lither igoaimpl ies consc iois effort to nlnNsure vield 
under c(nliii t o I o w 1', since v ,I d i; t e v riterion 
available Ibv wlhicih toi jutdtlge tOllr:lu ct-H. 

A Ilthouih a 1 ediog projeoct was usLsth:ihl Ished to increase 
tolerance, prugre ais; been noigl igibIt, one of the principal 
problems still being tle lack of an ailequate selection criterion 
which ca;n be used in segregating lopulations and early generation 
lines. While s IeCt LIi 1 with confidence in sugrugating 
populations is not vet poss; ible, t he progr;au coltinues to screen 
advanced I inen to, ident i u perior maoterials to be incorporated 
into th l r,.'dini prigram. 

la,b I(cc I ad ( ' show the genotypes of growth habics II and Ill 
respectively, F-roi two p lant ing sea sons, which were superior to 
the respect ive cleck variet i.es , Rio Tibagi and Carioca, under 
phosphorus stress conditions (12 kg P/ha applied as supertriple 
phosphate in band). The data from 1986 A were presented 
previousyIv hut are included here for comparison. Ft can be seen 
that the advantage of the selected lines relative to the checks 
was wider inder phosphorus stress than witlhont stress, inicating 
that their superiority is due to more Van merely local 
adaptation. A study of the pedigrees of t!hese lines smggests 
that their tolerance is derived from germplasm from Mexico, Costa 
Rica, d~razii and poss bIbly other countries. Othcr more 
preliminary data (based on a single season's plantings and 
therefore not presented here) suggests that several Central 
American land races l ikewise have a degree of tolerance to low 
phosphorus, as has been suggested to us by agronomists in the 
region. The diverse origins of tolerant germplasm offer the hope 
of genetic diversity of tolerance genes, and hence genetic 
advance. 

Another important development in the phosphorus project was 
the establishment of an International Phosphorus Yield Trial, 
including the best genotypes from the Colombian-based program and 
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the best from the Brazilian-ba sed program. This trial consisting
of 49 genotypes, will be pliiit.,l Wnitially at several Colombian 
sites and at CNIAI, Brazil, to try to determine what correlation 
exists between rul t across [sies. 

'['he '1i",':wi tco) Wi l, t-o ova IinLci tol urancc to toxic 1 ties of 
"A d so<iis (pait icul/arlyiv AIitm iinum) as in vears paist. In Tables 3: 

itnl-u for
and 4 datai .ir i d cgCoty pe:n o- growth 11514it I I and III 
which vielu d l as wel or hott: t a , th chell:v'ic t i z - iii t w-
II:It iiiI !."''a 01 ;l. ,.1 I :i 'o , rVtJ1c, .1 ii C L ' t i I I t- ( t o0s;eason , t:hir1 ic Icit ,iohip ci ithe checks was n5 t cuonslst,-nt 

over s >.. In1 the f irst ;pnson, most o the type I selected 
genotypcs vie lded rW rati; \v beutt er under stress, suggesting 
superior tluleaace. 11hc si;itii, in the - econd season was not 
so clear.
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Table 1. Yield (kg/ha and % check), with and without P stress, of 
genotypes of type IT growth habit that outyielded the check 
variety in two seasons of plantirg under stress. 

1986 A 1986 11 
Withou,, With 7 Without 7 With % 
stress check stress check stress check stress check 

BAT 1432 3066 (109) 1574 (156) 2609 (129) 1366 (168) 
NAG 1 3458 (123) 1139 (133) 2488 (123) 1275 (156) 
XAN 78 3153 (112) 1275 (127) 2603 (129) 1207 (148)
 
G 4454 2923 (104) 1204 (120) 2339 (116) 1161 (142) 
BAT 1467 3228 (115) 1205 (120) 232) (115) 947 (11b) 
NAG 183 3715 (132) 1176 (117) 2547 (126) 1108 (136) 
A 283 3182 (113) 1105 (110) 2692 (133) 1337 (164) 
NAG 161 3464 (123) 1203 (119) 2174 (107) 1150 (141) 
BAT 76* 2407 (85) 803 (80) 1873 (93) 548 (67) 
C 4495* 3029 (108) 463 (46) 2369 (118) 543 (67) 

Rio Tibagi
 
(Check) 3806 1003 2015 813
 

LSD 41 48 32 40
 

* Contrasting materials sensitive to low P.
 

Table 2. 	Yield (kg/ha and % check), with and without P stress, of 
genotypes of type IT growth habit that outyielded the check 
variety in two seasons of planting under stress. 

1986 A 1986 B 
Without % With % Without % With % 
stress check stress check stress check stress check 

BAT 271 2979 (98) 1409 (146) 1661 (109) 755 (116)
 
G 11893 2392 (79) 1204 (124) 1155 (75) 726 (111)
 
RAB 404 2867 (94) 1359 (140) 1899 (124) 668 (102)
 
NAG 195 2828 (93) 1257 (130) 1798 (118) 689 (06)
 
RAO 33* 2368 (78) 464 (48) 1288 (84) 374 (57)
 

Carioca
 
(Check) 3024 965 1523 
 650
 

LSD 80 22 72 
 18
 

* Material sensitive to low P.
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Table 3. 	Yield (kg/ha and % check) of genotypes of type 11 growth 
habit which were superior to the check under stress of soil 
acidity in two planting seasons in Santander de Quilichao. 

1986 A 1986 B 
Without X With 7K Without z With % 
stress check stress check stress check stress check 

C 4000 
G 4454 
G 4/,95 
BAT 1432 

2713 
2923 
3029 
3066 

(96) 
(104) 
(108) 
(109) 

1435 
1373 
1411 
120 

(140) 
(34) 
(13 ) 
(118) 

005 
2339 
236' 
2609 

(100) 
(116) 
(118) 
(129) 

844 
807 
1183 
820 

(111) 
(106) 
(155) 
(107, 

BAT 1467 
BAT 1647 
DOR 227 
NAG 11 
NAG 45 

3228 
3395 
3198 
3733 
3137 

(115) 
0121) 
(114) 
(133) 
(112) 

1472 
1614 
144 
1839 
1681 

(139) 
(158) 
(143) 
(18n) 
(164) 

2325 
2511 
2188 
2671 
2233 

(115) 
(125) 
(109) 
(133) 
(111) 

851 
994 

1086 
804 
1047 

(112) 
(131) 
(142) 
(106) 
(138) 

NAG 51 
NAG 16)0 
NAG 1631 

3387 
3176 
010 

(121) 
(1!1) 
(113) 

142)6 
1537 
1361 

139) 
(Im,0) 
(1m1) 

250 
2465 
2691 

(125) 
(122) 
(134) 

980 
912 
966 

(129) 
(120) 
(127) 

NAG 171 
NAG 176 
RAB 353 
RAB 381 

3081 
27(,7 
3110 
3025 

(1I0) 
(9y) 

(111) 
(108) 

MI1 
1258 
129? 
1274 

(130) 
(123) 
(126) 
(125) 

181P 
2/409 
2190 
2004 

(89) 
(120) 
(109) 
(99) 

979 
822 
875 
762 

(129) 
(108) 
(115) 
(100) 

XAN 7d 
XAN 151 

3153 
3501 

(112) 
(125) 

1350 
1523 

(132) 
(149) 

2603 
2693 

(129) 
(129) 

775 
845 

(102) 
(111) 

Rio Tibagi 
(Check) 2806 1023 2015 760 

LSD 41 52 32 53 
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Table 4. Yield (kg/ha and 7 check) of genotypes of type II growth 
habit wh[ch were superior to the check under stress of soil 
acidity in two pliting seasons in San tinder de Quilichao. 

1986 A 1-36 B 
Without 7 With Wi thou t 1Wth 7 
stress check stress check st -ess check stress check 

FEB 17 
RAB 429 

3194 
2501 

(106) 
(83) 

602 
434 

(334) 
(241) 

2151 
1849 

141 ) 
(121) 

1753 
1379 

(158) 
(125) 

RAB 404 
RAB 4S 

2867 
2572 

(95) 
(85) 

503 
485 

(279) 
(269) 

1899 
932 

(125) 
(61) 

1283 
12!5 

(116) 
(109) 

BAT 271 2979 (99) 400 (222) 1661 (1(09) 1168 (105) 
G 18244 2031 (67) 465 (258) 1292 (85) 1240 (112) 

Carioca 
(Check) 3024 180 1523 1105 

LSD 80 51 72 74 
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2. Fungal Pathogens 

Introduction
 

The principal researcl activities of the pathology section 
of the Bean Program re late to the management of diseases caused 
by fungal and bacteri al pitliogens through an integrated disease 
management ,scrategy. This strategy eiiphas i z e s breeding for 
disease -sist i'o, with cu uiiI pract ices. 

illport int id P.,, ! ;,i; id e .i f s. re: ithiraiCIiOS , 
angular I l . :,i t . ' ta::ed v nlnga1i pathog etls) and 
COmmiliin 0.1I 1 lCtj 1ii ,] Ut' hV a hactL_, riun) . Oter d Seascs 
that are oconoijliv imprltant but haIve imi ted sparead in 
certain specif-ic In'ilt, I 'e u'O ail !i;i , r0 ;eaiiched bit 
with es. pi c;e ar, .. Udi,] nla c'orhvtAa blight
(caused by fungi) M'! 11A 1o 1) li!Int ( b C't aiil 1F d isease) . Some 
efforts are V oo d L rout rots that widespreadto .rquite 
but having an -romic impou))Iirtnue 1 imi te Lo veV specifI ic areas. 

Mvalu ion.,; & r tol 2 no1, tlI principal bean pa:t ogens are:-a"e
 
rout i n Iv c o nd uIc ,L t hi !( ) tIl.h c aela I Pro ,,- gernpl Ia-;l bank,
 
(2) advnncodtunilcew o s;,ri,; andi ao-pl 'ngpr-ogenies, as well as 
in (3) specific bean patiloI(Ty nursr i s such as the 
international bi, disease esi-stance marsr aies. Line roi these 
sources a re ne thod ica I ly exposed to one or more patdmugens iin 
several .tocatI ils or eiv"ironment:s whiere these pat.hIogens may occur 
naturally, or they are art ificially inoculated. Thle evaluation of 
breeding progen ies are conducted in collaboration with the 
breeding sect ions of the program in specific locations according 
to the diseases. 

Rust And common bacterial blight reactions are evaluated at 
CIAT-Palmira; angular leaf spot, common bacteria] blight and 
charcoal rot are evaluated in Santander de Quilichao; 
anthracnose, Ascochyta blight, and Rhizocton La and Fusarium root 
rots are evaluated in Popayan; and web blight Ls evaluated in the 
Colombian coffee zone. The halo bli [ght evaluations are conducted 
in col.laboration wit.h the National Vegetable Research Stat ion in 
Wellesbourne, England and aIso undor field conditions in several 
locations in Africa. S imLlar evaluations for web bligit are 
conducted in several Central American locations. 

nurs es aigWith advanced -re r-i and segreg' r progeniies, the 
principal obj ec t ive of these evaluat ions cont inues to be the 
identification a,'nd select ion of germplasm with resistance to tile 
most important be:n pa thogens present in a given target area; or, 
the ident ifica tion of germplasm with broad resistance to a given 
pathogen or multiple resistance to seve_!ral pathogens (Table 1). 
With the i aternat:ional bean disease nurseries, additional 
objectives are the identification of bean germiplasm with 
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resistance to the spectrum of the pathogenic potential inherent 
in a given pathogen population; to monitor the pathogen 
populations and to identify different disease resistance 
mechanisms that can be utilized against bean pathogens. The 
international bean disease nurseries are evaluated primarily in 
Latin Amer ica and Africa, in close collahoration with scientists 
from nat ional programs, al though most of the nurseries are also 
evaluated e Isewhere throughout the wovl d. 

d(11e resistance 
for control of most diseases. For diseases caused by highly 
variab Ie pa thogens, n la rge number of I if icrent resistance 
sources are used to broaden the genetic base. In addition, 
studies are conducted to m'onitor the exist ing pathogenic 
variation. With diseases where breeding for disease resi-stance is 
difficult, cultural practices .ie studied. i gncerai , the 
disease management strategies emphasized and researched are
 
compatible with the limited economic capacity of small bean 
producers.
 

Breeding for 5.2 is the principal strategy 

a. ANGfUL R LEAF SPOT 

Pathology
 

Angular leaf spot (ALS) of beans is caused by
 
Phaeoisiaropsis griseola. The disease is economically important 
in many bean glowing areas of Latin America, particularly in the
 
northeast of Brazil. In Africa, AIS is very widespread buL is 
most important in the (Great Lakes area where :it is endemic. 

Sine, he reacton of many bean iines or varLeties to the 
ALS patluwn vary considerably from one location t anether, the 
main research activities rel te.dt to All i.,,, includ el the study 
Pathogenic variation of tl A], fungus KIat:in America and 
Africa and tie ident if[caLtoin of A resistance sources. 
Pathogen ic variation studies have ben ,conducted in close 
coli aboration with Michigan State University, (MSU-CTAT-UNDP 
angular leaf spot project). Partial results were reported 
previously (See Bean Program Annual Report, 1985). 

For the pa thogenic varia tion studies, thirt:y-two isolates 
of AS fungus were taken from %ine countries in Latin America, 
and twenty-seven from seven African countries. These were 
inoculated on a set of 21 bear lines under greenhouse conditions 
in Michigan. The results for .7 isolates of the ALS pathogen from 
Latin America reported in 965, showed that this fungus has very 
broad variability in pathogenicity and virulence. lathogenicity 
varied among isolates fromn different countries as well as among 
isolates of the same country and location of origin. Some 
isolates caused disease on all 21 bean cultivars while others 
caused disease in only a few. Variations in virulence, and 
percentage of disease caused by isolates on the infected 
cultivars, was also observed. Similarly the number of lesions and 
the lesion size induced by each of the isolates on the host 
cultivars varied considerably.
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The disease reactions of the 21 cultivars of each of the 17 
isolates of the AIS pathogen expressed in terms of disease 
severity, number of lesions, Icsion, and incubation period, 
varied considerably. .No culLivar was resistant or susceptible to 
al isolates. The loewest disesc sever itv developed in cultivars 
A 339, A 212, iAT 7h6, LA' 1547, \ 215 and Craota 060. There was 
also a large variation anong the Lean curivart; in the number and 
size of Ies i ons te', developed. A significant. positive 
correlation wii round hcrweton :ivera,ie diio;,se scve2r] ty and the 
averago num size of 1sions.,-d ln 


Tie res;ult:. rt rined here do confirm previous reported field 
results a h hroad resistance ,orF A 235, BAT 76, A 339 and BAT 
S647 to A!S in Latin America. The asceptsible reaction of BAT 332 

,was consis-tent wi t r 2Plrtre( rm and recentlyir o BrasI mo 
from uii iclaa, L0] ombk . 1iWe r:aistant reaction for the same 
cultivar in l',upa'.,an, Co lombia was also confirmed in these 
studies. IVIra e ,,,r was ,,ce[tille to aa Brazilian isolates 
and lesistait to iana t . from PoprIymIan.
 

The pat o enicity of ,'-- .. isolartes of P. gciseola from 
Latin ivvica and Afric iws auit] by comparing the reactions 
of a s, o1 eiht niLt riS to al l isolates (Table 2). The 
isolates .: iv evd in.to -tonn pathogenicity groups. Four 
patlhogeniitr 'r, rp-n ' t inel ,solote!7 from both Latin America 
and African locafnn , ,IJe thne other ten groups contained 
isolates rom 1n!v one or the Kthey ontinc.nt. Based on these 
results, pattrgenic'aitv grcorups ware proposed (Table 3 and 4). To 
facili tate intrpretatiots of resul ts, iso]ltes that induced 
susceptible or iItnermcd:iate reaction were cIassi fied as 
susceptible. No cultivar was resistant to all pathogenicity 
groups; however BAT I1647 was resistant to eleven of the fourteen 
and A 339 was hihly resistant to most Latin American isolates 
while being susceptible to several from Aftica.
 

It is inte c:i .. thrat research conducted at Michigan State 
University (as pa, M thre same MSU-CIAT-UN)P angular leaf spot 
project) t study tire amount of isozyme variation present in the 
populations; of Latin American and African isolates of P. 
griseoia, Aiwed two 1-sozvme patterns present for each of four 
enzymes: esnerase, catalase, liucine aminopetidase, and adenylate 
kimase. all African iso]ates exhibited both, pattern I and 
pattern 2. Pattern I for each enzyme was associated with large 
seeded bean types while pattern 2 was associated with small 
seeded bean types. These results suggest a coevolution of the 
fungus isolates having pattern I with large seeded bean types 
found in tihe Andean zone of South America arid Africa, while the 
pathogen isolates having isozyme pattern 2 coevolved with small 
seeded bean types found in many bean growing regions of Latin 
America.
 

http:ontinc.nt
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Breeding 

Although tilousands of germplasm bank accessions iate bee 
screened Ior re-sA, t amne to ALS , the numbLr of res:istan 
accessioiis is LeW, and thC levelI of i,;iLance iS relative IV low
No material show ng omp 1 tt mnun ty under i c,(iLionspdha 

been JAIde t- f 1Ld. 'II Ii s !ugui uc I urf1 diIficuLt to wor( wit 
(espcia Iy i 1 id ond it ion :-) tIi II te :inthracno,-;e, CBI, o 
rust pa ihlueuSu (oon'- Itne ,v, ogr c' -in )i-eding i S slow. A 
preseut,i ileah Ioi Ln oi do d ,,. :curcer1.! ," 
re sissaiiic e ij 1ei)i n,n ,Ii. d ii, ;he greenhouses of (CI.T-Palmira 
Comnercig,a bCan L-yp .s of B Ia., Cre a ;id ereamn Striped color 
showning 1 L 111Ce t) A1, S I lI;iIv Lben love IoIped, anld curren 
research is i I nrec', toward otliur g,,'lin types as we I I ;s towar 
combining two or more :0;ou Y7 S of i-esr; i Lance in tco commo 
des ireab . e gene Li _ backgrounds. 

b. ANTHRACN,)SE 

Pa th a 'o9 

Bean anthracnose, caused by Colletotrichum lindemuthianum i 
probably the most economically important bean disease worldwide 
'Ihe causal agent is known to have an extensive pathogeni 
variation that accounts f-or tie change in anthracnose reaction o 
many bean rain1 one Iocation anotlier.Liel from Oe to 

.n the ], sr few years, in order to make the breeding fo 
anthracnose re sanco ' L a nI bec -,LIdiesiL mI1) t21ficient, u of abou 
thfe extent )f the paithogenic variation of t-lie populI at ion of C 
Sind emu t h ia num from di feren bean p rduc ing areas has bee 

conduc ted, . lb e su : t ud ies in iall cases have been done in clos, 
col abor.,t-,l with .I . st- from n;,itienaI programs. This year 
two studies were conducted i1 collabe tation with tile patho]ogis 
and breeder from the staite of Santa Catarina , Brazil. In oni 
patholog% study, 36 iso.lates of the anrthracnose fung 1.- froj 
different regions of Santa (.;tarina were inioculated on the set o 
14 differential bean varieties used previously to conduct C 
lindemutnianum pathogenic studies (Table 5). In addition, tb, 
following bean varieties were also inoculated: Aguille Verc 
Imuna, BO2, Costa Rica, and Phaseolus aborigeneous (the last tw, 
used extensively by Brazilian scient:ists) . For comparison, al. 
these bean antnracnose differential varieties were aIsl 
inoculated with Brazilian races: Alpha Brazil; ba 2; Teta; Zeta 
Delta; Lambda; Kappa; and, with races Epsilon Kenya and C-236 
from Europe and Guatemala, respectively. 

The methodology evaluation system followed that use( 
previously (see annual reports 1981, 1982, 1983, 1986). Based oi 
the reaction of the 14 differential varieties, the 36 C 
lindemuthianum isolates can be classified in 12 dli.fferenI 
pathotypes; however 1/4 isolates belonged to pathotype 1, and 1.
 
isolates belonged to pathotype 2 (Table 5).
 



81
 

Once the pathogenic variation of the C. lindemuthianum 
isolates from Santa Catarina was established, a number of bean 
lines known Ftor their anthracnose resistance under field and 
greenhouse conditions were inoculated with individual isolates. 
Many of these have been pr-eviously evaluated as resistant in 
southern Brazi 1 . \ total. of 21 bean 1 ines had a resistant 
reaction to the nine individua! isola , used as weli as to the 
mixture (Iable I). lhese beans Lines. with very broad anthracnose 
resistance are uti Led as qourcws of resistance for Brazil. Some 
lines, such as ('213 ",; 2138, Ali 1Th , G 9032, etc. have been 
previous]I, remrted as having very broad anthracnose resistance. 

Breed inLg 

Several years ago the first 1),000 accessions from the CIAT 
germpasm hank were systemitically screened against isolates from 
Colombia, Brazil, Mexico arn urope. Over 150 different sources 
of resistance we iientl I i. rom this initial screening, and 
about two dozei of Kam c:arriedirosistance against all available 
races. Also, to iree d]iff-tntel iecha nims of resistance, a set of 
differential,,, und in nurse;rv were,n:t iI1 (fBAT) formed. 

scarch 'ii ABuL the ;r new, I n Lmt better sources of- grmplasm 
is still continuing. KT, p I{t Lv'o tn ; lii seen the screening 
of over 21,0(00 c t u I iv ivaI Ve gerloom hil. (an Thecessfions. 
three mechanis>; cf Ysitance it: (1) adult plant resistance 
(inoculated :;od ni< . Ni t *pLible), (2) Field to!,i1N(e (high 
seed yield in spite A k y disease press,,ure in the flield), and, 
(3) an immunitv to pnt.'en races at all stages of plant growtl. 
Work is in ppresg ; t o -tudv the genetics o theo mechanisms. 
Also, breed ing in ogress nibs: transferring BCMVwork u incW (1) 
resistance into des i raI le sources (of msI st;rin'e; () combining 
different sources of resis tance t getimer; ([) transferring 
tesistance gees i ito comiOrcial hem,In V! . u foar, emphasis 
has been given to the latter aspct., ,udn, as a reil t, all 
commercial booin types of small se eil crooN nd cream striped, 
and medium seeded pinto, bave, and io de cabra developed at (IAT 
now carry resistance to an tir;las ose unider Popayan cond.it ions. I t 
is hoped that in the immediato Luture bred lines combining two or 
more sources of anthracnose resistance will be available. 

c. ASCOCHYTA BLIGHT 

Pathology
 

This is a disease of economic importance in the highlands of
 
Latin America and Africa where cool, humid conditions prevail.
 
Under these conditions the disease can be very severe. In the 
past the disease was ascribed to Ascochyta boltshauseri or to A. 
phaseolorum; however, A. phaseolorum has been proved to bL 
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identical with Phoma exigu,, or P. exigua var. exigua, a weak 
pathogen that cannot cause the severe symptoms associated with 
Ascochyta h) ight in Iatin \mei ica and Africa. T!-e current 
accepted name Ior the Ascochyta blight causal agent is Phoma 
exigua var. diversispor, ( A. boltshuseri) a pathogen that can 
induce the typical and ve:v severe ol.iar b iglit and node and 
stem necrosis associated with Ascocht blight. 1)ur-ing the Fi rst 
African lean Pathology WorkshI'p recently hield, it was agr Oed the 
new pathogen name shoni d be used. It was also suggested I it the 
common namie of -he dis;La ;e shiould be l1homa blight rather than 
Ascochyta 1 1 i ght. 

The main research act i vi tv with thi: ,i ease has been the 
evaluation of hean ge rmpI Iasm in uniform o,.rsegregating nurseries 
as well as acces! ions tron the germp1asm haiilc with the purpose of 
identifying 1n - wih at Ieas intermediate level!s of resistance 
that can h ut i I-i(i,(a varieties or in the c ro Ssing block. 

I )S5Since e a I eva I uat ions in Poplavan, ;,,i, ted in 
Cuatemala, i uLI i have the ofI n n wanda fie Ii tated selection 
several luh ind c! ir ,ig Leans lines with which to form the 
lntec-natenal ,,:eOCHenvLIa Blight: Nursercy (IILABN). This nursery has 
been distrih i,Uj to collaboitl ing iiatlolua progr-ali. ince 1986. 

Breeding, 

TIec IIiALN consisted of 13 bushlI bean 1 nes and 14 climbing 
Lean Iines wliich represent the i:,c son rces of resistarnce 
availbalI at that time. IfI gh >.veis of resistance to Ascochyta 
blight have not Leen identified innP, vulgaris germpi asm. 
Included in thle nor sery were suscep tible checks as well as the 
local control var:ietv. The purpose of this nursery is: 1) to 
provide resis taut geriiipiasm to nat.iorial programs which can be 
utilized in their breeding prog rams or as varieti es if they meet 
local agronomic and consumer requireiments, rind 2) to monitor the 
possible existence o patlogenic variation in the different bean 
grow-ing ar ls i thin [,at in America and Af rica, to determine 
whether aces or diffe i t strains of the pathogen may exist. 
Results of nurseri es grown in Rwanda and Colombia suggest that 
pathogen variability may be niiminial- in these two oreas (Tables 7 
and 8) and screening for resistance to Ascochyta blight in 
Popayan, Colombia may identify bean genotypes suitable for 
Rwanda. 

Aniong the bush bean Ilines in the IBABN, C 4603, BAT 1569 and 
G 17098 showed the highest level of resistance to Ascochyta 
bl:ght, and for climbing beans, G 12582, G 10747 and VRA 81051 
were resistant in both countries. The Phaseolus coccineus subsp. 
polyanthus check, G 35182 (cuate 1076) continued to show the 
highest levels of resistance to Ascochyta. Other lines with high 
levels of resistance are G 10889, C 6040, VNA 81006, VNA 81014,
 
EMP 31, VRA 81013.
 

Crosses are being made among the best entries in the IBABN
 
as part of a recurrent selection program to increase overall
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levels of resistance to Ascochyta blight. Interspecific
 
hybridization between P. vulgaris and P. coccineus are also being
 
conducted to transfer the high leels of resistince found in P.
 
coccineus to common bean genotypes. More information on this is
 
available in the Interspecific Hybridi7ation chapter.
 

d. WEB BLIGHT 

Pathology
 

Control of the imperfect phase of the web-blight (WB)
 
fungus, Rhi.zoctonia solani, (sexual stage: Thanatephorus
 
cucumeris) is hest achieved by integration of cultural practices,
 
chemical control, and varietal resistance.
 

Although cultural practices are the most effective, genetic 
variability is real and exploitab-e. Furthermore, in some 
situa ticis cul tura l pract ices may not be practical. For exa:;Iple, 
in some areas a mu2.oh can increase slug problems. Planting in 
beds :implies more expense in field preparation. In such cases 
varietal resistance, albeit incomplete, may contribute relatively 
more to disease control. 

A series of tr:ials were conducted to evaluate seed 
transmission of T. cucumeris in plots of Iluasteco and Mexico 27 
under moderate-severe WB attack, with and without protection from 
foliar applications of benomyl.. Seed was harvested, dissected 
into three principal pacts (seed coat, cotyledon, embryo) and 
assayed for the presence of T. cucumeris and other seedborne 
patht ns. Seed from fungicide-treated plots showed no 
transmission whereas non-treated plots had a 6.3% recovery of T. 
cucumeris. The pathogen was recovered from both lHuasteco and 
Mexico 27 at a rate of i.0Z. Absence of fungicide resulted in a 
50% yield loss. Thanatphorus cucuieris was found exclusively in 
the seed coat; other pathogens such as Fusarium, Alternaria, 
Phomopsis, and Aspergil lus spp. were present in all the seed 
parts. Seed from fungicide-treated plots had better yield and 
fewer microflora than seed fronm non--treated plots but upon 
replanting did not produce better stan,3s or yil5ds in the second 
generation.
 

The effect o. herbicides on the growth of T. cucumeris in 
vitro and on W 5 development in the field was studied in a series 
of experiments. At (loses of 33-99 ppm, dinoseb completely 
inhibited the growth of T. cucumeris in culture plates; 
inhibition by paraquat was an average 91%. R,n:d-up had the 
least in -itro pathogen toxicity. fn a field tri;il comparing six 
herbicides applied at preemergence, dinoseb-treated plots had the 
least WU1 and the highest yields. In1 subsequent field trials, 
dinoseb alone was evaluated at doses ranging from 1-13 kg 
a.i./ha. There was no linear dose effect on WB development; the 
lower doses (1-4 kg a.i./ha) produced higher yields and less 
disease. Similar trials conducted with paraquat
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at 3.4 kg a.i./ha seemed to give the best results under severe I
 
pressure. A final trial was conducted to evaluate previoi 
post-emergent hcrbicide treatments unde- severe WB pressur, 
Results were mixed but the posn-emergent treatment of Basagran 
Fusilade (applieJ 21 days after) offered hest yield and Lowe: 
rate of WB infection. GenerayI v, posL-emergen L t rca tmen 
outperformed pre-emergo nrLi tre.attments under high di sea se pressuri 

Breed ine 

Hi-lerences in reaction to the web-blight fungus were not 
as earlv as 1974. The first crosses to increase resis tance we' 
realized in 19(0, and in 198/4 we reported rusult,,s with bred lin 
from cross niuiber lit 7716 , which demc,,stratcd n hI! to 937 yie 
i ncrease o-w li i ;'hick, 1I o (0. In i 'd-IL anoth(the r ch:unL lorri 
bred I ins, lit J 71 ) becanie tme ii 1 st V'I i -V deve Iop( 
spec i f'ica Iv I F 'o h i)i r 'c,resisLance, r t1 Ieased under tto iail 
Chirrp i (nCost,:iica. Ht her va rietis; previuslyis( ruV 
(Talamainca - at',I 1(11 13 and hi co - ) ( 60) also h 
resistant l-en'ct ions-; but were not bred spet' cal 1v for w( 
blight. 

in the Interinational Web BlighL Workshop held in Costa Ri( 
in Noveil)er , 1986, it was decided that 1987 should be dMiMat,( 
to evaluating popul.ations and lines already available in the wc 
blight project. Speeificn yv, it was decided that yield shou] 
be measired and ueed as a selection criterion. Therefore, ti 
Elite Web Blight Nuirsery was created to measur vie d in 
statistical design.
 

In parail1el fashion the Costa Rican National bean progr 
formed the Nat ional Wel Blight u:rsery which is also a yie] 
nursery with st: st ica.l design. 

September of year, ed 
(more uniform drainage and bed prepa't iion) created much nor 
uniform disease conditions, hence genetic dlierences could h 
distinguished with confidence. Although yield data from thi 
semester were not available at the time this report was writter 
it was evident based on symp tatis ihat advance had been madc 
Observations confirmed those of pre\ious semesters.
 

In t S plant ings this imprn agronon 

Superior materials inciltdud XAN 221 and XAN 226, progeny c 
XAN 112 and Porril.lo derived materials; apparently XAN 11 
contributed more distinct gen for resistance than thos 
available in Porrillo. Among red seeded lines RAB 377 wa 
excellent, better even than the blacks, having resistance derivc 
from Porrillo, Turrialba 1, and a Nicaraguan land race 
Orgulloso. CENTA [zalco, a land race fromn El Salvador, als 
produced excellent progeny. Orgulloso and CENTA Izalco have n 
apparent relationship to other sources of resistance, and it i 
hoped that genetic gain will continue by recombining genes anion
 
sources. 

http:Porril.lo
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All the best ]ines aire de rived from sources previously 
recogni zed ns superior, Il.wever, ,c lLction of resistant progeny 
in population ,a& iih progeny rows has bln hindered by non-genetic 
variabi] ity within tie nurserv. li ' ear's experience has 
demonstrated the vaiit,so fc both imprve d igurnnmTxV :nd larger plot 
size to (C ;tinguish genetic ftect . Liikewise, the incorporation 
of yield t. in intc the s olection scheme is an important 
developiment in the web-b.'lh-liglht pr ,ict. 
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Table 1. 	Selected bean lines from advanced uniform
 

nurseries having multiple disease resistance under
 

field conditions in Palmira, Colombia.
 

Bean line Color Nursery Disease reaction
 

Rust CBB ANT ALS
 

BAT 1462 7MK VEF 81 R I R R 

PAD 25 6J VEF 83 1 I R R 

PAD 38 7M VEF 84 1 I R R 

PAD 40 7M VEF 85 R R I R 

kND 370 6M VEF 85 R I R R 

ICA 15141 6M VEF 85 R I R R 

ICA 15255 6M VEF 85 R I R R 

PAD 51 7M VEF 85 I R R I 

BAT 1430 6T VEF 80 I I R R 

BAT 1264 4 VEF 80 I I R R 

BAT 1275 6MK VEF 80 i I R R 

BAT 93 2 VEF 80 R R R I 

Diat.ase evaluation based on a 1-9 scale where ',2 and 3 at
 

cnbidered resistant; 4,5 and 6 intermediate and 7,8 and
 

susceptible. 1= no visible symptoms of disease and 9= severel
 

diseased.
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Table 2. Pathogenicity groups in isolates of Phaeoisariopsis griseola from 

Latin America and Africa based on disease reaction of 8 bean cuitivars. 

Pathogenicity Disease reaction on host cu-Itivara 

group and 

isolate a b c d e f g h 

I A Colombia I S S S S S S S S 

B Cuatem I S S S S S S S S 

C Tanzania 2 S S S S S S S S 

2 A Uganda 1 S S I S S S R I 

B Ugarda 2 S S I S S S R S 

C Zaire 2 S S I S S S R S 

3 A Mexico I S S S S S S R R 

B Guatala 2 S S S S S S R R 

4 A Kenya2 S S S S R S S R 

5 A Brazil I S S S R S R R I 

B Brazil 3 S S S R S R R S 

C Argentina I S S S R S R R S 

6 A Rnanda 3 S S R S S S R R 

B Burundi 3 S S R S S S R R 

7 A Tanzania I S I S S R R S R 

B Kenya I S I I S R R S R 

C Uganda 3 S S I S R R I R 

D Rwanda I S S S S R R S R 

E Burundi I S S S S R R S R 

F Burundi 2 S I S S R R S R 

G Zaire I S S S S R R S R 

8 A Colobia 2 S S R S R S R R 

9 A Costa Rica I S S R S S R R R 
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(Continuation Table 2) 

B Ruanda 2 S S R S S R R R 

10 A Brazil 2 S S S R R R R R 

B Brazil 4 S S S R R R R R 

11 A Tanzzinia 3 S S R R R R S R 

B ]vi2 S S R R R R S R 

12 A ,1aIwmi 5 S R S R R R S R 

B Mtaw4 9 S R S R R R S R 

13 A Colmba 3 S R R R S R R R 

B Colcxbia 4 S R R R S R R R 

C Malawi 3 S R R R I R R R 

14 A Kalawi 4 S R R R R R R R 

B Mahiwi 7 S R R R R R R R 

C MalawiIO S R R R R R R R 

D Tanzania 4 S R R R R R R R 

E Kenya 2 S R R R R R R R 

F Nicaragua I S R R R R R R R 

G Argentina 2 S R R R R R R R 

H Argentina 3 S R R R R R R R 

I Argentina 4 S R R R R R R R 

a S = Susceptible; more than 4% leaf area covered by P. griseola lesions. 

I = Intermedinte; 1-4% leaf area covered by lesions. 

R = Resistant; less than 1% leaf area covered by lesions. 

a = Montcalm b = Seafarer c = IA 332 d = Pcmpadour Chleca e = G 5686 

f = Cornell 49242 g = A339 h = BAT 1647. 
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Table 3. Proposed pathogenicity groups in PhMeoisariopsis griseola based on 

reaction of 8 bean cultivars. 

Pathogenicity group 

Host cultivar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Montcalm S S S S S S S S S S S S S S
 

Seafarer S S S S S S S S S S S R R R 

RAT 332 	 S S S S S R S R R S R S 
R R
 

Pompadour Checa S S S S R S S S S R R R R R
 

G 5686 S S S R S S R R S R R R S R 

Cornell 49242 S S S S R S R S R R R R R R 

A 339 S R R S R R S R R R S S R R 

BAT 1647 S S R R S R R R R R R R R R
 

a 	S= Susceptible; 1%or more leaf area covered by P. griseola lesions 

R = Resistant; less than 1% leaf area covered by lesions. 
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Table 4. Disease severity in 8 bean cultivars iacuiated with 42 isolates of 
griseola a 

Phaeol-iSriosis 

Pathogenicity 

group and aDisease Severity 

isolate a b c d e f g h 

1 A Colo )ia 1 48 33 50 50 23 50 43 50 

B Guatawla 1 40 22 40 35 40 40 14 18 

C Tanzania 2 50 50 38 50 50 50 16 40 

2 A Uganda 1 50 13 5 50 33 50 5 

B Uganda 2 50 12 3 50 50 43 14 

C Zaire 2 50 50 4 50 50 50 15 

3 A Medco 1 40 50 50 50 25 5 

B Guatemla 2 6 20 40 25 16 33 

4 A Kenya 2 50 11 15 50 17 36 

5 A Brazil 1 40 40 43 18 3 

B Brazil. 3 40 50 43 20 25 

C Argentia 1 45 10 42 30 25 

6 A RWmda 3 40 40 34 30 45 

B Burundi 3 42 33 27 39 50 

7 A Tanzania 1 50 4 8 50 15 

B Kenya 1 50 5 1 13 10 

C Uganda 3 50 16 4 50 6 

D Rwanda 1 50 50 15 50 16 

E Bundi 1 50 30 16 8 7 

F Burundi 2 50 4 9 7 11 

G Zaire 1 30 10 16 50 9 

8 A Colcbia 2 25 40 27 30 

9 A Costa Rica 1 40 25 40 8 

B Rwanda 2 50 50 50 50 

10 A Brazil 2 6 29 1 

(Continue) 
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(Continuation Table 4) 

B Brazil 4 18 25 
 39
 
11 A Tanzania 3 50 25 50
 

B Malawi 2 50 
 38 
 19
 
12 A Malawi 5 50 
 6 
 8
 

B alai 9 50 
 9 
 11
 
13 A Colonbia 3 50 
 43
 

B Colombia 4 50 
 47
 

C Ma awi 3 50 
 5
 

14 A Milawi 4 39
 

B Malawi 7 50
 

C MEdawi to 31
 

D Tanzania 4 43
 

E Kenya 2 30
 

F Nicaragua 1 32
 

C Argentina 2 40
 

H Argentim 3 40
 

I Argentina 4 50
 

Disease severity expressed as percentage of leaf area covered by ALS 
lesions. Maximu disease severity = 50%, minlimm disease severity 

(blank) = 0%. 

a= Montcal,., b= Seafarer 332
c= BAT d= Ponpadour Checa e= G 5686
 

f= Cornell g= A 339 h= BAT 1647.
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Table 5. Reaction of bean differential varieties to a group of Col letotricelmi ]:indamithianuin isolates frxl 

Santa CaItarin;), Brazi. 

A N T 11tRA CN 0 SE R EA C T IO N 

DIFFR'TITAI, C168 CL65 (1157 C159 l C,2b,51a CL56 CTI,75 EC2 CT78 CL76 EC43b AIPHA 
VARIIIY BR BR BR BR BR BR BR 1BR BR BR BR BR 1Bl KAPPA2 

ll-CHFE IITE: S S S S S S S ; S SS S S S 
H.D.R.K. R R R R R R R S S S S S R S 

1I'RRY MARR(Y1q R R R R R R R R R R S S R S 

COR.49242 S S S S S S S S S S S S S S 

WI 1)IjS S R R S S S S S S S S S S S 

KANX)N R R R R R R R R R
R R R R R
 

SAINHIAC R R R R R S S S R R S S R S
 

E1MIPON 847 R R S S R R R R
R R S R - 

"11 R R R R R R R R R BR R R R
 
PT R R R R R R R R R R R R R R 

PI 207262 R R R R R R R R R R R R R 
 R
 

AB 136 R R R. R R R R R R R R R
R R 


A 475 R R R R S S R R R S
R S R R
 

G 2338 R R 
 R R R R R R R R R R R R 

PR1NOR R R p S R R R R R R R R R S 

G 2333 R R R R R R R R R R R R R R 

Reaction base on 1-9 scale where I = no visible disease syptoms and 9=-very severe symptcms. For this
 

study 1, 2 and 3 are considered as R and the rest as S. 
2 These isolates were used as checks. 
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NOTE: 

The isolates were clastified into groups as follows: 

Isolate CI-68-BR: Vii, 8, P, p. Also included In this group were 

isolates ,C-21 a-BR, a- (2].-59-BR, C-60-BR,B EC2'I-BR i-BR,, 

CL-64-BR, C-f 6-BR 1-, I.--73-PR AND CL-75-BR. 

Isolate CL-65-BR: VI , 16,P,p Al:;o included in this group uere 

isolates CL-57-BR, CL-58-BR, CL-62-61-BR, CL-62-BR, CL-63-BR, 

CL-65-BR. 

Isolate CL-57-BR: V 1,15, P, p 

Isolate CL-59-1R: VII, 8, 1, p 

Isolate BC-21)*- P,: Vii 8, 1, p 

Isolate ,:-21:i- - : V11. 6, P, p 

Isolo te C1J-56-BlI': Iii 6, P, h 

7 -- P,Isolate CI -7, 5Ih)L : 8, p 

Isolace LC-2?- 1: ]IT, 8, P, p 

Lsolate CL.-69-BB : II, 8, F, h 

Isolate C2-76--BR: I, 5, P, p 

Isclate EC-43b-BR: I, 6, P, h 
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Table 6. Reactic.i of selected bean accessions with resistance to Colletotrichum 
lindEiuthianun under field condition-s aad to individual races of the 
pathogen under greenhcxse conditions. 

C R E E NJ Ui 0 U S E 

1
 
Field
 

EVAI.2 X AI-BR IP-K T L C-236 K D Z AB-2 

A 62 4 R R R R R R R R R R 

A 227 11 R R R R R R R R R R
 

A 255 5 R R R R R R R R R R
 

A 260 1 R R R R R R R R R R 

A 317 4 R R R R R R R R R R 

A ')19 5 R R R R R R R R R R 

A 320 14 R R R R R R R R R R 

A 321 9 R R R R R R R R R R 

A 322 9 R R R R R R R R R R 

A 373 8 R R R R R R R R R R 

A 375 5 R R R R R R R R R R 

A 381 13 R R R R R R R R R R 

G 4032 7 R R R R R R R R R R
 

G 3991 7 R R R R R R R R R R
 

XN 57 1 R R R 'a R R 1 R R R 

X,%N 14 F R R R II R R R R R 

11 6 R R R R R R R R R R 

PI 207262 R R R R R R R R R 

AB 136 12 R R R R R R R R R R 

G2333 11 R R R R R R R R R R 

62338 9 R R R R R R R R R R 

Reaction in The field and greenhouse based on a 1-9 scale where I = no visible 

disease syrrptcms an 9= very severe synptcxms. 

2 Evaluation condicted ini Popayan, Colombia; La Selva, Colombia; Tepatitlan, 

Mexico; Irati,BrazKi; Chiapata, Zambia; Goiania,Brazi; Salta,Argentina. 

Mixture of nine isolates (Al.-Br, -T-K, T, L, C-236, K, D, Z and AB-2) 
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Table 7. 	International Bean Ascochyta Blight Nursery
 

(IBABN-Bush beans) evaluated for reaction to
 

Phoma exigua var. diversispora iii Colombia and
 

Rwanda.
 

Rwerere Ascochyta
 

Identification Popayan Rwanda Rating
 

1 1 0 
Local Check 7.02 5.0 S 

BAT 477 (S check) 6.5 5.2 	 S
 

CATU 	 5.3 3.8 I 

BAN 6 5.3 3.7 I 

EMP 117 5.0 4.7 I 

PAl 119 4.3 2.9 R 

A 182 4.2 3.4 R 

BAT 795 4.2 3.0 R 

BAT 1225 3.5 4.2 R 

BAT 1416 3.3 3.8 R 

G 17098 3.3 3.0 R 

BAT 1569 3.3 3.0 R 

G 4603 3.3 2.7 R 

Local checks: Popayan, Colombia = Diacol Calima
 

Rwerere, Rwanda = Shikashika 
2 Average of three rating periods on a 1-9 scale, where I = no 

visible disease symptoms and 9 = very susceptible. 
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Table 8. International Bean Ascochyta Blight Nursery
 

(IBABN-climbing beans) evaluated for reaction to
 

Phoma exigua var. diversispora in Colombia and
 

Rwanda.
 

Rwerere Ascochyta
 

Identification Popayan Rwanda Rating
 

AND 244 (S check) 8.01 4.7 S 

AFR 223 5.3 3.5 I 

VRA 81058 5.3 4.1 I 

ASC 6 4.7 3.5 R 

VRA 81058 4.7 3.4 R 

G 12307 4.5 3.1 R 

ZAV 21 4.3 4.0 R 

ZAV 91 3.8 2.8 R 

ASC 1 3.8 2,8 R 

ASC 4 3.6 3.3 R 

VRA 81051 3.5 2.4 R 

G 10747 3.1 3.3 R 

G 12582 2.8 2.8 R 
2
 

G 35182 (Guate 1076) 1.6 1.8 R
 

Average of three rating periods on a 1-9 scale, where I 
= 

immune and 9 = very susceptible.
 

2 Resistance check - Phaseolus coccineus subsp polyranthus
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3. Bacterial Pathogens
 

a. COMMON BACTERIAL BLIGHT
 

Pathology
 

Common bacterial blight (CBB) continues to be a very
 
important disease in many bean producing 
areas of Brazil,
 
Argentina, Central America, the Caribbean and in some regions of 
Africa. Many of the traditional ond newly introduced varieties in 
these areas are susceptible to CUB and often the seed used for 
planting comes from fields chat have severe C1B symptoms. These 
two factors, in addition io climatic conditions conducive to CBB 
epidemics, ,Way -CCOOuiL i-or the apparent current increase thisof 

disease in several bean producing regions. 

In 1979 the pathology and breeding sections of the program 
began most of the work in breeding for (CBR resistance in beans. 
The number of lines with either resistant or intermediate 
reaction to the UB pathogen was below 20 in the 1979 VEF 
nursery, and 5(1 1986. tis; inabout in Despite decrease the 
number of susceptible lines generated by the breeding projects at 
CIAT, the relative nur~mber of lines with resistant reaction 
remains low.
 

However, there are now several CIAT generated lines from the 
CBB project that have tropical adaptation and excellent levels of 
CBB resistance (Table 1). Among these, XAN 11 2 is]inc. worth 
mentioning because it has been extensively evaluated a3 resistant 
to CBB in many countries (Argentina, Brazil , Colomria, Cuba, 
Guatemala, France, USA etc) . XAN 112 shows excel lent levels of 
CBB resistance in fields where other lines severely diseased,are 
and it has an upright architecture, good earliness, and shows 
resistance to other pathogens. 

During 1987, routine evaluations of CIAT uniform nurseries 
under field conditions, as well as pathology nurseries, permitted
 
selection of lines with CBB resistance. Further evaluations were 
made to choose possible parental sources of CBB resistance or
 
possible candidates for the International Bacterial Blight
 
Nursery (Table 2). Similarly, several evaluations were conducted 
under greenhouse conditions in close collaboration with the 
breeding program. In some cases, the main objective was to 
incorporate CBB resistance into widely grown susceptible 
varieties such as A 295 ( EMGOPA-OURO in Brazil), DOR 41 (widely 
grown in Guatemala and Argentina) etc. In other cases, the main 
objective was the elimination of highly susceptible lines. 
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Breeding
 

The project to develop and utilize resistance to the common
 
blight pathogen, Xanthomonas campestris pv. phaseoli is one of 
the oldest in CIAT, yet one which has yet to result in a 
resistant commercial variety.
 

Resistant sources reported in the literature, PI 207262 and
 
Great Northern vzieties derived from P. acutifolius, were
 
incorporated into the first crosses made ir the Bean Program. 
Although inoculation methods were developed here and selection 
criteria existed, poor adaptation of the sources and their 
resistant progeny was a ocurrent problem, as was an apparent 
linkage of one or some of the resistance genes to the gene for 
brilliant seed. The first moderately well-adapted lines with 
black opaque seed were pro(t'ced in 1981, these including XANs 87, 
93, and 112. However, it soon became evident that resistance was 
also related, probably by genetic linkage, to undesirable 
purplish tone of black seed. These 1 ines therefore became 
parental material for yet another generation o17 breeding, which 
produced, by backcrossing, a new series of resistant black-seeded 
lines, improved for grain type and adaptation. The best of these 
from the first and second cycles of backcrossing are at present 
in preliminary yield trial.s in Cuba, and have yielded as much as 
23% more than the check variety. In the past, CBB resistant 
lines from these Sources have not displayed the rusticity and 
stability that is expected in black seeded varieties, and it 
remains to be seen if these new lines represent an improvement in
 
this respect.
 

Recovery of resistance in small red varieties has likewise 
been slow due to apparent problems of linkage of resistance to 
undesirable color, but we believe that a few recombinant types 
are now available.
 

In 1981 a CBB sub-project was initiated to evaluate
 
interspecific P. vulgaris x P. acutifolius crosses obtained from
 
the University of California-Riverside. This effort produced
 
totally self-fertile, highly resistant lines XAN 159, 160 and
 
161, all with growth habit type I (derived from the vulgaris
 
parent, Masterpiece, a snap bean). Backcrosses were initiated
 
with several important cultivars, the most successful of these 
being with Pompadour Checa, which has medium sized grain and also
 
a type I habit. It has been possible to recover the plant type, 
adaptation, grain size, form, and mottling of Pompadour, although 
most selections of high resistance have uidesirable purple grain. 
It is hoped that these selections have also recovered the pod 
resistance of XAN 159, which is even more urgent in type I types 
than is foliar resistance, but this is yet to be confirmed. It is 
possible that the selection of the vulgaris parent in the 
original interspecific cross affected the utility of the derived 
lines for improving different vulgaris germplasm since XAN 159 
combined better with Pompadour than with small seeded 
indeterminates. A few indeterminate lines derived from XAN 159
 



99
 

are also being used to improve small seeded vulgaris, but
 
problems of adaptation continue to slow progress with these
 
sources.
 

Conscious that almost all the resistance in small seeded 
advanced lines was derived from only two sources (Pf 207262 and 
Great Northern cultivars), an attempt was made during 1987 to 
find new sources in a screening of germplasm accessions. More 
than 12,000 accessions were planted, inoculated manually using 
the surgical blades method of inoculation (Bean rogram Annual 
Report, I981) and a si spension of bacteria (5 x 10 CF4/m), and 
evaluated in the first semester of 1087. Selected accessions wrre
 
reevaluated in the second semester, the best of which appear n..
Tab e 3. Most accessions with a higher degree of fol inr 
resistance (grades 3 and 4) were type Is. (A the indeterminate 
small seeded types, all were infrlior to resi stant check XAN 112 
in both adaptation and vesistaince. To date, the best siail seeded 
germplasm accession continues Lo he G "439Q9, Tamaulipas 9-8, which
 
was identified in 1980. It is indeed curious that resistance in 
smal I seeded P . vularis is so rare when in P. acutifolius a 
moderate to high of lmost tlelevel eresistance is rule.
 

A more productive line of research to tind sources of CBB 
resistance for smalI seeded types, has h forbeen breed ing 

transgressive segregation among lines of intermediate resistance.
 

Some of these lines have been identified in the VEF testing 
scheme, presumably as chance combinations of minor genes 
unidentified individually (BAT 1500, BAT 1192). Others are lines 
developed within the CBB project from sources which are
 
themselves intermediate (Sel 813 from G 8255, Taletes). Still
 
others are lines of good adaptation which did not recover the
 
full complement of resistance genes from poorly adapted parents.
 
Combinations amog intermediates produced F. families at least as
 
good as XAN 112 in both resistance and adaptation. XAN 236 was a 
particularly good source for black seeded types, and the facility
with which its resistance was transmitted suggested simple 
inheritance. Its parent, XAN 91 (progeny of G 4399) has been 
incorporated widely into crosses, as well as DOR 308 (a small 
seeded line derived from ICA L-23).
 

b. HALO BLIGHT
 

Pathology
 

A collaborative project between CIAT and the National
 
Vegetable Research Station, Wellesbourne, England was continued
 
in 1987. 
Studies were conducted at NVRS on the occurrence and 
distribution in Africa and Latin America of pathogenic variants 
of the halo blight of Phaseolus beans pathogen, Pseudomonas 
syringae pv. phaseolicola. The main emphasis during 1986 and 1987 



100
 

was on the characterization of isolates from eastern and central 
Africa.
 

To date, approximately, 7(00 isolates of P'.seudomonas spp. have 
been obtained and 610 of these have botin ident ified by 
bacterophage and serological mccthods- as Pan or a closelv related 
pathovar. (Table 4) . Pscudomonas s'i1Tgae pv f v(.inaen is a 
pathogen of soybeans. TV characterization Af th&- M-a i solates 
into riO'j5 va; based on the reaction 1 iprl)of imina': series of 
di fterett ia cult ivars (Table 5). fi the (IW iWolates 

provisionallv identified a'; pv. jjaseolicola, or as le ing 
siila r 240) belonged to race I and all or themOF, i solato 
originated in A rica. IRace I (1 10 isolitt') H-d race 2 (230 
isolates'), alti4 ul wdlv distributed in some ifrioan countries, 
were alu oond worldIide, Pace 45 (26 isolates) wlhich is able to 
attack onlyv a limited nuibcr o f ihaseol ,-'. vulgp ris cult ivars was 
isolated maiuly I rom .ov1)be;in, (C -incmax, inu close pro::imitv to 
P. vulgarih in Afric;i. From comnarat Wre tests, it is now 
considcered proh;ibih tla thie prliogen pieviously identif ied as 
pv. 2 haseolicola race 4 is synonymous withI Pseudoji,ois syringae 
pv. g]ycinea. 

The ge,aphic distribution of the pv. phaseolicola races is 
shown in Table 0 and the host range distribut:ion of the races is 
shewn in "'able 7. The wide host range of pv. plhaseinlicola should 
provide additional sources of infection of P. vugaris, in 

addition to the primary method of diiseasec tranmsmis5 yio: through 
infected seed. Additionally', in Africa the often hiief time 
between successive crops could Ia! low di sease ca rrv-ove r in crop 
debris. 

From resistan ce s crecning of accessiens t1 P. viLgaris a 
more extensive range of dif ferential cutivars has been selected. 
Tests with those cultivars (Table 8) indicate sub-divisions 
within the previously described races I, 2 and 3. Aor example, 
certain cultivars wil I separate race I isolates fron different 
hosts (e.g. Phaseolus coccines and Lablab purpureus). S imilarly, 
other cultivars will distinguish between isolates of race 3 from 
different geographic areas (e.g. Tanzania and Rwanda) while other 
cultivars wi.11 separate race 2 isolates from Tanzania and the 
USA. These sub-divisions within races 1,2 and 3 suggests that pv 
phaseolicola may contain at least six races in additioa to the so 
called race 4 Pseudomonas syringae pv. glfcinea). It now seems 
likely that the race structure of pv phaseolicola has a degree of 
complexity similar to that already established for Pseudomonas 
syringae pv p isi which has six races, and pv Llycinea with eight 
races.
 

In preliminary studies of the inheritance of resistance, it 
was shown that specific resistance to races i and 3 (as 
previously defined) is controlled by different dominant genes. 
Race non-specific resistance is controlled by recessive genes or 
polygenes. Further crosses have been made at CIAT for a more 
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detailed study of the inheritance of resistance in various 
important cultivars including resistance to race 1. 

Cu] tivars with known resistance characteristics, both 
race-spec i fic and race non-spec Af ic, were grown at two sites in
Africa with expected race 13 ,fection, and one site in the USA 
with expected race 2 infcti oi. 
 (,ultivars with resistance to race
 
3 generall showed 
littlo disase at the African sites, but were 
susceptible at the ISA site. A numiber Iut-ivars withi race 
non-spec Ii e resistance were highly resistant at a11 sites. The 
navy bean cv tdmund deveI,,pel at We]lesbourne was completely
resistant. 'ls I Putiv~lrnt has two resistance genes, a recessive 
gene for race non-spec i ic I stance ;Wi a dommint gene for 
race A res istane. le comin'Inati i.0 these t gens appears to
have 1i1H ;ddi ive eCO- et. It is Sngg st(d tli{It tle use ot- this 
gene coml in,ation wotalei provide aln idealI solut tiou (n) t-he Ai rican 
situation. Table 9 shows a list of some of the bean lines with 
non-specific res istance and 
lines with resistance to either race
 
1, race 3 or both.
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Table 1. Selected bean lines generated at CIAT and evaluated
 
under field conditions several times as resistant 
to the common bacterial blight pathogen. 

Xanthomonas campstris pv. phaseoli 

A 193 RAB 123 \AN 154 NAN 189 
A 297 XAN 30 >:AN 155 XAN 190 

BAT 93 NAN 7 XAN 156 NAN 191 
BAT 1212 NAN 91 NAN 157 XAN 199 
BAT 1500 NAN 93 XAN 158 NAN 201 
BAT 1709 XAN 112 NAN 159 NAN 203 
NAG 50 NAN 124 NAN 160 NAN 204 
PAl) 3 NAN 132 NAN 161 NAN 205 
RAB 9 NAN 137 XAN 165 NAN 208 
RAB 101 NAN 153 XAN 166 NAN 212
 



103
 

Table 2. 	 Selected bean lines from advanced uniform nurseries 

with high levels of resLtiance to the cmuimn blight 

pathogen inder Field ci.d itions in Palmira, 

Coloia ia. 

No. Entrieq 

Nurser, Selected Tdcntlfication 

EP 86 3 CA 15418, 15409, 15412 

VEF 86-EP87 26 XAN 205, 208; AHl ,3; AND 

618, 623; A623, 052, 678, 683, 

716; AkIi 314, 317, '322; AM) 

416, 062, (5; PH; 130 , 141; 

BR 25; 	 ,AI; 18' P)MC 18. 

VEF 87 19 	 XAN 218, 219; A\i, 10, 28; 

CAL 22, 69, Pd 239,55, 71; IL 

242, 243, 2992;1I-1 ; UAF 82, 

96, 97, 23S; ZIRWN. 

Others 10 XAN 170, 173; AM) 260; PAM 6; 

ZAA 96; S1. W46, 8,,7, 855; NAG 

173, 174. 

Selected 	 lines havd a disease evaluatin of 4 or less, 

where: I is free of visible disease s mptoms, and 9 is
 

severely diseascd.
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Table 3. Bean accessions from a group of 12,000 entries
 
that were artificially inoculated upder field 
conditions in Palmira, Colombia during two 
semesters, and showing the highest levels of common 
bacteri-l blight resistance. 

No C [dontificaLion Color Size Habit 	 CBI 2 
reaction 

408t lY rk R d Vidncv O)l RD) 1. 1 3 
4079 light Rd Q.i.ttv 01 PK L 1 3 
3954 IS t. 72 WI S 1 4 
6708 ,,51 3)5 WH S 1 4 
5688 Irvgi Full gr en BR S 1 1 
6617 'omtpaidoulr Nocicana RD M 1 4 
6415 Moa t )0) PK L 1 4 
7040 WW ito YE M 1 5 
2Q321 "aWc, WH S 1 5 
6595 (;lamiM- BR M 1 1 
7137 I BR S 1 5 
5377 0/3/1 CR M 1 5 
5705 Corbett Refugee BL S 1 5 
5373 l:iaro I Gal ima RD L 1 1 
66 18 Pompadour Rocio RD 3 1 5 
6381 K idneye light Red 03 PK L 1 5 
6414 Manitoti PK L 1 5 
5492 0633 WH S 1 6 
6h19 Bush Blue Lake WH S 1 6 
5753 Brown Jeauty BR L 1 6 
5496 Beaut itul BR M 1 6 
5485 Tender long CR M 1 6 
5744 RCdlands Autumn Crop CR M 1 6 
5621 Di icol Cal ima RD L 1 6 
6647 Pam.rejo RD L 1 6 
6637 : RD M 1 6 
3916 36 I-tinto Alta 1ulce-13 PU S 2 5 
5731 *lactigan Preto No. 20 BL M 2 5 
5716 linei 31 BL S 2 5 
1291 Facul tal RD M 2 5 
5164 Amendojm PK L 2 2 
7077 Mulungu PK L 2 5 
:1300 Hlabilla PK M 2 5 
5746 Rledlands Green Leaf C BR S 2 6 
5871 Trope to CR S 2 6 
5906 10233-M(3)-] ]PM-12-4-M(6)PU S 2 6 
5685 BL S 2 6 
5909 Negro Cahabon BL S 2 6 
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No G Identification 
 Color Size Habit 
 CBB
 

reacti on

5911 Negro 
 IL, S 2 6
 
6097 Mexico 9=Va,rdad 37-4 BL S 2 6
 
5733 Miss Kel Iv 
 PK M 2 
 6
 
6700 msu1 23 WH S 3 3
 
5476 Ju 1,o 
 WH S 3 4
 
5477 ;' No. I ].?!27 WTI M 3 4
 
4528 Anc .l"licul tad 
 RD M 3 4
 
1181 
 CR M 3 5
 
3439 .XI:it ,cas 81 
 CR M 3 5
 
6378 CN NpNras<, No. I WH M 3 
 6
 
2281 
 BR M 3 6
3266 Agnltycalt1ntes 65 
 BR L 3 
 6
 
4311 'uebl ,'5 
 CR M 3 6
 
4314 Zantecas 5-A 
 CR L 3 6
 
3694 li C, , .A, 
 PU S 3 6
 
2899 Mrondo 
 BL S 3 6
 
5910 Burros 
 OT M 3 6
 
6800 Nicargu, 42 
 RED S 3 6
 

6772 Col iN0 () 
 CR S 4 4

1320 'I Palnepantla 5
YE S 

706 Iarbunva 
 CR L 4 5 
7368 Ancasd 110 PU M 4 5

5734 Mountaineer 
 WH S 4 6
 
5504 Bojnourd 
 CR M 4 6
 
6306 Ecuador 218 
 H1. S 4 6
 
1. YE Yel low CR = Cream 01' = Others S = Small 

I = 110hito PU= Purpl e R) = Red 'M= Medium 
BR = Brown BL = Black 
 PK = Pink L - Large 

2. Evaluation scale l-9; where I is 
free of visible CBB
 
symptoms and 9 is severely diseased.
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Table 4. Preliminary laboratory classification :into pathovars
 

of Pseudomonas isola tes obtained from Phaseolus Spp 

and other leguminous crops.
 

Serroo ica] ieaction -
Phage reaction 

Phaseolicola syringae heat- heat

phage phage labile stable Provisional 

antigen antigen identification 

+ + + + pv. phaseo]lcola 

+ -+ + 

+ + + pv. glZcinea
 

-+ +

-- + - Pseudomonas Spp 

1Lysis
 

2agglutination
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Table 5. Race identificationI ini Pseudomonas svringae pv
 

phaseoli.cda, the pathogen of halo hi ght of beans. 

Differential 
 Reaction to race
 

4c
Cultivars 1 2 3 

Canadian Wonder +a  + + 

Red Mexican 
 - + + 

TIendergreen + + b 

PI 105 414 -  _
 

a+ = susceptible; - = resistant 

b very strong hypeisensitive reaction
 

e probably Pseudomonas syringae pv glycinea
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Table 6. Geographic distributLon of the races of Pseudomonas 

syringae pv phaseolicoi.a (610 isolates) 

Geographic area 


Africa ...Burundi 


Ethiopia 


Kenya 


Rwanda 


Tanzania 


Uganda 


Zaire 


Zambia 


America ...Colombia 


Mexico 


Peru 


United States 


other areas ...Australia 


Bulgaria 


France 


Mauritius 


New Zealand 


Numbe- of isolates of race 

1 2 3 4 

64 

13 1 4 3 

27 19 4 

8 112 7 

1.0 93 18 1 

18 

3 20 9 

6 12 

1 9 

13 

5 5 

8 1 

2 

10 

4 

32 

5 5 

(Continue) 
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Table 6. (continued) Geographic distribution of the races of
 

Pseudomonas syringae pv phaseolicola (610
 

isolates)
 

Number of isolates of race
 

Geographic area 1 2 3 4
 

North Yemen 4
 

Sweden I
 

United Kingdom 21 12
 

Totals 110 234 240 26
 

* race 4 probably Pseudomonas syringae pv glycinea 
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Table 7. Host range distribution of PFeudomwnas syringae p%
 

phaseolicola races (610 isolates).
 

Host (Common name) Number of isolates of race
 

1 2 3 4 

Phaseolus vulgaris (Bean) 36 218 225
 

Phaseolus coccineus (Runner bean) 21 4 6 

Phaseolus acutifultius (Tepary bean) 7 

Phaseolus ]unatus (Lima bean) 2 

Phaseolus spp. 3 1 

Cajanus cajan (Pigeon pea) 3 4 

Lablab purpureut_. (Hyacinth bean) 12 5 

Desmodium sp. 10 7 

Neonotonia wightii( P. Montana) 8 

Pueraria montana 2 

Macroptilium atropurpureus (Sinatro) 2 

Vigna angularis (Adzuki bean) 3 

Vigna radiata (Mung bean) 1 2 

Glycine max (Soybean) 24 

Unidentified leguminous weed 4 

110 234 240 26
 

* race 4 probably Pseudomonas syringae pv. glycinea. 
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Table 8. Further differentiaticn of the three races of
 

Pseudomonas syringac pv. phaseolicola using a more 

extensive rarge of differential cultivars. 

Race I Race 2 Race 3 

Isolate... 1281A 1375A 882 1299A 1301A 1302A
 

Origin .. UK KYA ISA TZA TZA RWA 

Differential Host P.cocc Lablab P.vul P.vul P.vul P.vul 
cultivars ineus jajs jris garis Igaris 

Canadian Wonder +a + + + + + 

Red Mexican U13 - - + + + + 

Tendergrcen + + + + _ _ 

Guatemala 1(,B - - + + _ -

Bayo Madero - - + + _ + 


Sangretoro + - + + _ + 

A43 ZAA 12 + - - + _ _ 

A52 ZAA 54 + - + + + + 

A53 ZAA 55 + - + + - 

a + = susceptible; - = resistant 
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Table 9. Selected bean accessions with resistance to the halo blight pathogen. 

Race non-specific 

resistance race I race 'i race 1-3 

Gloriabania(G2829) Amril]o i:reko((G1331) ifI' 1215 hAT 590 

Pajuro ((;1 1766) Bavo 7;Ictucws PAT 1220 tNI 1281 

Naridoi 20 (G12666) (:1tennlI 1M((;101 ') BAY 1251 V 8010 

Poruto ( M2592) (;,VltLiIOLI I )W (;1( .,t) APN 18 V%\ 81022 

Palcm (C1266) ( 1.lnvw (620) lNP ( (UAT. 196-B(G5960) 

Great Northern I8el . lklIi ,oja ((;11818) [1P 81 Bayo nxdero 

27 (C3954) 

Wisc. 1PR72 (G5477) Plintado ((;11761) [( linen 23(G14013) G790 

,Jules (G52,76) L.ihorino L-7 ((;916) Norhln,) ie ((;146 5) 
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4. Viral Pathogens
 

The objectives of bean virus research at CIAT are:
 

1. 	 Identification and characterization of plant viruses 
that affect beans in production areas assisted by the 
Bean 	Program.
 

2. 	 Assessment of the econon ic impact and epideniologic 
potential f the viral disease.s of beans. 

3. 	 Ident ficat ion an selection of bean germplasm 
resistant or tol erant to bean viruses of economic 
importance. 

4. Screenkng ,f improved segregating and advanced bear
 
germp Ia so for its reaction to se lected pathogenic 
viruse s. 

Strategies employed to reach these objectives include:
 

1. 	 Create the necessary laboratory infrastructure to 
conduct applieud research on tropical bean viruses. 

2. 	 Train and assist nav fonal nrogram sctenci sts in the 
identificatin. -f vi rn-cs tihat af-ect bean production. 

3. 	 Develop Wi tn geimplasrm screening methodologies for 
bean vi ros.e 

4. 	 Assist- breeders it the identificat ion and selection of
 
agronomically s:-crior bean genotypes resistant or
 
tolerant to economical l1 1mportant bean viruses.
 

Research and training
 

'Ph, 1K,. inrom.ra was the first of the Center's Commodity 
Programs to init iate research in plant virology. This year, 
following over a decade of intensive research in this area, CIAT 
inaugurated ,ne of the mo.st modrn plant vir-us laboratories in 
Latin America, contagin, thle necuessary equipment to meet the 
Center's an Bean Program',s needs: 1) to accuratelv detect and 
identify virusa di seas es (ot beans; 2) produce diagnostic 
materials; 't Iep identify resis tant germplasm; and 4) monitor 
the distribut oo and epidemiology of tie viruses chat affect bean 
production in target areas. 

Bean 	 Virology has trained national program scientists from 
Argentina, Chile, Brazil, Bolivia, Peru, Ecuador, Colombia, Costa 
Rica, Nicaragua, El Salvador, (uatemala, Mexico, Cuba, Dominican 
Republic, as well as scientists from soi,. European and African 
countries. Bean Virology constantly supplies these collaborators 
with diagnostic materials, such as antisera and differential 

http:inrom.ra


114
 

cultivars, and visits most Latin American countries, whenever
 
possible, to maintain a close interaction within this research 
network.
 

Viral diseases of beans
 

Table I shows the main virus diseases of Phaseolus vulgaris 
in Latin America; their causal agents; vectors; epidemiology; 
economic importance; and geographical distribution. Of these 
diseases, bean common mosaic, bean yellow mosaic, bean severe 
mosaic, bean southern mosaic, bean dwarf mosaic, and bean golden 
mosaic, are t he most important bean prodluc t ion constraint ca'uised 
by viruses in L.atin America. The yie]d losses slown il 'able 1 
are based on experimenta] resul ts and/or oh servat ion: oI- total 
vie(d losses, which often occur with disease s suc i as bean severe 
mosaic, bean dwarf mosaic, and hean golden mosaic. Some of these 
diseases are geographical.y restricLed, but others, such as bean 
common and bean southern mosaic, are widely distributed due to 
the trallsmission of the causa t vi ruses in some of the seeds 
produced by infected planrts. Aother interesting observo tion is 
the high inc:idence of beet le-bornle viruses in eITUrIi America, 
probabl v due to the more Irequont associ tI on of bc.ii a nd maize 
(a good host for the beetle vectors of these viruses) . 'The 
distribution of whitef y-transmitted vlruses may also depend on 
the presence of other- crops, which act as hosts for the whitefly 
(Bemisia tabaci) vector of bean dwarf arid bean go] den mosaic 
viruses. However, both the vector and, consequently, the 
disease, are more prevalent in warm and dry environments or 
periods of the year. 

Due to the economic Lmportance and epidemiologic potential 
of bean common, bean yellow, bean dwarf, and bean golden mosaic 
viruses, the Beaa Program decided to concentrate research efforts 
on these four major viruses, with emphasis on the development of 
resistant or tolerant germnpla.m. 

a. BEAN COMMON MOSAJC VIRUS 

The first screening methodology was developed in 1978 for 
bean common mosaic, undoubtedly the most important virus disease 
of the common bean in rhe world. The first step was the 
selection of the beian common mosaic virus (BCMV) strains 
(pathogenic variants) needed to identify the recessive and 
dominant genes known to exist in Phaseolus vulgaris. Due to the 
large volume of individual plants screened in the beginning of 
the project (over 2,000 plants per work day), a combination of 
three BCMV strains (Fla, NY 1.5 and NI, 4), was used to inoculate 
F 3 /F 4 plants in order to eliminate mosaic-susceptible (recessive) 
genotypes. Homozygous mosaic-resistant F 4 lines were finally 
challenged with a different BCMV strain, NL 3, capable of
 
detecting the dominant (1) gene which confers resistance to BCMV 
in P. vulgaris. The expression of hypersensitivity in plants 
inoculated with BCMV-NL 3, is definite proof for the existence of
 
dominant resistance against mosaic-inducing strains of BCMV,
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found predominantly in Latin America. The monogenic dominant 
resistance to BCMV has been highly stable and effective in Latin 
America for over two decades. 

However, the existence of BCNV strains capable of inducing 
systemic necrosis (known as blackroot) in bean genotypes 
possessing dominant monogen:ic resistance, led to the 
implementation of a modified screening methodology designed to 
identify genotypes possessing a combination of the dominant gene 
and recessive genes, previousl.y shown to protect genotypes 
possessing dominant monogenic resistance alone, against 
necrosis-inducing strains of BCMV. The modificatin (Figure 1) 
involved the selection of BCMV strains NI. 3 and NI 4, to detect 
the following: 1) the dominant gone alone (systemic necrosis 
induced by BCMV-N. 3); 2.) the dominant gene protected by 
recessive genes (local nc rotic lesions induced b KCMV N. 3, or 
symptom]ess plants); and 3) recessive genes alonz (mosaic induced 
by 13CMV NJ, 4, except in plants possessing the recussive gene bc 
3, which remain symptomless). 

Following this mehodolog'.', Bean Viroiagy continued the 
screening of d iverse heaE germ plasm this year. As can be 
appreci a ted in Th'le 2, the screening of early segregating 
materials renrin s the iMain thrust (h7Z) of the BMCV project, 
followed hv LI, evaluation of advanced I ices (17.3%), used 
primarily an a cnfirmtonr test. In 1907, the number of 
segregating l ines (,pproximatol W)), sent to Bean Virology by 
some national prograim;, increased 58 in reiation to last year's 
figure (500), indicating d greater capacLty in national programs 
to handle earl, generitions. 

The ,)1:,,ck r:(,t res i rtice proiect is still mintained at a 
re.atively moderate hut inc rcas i ng 1eve I . For instance, the 
recently implement:d Ari can blcroot project produced 63 F3 

homozygous resistant lines and in equal number of segregating
materia!., from individuaI F. selections and backcrosses. This 
backc' rs ng pro je c, ini tfoaed two years ago to improve 
BCM -su cept l !yandraces known to exhibit grain color-BCMV 
susceptibilit, linkage problems, continued with a total of 4,360 
plants ini :A! N t ested and seed-increased under ,crenhouse 
conditions. 

In the case ,i Iat. Amovica, the Chilean blackroot project 
initiated six years ago, continued to generate mosaic- and 
blackroot-rasi atoni lines. This ''ear, we received 357 back- and 
whit-seeded lines, 43 of wh ich were lomozygous-resistant tW all 
strains of BCMV, and 13 more weiu segregating multiple-resistant 
and blackroot-suqceptible plants. All of these lines have 
excellent agronomic characteristic.; and, together wimt 28 lines 
identified last year in the same project, constitute very 
valuable germplasm for bean production areas with existing or 
potential blackroot problems.
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The collaboraLve project between IV', Wageningen , and CIAT 
for the incorporat io, of 1, bc2.2 and be3 genes For res i st tan ce to 
mosaic-and necros is- iiduc ing st r:ins f! I',V into 
tropical 1v-adapted germp lasi , Ih i V tita ia.ended '\;oi . h 

eva Iluat ion and .sal rt i 01 f ! C 1)p k 1 (I 1a1 3).
 
TILso laLeria io s a c t\''_ . l LVtos ( V11 ,5 :ilh. 1i n1 1' )I o ,S 

as s o l :c o n F reIo ,1 c to) I KIV ai d it o v) I1 i their 
adaptat ion -, tropical c.)ditiois nld othfe Pt ro ill, 1a'tors. 

Wh1 tefI v-Transmi ttd ,ean Vi ruses: Bean ( de ! Mosaic and Bean 
I)wI r '0s i C 

AS i111oilim' c d last ti 1here was a tnaI) V ItiIeant Iil 
"V'iralacy', I'L % ] pri i-it i ctcVl I-, iIeavy ll Bea 

contntam 'a'ti~- t dIIi , c~ aio t - t I ,-- 1, 1 ,IiiLted 
\ i rlsce . ' '1. V I -c p r i t c, i t e1 :-;Lat ,,, t tie 

pL l l I ] I ] ,I c i i I)t - l pt 
le thod(] , t I ., } I t i I ,,k i !'I Im - I C 

V i r east eaVt.', 1 e Papa e idernic th)ei,, t: tll atilla t;a!)mtallt l eall 

Careisbea! , Iiaeb v , liti 1 1 1i11 1ctol i Il i i m 11i o 
hiectares. 

b . IE1 I , I IN (:V R1A N H(I 

La~st ,.o, ir, wL r e 1or Led oil tIto 1[mr- em!,_;n t iouIi o! llechli11niCal 
! c'cu ali o n-i c ri q iie s f ()Fr eac;In g Ild L 1);;[(C(Vi :.; , ;.WV), which 

al1l.owed( us t -,,ii I iu t e t he no st Ie v I.,. -, ( s oII r- e ; n tC'MVB 
res is t a iice ,i I ceraii( e, s 1)e c ifti c, i I oi t il!:.ir r ,. Ict i II t Ilhe 

virus, thI :-:IItd i iig at po ssi lt lt on s cot ,;Ict(rs, in t,,r at hi 
resistance ITi Cl 1,.11i S IlnS;1 p-)) 'i;,llt in S o1'1 ( l) gIIn o t v e . The 
results obt ain,_o ii tIii:-; s ILtI lid to) LI i(I,!.Wil -,at t i (I I of 
pre Vtou I v t i cad Int l (-Ie f maclimC il 'h avorablun p 1a ,I e 
geln)t pC reIcomIbin atos (pos-t0ib trInsgrI- i,,o zaecrgation), 
both of whicth arc curcr (2nt- I . p11) i (Id ii, L }',(2-IV brecding 
project. 'b ' :ari.-di 1 S t: !d:( ill; i i t i (,ld so far are: 
1) di seas e es;ca)e dit. t,o iLiip mossor- 1 0 1- plant V'ig Ir, 2) 
tolerance, d nF i as thI l itv atF mea t ype to yield 
acceptably despiLt tLhe e:istunc i I .,()I cen ir, itfection, and 3) 
low mosaic and dwar:ci u svrtptorne:.pres ioi. 

Potential new sources of res jiStatice 

A total of I OO germpl Iasm nc cessions were evaluated in 
1986- 1987 , under va rious growing cond it Lons in (;iua t enmala , Mexi co, 
Argentina and Bra7 iI. Based on the resul ts obtained in these 
four locations, a final select ion of 188 access ions was made to 
be more critically evaluated in ke' locations cf Argentina, 
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Brazil, El Sa~v:er, ,.uaLem a, the (% I ,and Pacific (easts ol: 
Mexico, and the !min i can K 'liiIic. These eva at ["n arce 
expected to(1 be completed liext yerI, blt e 1hvdv have 
preL i iunrv e<Iqui t s ht i in u, ,m ,. h w in TO .i,Ioi As I 
60) new c' ofve K-V i v s tm s ' ,n \ I so ccc ed Il'it-m1 L;a.I 

(2, L1 LLI' c;) ca 1', I )[ 1 d u ? t.h 

resis'ta nce. Bes':i.j.e.- these<;, ' ,worlp iN-;AP.
,i e 'A'nq : ,~ the ~ .',uup(21
r 

) pr 171" i ou 1 1 L;''C' I) a ifa ] -c de LI ;o I I BGI I gur1im]p : t:y i,ln : .. .]-to 'joc 1_ ]o f la! <[u I o itl k;'lif t ( hTia1a as" 

'tintormed La ' in1 symptolp c ;q.';,, , t i : -'-pc: ,d till t more 
CLItC-S .ioI ; I. I : e lcL In ! lq.' :h(a .! olthl it rolI-

I:pe'im ]enita] LC w;ei uclc i.- t d , ren' f ">Vnw' s -C resistance 

A.s reported Wsat. vh "a.ar, ieivo ide t i ic,.i v'.' alunL ldel-nse 
leCha i in I h a i ci -I di. gL i nIs d iverIse <nl 7-I't , i l aI 
types and ageiril c cLIIhac cL1 -t . Three (if t hav-e S I ItlC ed
 
geliotypes: Grcat N,-L-, n 1 7l7wh 
 seeded); Pnt W (1rown
 

mottled crm se iedd); hnd IRd ,M1 '. (a
exican , rod wer
 
sel eceid-i .. 1>ti
W s 1 a eii -I femaL e p1i rei t lL , h- c" . :..W[oi" the
 
most witi,.]v u.l d, so hr oiq e Ni unce,: 1 iV1 PItcc 1co;.
I;o'1f t.Thllis black 'qeosdwd Aionicl>po bhts indeed pt~led ..ti,o.c,! tm n,,-mcth lld 7 I111 Ii I1 I t' K I 1 Lin t:he HCNVI, prtojec't .ind, althiough it: can hec >vv !rv atl!ct., i K),' 
the vir'us:, it[ ,.wi:<-;n~tndq m~oderatel~ IK;N.V 4ti ' ,",,.i i a,I(nk .
 
condi]t ion.m,; W "i K inltoti co a,1so appaN,. i-n t,- W %o A, (-,
r;t o 


lt h i v e~ t o rIo f V. 1 c ,4 i . s;uer e .s s t an c e ,i g~l i n n r h te w, mt i v c 1;G ,f 1 h1 c r n-, , 

between P. Sin- :ico ai Id rIe tnNoLtLern W4'+0I7I, I lilt L lVand Red
 
M1e:x ic i r Itludil] IciprI I rCs-L . we r,e madLetJ under
 
-creenhou'-ze cd itio s, whec, t I Win I I".
, plni:ts i niVcd , seed
 
was pr d'ced. The F, p pulat ILI ,')I, phitLd this WA r 11n
 

MONjaS:, 
 I a!I tf j i wLr It 1 tL I ) 1. l iOi.i gen e t L-id<ii .- e d i Vh el c,. ', n g . r uu t4> ,, ' a 'p r e ! in .i n a<rlv e v a l ua t i o n 

Cd iet( olI- app" 1-7 l so-on, I ,n : Li IL. iIIC C, indicatcd
 
that I'e , waS alOelUrite lntict V tIni 
 llv, fL LI ag11,rCoomi c
 
character-istics lnl, Iv'or p-er, ] t 
 le.i1 C ,fI
 
res is tanlIlcej in lall I tiese ': p-I imeaLal F, ,,,inIt WnILi , IL lative
 
to the perorLlnl c of thel r-sistant j&' -usclICtIfle chec.
 
pl anted in the .>NwofielL. 

I n LAIColrlus f Co , wo r deali.ng with UIUtISIIi V L1 X'L tat<tnga n 
virus, capabl ,l inafectI fi every Lit W 1 tLhLL ,LLI; (if bean 
germp] sma .ccenq;- u 7) .21,,I t I'vi- tue, Ltcdio date. I''' lsually 
attacks p1,Int vr" LII IlL , c i'g 's' ,'I. plnL t Lltui Lo., WNi;S of 
photos nthet : acv Lv, Ii L ,iii I , .InII p I 
maIforMat_ Ion, rIrdlgl>ly, I s,'I 

tpI Ila nced 
rie-t :e p C often rL-oLi t Wtl 

O07 yield Ir c-, S'.!l' 
economic IosN wL . hnve <irc<:dv h 

i!I UtLl hest w 1<- cauS'e tilltcIul 
i -(d t e Ihl:Ildonricut: of 

trad:itiona WI.an w i'n re gilSV ConilIequentg 11Cg ly, welear e not 
searching for ilmrmunc h,n ulnor'p,,; ti well -dLcument e-I success 
obtained wit h ttIL P ;uud' 1:iCn 
Centra!l AmericiI, C:calIv show:; t::t 

aIL Lc IC 1 
eIlIwlt (11:ve9tcped in 

lL in golIde, IllLosaic call be 
econonically il Knagedwithia I t tcl<idt-e ofIevl i vc i1u,<stoLerance. 
The emphasis or the 12'INV reisachi curralirtlv caried out at CIAT 
is on the deve 1opmen t of H(GM\-res is tan t or tolerant bean 

http:deali.ng
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genotypes possessing grain colors other than black. To achieve 
this goal!, we have identified different genotypes which possess 
specific BCMV-rsistant tra it;. Thus, we have genotypes which 

-hcibit either ,.,gorouq: grOS n r virus/insect resistance traits 
which ot i I lead to div<tse ,scape,. We also havu genotypes which 
do nut show the ,2i1r:(terist. ic goldeq 11ic or noticeabl.e 
yellowin s-ymptoms when inKecLcd P v B;MV. Also, thcrce are 
genotypes; which do not sul tar, igni icaint grow.,tk r-duct ioni when 
attacked hy tihc virus. Ka Lher more, we Hoe identified several 

lcce;s ; v4 not - hic ahort deowhich do sul rot 1('et !lowei ion pivle 
the vi ra infect ion , andt socio o tl1esc g VPc V ie no01101a 
pods alnd . ed. Ih :t : -de a 1 -l 1n0 c, rossing0-

project to oIIli) lt Lir ir an (Id no 'arorntp timt': KU 
comm rciail 7 acc.: tA lu ,lthivar . 'T ,. ,Ce A LghIv 
B(;MV-toIlrl lt extpcr[:owntL l! lines, such, in .A ' 1, bre d for 

projects tLho,I 1 thanI ;0(; Ot WhicIh 1 i IlL t11 Iv k-igil1 1071 o 'I I-Ofl 
soei (oi he gentype c,cmhinP 11 on10s roposed here , conti tute 
e pe c ien t ! I ui Ce support in the h reed.ing o)h j uc Livo pi :;iued 
by the cai r, N O pr;>. ect. ,. suann t[,te/0 researchpie Tal these 
Fiini ' : ! , s :e a thh C can be used ingrain tvpt,- which 

futu ec ' , l, pit 0) - ,
 

Breeding, fr- i,,!At ii t 1to U 1V 

Apart Io ,: es- with t he Aziufado class in Mexico, ittle 
progress t171, P.n" regi, ead ii noi-bl;.ick Qenotypes of truly 
commerc ial t.yp-, Al ,u:! non-hha.c oo, -; nt lines have over 
the year" :ik'um u k1 I . l (,C- recs;istance equil to or better 
than the or'1 .11il 1 ; c;t i , i 5s. The0e non-black resistant 
lines i; de H(lox 01 , ,A dark ced of encellent agronomic 
characcrist ics; H(R '. a , to A ,W" with grain i1mia Ca,rioca; 42 9 

with P 'u , grai type, .,iL in tu1rn pro(duced a1 5erics of lines 
with gri!n ,-f1!i Ia- to the I ight pink LI,-,, imhl1 Class. i0creased 
reSSE%] has a ii heol) recoveredi A iln k., nd] u1)0 Cuero 
25-9, , ;, black but with no known relationsip t o t her hicks, 
presented a modierate degree of cilStttce. '-, l -11101v gomplasm 
screenlii?. loeve;)leII resi stalnce and11 toletrince in two n1,. or guoulps, 

basically: I materials of meditn g'in siz o and type III growth 
habi t, fr 01 1h e genec poo rprosonted by Pintos and Great 
Nortlierns, Arn Iarge seeded rypes which principally pcsented 
the type ef rutLio. -requentIy s kc.ctd 4n S inaloa, that of 
heavv vii m ; good(( podt I' -n d,(! load. 

In i' " ,1'>:wi11'tS Lt I:5' SOil t ,)11 111,017ccedenLc d amount of 

genetic va i 1 itn for teai5 Lawe to B'iV, much of it in 
non-black- I, 10'. , e biredig 2 *tocts shiould focus on 
utilizLng Lhi, diversity in the li ,.' where a;i of vet little 
progress ha s been made: in 1mall needed genotypes for Brazil, and 
in medinm ized red nott le d tvpl,i for (tio WithCaribbean. thi.s 
piu r p e .Kr,:.;-' weoe planned wit:h sc[ulit i sts of CNtiAF, Brazil, 
and r,.alI: od ii CP .7, to so even aigher levels of resistance 
capable oi witls tandhng ]. ;c. in Populationsf ; pren1i1re Brazil. 
were preselected for g:ain type, and it was observed that evcn in 
crosses involving only resistant genotypes, it was possible to 
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recover colmercial or near-commercial grain type of the following
classes: cream, hi co do ouro, airoca , rrrsinha, as well as black. 

The useo ! ti_ mediuimn f zed Lypc I II gnotype!; of tho Pinto 
gene poo] lia\y prse-1 t spec i I )-oh I lilim;. P)i i-,c e.i_ r on'e wih 
cro.sses betw ,. sucth] g it ,u. and l o;,,s o I1 lila I I -,.l s; '(u st" 
thlt progr'eso s fn cinIU sIlow in intrr Vi n t rrtrA one grie 
p o 1 to rluoth ir. ".h'i' I _ti , t r i e ,0 t,) thi s lelive rcc'i:rred . , l ions: nvo ,.,ing al , c A , .; typu I 

uit wit,hiL I t iI'- v I1 ,, i n 

commercial 


; 1 {,,, i1 . PIB e M pgi , impo't;atit 
v IiatV in 0 ,i of G(It. r sistn t. Car ioa ,iv serve 

bridge e t'weenr L tgenpools invlv e'd.as a I tin Xt )thi 

Lmpro'v ment of tie tCa'ribbeai u-;liu o. I p Iog,i Ic1y betype:: I 

favored by tihe g r'rp1 ,ti of la'rg ptail 
 si:,e, s inc' it: will lnt 
bo necessary to dual wit h problems o;f c os-sing t11ng gene pools.1 
As of vet , however, the ]'ur-np lsis has ii not l <Ai.i a"h d in tihe 
Domnin ca.n Republi c r any other (aribc.n site. itIe with1.:hk, C(-. 
greenhouse isnnf trla ionn iu gegsts thaI L h,"I nli CiI n I tl: isIint 1SO IO ' 

especiall <iggres 
 i,. Indeed, s;uscept i K iio caon varietv
Pompadour is occas i in 1 1 v Loe rant in Il, i iie I f 11 (Gria Lilh iI , ind 
is even hatter in Sin i Ia a. It rema ins toII: sen; how iuc tl the 
tolerance selected in Guatemala A I I mi lot a in it, ii in tihe 
)orminican Republ ic. .loanwh iiiu, we cont: ire to prursueit ,istalco
 
wi h lines deovelpedpl evou sly su i as t))R 3)2, )Or 
 , utc. 

Lvalu
nltai and select ion of t lV--rooist[rrt,( Icrant l3e rmplasm 
under f ield cord it ion 

fi Lli p ti , ean p - iiri)I a ';wo eva a ctrl [)'all golIden
 
Icsii (a or -q t sc
a 1 ra ing le , a rccrd ing ro 1Lii degree of
 
symptom (ii ) r
oStI ya ;' lowing) t. :,aruss fmi * i ,w ve "-, production 
osses do not col-ret Ar itva ways e wito ti ihirn ry ,severity of
 

mosaic: symptoms e:.:til it ed by i g n",ty'pel . (currentl -, wh ile the
 
1-9 scale is sti I I used to rati 
 the intci tv of the iosa ic
 
symptomhs induced ir M, 1 In i g eyo 
 gnen<',p e tire i Itt i I to
 
selection cri toerini 
 is pA lo d p roducti ve da t iion, also 
rated on a ! _ -;< le ( Iih ii re l lnit ,, P 1It .vor lIo N) , A 
comiparison, , .'t.oo t,.,seio ctLurO se,l'ct:ioni Mi' i, ,- madeli by Ing. 
Rafa'i ,,' 'I<s, V an irrc ,lei o f ti: lu r: rn NA in l Pnrogram, in 
Los lochi , !. earlI,'-]I) i, rii s; lactod withIiP iuto- this v. 
two di r 'f 'OlL ' ,l; ,rrAV l y s'0, rl,) l le,,(,, frI I ;hi.id average 
yi tl ga<tins c 'i :_)" ill ,lid : !I i,, w ' W s. elect ioncrJlerinci v~as yield, i:n co lI~'l 'iparlo to v :; , ,suld ga;1 !1s O}f 

A75' V F , a r(I .(I, il i- w :ti lI io i1h :as hrsod on 
syr P t fIl I) 0 .T)resi , ). I' O ne IV C II1)O 11V i 1 relt~iOi L CiteS tire

importaIrn-' ofi luaciap ht'- t1a'' i i'- et of heani c-pon.se 
geno types L t, rI var i ous sy 11t rnti (iosai c(, I owera dwarfing, i 

dis tortcli< an Iahcr titm, lpr /s;un rId :-i oVn I lci,2ci I1 e's aluation 
scheme can wasilyair hiv lo wed ,' ,i-,ting ]lettL r c1ode s such as >M 
= intenise go lIn im,.osa150i s: m - initermedi ie mosaic 
sympt)ms; I) -- severe dwa',rfing; d- intermediate dwarfing; whil.e 
the absence of so e ted<. letters would mean little or no 
expression of the symptom evaluated. These tetter codes can be 
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extended to evaluate flowur and pod setting or other plant 
responses o1F nrere;t. I is eva 1tuation is not meant to be 
distributed but sorves an :" codi fuid dscription of ihe way bean 

genotypes respo:d to MTV. These ova luation concepts iinv- been 
thorioughlv d ic'u e'd and rooTi l[v -,'cootd amtn,ri national program 
invest -,',l.ia [t ,[o, iii til, !KKM'coopoi' i No pioject. 

Moleculqr vir>,lv rc n, uh 

'17wIn a idi a-- odv:tnceit of science in the fieldst.<t of 

genet C engiv,,.-, y mp,ai' !a r biology, and immunology, has given 
urs a V" 'ss , advanced but practical technology ofte i 
('5ns Ldei l'c pote.,t al in the area of applied research. Plant 
Virol ogy Ita hee pout i c ularlv honeit t od Ln [ h- recent 
technol ogi cal 'dvances in the 1ie1.s of imunoogy (develoament 
of monocl ,I l ant ibodies;) , gnetic en,,neriln (development ot 
coMplem.to't i0NA prbes), and molecula r Bi',cgy (sequencing of 
viral nucleic ac ids). As a practica] e.ample, one of the most 

frenluntiv asked ces~nstr- Iou bean rolden mosac virus (IIIIMV), 
is wltetler ti virus po0sqe '-. n,, 1 patiogenic vai-iahi litV to 

limit the deploymetnti W r.,ia l genes t' iU-V--:iu-notedaut areas 
where tlhese gene way not e -t:. For mnt viruses, the 

identification/det-e tie a pathogenic variants (stitins), can be 
nc:omplshiediI thirouth t . .se ot dilterenti al cult ivar-s or using 
convent:ornr pulvlon ! tunfrac t 'Nitd antJsLra whichl contain a 
mixture of ant- tbodits) ntist ,-ui . In the c.,;e ' of BGMV, however, 
the virus c-n infect ] I bean genotypes tested no Iar and, more 
uaifortunatev, there Ls a close serological relation.hip not only 
among geographical iso I at es of BMV but al o: e t oen Di.,V and 
other gemflniviruses t ra,'niLted bV B. tabaci, in" quite different 

p3 .nt spec ies. 

Consequently, in order to answer the quIes t ion on pathogenic 
variabi !v of BG(tV, we began this year to explore the practical. 

applicahi!:ity of the now technitues available, First, we looked 

into the porsibility of using monoclonal rttibodi s (produced by 
clones of hybrid cells which secrete hi t ly-. specific antiiodies) 
against a seyologicoly-reateld whitieflv-borne v'rus, rca-nava 

African r-o--iric virus (\ IV) (tests kindl' per Formed ' DI . B.DI. 

Harrison of the Scottish (rop esearch I nst itute) -nd, also, 

against a strain oF I'.IV (ronoclonal u trus pr h ed 't the 

Plant P-tt+(, l'':" PettartonLt, 'n:ivecr i c ot P- idt , B' Dr. V. 
Hiebert P' Mr. '. Wis]t'). T hIlie u.,c lt; oi ut- ,_ !-li i t %%,itht 
monocl ona i tio d ion to A(MV an(d i.NV iso K n Fantt ,ic ;mid 

Guan tra1mala, in 6 . con o.cl oo te.se,tIiown Table As h: di di 1 

resul tis, W I monocelonal antilotdv tA, d Iffur ta tod 

betweun He .h- ican and Giua temal an i- l - 'W hi . , -nd 

contsequnt , ri-'-e 1 solates ciii rit-, BW r-,n i od as di t 'nct 
.strn-ins of iWA?.V. The SCE,:18 :o,-oclonal: ..'X% alsomi an:tibodv 

differrrr t itd betwen t"- huateitalan %,,'t ,,'A' I:";n' "lid beai 

dwai- f mo-ai , v . ; (for 'r"l-- L i" n ci.li .ro i 1 (,ttjo ,.'i us), and 
showed a .,,- ,logi.cal relat h- oL-twuen an ctiip tsIV-;uat,.ol:-i 
RhM ciiosia ino;a inc virus trm Col Wul ai. F indo lv, the SCR 1; 
IimoIOt Ollal r eiicognizes al I L lt-'i Lef 1' -I 'nitrin it': goriti, lVsi 10 0Ses 
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tested while SCR 11 is specific for African cassava mosaic virus
 
(Table 6).
 

The monoclenal antibodies produced at the University of 
Florida will he tested at C(IAT ii )ecember of this year, against 
eight di ferent B(;V isolates, and four o tler gcminiviruses 
(pathogunjic to beans) recunt lv isolated fr<.m ,etil weed 
reservoir;. 

Tihi -w ' : ;ippr,,acht involv'es the comparis;an of BC;MV isolates
 
iby sequnci ;: of rir DNA- ] Nn' li k- ge? en, ta.ig advantage


;
of the coopu, t.iv,; CRO;-F' :It1 p i je, r t-<cIa: i ;lhte hetween the
 
Plansit tPathol ! l¢ /i'i:~':_ :(,< Iher ni Vcrl:; [i-t. )!. W :c n and
 

,razil (C PA ihi A r" r, Ind by l , 

, 


.' - I IP. Maxwell R. 

(ilbertso , i'n . 'ii I'V,! KP quio ii , ,lld . i. i l],L Sirai
se:ek<s to, c,q::.in:, f'<:: or' 1rK V thi I(;Ml
.: 0 l K h: i:oiltp ,. isolates 

signifi i: iIt !leida,tviicun l this
 

(;unte:nINP,0t K :}i , 01. B>(;TV O: H"lr t s.tOudies
, VP:CO':ld]U,' "mpara:!7ive 

" 
in Wlsco -in in 1 hopc!-r v at CI. u:: I e HYd to o:pand the 

number of KN" "Mi i . q Cd . 

Thui; t-hir tc.chn iq., 0 tIihe nucleic Hacid hivi'rdi ation test,
 
ising, INA-- fn -ihjo, t \''iv,\I v labelled with P32.
ler i 

,
For tis purp e , ,c 1 1,iaofitorv, equipped to handle 
radioactiv'e m:'ate hId se.t up nA part of the newI.,, alreiady boeen 
Contt il Vir&.l ,.'v I hoB+-;itt- . '11he n :t itep , to obtiin tile 

- 2
DINA-i : nd 12'., clones, ,'hich N] a ir ivedhave ;i-l y (kindly 
provided bv Ir. P.I. kaodmn ) . ,e expect to impl( l-le t this 
techni que thi 'A to start comparing the B(IHMV isolates 
available ini '4. 

c B. IVARF 'MO ICDWL VIRUS
 

Bean Dwar Mosaic Virus (BDMV), formerly called Bean 
Chl orotic Mottle Virus, was renamed this year for various 
reasons. F.i st, the viirs w.asi solated for tile first t ime, and 
was part ial Il ci 'r;c turi zed as a whitefl y-transmi tted member of 
the gniminiviru. gr',oup. S " ildaA,, thie 1i1in '1:ptlot:s i.riduced by 

, u warf ing; d, originalthis viru -i:ni, ai ' i d d , ri tHie 
name given to this fs,_"ie (first Iescibied-i in Brazil) was 'dwarf 

li i ''
 

As muinitfitiC c before, VLan dwarf mosaic was fIrst described 
in Brazil as ai minor disnase of Phaseolus vulgaris. This 
disease, however, is widely distributed in la tin America, being 
closely associated with the presunce f the whitofly Bemisia 
tabac i and malvo)cecous weed species in af fected bean fields. As 
reported in past year , this disease reiched epidemi: proportions 
in northwestern Argent ina, in the late 70's, coinciding with the 
expansion of soybeans in the same region (soybean is a suitable 

http:c,q::.in
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host for the whitefly B. tabaci). The disease also reached a 
high incidence in the Pacific Coast of Mexico, interfering with 
the evaluation of bean germplasm for its reaction to BCMV. Yield 
losses in Argentina alone slirpa ssed ,)(i, 00 tons in P single year. 

Given tie eiccponic innortance of this di sea se, and its close 
relationship wi L e golden the agent2an mosaic, causal was 
isolated a n(1 parLIa I ly ch, rac teri zed It C fAT. This study 
demonstra ted that the virus is a member of the geminivirus group, 
transmitted 1) the white Fly Bemisia t tbac i. BDMV is 
serologi c. IIv related to f1,(BMV (golden mosa ic) but as shown 
previouslv in !b I 2 , these two heain gem iniviruses can be 
serological ]v different Fated u:ing monocoln i nt ibod i.es. 

of particular inteorest was the investiga t ion ii the 
pathogenicitv spectrum of BI)PV in tilL i.fferential cultivars used 
routine\, for other bean virut,es (originally tested for bean 
common mosaic v rs IbD Dr. I. D I ] fhout , IVT, WagLningen, The 
Netherlands) . Tabl e 7 shows the rL1su Its of the pathogenicity 
tests carried out b"tL by mech nic I inocul at-in and using the 
whitef ly vector, B. t aba ci As can he ,_ mciuded from these 
results, there were somic genotypes Aiich could i net be infected by 
BDMV, un1like the ca:se of B;GMV whicht infects al1l of these 
genotypes. It i!; interest ing to observe thnit the B')DMV-resistant 
genotypes are also the ost difficult to infect with BGMV in 
mechanical inocl lat ioll tests an;1d , furthermore, that these 
resistant genotypes had been previously selected as potential 
sources of golden mosaic resistance. Also, these results agree 
with previous field evaluations of sim-ilaar bean genotypes. 

d. BF.AN YFI.LlOP MOSA LC V]I L'S 

Bean yellow mosaic is a relatively restricted but important 
viral disease of beans in Latin America. The disease is found 
primarily in Chile and Uruguay. As reported in previous years, 
this disease is one of the major production constraints in Chile,
 
due to the recent appearance of a new pathogenic variant of the 
virus (BYMV), capable of infecting bean genotypes used as sources 
of resistance to control the previously known strains of BYMV in 
Chile. This disease is also important in the United States, 
Europe, Northern Africa, West Asia and China. 

Considering the restricted distribution of this disease and 
the absence of virulent strains of this virus in Colombia, Bean 
Virology sought the cooperation of the Institute of Applied Plant
 
Virology, in Torino, Italy. The resulting cooperative project, 
entitled "Characterization of the Main Yellow Mosaic Virus
 
Isolates that Limit Bean Production in Northern Africa, West
 
Africa and China", is now officially in progress, with Drs. 0. 
Lovisolo and V. Lisa as principal investigators in Italy.
 
Considering the importance of continuing the bean yellow mosaic 
research in Latin America, the initial cooperative studies
 
carried out in Chile by national program scientists and CIAT,
 
have now been transferred to Italy.
 



Table 1. 	 Main virus diseases of the camrn bean (Phaseolus vulgaris) in Latin Awarica: general 
characteristics, economic inportance, and geographical distribution. 

Disease 

Me-= 

Bean Yellow ,L-3aic 

Sovbean Mcsaic 

Cucunber Mosaic 

Bea, Mild Mosaic 

Bean Severe Mosaic 

Bean Comn osaic 

Bean Southern M aic 

Bean Rugose Mosaic 

Bean Dwarf Mosaic 

Bean Golden Mosaic 

Virus Vector 

Aphids 

BhI2V\ Aphids 

'V Aphids 

GA' phidsI 

3%FIV Beetles 

QF 'W Beetles 

BWZV Beetles 

BRMZV Beetles 

BIIV 1Whitefly 

BGI Whitefly 

Seed 

transmission 

Yes 


No 


Yes 


Yes 


Yes 


No 

Yes 


No 


No 

No 

Epide iology 

Endt-mic 

Epidenic 

Epidemic 

Epidei.'c 

Endemic 

Epidemic 

Endemic 

Epidemic 

Endemic + 
Epidemic 

Endemic/ 

Epidemic 

Yield Crosses 

20-50% 

10-50% 

10-30% 

h:ncncm 

Uhknown 

10-10% 

20-56X 

20-60% 

5-10f% 

5-100% 

-ecgraphical Distribution 

All countries 

Chile, Uruguay 

Argentina, Brazil, Colombia 

Colombia 

El Salvador, Colcbia_
 

Central America, Venezuela w
 

All countries
 

Costa Rica, El Salvador, 

CQka temla Ta 

Widely distributed; epidenic 
in Argentina, Meico 

Argentina, BIrazil, Central 
Aiey--ica and the Caribbean 

1BAV = Bean Carn Mosaic Virus; BYMV = Bean Yellow Mosaic Virus; WV = Soybean Mosaic Virus: CIV = Cucumber Mosaic Virus; 

RI4V = Bean Mild Mosaic Virus; 0OV = Quail Pea Mosaic Virus; BSMV = Bean Southern Mosaic Virus; BPYV = Bean Rugose Mosaic 

Virus; BrkIV = Bean N-arf Mosaic Virus; B(11V = Bean Golden Mosaic Virus. 
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Table 2. Bean germplasm screened in 1987 for its reaction to bean
 
common mosaic virus. 

Materials evaluted No. Plants Evaluated % Total 
Material s 
Eva luated 

Progeny Tests 122,940 67% 

Backcrossing Project 4,360 2.4% 

Blackroot Resistance Project 5,765 3.1% 

Special Projects 5,578 3.0% 

Advanced Selections 3,270 1.8% 

Germplasm Frome National Programs 12,960 7.2% 

Bean Program Nurseries 28,360 15.5% 

183,223 100.0% 
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Table 3. 	 F bc3 mterials from the [VT-C [AT collaborative project 
which conwtin I, c2.2 andi 0e3 genes for resistance to BCMV 
muosa ic and necrosis strat ns. 

IVT Popu 1at i on 
Cross F'4 bc3 Stock No. No. 	 Seed Color 

IVT 831575 x PAY 29 861149 1 Navy 
WVT 831575 x PAN 29 861150 2 Navy 
[VT 831607 x,:P 71 861151 1 Smal] red brilliant 
VT SI07 :YRA 71 861152 2 Small red brilliant 

iVT X3160 Rt), 71 861 153 3 Small red brilliant 
1VT 8 1607 :, ,A\ il 861154 I Smal1 iack brilliant 
V 83160/ x \B 71 861155 2 Small black brilliant 

IVT 80 607 z RAE M 861 156 t Smo IS rl , ri iant 
\,T 01W x BAT 1554 861157 1 Mud. back Opn(que 

IVT 831 x'A 554 861M A ed. S],:rk Opaqcue 
IVT 83129 x-HAT 1 '54 3;1159 3 ed. hKWl opaqu,, 
VT 831(29. BxAT K 54 , 1i 60 1 P into 

IVT ,31 (57 I I' 112T 1161 1 Med. r:o t t: I ottlcdkidney 
IVT 831I57 n.HAT' IM,11 0 62 2 Med. rel w'atlcd kidney 
[VT 831653 Y ulancw INIA 870(001 1 Med. w!hiL 
IT 

LVT 
9310, Y CAN 24 
,' 5 n CANi M 

870002 
,71003 

1 
2 

yelln, 
YuI1 ow 

IVT 31 CA 870( 1 Yellow 
IVT 31657 M"1 ! 70005 1 Small red mottled 
IVT 83!h-- -. I 11 ,70006 2 Smat! red mottled 
FVT ,ll ' Y P,, 112 870007 3 Small red mottled 
iVT 31657 N:AI 112 870008 4 Small red mottled 
1VT 831657 x PVl M2 P)n 5 Sma ll red mottled 
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Table 4. 	Final selection of germplasm accessions and grain types
 
selected in Monjas, Guatemala as potential sources of bean
 
sources of bean golden mosaic resistance. 

Seed Color 
Number of 

germplasm accessions Grain Type 
selected CP* CS 

12 Red Cranberry 2 6 

3 Purple Cranberry 2 7 

6 Pinto 2 4 

1 Red Mottled 6 2 

4 	 Light Red 5 

9 Dark Red 6 

1 Purple 7 

4 White 1 

* CP = Primary seed color; CS = Secondary seed color. 
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Table 5. 
Main symptoms induced by Bean Golden Mosaic Virus in Phaseolus
 
vulgaris, and bean genotypes exhibiting specific low-symptom
expression.
 

Main BGMV Symptoms Resistant Genotypes*
 

Mosaic (Yellowing) Pinto, Great Northern 

Plant Dwarfing (Stunting) Red Kidney, Cranberry, Canario 

Flower Abortion Crariber-y, Red Kidney 

Pod/Seed Distortion Redlands Greenleaf, Exotic 
Genotypes 

* Not all genotypes cited present the same reaction. For specific
 

information please contact CIAT's Bean Virology Section.
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Table 0. 	Serological relationship between four whitefly-transmitted 
geminiviruses of Phaseolus vulgaris as dotermined withC- -	 I 
monoclonal antibodies to African cassava mosaic virus. 

Geminivirus 	 MonocIonal Antibody 
SCR SCR SCR 
11] 17 18 

3BGMV-GUA -0 1-

BGMV-MEX 0 +4- 0 

BDMV-COL 0 ++ 0 

RhMV-COW. 0 ++ -H-

Heal thy Bean 0 0 0 

ACMV 	 -+H +4- -4H 

Tests performed by Dr. B.D. Harrison, Scottish Crop Research
 
Institute. 

BGMV = Bean golden mosaic virus; GUA = Guatema la; HEX = Mexico; 
BDMV = Bean dwarf mosaic virus; CO}L = Colombia; RihMV Rhynchosia 
mosaic virus; ACMV = African cassava mosaic virus. 

3+ = positive react Lon according to magnitude (relatedness);
0 = negative reaction. 
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Tab~e 7. Reaction of selected bean cvs. to BDMV-Col. 

Inoculation
 

Mechanica 1 B. tabaci 

DubbeJe Witty 4- + 

Stringless Green Refugee +
 

Redlands Gro'ee 1oaf-C 
 + 

Pu i'regold Wax + 

11tl21ha + 

Redlands Greenleaf-B + 

Great Northern 123 + 

Sani lac + 

Miche .1it e + 

Red Mexican 34
 

Pinto 1i4 

Monroe + 

Great Northern 31 

Red Mexican 35 

Widusa + 

Black Turtle (:oup 

Jubila + 

Topcrop + + 

Improved Tendergreen +
 

Amanda 
 +
 

+ = Bean Dwarf Mosaic Symptoms; - = Symtomless; Blank spaces = not 
tested. 
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F seltIn
 

(M-1 Seed sample5)
 
Mlechanical Iliocllation 

VCHB 11L3 

Systemic Necrosis Lucal Lesions Syaptooless Planis
I
 
Mechanical
 

Inorulation with
 
BUlV NL 4
 

Selection Of 1ioRIozygous
 
Mosaic Resistant Lines
 

(I gene alone)
 

Selection of Hcpozygous
 

Mosaic and Blackront
resi5tant F lines 

(prutected 1gene) 

Mosaic Srrh.'~less
I Flanls Negative
 

Recessive qgees tests
 

Alone
 

seikc ion of
 

HUMUZYgous Mospic

iand Blac~root
resistant F4 lines
 

(Fro'ected I gene or
 

bc 3 alone)
 

Figure 1. Current screening methodology implemented at CIAT to select Mosaic-and
 

black-root-resistant bean genotypes.
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5. Invertebrate Pests
 

Breedi.ng for resistance to leafhoppers, bruchids, and pod
weevil continued to be the main priority of the Bean Program's
Entomology Section in 1987. Studies; on the biology, ecology and 
possible varietal prefcrences of the whitefty were continued. 
Significant progress was made in relation to 
the understanding of
 
the mechanism of to and onrs r.sitane bruchids techniques for 
selection of resistant materials in segregoating populations. The
 
Apion untwork in Cn tra Ame ric, was expanded and strengthened. 
For tha first t ime the chlian isms of res istance to A. _dman! 
were studid, 'rogross in breeding for resistance to this insect 
was also nt_ ,inldseveral resistant and well adapted lines were 
identified . 

a. BR(CH IiW
 

Screening or resistance
 

iltgh levels of resistance to the Mexican bean weevil
 
(Zabretes suiascLtus) were reconfirmed in accessions G 12947, G
 
1295n1, and K 121)51 . These materials will he included as parents
in Future crosing block" . Ile search for sources o resistance 
to uruchid, was expanld to other spscies within the genus
Phaseolus. 1iC ofr 1 ocess ions evaluated, only one P. 
xanthotrictus m1ateiial resisatnt the beanwsi to Mexican Weevil 
and to the bean ,,,evil (Acnnthoscel ides obtectus). In addition, 
2 1 cultivated ,African var ieties that had been reported as 
resistant to h ruehd in Rwanda were reevaluated at CI AT. All 
were found to ne hihliy susceptible to th1e beanise:cican weevil 
and to the bean weevil.
 

Mechani sms and for tos resL.nible1 or res istance
 

To detorminu mortal it v level s rnd the stage in the life 
cycle atfec,.oc1 I:, ant ihiosis , both specieOs nf bruchids were 
reared on tihe lighI,! resistant wild accession C 12954, and the 
cultivated chieclk, Diacol Calima. IAi\ dissection and measurement 
of tire larvae revealed that the life cycles of both the Mexi can 
bean weevil and tiL bean weevil reared on G I154 were staggered 
and significantlv doelaved (Figure 1). Thus, 24 days after 
ilestat ion, 10/N of Z. subfascinatus individuals on Calima had 
pupated, while 03.4 of the populatLon on G 12954 had not even 
become surond instnr :larvae. Similarly, 90 of tie A. obtectus 
population reared om Calima had pupated, while 4(% of the 
individuals or G 12954 were still first iristar larvae. Mortality
 
levels for tihe Me:ican bean weevil and tre bean weevil reared on
 
the resistant accessions were 724 and 42.60, respectively. Up to 
97% of the mortality occurred at the first instar larval stage, 
which explains the low levelsq of emergence obtained in resistant 
varieties. This is important as it directly affects population 
growth rates and resulting damage levels.
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A vcry impott;it devel opmnt- wa; the sueci,..s fi I rearing of 
'O ,. aVtHte bruchid!'" o, 2FLt ic 1,aa1ri, ;ek t y, be-iris soa ed 

the test ii arc removedI ir d I fl i,4d c I n11( v!1 I loi . The 
fI.our i, 111 r:; . r>t:t i 1o Id s, 'Ii t) it [ h-ntll 1yo l I 

!1
!,: i itt i Lihushlvdi-atLd[ it t f Wi t: r Th,I I". I, [ 1,-, 
o1.)t,Ii l.' o-, I11 1 c , , :u ~ I- Ili% lhtyit c a l t ! {i] "; ,cotl l 
W L T L i I-to L t , 1ri11 1 1 tI t - I I t T o: L )2 

tI I I" id (e d -iII r ca I I L '. c f2 :, 1 F 

l I, I -.iis SI II. iLI L- d . t-Iit c to .I L L- i 

bio :;sr; ',. : o1) t :t r s Lai,'. ,t ,1 uvt t 

r Ic I ,ot11 " h I I tI I o 0 n[1 t tcl v tIIi itr C 

viies Ic s, ) (e1 r c ! ' r:l p Ir I eg ' l c Uto Iu e"ze c 

I'(, Itllt c tIllSdi ffere d.I " I',!I I ,W iI it "I I Itl 1o .i L o 

to .1i i g1 : 'ir *iOJri-I,'rsWaS addie,. it l [a ill lsilIg heru 

WaIs a s lni f i t: )r o ,1) 7 ;VC , i insects1,' ,It L Ii*, it-Io 

as tile pelrcu t-'l:,e cf r , itlnlt valri._y 11 hie iLt w it)-b rreased. 

D- L a ,,c i p-,I 
confers rIL-t nceiic LI, ;i I.,it ,e .ii (Iw(A , ]'u n ua 
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populations, Each species of bruchids is being handled 
separately. Selection For Z. subfasciatus is based on the 
presence or absence of arce Iin as detec ted by means of 
serological tests (Ouchteri ony plates, ELISA teats) or 
electrophoresis. In the albsence of a quick acrecni og techni que 
for tLhe carbolh d rate claimed by the University of )urham Lo be 
responsioble for restance to A. obtectus, sC, iLot fon thisfor 
species in segregating papaIatLoils i-;based )n individuall seed 
feeding test, coupled with individual plant selections made in 
the field !or ,groniuiic and seed size characteristics. Tables 4 
and 5 i]Istrate so me of 
reevaluated for re' ijs toncu to 

tle 
the 

selcc t ion,. 
Mexican bean 

current ly 
weevi 1 and 

being 
the 

bean weevil, respectively. 

b. hAN l'O) W111,VII, (AI iON) 

Biological 'di,'tu 


The life cyce of the pod weevil, Apio godmani, was studied 
under fuiii oondit ions In Danili., Honduras. The duration of the 
different , i gu-',swas as fol lows: egg, q days; larva, 19 days; 
pupa, 1O.5 days; for a total of 38, dayv and one genration per 
cropping season. c t-;etlr i-.s to 1ie a - I o;e phenological 
relationship between, the ilpearnrce of the first colonizing 
adults and flowering time. In other taperiments, aarly plantings 
were found to he more haeavilv attacked than late Ilantings. This 
is iniportanc as manipulation of pLanting dates is one of the 
techniques recommended to obtain high insect populations in 
screenrig nurseries.
 

Studies on possible mechanisms of resistance to the pod 
'Weevil were conducted at two locations in Hlonduras. For 
simplicity, the results of one location discussed inare this 
report. Oviposition rates on resistant and susceptible varieties 
did not differ significantly (Figure 4). Wqhen larval populations
 
were sampled daily, up to 54% larval mortaLity was found in the 
resistant variety APN 83. As a result, total laval populations 
on the susceptible check, Desarrura], were consistently higher 
than in the resistant variety (Figure 4). Pending reconf:irmation,
 
these preliminary results suggest that antibiosis could be the 
mechanism responsible for resistance to the pod weevil.
 

Screening for resistance to A. godamni was reinitiated. High 
levels of resistance were recontirmed for the following germplasm 
accessions: G 03295, G 13614, ; 07090, C 06990, C 03324, G 03313, 
G 06130, G 09885, G 0/032 , G 03578, C 04397, and G 08140 

Excellent progress has been made in terms of breeding for
 
resistance to the poa weevil. Thirteen APN bush bean 
lines with
 
acceptable levels of resistance, good adaptation and seed color 
were selected in Honduras (Table 6). For the first time, climbing

bean lines were selected for resistance and adaptation among 
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materia.s in the 1986 Intervational Apion Nursery (Table 7) and 
from the 1987 International Apion Nursery (Table 8).
 

C. EMPOAS(A KlAEMli 

The report on leaf-,hopper resistance covers the f irst 
semester f MK / is second semester tria]s arc still co be 
harvested. kmIphii:;is was placed upon the eva Iuat i I of early 
segregtt in g' popu it ion ofl red ild whti t. seeded li ter i; , two 
groups pa, L it lcI"a r it I 'Micult tTo i'tpO','O ," I'S Hlitiipo r 
res stile 1 w, i0t0 itd popu lat ions, Olf whit red 
significan,0 tL illt tLxIC 1l.oil 1p, 'i-Id I( V ldcd C 1 c ". 1 ;.\' 
respectively, uider high loaifbonp r ,iet -M on;t (!abile Q). 
Absolute protected \ ni.,ds were nort higth cIu to ,everp rmp,-tue 
conditions; dut ing the growing joson. 

As ropnrt el p rev iously (( Al, 1W Anntal Report) , superior 
determinate iuslh Hcon ie had, for tie first time, beei 
identified. These improved lin s were vie l,-tested again. in 1987. 
As shown inla , le WI, s. of the line.s , i;gnif ic:mtlv oitv:ielded 
the comlercial chc th,;, 1'. so wa sks. A v l]o f roCtir ren nt e 01 t i otI 

initiaLtd ti tH e-e supc.r; ga otypcs. 

'['itI I L 's r It'f(or 1 w s re? s IL es :e IL 1sIlso s t.in a iltO ig lt i I 

accessions ircludd th i of iatrLile No sourcesevalust ,on 2,27 s. 

were found ,aimog sp Ws or v:id ensns. TIwo dry bean varieti-es 
were v 5,t,(sified b's highlv rle istant. I id ition to germplasm 
access ions, 38 Pha;eolus vuigaris x P. acutifolius hybrid lines 
were evaluated. None was '-sisant. 

d . Wi I.TE"',Y 

S tudies on host-plant relationships and varietal preferences 
of the whitef , Bemisia tabaci, cont inued in 1987. Several 
experiments Coltfirmed t Iat adulI t'; pr e e r to oviposi t Oil 
coryledoi-.a I le r Q.11-.aves and that opt.ltol sohtp n t ine for pupal 
populations is 0-,( "s after plant ing. (ptimum plot size for 
rout ine eV aL ,aOtttot' wltet ot i,, pwt l Li (ilns 00 different 
genotypes was eval uated. te--low, I-iI long plot; did not 
significantly differ fIortm 4-row, i--m 10n1 ,Ies..As :eported in 
1986, optinun saiple size to compare vnrIieta! differences in 
terms of pu pa.l popu la tions was: agiii 10 coLy l edonal l eaves per 
3-m row plot. Once the e:x perimental and sampling techniques were 
refined, the screening i or pos iP I e va ri eta l differences among 
selectoid, previously studied ge -otypescontin-,ued under greenhouse 
and field condicions. Result-s will be r ported in 1988. 
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Figure 1. 	Distribution of life stnges and mortality of (A) Z. 
subfasciatus and (13) A. obtectus 24 and 29 days, 

respectively, after infestation of two bean 
varieties.
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Figure 2. 	The regression of percent resistant variety in the
 
diet on life cycle duration of (A) the Mexican bean
 
weevil and (B) the bean weevil.
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Table 1. Developmet of Z. sibfasciatus and A. obtectas on 'artificial' and 

intact dry ben seais o( a resistant (, 12954) and a s~Lceptible 

(CaiLhin) bean variety. 

Technique Variety Percentage Days to ;1dult Weight:/ailuit 

enmrgence evurgence (9_x:10-3) 

Z. subfasciatus 

Artificial seed G 12954 1.3b 64.Oa -

Ca 	 ima 61.9a 40.5b -

Intact seed 	 G 12954 20.6b 59.3a 0.7 

Calimai 86.5a 33.7b 1.4 

A. obtectus 

Artificial seed G 12954 1.Ob 74.Oa 1.3b 

Calima 40.2a 38.3b 2.5a
 

Intact seed G 12954 7.2b 55.1a 
 1.Ob
 

Calima 40.6a 36.2b 2.4a
 

a) 	Means within a column follced by the sane letter are not significantly 

differtnt at the 57 level ( P 0.05; Duncan's [19551 nultiple range test). 

Each species a7.aivzed separatciy. 
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Table 2. Levels of resistance to Z. subfasciatus in wild bean varieties selected
 

for the presence of four arcelin variants. Means of five replicates.
 

Accession Percentage Life cycle Weight/adult Rating
 
-


emergence (days) (g X10 ) 

G 12882-Arci 1I.5c 48.9c 0.8c Resistant 

G 12866-Arc2 11.7c 48.5c 0.9b Resistant 

G 12922-Arc3 81.7b 42.3d 0.8c Intermediace 

G 12949-Arc4 5.4d 70.1a 0.5d Resistant 

G 12952 (check) 10.4c 64.5b 0.5d Resistant 

Calima (Susc.check) 96.1a 32.9c 1.3a Susceptible 

Means followed by the same lette r are not significantly different at the 5% 

level (Duncan's multiple range test). 



141
 

Table 3. Biology of the Mexican bean weevil 
on 'artificial' and intact seeds
 

of four varieties.
 

Technique 


Artificial seed 


Intact seed 


Variety 


Calima 


L 12-56 


Sanilac 


SARC I 


Calima 


L 12-56 


Sanilac 


SARC I 

Rating 


Susceptible 


Susceptible 


Susceptible 


Resistant 


Susceptible 

Susceptible 

Susceptible 

Resistant 

Percentage Days to adult 

emergence a emergence 

87.7b 37.9b 

74.7c 38.4b 

86.lbc 37.8b 

18.4d 53.7a 

93.Oabc 31.5b 

100.Oa 32.lb 

95.9ab 31.3b 

7.3d 50,7a 

aMeans within a column followed by the same letter are not 
significantly
 

different at the 5% level (P=0.05; Duncan's 
[1955] multiple range test).
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Table 4. Some of the best individual seed selections for resistance to 

Z. subfasciatus. 

CROSSES CFN ERA1[ON LI FE CYCLE 

(DAYS) 

Backcrosses 

BAT 477 X (BAT 477X G 13016) F 52.5 

Catu X (Catu X G 13029) F 76.0 

859446-0 7 X (859446-67 X XAN 105) F 55.0 

EMP 175 X H11W' 175 X ( 12866) F 49.0 

Trip] ecrosses 

XAN 105 X (1-I1 ]/5 X G 12866) F1 44.0 

A 114 X ( ,IMI 175 X G 12866) F1 43.0 

Simple C17oSse S 

C 12952 X A 484) F2 44.8 

Checks 

G 12952 (Resistant) 48.0 

Calima (Susceptible) 32.2 
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Table 5. Some of the best F4 individual plant selections made for resistance to
 

A. obtectus.
 

CROSS PERCENTAGE LIFE CYCLE 

EMERGENCE (DAYS) 

CC 41B-1-I (G 12952 X G 4435) 38.9 54.4 
(( I!: B-!-I 16.7 64.0 

C C l4B-4- 5 (( 12952 X A 484) 26.6 42.2 

CC 48ji-5-4 33.3 44.7 

GC 52A-2-I (C 12891 X A 83) 42.0 46.5 

Calima (susceptible check) 63.3 37.1 

G 12952 (resistant check) 4.7 54.7
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Table 6. 	 Adaptation, percentage pods damaged and percentage seeds damaged 

in 13 bush bean line; selected for resistance to A. _o~dmani 

in Danli, f!onduras, 1987h A. Means or three replications. 

Line Parents Adaptation % pods .. seeds 

(1-9 scale) damnaged damaged 

APN 	 96 RAB 56X(; 3578 7 23.3 5.9 

97 " 5 t4.4 4.2 

98 6 12.2 3.6 

99 5 10.0 2.7 

100 RAB 	56XG 8142 4 28.9 7.7
 

101 " 	 6 22.2 6.1 

102 " 	 6 12.2 2.2 

103 6 17.9 4.3 

104 7 13.3 4.6 

105 4 20.0 8.3 

106 6 15.5 4.9 

107 RAO 30XG 13614 5 15.6 4.6 

108 5 9.5 2.3 

APN 	 841) -- 2 12.2 3.9 

881) -- 5 13.3 3.3 

931) -- 3 5.5 1.4 

791) - 5 4.4 1.1 

Zamorano --	 6 50.0 19.5 

Ranges (68 materials) 	 2-8 0-56.7 0-22.8
 

/ Improved checks 

2) Susceptible check 
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Table 7. Adaptation, percentage pods damased and percentage seeds damaged in 
10 lines solected r rm the 19,86 Apion lInternational Climbing Bean 

Nursery. Danli, Hondu ras. Icans of three replications. 

Material Adaptation Z pods , seeds 

(1-9 scale) damaged damaged 

RCAG 12485-10-CM-CM 5 13.3 2.5 

12508-21-CM-CM 3 40.0 11.8 

12513- 3-CM-CM 2 33.3 9.7 

- 6-CM-CM 5 21.3 10.0 

-20-CM-CM 4 6.7 1.6 

-25-CM-CM 5 26.5 8.5 

-26-CM-CM 2 20.1 4.9 

-28-CM-CM 5 12.4 3.1 

-31-CM-CM 5 16.7 4.1 

-39-CM-CM 3 22.2 6.4 

Zamorano'1 3 81.1 45.4 

Rojo de Seda 1 ) 3 91.1 50.7 

Desarrural 1) 5 85.6 55.8 

Ranges (30 materials) 2-9 6.7-91.1 1.6-55.8 

Commerclai susceptible checks 

PARENTS: RCAC 12485 RAB56 X G 13602 

NCAC, 12508 BAT38 X G 13602 

RCAG 12513 BAT56 X G 13614 
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Table 8. 	 Adaptation, percentage pods damaged and percentage seeds damaged in 

11 materials selected from the [987 Apion internationa] (l imbing Bean 

Nursery. Danli, Htonduras. Means of three replicat ions. 

Material 	 Adaptation Z pods Z seeds 

(1-9 scale) damaged damaged 

RCAtt 14123-1-CM-CM 	 5 5.8 
 1.4 

-4-CM-CM 3 5.5 1.1 

-7-CM-CM 4 3.3 0.9 

-1 I1-CM-CM 5 	 3.3 1.5
 

RCAI 14124-6-CM-CM 	 7 3.3 1.8 

RCAS 14126-1-CM-CM 4 1.1 0.2 

-2-CM-CM 3 2.2 0.5 

-3-CM-CM 4 2.2 0.5 

-7-CM-CM 2 3.3 0.8 

-8-CM-CM 5 1. 1 0.2 

RCAq 14134-14-CM-CM 6 	 2.3 0.5 

Zamorano 1 )  	 5 64.4 23.0
 

Ranges (25 materials) 2-9 	 1.1-64.4 0.2-23.0
 

1) Susceptible check 

PARENTS: 	 RCAI1 14123: RAB 34XG 13614 

RCAH 14124: RAB 49XG 13614 

RCAS 14126: RAB 11XG 13614 
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!able 9. Best F3 populations from the X cycle of recurrent seiection for 

leafhopper resistance. Means of three replications. 

Population Color Yield (kg/ha) Porcentage yield 

Nonprotected Protected reduction 

ER 13815-CM(V) 1 896 984 8.9 

13816-CM(V) 1 866 964 10.2 

13817-CM(V) 1 870 1027 15.3 

13861-CM(V) 1 967 1024 5.6 

13870-CM(V) 1 1085 1296 16.3 

l384/4-CM(V) 6 931 1134 17.9 

t 3848-Ct4(V) 6 756 894 15.4 

EMP 1751) 1 702 1058 33.6 

BAT 41 6 675 1325 49.0 

LSD 5% 287 393 -

C.V. 20.6 20.1 

1) Checks 
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Table 10. Best determinate bush bean lines from a recurrent selection cycl.e for 

leafhopper resistance. Means of three replications. 

Line Color 100-seed Nonprotected. yield (kg/ha) Mean 7 yield 

weight (g) 1986B 1987*A reduc tion 

EMP 177 6M 29 1114 3 35 29.8 

EMP 178 
 6M 34 1102 596 35.5
 

EMP 179 7M 90325 600 39.9 

EMP 182 6M 33 807 495 39.9 

EMP 184 7M 34 776 399 53.9 

E!1 185 7M 30 749 488 50.L 

EMP 186 6M 26 718 383 52.9 

Checks : 

ICA P 11 6M 35 459 89 67.1
 

BAT 1366 6M 
 32 404 203 (6.8
 

Linea 24 6M 365
39 114 75.7
 

A 36 6M 30  200 63.2
 

LSD 5% 
 254 177
 

C.V. 22.6 25.6
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6. Adaptation
 

a. DROUGHT
 

Over 	 60% of bean production regions are affected by drought, 
and 	 water stress is probably the largest individual factor 
causing low vields in b)eans. Although it is recognized that 
there will always exist severe physiological -limits to bean 
production under drought .tress, there exist several possible 
avenues for improving adap tat:ion of beans to drought conditions. 
Research at C IAT has focueed on three cl asses of mechanisms 
giving h1igher yields under drought. These are: 

1. 	 Drought escape th0roughu inherent earliness or a response of 
accelerated natu-itv. 

2. 	 Drought avoidance based on greater soil moisture extraction, 
or mois ture c - rvat ion. 

3. 	 True d rough-t tolance, defined as the ability to withstand 
greater t i ue water defticits. 

Recogn i ineg that these mechanisms are not mutual ly 
exclusive, aind tlhat the ir relative importance will vary with 
local conditionsq, a't tempts are also being made to analyze their 
integrated effects in relation to soil and climate conditions. 

Drought escape 

Previous studies at ('AT showed that drought yields and days 

to maturity of different genotypes were frequently negatively 
correl ated, confirming that drought escape is an important 
adaptation in beans. This is consistent with beans being a short 
season annual crop adapted to growing on residual soil moisture. 
Unfortunatelv, precisely what level of earliness should be sought 
for a given environment will depend on the stress regime and the 
balance farue rs may seek between reducing risk with earliness and 
sacrificing yield potential. 

A possible alternative to seeking a specific level of 
earliness would be to develop cult ivars which vary their 
maturation rate depending on the stress regime in a given season. 
Evidence for such mechanisms is suggested by comparisons of days 
to maturity and yields of 72 genotypes grown under stress and 
irrigated conditions in three semesters differing in rainfall 
distribution (Table i). In semester A, with severe stress after 
35 days, days to maturity and drought yield were negatively 
correlated, but a stronger relation with yield was found for the
 
difference between days to maturity under irrigated and 
stress
 
conditions, with drought plots showing a mean acceleration of 
maturity of 10 days. In contrast, for semester C, where stress 
was received by rains after 35 days, later maturing cultivars 
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gave higher yields, and materials showing a delay in maturity 
under drought gave higher yields. In semester A, the four 
genotypes of growth habit I were among the materials showing the 
least ability to adjust growth cycle under stress, suggesting 
that this may partially explain their generaflv poor drought 
adaptat ion. 

Drought avolfdance 

An init ial study on the importance of increased soil. 
moisture extraction through greater root growth had demonstrated 
that while this mechanism was effective in the fertile coils at 
Palinira, it was not functional in the acid soils of Quitichao 
where root growth was concentrated in upper so i I ay ers. To 
verify this observat on for a wider range of genotypes, root 
growth under drought tress wa, anal vzed for HI) small to medium 
seeded gentvpes of- iindetLrniiniate growth hahit,. At Pa Imi ra 
root length density was correlated with yield (Figure 1), but at 
Qui 1 iclIao no 1elIat on as detected. However, root growch at the 
two sitee: d i slio, ,i -,iglli i 'r it correlation (Figure 2) . These 
results confi- m t-e importance of root growth under certain soil. 
condi tion: , and Iurthermore suggested thamt cul tivar differences 
in root growth may show similar patterns in contrasting soil. 
environmnts. 

While root7 lengtlh density was not correlated with yield at 
Quilichao, this finding did not exclude the possibility that 
other aspects of root function control differences in drought 
performance in the soils at Quilichao. Using reciprocal grafting 
of two genotypes of contrasting drought response, the relative 
effect of shoot and root characteristics on drought response was 
evaluated. The results indicated an overwhelming effect of root 
genotype at Quil i.chao (Tab Ie 2) . This suggests that other 
characteristic ; of the root system besides root growth may be 
important in deteemining performance under drought. 

Two previous grafting studies at Palmira had similarly 
supported the importance of root growth, hut since they had only 
involved two genotypes, an additional study was conducted using 
four genotypes. Results again supported the effect of root 
systems on drought tolerance (Table 3). 

Characteristics which favor conservatiLon of water can also 
result in drought avoidance. Traditional measures of water loss
 
are very cumbersome since they usually reflect events over time 
spans of less than a day (often only minutes), and are difficult 
to relate to photosynthetic activity. Recently, work in several
 
C, crops has indicated that tissue carbon isotope composition is
 
c osely related to water use efficiency (WUE defined as the ratio
 
of assimjLaticn tY2 transpiration). Because of discrimination
 
against "CO' vs CO9 in diffus iQp processes and fixation by
 
RuDF carboxyzase, relaiivel.y less C is fixed when there is no
 



151
 

limitation on gas exchange (e.g. when stomata are 
open and
 
transpiration is unrestricted). Thus, if tissues 
are formed 
under conditiop3 of high transpiration in relation to 
assimilationrN C concentration will he relatively low. 
Expressing C concentration in parts per thousand depletion
relative to a standard representing the relative concentration of 
the, wo isotopes in atmospheric C0>, increasingly negative values 
of C to C ratios indicate lower [I'E. 

Measured in 10 bean genotypes grown at Palmira and 
Quilichao, .1eaf carbon isotope ratios indicated that greater
bioniass production and seed yield were associated with low WiJE 
(Figure 3) at Palmira, but that at Quilichao, an intermediate 
level of WUE resulted in greater growth and vield (Figure 4).

These results :uggest that as 
 a short season crop, beans achieve 
greater growth under drought by explciting avail able soil 
moisture rather tha ',inserving it and maintaining high WUE. At 
Palmira, where a de,. rooting genotype can maintain transpiration 
for a relatively Iong period, low MJl is desirable. For 
conditions where ,;oil moisture availabi Ii ty is more limited, such 
as at Qul I ichao , :in intermediate level. is desirable since 
excessive transpirat,-n in early growth could exhaust soil. water 
for subsequent growth. 

Future work u.s drought avoidance will emphasize two main 
areas. 01,,, is to develop a rapid system for screening for 
differences in root growth. The second is to understand effects
 
of physical and chemical characteristics of soil on root growth. 

Drought to]erance 

True drought tolerance does not appear to have been detected
 
in beans. Studies at CIAT, Durango, Mexico (in collaboration 
with researchers at INIFAP) , and Goiania, Brazil (with

researchers at CNPAF) have all indicated that even under severe
 
stress beans do not reach water potentials below -1.5 MPa. 
Slight geneti.c differences in tissue water potentials are 
probably due to differences in root growth rather than ability to 
withstand stress. The failure to detect major effects of shoot 
genotype on yield in drought studies would also argue against
differences in tolerance to desiccation unless they are either 
only expressed in root tissues, or are regulated by root tissues.
 

Integration of mechanisms
 

Many lines of evidence indicate that 
no single drought

adaptation 
 will prove useful across environments, and
 
furthermore, that desirable levels of earliness or root growth

will vary with environment. 
 The immediate practical implication

is that breeding for drought tolerance should be directed to
 
specific drought environments. A second implication is that
 
there is a need for developing techniques for estimating
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integrated effects of adaptation such as earliness and deep roots
 
in relation to different climatic and edaphic conditions. To
 
evaluate such effects, BEANGRO, a cri p growth simulation model, 
being developed by researchers at the University of Florida
 
through support from IBSNAT, is being used to simulate crop 
growth of different genotypes grown under drought stress at CIAT.
 
The model is currently in final stages of testing prior to formal
 
release.
 

To test the relative importance of earliness for planting 
dates corresponding to peak periods of stress vs periods with 
varying levels of stress, BEANGRO was ri'n for May 21 (drought) 
and September 26 (variable stress) planting dates with parameters
 
for BAT 477 and a hypothetical cultiv.r identical to BAT 477 
except flowering and maturing approximately M0% earlier. As 
expected, the early maturing genotype was superior for the 
drought planting date, al.hough the advantage was by no means 
constant over the 8 years of test data (Table 4).
 

Assuming that BEANGRO continues to show promise for such work, 
emphasis will be placed on using the model to examine drought 
stress in regions contrasting strongly with those available at 
CIAT. Priority regions are north central Mexico and northeast 
Brazil. 



153
 

'fable 1. 	Acceleration of maturity under drought stress for 72
 
genotypes grown in three semesters varying in distribution
 
of precipitation.
 

Mean yield (kg/ha)
 

Drought 

Irrigation 


I
Acceleration of maturity (days) 


Correlation with drought yield 

Days to maturity under drought 
Acceleration of rivtuity 

Precipitation (mm) 

0-35 days 
36-70 days 

Semester 
A B C 

1650 1080 600 
2660 2550 1340 

10.0 0.3 -0.1 

-0.39** -0.15 0.30* 
0.49** 0.05 -0.24* 

61.4 6.6 81.4 
21.2 27.4 157.9 

Calculated as the difference between days to maturity under
 

irrigated and stress conditions.
 

*,* Significant at the p = 0.05 and p = 0.01 levels, respectively.
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Table 2. Relative effect of root and shoot genotype on drought
 

response at Quilichao as assessed using reciprocally grafted 

plants derived from BAT 477 and BAT 1224. 

Yield for shoot genotype 

Root Grafted Control. 

genotype BAT 477 BAT 1224 BAT 477 BAT 1224 

------------------------ kg/ha------------------------

BAT 477 500 610 610 -

BAT 1224 81C 1000 - 1170
 

Significance of effect: Probability
 

Root 0.01
 
Shoot NS
 
Root x shoot NS
 
Graft 0.05
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Table 3. Relative effect of root and shoot genotype on drought
 
response at Palmira using reciprocally grafted plants 
derived from four bean genotypes. 

Root Yield For shoot genotype 
genotype 
 G 4495 BAT 1224 BAT 477 G 17722 

----------------------- kg/ha-----------------------
Grafted:
 

G 4495 430 490
570 510
 
BAT 1224 530 570 630 
 570 
BAT 477 530 550 470 380 
G 17722 690 810 710 540 

Ungrafted: 

('4495 380
 
BAT 1224 560
 
BAT 477 
 510 
G 17792 
 670
 

Significance of effect: 
 Probability
 

Root 0.01
 
Shoot 
 NS 
Root x shoot 
 NS
 
Graft NS 
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Table 4. 	Yields over eight years at Palmira for normal and early
 
maturing BAT 477 planted in dry and variable season planting
 
dates (May 21 and Sept. 26, respectively) as predicted by
 
BEANGRO simulation. Precipitation is for 65 day period
 
after planting.
 

Dry season Variable season
 
Yield Yield
 

Year Normal Early Precip. Normal Early Precip.
 

---- kg/ha ----- mm ----- kg/ha---- mm 

1979 280 20 144 3240 3170 184
 
1980 490 820 111 1150 1360 189
 
1981 690 1000 135 3900 3370 273
 
1982 10 50 88 3250 2710 252
 
1983 440 370 83 1-390 590 152
 
1984 2020 2060 162 3580 3040 280
 
1985 0 50 36 2340 1530 203
 
1986 680 920 166 3450 3160 309
 

Mean 580 660 116 2790 2370 230
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Figure 1. Caiparison of root length density and seed yield of 10 
genotypes grown under drought stress at CIAT-Pabiiira. 
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b. TEMPERATURE AND PHOTOPERIOD
 

Routine screening of photoperiod response was continued in the 
first semesteir of 
1987 but was halted in the second semester to permit

relocation of the facilities to a s:ite allowing a 50% increase in
screening capacitv. Thi s improved facili ty should prove of particular
value for characterizing germplasm From Africa and 'western As ia. 

One liMiLattion t-o studi es of phitoperiod and temperature data
has been the fai lre t:o determine whether "poor adlapta Lion" involves 
both devel opmental 1 itlH growth effects, o r is essent Lai ly a 
developmental 
prohlem me(liated hv photopei od-tLmperature response. A
study was th(pr1or undertaiken to e larnate growth and developmental 
effects of photopL i ad-temperatu regime. S ixty-tfour genotypes

representing a- fu i l-range' of seed types, growtl hlbit-, md genetic
origins were gro wn at Immi i , lipayn, Rio :egro (in collaboration 
with ICA), am! I)v is, California (in collaboration with :.C. Davis).
At each slue, hinmass (sampled at a single date corresponding to onset 
of podiill in Lhe car! iest nw turing cultIars) andmasued yield were 
determLined.
 

oFor pr: C inlnoar ' es,' anls gen otypes were tabulated by photoperlod 
response (scored at C IAl on : I to 8 scaL, hut :s'mmarized as neutral,
intermed iaw, or sensi tive) vs biomass or seed yield categories
(defined as low, medi , or high) (Table 1). None of the 3 x 3 tables 
for bioma s s showed a signi f icant interact ion between photoperiod 
response anld biomalsas, suggesting tiat photoperiod response and initial 
growth are iidependent processes. As expected, at the high latitude 
site, phoope riod sens[ tive cultivars viel1(ded poorly, while at the 
Colombian situ , no phitop. ri,:,d effect was ioted.
 

These reul ts thus demonstrate that temperature effects on
development a and growth processes mar he manipulated independently.
For example, it should be possible to breed highland adapted genotypes

which arc less photcpeLiod sensitive, but maintain their yield
 
potential.
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Table 1. 	 Comparison of photoperiod response vs biomass at onset of 

podfil]. and seed yield for 64 genotypes grown at f-our 
locations. 

(;(no t }lpcS 	 WithIIII CIt Q -, r-!S 

Pho top e r i od Bi oians ' e I( 
response class Low Medium High Low Med ium 11igh 

Pa [mi ra 
Neutral 6 5 5 2 8 6 
Intermedia te Il 6 8 4 12 9 
Sensi;ive 5 7 10 9 5 7 

Chi-, d.f. 2.6, 4 0.1, 2 

Popayan
 

Neutral 	 7 6 3 6 5 5
 
intermediate 7 9 9 9 8 8 
Sensitive 7 4 10 7 5 8
 

Chi-, c.f. 	 1.1, 2 0.5, 4 

Rio Negro
 

Neutral 4 9 3 5 6 5
 
Intermediate i0 6 9 9 7 9
 
SensiTive 9 5 8 6 7 5
 
Chi , d.f. 6.0, 4 0.7, 4
 

Davis
 

Neutral 6 7 3 1 6 9
 
Intermediate 11 7 7 4 14 7
 
Sensitive 10 7 5 13 8 1
 
Chi , d.f. 1.3, 4 9,3**, 1
 

** Significant at the p = 0.01 level. 
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c. MATURITY
 

Under relatively warm 
tropical and subtropical environments most

of the dry bush bean cultivars mature in less than 90 days. However,
there is a growing demand for earlier maturing ( less than 70 days)
cultivars (1) in areas where food shortages make earlier harvests
desireabie; (2) in areas where moisture stress is severe at the end of
the 90 day growing season; or (3) to accomodate a short Trowing season 
between major crops (e.g. the sowing of a third crop ui ,ier irrigation
in the winter season in central Brazil). 

Dozens of different sources of early maturity have been
identified--these are either determinate type I (medium and large
seeded beans from the Andean South Ame rican gene pool s) , or
indeterminate type I I (,sail1 and medium seeded accessions of Central
American origin). Al I parental sources are, however, susceptible to 
bean common mosaic virus and other diseases. Incorporating resistance 
to diseases into early maturing parents and transferring this trait to 
desireable bean cultivars is one aspect of anv earliness breeding 
proj ect. 

Ear.1inss a1lsoo mni ies certi n limitat ion s on the yielding
capacity of the crcop, so an early maturity project must also strive to 
increase crop efficiency by maximizing yield. 

The objectives of a project for early maturity are: to define
models of max imizing yield in early genotypes; to define selection 
parameters for genotypes to fit the models; and, to test the models 
and selection p, rameters in a breeding program. 

In 1980 we reported the results of a growth analysis including
genotypes varying from 56-74 days ti maturity (DM). Although plant

size and DM were highly correlated with yield, under favorable
 
conditions several early genotypes 
 did attain an optmial leaf ares
index (IAI) of 3.8-4, even at standard plant densities of 160 x 10
p1/ha. This suggests that yield in these conditions was not limited so
much by plant size as bv time available to utilize leaf area. On the
basis af these results, we formulated the following model whereby
yield might be maximized in early genotypes by: (11 attaining optimal
LAI rapidly Lrough, perhaps, larger seed size which might cortribute 
to more raip[d initial growth; (2) early flowering, to bring the
vegetative period to a more rapid close, thus avoid lng excess leaf 
area; (3) an extended pod-filling period (PFP; flowering to maturity)
to take better advantage of leaf area produced. Extension of the PFP 
should result in better filled, higher yielding pods, thus the 
parameters of yield per pod (Y/P) and PFP are assumed to be highly
correlated, and were indeed proved to be in the growth analysis study. 

To test this model, parental material (including early genotypes) 
was selected for long PFP on 
the basis of flowering and maturity data. 

To obtain a general idea of the effectiveness of selection,
 
crosses were made among these; F. populations were mass selected for 
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well-filled pods; and Y/P was calculated for the bulked selections for
 
each population. Large differences were found for Y/P, with greater
 
values being associated with type III parents.
 

In the present F3 breeding cycle, single plant selections will be 
made for analysis as F, families for the following parameters: PFP, 
Y/P, and yield per day. Some 700 advanced lines from the earliness 
project were planted this semester and are being analyzed by these 
same criteria. 

In conjunction with this project, heritability of Y/P is being 
studied.
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d. PLANT ARCHITECTURE
 

Morphological traits such as branching pattern, stem
 
strength, fruiting pattern, leaf size, number 
 .f nodes, and
 
internode length have been used in breeding progL-,,ins to develop 
contrasting plant types. 

An important objective is to develop plant architecture of a 
suitable type to withstand or facilitate mechanized farming. The 
increased cost of 
 rural labor has enhanced interest in
 
mechanization even 
in small, poor farming communities.
 

Plant types best suited for mechanization are upright

determinate type I and indeterminate type I. In addition to good
 
lodging resistance, these types provide synchronous maturity, are
 
shatter resistant, and have a minimum of 10-15 cm clearance from 
lower pod tips to ground.
 

The first cycle of architecture breeding developed lines of
 
both type I (A 57, A 124, A 132) and type I1 (A 25, A 54, A 55, A
 
156, 
 A 170, A 240). These upright types were, however, found to
 
be lower yielding than traditional cultivars of similar growth
habit such as Brazil 2, ICA Pijao, Rio Tibagi, NEP 2, and others. 
The second cycle of breeding will therefore concentrate on the 
development of yield potential in upright plant types.
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7. Nutritional Quality
 

The nutritional quality laboratory monitors materials
 
produced in the EP as well as conducting research in specific 
areas. Work on Ell materials concentrates on defining each of the 
characteristics encountered wi thin routine parameters of 
evaluation, e.g. cooking time; absorption of water; and, 
quantities of solids in the broth and total protein. Research in 
specific areas was focused this year on the relationship of 
tannins in beans to acceptability characteristics such as 
post-storage seed hardness and darkening, as well as nutritional 
aspects such as protein and starch digestibility, and the 
bioavailabilitv of iron. 

Analysis of materials evaluated in the laboratory 1982-1986 

In general, the mean values for each agronomic group are 
stable with -ariations around the mean. Materials from group 25 
have shown average cooking times slightly higher than all the 
others; and grains from group, 30 and grouj. 85 show somewhat 
higher crude protein level.s,. Table I shows grnup analyses. 

Studies of metlods to mea sur: cooking time 

In a col aborative project with INCA1), 14 indirect and 
direct method. of measuring cooking time were compared. 
Comparisons were accomplished using four Mattson cookers, the 
cooking index, sensing techniques, tests with trained panelists, 
and texture measurements done with OTIS analyzed with an ESRI 
program. The best method to measure cooking time was found to be 
a Mattson cooker witl 90 gram weight rods, having rounded tips of 
1 mm diameter. This cookier gave the shortest cooking time, with 
high sensitivity and specificity, and, in addition, the results 
from this cooker gave the best correlation with all the other 
methods tested. 

Studies on cooking times 

Materials used in last year's study on water absorption, 
were employed again this year in a study on factors controlling 
cooking times. Results froa the former study indicated that 
water absorption is essentially (ontrolled by physical factors 
within the seed. Data from tihe new study indicate that cooking 
time is essentially controlled by starch chemistry. It can be 
inferred that these differences are due to granule structure and 
tests are currently being implemented to verify this. 

Study on the relationship of tannin content and seed color 

Using the traditional vanillin method, 155 materials divided 
into eight testa color groups were evaluated to see how tannin 
level is related to testa color. The data showed that the mearn 
values tend to show an association, however the extremely wide
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range of values indicates that it is not possible to prove a
 
relationship with any color group other than whites. With all
 
other colors, it is possible to show materials having the same 
tannin content and a range of cateclin (Table 2). 

Study on methods to eva]uate tannin level s 

A comparison of twc methond, (the vani]]in method and Dr. 
Lehel Telek's 'procyanidins' method) shuwed a need to develop a 
new method that combined the specil ic:ity of l)r. Tel ek's method 
with the ease and scnsitivity of the vanillin method. We 
therefore developed a method to (I) increase the specificity of 
the van il in method by the use of PVP 
(poly-vini]-poly-,pirrol idona), (2) whilV preserving sensitivity 
using initial readings as catechin equivalents fitted to 
previously developed call Ibrntiun curves to tannins. Figure 1 
shows a graphic representation of this method. 

Study on the rentionsli p of crtain tannin characteristics with 
seed color
 

Since seed color has not: previously been reportea Lo be 
associated with tannin levels, it has been very interosting to 
discover and document an as sociation between the moleculai weight 
of the tannins (n measui red V absorhance rates in solution) and 
seed color. Among newly horvested seed, red materials have the 
highest molecular weight, while white materials have the 
slightest (lFigur'e 2). These studies also revealed that red 
materials, in gencral , have the worst post-storage hardness, a 
characteristic apparently associated with polyphenols molecular 
weight. In addition, it was discovered that yellow and cream 
colored seed darken the most rapidly, a characteristic associated 
with the same phenomenon. 

Study on the degree of polymerization and seed hardness
 

This study aimed to document and understand the association 
between hardening and a changing degree of polimerization in the
 
polyphenols. Figure 3 shows the reduction in quantity of soluble
 
tannins in a typical material, being concommitant with reduction
 
in water absorption. This on-going study will also look at color
 
changes associated with this process.
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Table 1. Group analyses of beans conducted in the nutritional laboratory 1982-1986. 

Group # 10 - Small seeded black bush bean 
YEAR 82 84 85 86
 
VARIABLES: 
NTC 31.0 9.0 32.0 35.0 
MTC (min.) 21.8 23.8 26.0 22.7
 
Si 31 3.3 1.2 2.0
 
NABS (%) 31.0 9.0 32.0 35.0 
MABS 102.8 96.2 99.0 103.7
 
SDABS 9.4 4.8 2.0 2.3 
NPC (%) 31.0 9.0 32.0 35.0 
MPC 23.0 22.8 21.6 24.0 
SDPC 1.1 1.6 1.1 1.1
 

Group # 20 - Snmall seeded red bush bean 

YEAR 82 84 85 86
 
VARIABLES: 
NTC 34.0 45.0 45.0 33.0 
MG (nin.) 17.4 25.1 25.8 21.8 
SDTC 2.7 4.2 5.9 3.8 
NABS (%) 34.0 46.0 33.0 
MABS 95.4 92.7 98.5 
SDABS 12.0 18.5 7.3 
NPC (%) 34.0 60.0 46.0 33.0 
MPC 23.2 23.6 27.8 25.7 
SDPC 1.5 1.7 1.9 1.4 

Group # 25 - Large seeded red bush bean 

YEAR 82 84 85 86
 
VARIABLES: 
NTC 53.0 135.0 73.0 136.0
 
MIG (min.) 21.8 27.2 27.1 25.7 
SIDC 4.2 6.1 5.3 4.4 
NABS (%) 53.0 146.0 76.0 136.0 
MABS 96.5 92.6 102.3 108.5 
SDABS 16.1 22.2 16.3 8.5 
NPC (%) 53.0 146.0 76.0 136.0 
MPC 21.3 23.4 27.1 23.6 
SDPC 1.7 2.3 1.9 1.4
 

Group # 30 - Small seeded white bush hean 

YEAR 82 84 85 86
 
VARIABLES: 
NTc 11.0 32.0 37.0 44.0
 
PC (min.) 19.6 23.9 29.4 22.5 
SDTC 2.6 4.1 4.5 2.4 
NABS (%) 11.0 32.0 37.0 44.0 
AS 90,2 94.0 94.0 99.2
 

SDABS 8.5 5.7 3.4 5.4 
NPC (%) 11.0 32.0 37.0 44.O
MPC 24.2 25.8 28.7 25.1 
SDPC 1.0 2.0 2.0 1.4
 

Grourp # 35 - Medium-large seeded white bush bean 

YEAR 82 84 85 86
 
VARIABLES:
 
NTC 13.0 10.0 7.0
 
M C (min.) 23.8 22.4 35.3 
SDTC 4.9 6.1 14.6 
NABS (%) 13.0 10.0 7.0 
MABS 101.1 97.2 105.7 
SDABS 7.7 13.0 7.8 
NPC (%) 13.0 12.0 7.0 
MPC 23.3 24.1 27.0
 
SDPC 1.9 2.1 2.5
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Group # 40 - Coastal and Pacific bush bean 

YFAR 82 84 
 85 86
 
VARIABLES:
NTC 23.0 20.0 
 28.0 21.0
M.T (mdn.) 19.7 24.8 28.8 22.7SDTC 4.6 7.9 3.7
NABS (%) 23.0 20.0 28.0 

3.6 
21.0MABS 101.1 99.4 101.3 106.0SDABS 8.4 4.2 4.8 5.3NPC (%) 23.0 25.0 28.0 21.0
MPC 23.7 25.8 23.3 24.2SDPC 2.1 1.8 2.0 1.4 

Group 45 - Bush Bean frci the Mexican Plateau 

IAR 82 84 85 86 
VARIABLS: 
NTFC 18.0 13.0 4.0br'C (min.) 21.2 25.2 29.3
SIC 5.2 5.0 2.5NABS (%) 18.0 13.0 4.0MABS 101.8 96.3 96.5
SDABS 9.9 8.6 3.8NPC (%) 18.0 13.0 4.0
MpC 23.9 25.6 23.6
SDPC 2.2 2.5 1.6 

Group /1 50 - Brazilian bush bean 

YEAR 82 84 
 85 86

VARIABLES: 
NTC 56.0 16.0 24.0 14.0fC (min.) 20.7 27.5 26.1 24.4SDTC 2.9 6.8 
 3.9 3.0
NABS (%) 56.0 16.0 24.0 14.0HABS 98.8 86.5 98.9 102.1
SDABS 8.0 7.2 6.6 11.9NPC (%) 56.0 16.0 24.0 14.0
MPC 22.5 25.5 23.5 26.0
SDPC 1.7 2.5 1.4 
 1.8
 

Group # 60 - Hot tanperature black clining bean 
YEAR 82 
 84 85 86
 
VARIABLES: 
NIC 2.0 5.0 
MTC (main.) 27.0 23.4 
SDIC 4.2 2.9
NABS (%) 2.0 5.0
MABS 1.01.3 90.7 
SDABS 5.1 5.0
NPC (%) 2.0 5.0
MPC 24.6 23.9
SDPC 1.4 1.9 

Group # 65 - Tenperate-cold tenp-erature black clinbing-bean 

YEAR 82 
 84 85 
 86
 
VARIABLES: 
NTC 7.0 
MTC (min.) 18.6 3.0 

30.3SDIC 2.9 1.2NABS (%) 7.0 3.0MABS 101.1 96.6SDABS 3.0 4.3NPC (%) 7.0 3.0MPC 26.4 24.0SDPC 1.6 0.2 
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Group # 70 - Hot temperature red cliriing bean 

YEAR 82 84 85 86
 
VARIABLES:
 
NIC 16.0 24.0 27.0 62.0 
MT(win.) 27.9 26.5 28.7 23.7 
SDT 4.2 4.6 5.0 4.1 
NABS (%) 16.0 24.0 27.0 62.0 
MABS 100.6 83.6 96.2 102.2 
SDABS 6.1 7.9 10.1 6.4 
NPC (%) 16.0 24.0 27.0 62.0 
MC 23.7 21.7 24.4 26.1 
SDPC 2.1 1.5 1.8 1.4
 

Group # 75 - Tciienlte-cold teaperature red clinibing bean 

YFAR 82 84 85 86 
VARIABIES: 
NMT 22.0 
MT (min.) 20.9 
SUM 2.4 
NABS (7) 22.0
 
MABS 101.7
 
SDABS 9.6
 
NPG (%) 22.0 
MPC 26.9 
SDPC 2.8 

Group # 80 - Hot tenperature climbing beans (other colors) 

YEAR 82 84 85 86
 
VARIABIES:
 
NlV 8.0 32.0
 
rMT(min.) 27.0 26.3 
SY1'C 3.5 7.9 
NABS (%) 8.0 .32.0 
MABS 97.7 87.1 
SDABS 5.8 25.2 
NPC (%) 8.0 33.0 
MPC 23.5 22.6 
SDPC 2.0 1.6
 

Group # 85 - Cold temperature clibing beans (other colors) 

YEAR 82 84 85 86
 
VARIABLES:
 
MKC 7.0 15.0 20.0 48.0
 
MTIC (min.) 19.6 23.7 31.5 25.3 
SDTC 2.8 7.9 5. 4.4 
NABS (%) 7.0 15.0 21.0 50.0
MABS 101.5 92.7 88.8 92.0 
SDABS 8.0 5.1 20.2 22.5 
NPC (%) 7.0 15.0 21.0 50.0 
MPC 26.6 25.2 24.1 25.6 
SDPC 2.4 2.7 1.2 2.1
 

N = sample nunber, M= nmean value, SD = standard deviation 
TC = cooking time; ABS = water absorption and PC = andeprotein 
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Table 2. 	Descriptive statistics of tannin content in common beans
 

(Phaseolus vulgaris) by testa color.
 

ofaMean 

catechin Standard Range
 
b
Testa color Sample size equivalents Deviation Minimum Maximum
 

White 28 0.34 g 0.15 0.17 0.77 

Cream-Beige 26 8.45 d 3.83 0.34 17.94 

Yellow 5 6.51 f 4.39 2.87 12.10 

Brown-Miaroon 5 8.03 ( 1.82 6.31 10.00 
Pink 16 8.25 d,1 1.89 4.74 11.57 

Red 26 14.00 6.70 5.87 30.20 

Purple 5 11.17 4.84 4.13 16.17 

Black 44 10.01 c 2.84 2.33 16.10 

a. Means 	 with the same letter are not significantly different at the 5% 

probability level by Duncan's Mu]tiple Range Test. 

b. Catechin equivalents in mg/g of grain flour. 



Figure 1. CIAT 's method for tannin determination. 
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Figure 3. Relatlonshlip between soluble tannins and water absorption
 

in PAI-29 during hardening development.
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8. Character Deployment
 

a. BLACK BEANS 

In the last year, bl.acl bean crosses were executed and/or
popul ations shipped to thle fol low ng count r i es to satisfy
specific toleance or other traits needed by country : (;Iatema l.a(Apion, , erl iu.s-, low phosphorus) ; Brrazil (ntnracnose,
common hIi:jlht, lmow npl orns); :-ec-:i o (Vield potential, drought,
IGMV) ; CostaiIa (aint-loenoa) Cul (drought-). 

Other .- ,;: Ik r h lln l: iil l)l ttiit: emplh;sized : (I)
util Vat1 ll n 't cit()Io t i ,' ,otlt-; t co,'iiln ) iglit resi,[stance,
and int u-e ,hi ,:it ion t;uir,sith Alt hit IaIr(" , nrthrlcose and/or rust 
ressL IIc; ( ) 1a , (nrct, 1)- ,I l;)sourrt't ; of low, phosphorus anddrought t luracu- into, th, mainsteam breeding progrm1; and ,(3) 
earl- Ines-, 

The sitng Ie z S,t s i gni i Irant advance in the 1)lack bean
breeding p rogat 1Ii s vel--, was the deve l opmett of more
al Iternatjve sorilces roIs tilco I or ommon bacter i.i] )1ight
(see Common Bar teri a i1 1) i ght- under Chapt er 5, Charac ter 
ImproCalent) . 

ApIrLt fro tcdf ug -atLi it ies; 1)t, se a study ofge:totl\pe .: Onv ironinon t iuteracti on has bon in itiated with a set
of g:cotypes ai1Ft(lV tesed in the ntiona I y-ied testing network
of Brazil.. These "",ill he plantel in several sites in Colombia to 
measure correlat ions of these with Briazil ian sites. 

b. SMAILL RFI AND PIN/I.(tlT lTILP'l!: BEANS 

Although -smiI I roud beans and p ink/pu -1pl beans arecul tivated in geoor-aphi c,lIy dIi st ant areas (Cen tra I Aiirica and
central Ba,-iz i!, r p t ivel ) oy ;arc, very siIlar in regards to
 
plant habit, I- In 
 s ice, di eise susceptibilities And1(1 geneticcontrol tf gr:liii (coI:r. Iiros, ilmprovement of t hese color classes 
can of teI 1)t comb in dle t i C tonii10program. For e-amlple, whenBCMV CeS ,staltre waS final lv obt:ned in smaIll reds, it was easy

to t rains t ur thi, s c lIarr 'tIeli stir to pink/purple beans. It i.s hoped

that progret:s. in salit III red< 
 in commoi bl ight resi stance, IGIV
resistance, p Int irrh i Lec tu re etc. , wi likewise t rans fer
 
easily Lo piiks illd purples.
 

In the scmIlI red!; tie most ,Aignificant advance i,. 1987 wast he pu ri fica t.i o of d ominaL ICMV res is tatnce in a number ofCentra I Ame r:i can land race s, and the subsequent ut il i za tion ofthese in cros :e s de I i kye r. to nat iona I p rog ram breeders in
several countries. III a tCentralI American breeders, workshop lieldin January of this year , It was agreed to give highest priority
to Apion resistance. The best new Ap ion selections with
commercial red seed color were cros;sed to the BCUV-resistant land 
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races and F. populations were shipped to Nicaragua, Honduras, and 
El Salvadoff in August. Unfortunately, severe drought did not 
permit advance in this project in the August-September plantings. 

Some commercial pink and purple cultivars were also obtained 
in the BCMV backcross program, and are now ready to enter crosses 
for broade: purposes. Apart from the purl f ic at ion of BCMV 
resistance, the most significant advance 'n this class was the 
segregation of commercial types in crosses among BlilV--resistant 
parents. While truly commerc l1 ty'e were few i mumbei and do 
not th .efore offer iLuch hope of in immediate solution, there is 
a significant indilat no lILb t-ie res istance so1rce:s are now 
geneticalIl cl ose to commercial typ w'ith regalds to color. BGMV 

is unquestional IN the most serious problem in the areas of Brazil 
where these colors are preferred. 

c HITE FAS1F 

Beginning breeding strategies for wh:ite beans were directed 
toward large cvlindrical (Alubia, Horos, Cannaline, Fabada) and 

large k idnux-Nhaped (Bialadi) leans . Recently, breeding has been 
initiated ir sall n avy ( P nmi to, Azrrcy', pea boan11) , medium 
flat (re!t Norithorn (])tK im on) , alld I me(d im a IId Ilr-ge 1olInld types 

(Harrow, l it a, 1a1L) I e' r ). '11le c Ie't o! Ieod 1Lug has 

yet to be ,1'It't, j i, 1 , euw I hit oker 30(0tiroo ,rt,.0 oct, 

d if ferent t. 'is;s co! i i , onl' it_ e aI c-l,'adv Peod e1(. From thee . 

first r p o! rcroses , /1:; mcIdnii and l rg, c'I i-n,, ica , and 200 
wlh ite kidne and oth.er linls hiaVe Dne dn,'v'o ped, all with 

resistance to i'(.)!-. i thoe , AI.), I. NI 1), and I'AF 18 look 
promising in .;,me ,o,intrie,;. Serious I itting !atLOrs to white 
bean breedting in ColomPi: include virs AIsen'es and adaptation 
to higher :ltitudes. 

d. YELILOW AI) h: Il , BEANS 

active out CIAT the 
selection 0 e Nel low and beige classes, for two reasons. 

First, th,,e rceoLt i(nII with principal target aras (the Pacific 
coasts ofi Mexico and Peru) is believed to be poor. Secondly, the 

local so 1oct t r)ograms1):; in each area are capablen, and act ive in 
genetic improvelnunt. 

Verv I IPt a work is carried in on 

Th1e iei n Breu,,i Prog'ram responds to requests f 11 these 
programs -, crosses and popula tiO' s . ie C A fI[ progrIm also 

serves th e: ican program by celleccing germplahmn or lines from 
within tie Bean rgr01lam, which ar,; of [Lrtest to evaluate as 

potertial parent. e.g. large gli1ned typesi of t:y:pe I" growth 

habit; germpIa sm tor I;;V eva luation). 

In CIAO-Ialmira, we are assisting with the incorporation of 
BCMV resi stance into important local materials. 'Ilhero now exist 

good yel low medium sized grain co1)ind wti dom.nant I gene. 

Cultivars will also be incorporated into the iICd'V recessi,,e gene 
project. Al.so, a mr red effect of date(tof pLanting on genotypes 
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of this class has been noted in the past, so a date of planting 
experiment is cucrently underway in an attempt to quantify this 
effect.
 

e. SMALL SE.I)LI) CREAM AND CREAM STPIPIIED BEANS 

From the first cycle of breeding one cultivar each of cream 
(A 295 as FMGOl'IA Cure) and cream striped (A 247 as Rio Doce) seed 
type was released in Brazil. A few lines are also being 
multipliod for even tuaI rcease in Zambia and other African 
countries. For the second cvcle of breeding approximately one 
thousand crossey were mtclue, Over W1( of which were p.anned 
jointly by 'lt iona1 program breedes-,s. From al l these crosses 
nearly i0,00 1(1 lines we, derived in 1Hi7. These were 
evaluated in i'lds ,t Popiy , Quil ichao, and Pa lmi ra for 
reactions to ,nthra.n.,. , angular leaf spot, common bacterial 
blight, m. i yi ndl s ed viold. In addition, lines derived from 
crosses Lnv ivo g "no, or ,rsi ]'Br(, susceptible parents were 
screened for the virus in (crnlihoisu; it (CIAT-Valmira by the 
virology grosup. K tih. end oi 19,8X ups hope to finish this second 
cycle of b ei ng , dtevel ,pi g livles; that carry resistance to all 
four diseas toed Also, tie time wvImilt ime her,:. for first should 
have a des - , range matu-ritv finished1 in in lines. 

1 lf. N ' ii ,':,S;.'NI) I )",ANS 

Except for Pinto, , II other: commercial bean types (e.g. Flor 
de Mayo, (''o io (,Ihra, Bas, iarbancil lo, Rosita, etc.) in this 
group are grown, uxc-usvel in the Mexican highlands. Humid 
highland ban cnI iv ais are mostiy type IV cliibers and those 
grown in semi-arid reg i ons are of type III growth habit. lack of 
adaptation oi Me::ican ,g,,urmp1 sm under Colombian environments and 
vice versa ia s been tlie principal ott eneck t Ii E far. 
Nonethl1 s,:, rom che first cycle of breeding over one hundred 
lines we-u " id(tv'ailable to the Mexican programs of which A 4]7 
(Pinto) and NAN 1 01 have been selected as promising 
material there From. nL00 y((vbrid populations of the second 
cycle of bic,_,1liig s 'ei I thousand single plant selections, all. 
resistant to ,'itr-cnose, were made at Popayan in the first 
plant ing son,'-son of 1987. These currently are being 
progeny-tosted at the same site. The survivals will. be seed 
inc ren s2eod c further e'val uat ions and yield tests in the 
following ,'ear. In addition to the problem of adaptation, it 
has been di ficult to -ecover suitable commercial seed type 
characteristics (size, color, brilliance, etc.) in this group. 
As a result, necessary modifications in the crossing strategy 
have to be implemented in the next cycles of breeding. Access to 
evaluation and selection sites in the Mexican highlands for 
segregating materials will greatly maximize the chances of 
developing superior lines and help in the breeding process. 
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F. SNAP BEANS
 

1. Economic Potential of Snap Bears
 

In March 1987 the CIAT Bean Program started a study of the 
importance of snap beans in the developing world ii, order Lu 
orient future CIAT research in snap bean improvements. Initial 
emphasis has been on the collection and analysis of secondary 
data as well as case studies. 

Prel iminary findings of the case studies conducted in 
colabcration with natinal program in Taiwan, the Philippines, 
indonesia, Brazil, Colombia, Costa Rica and Rwanda show that most
 
snap bean growers have limited acce- to land. In Taiwan, for 
example, areas planced arc measured by tenths of the hectare. A 
farmer who would have 0.4 hectares in snap beans would ba a large 
producer in this country, Most snap bean growers have irrigation 
facilit:, This allows p reciqe planning of production and 
consequently better control of marketing. Snap beans are most 
often grown in areas with privileged urban market access. fn 
highland countries, land availabiility does not form a constraint
 
to snap bean production.
 

In countries with little highlands, like Indonesia and the 
Phlippines, snap beans cncounter heavy competition by other 
crops that need similar climates. If the value added of these 
crops is higher, as in the case of flowers, snap beans might be 
pushed out of production. 

Bibliographic survey
 

In collaboration with CIAT's Communication and Information 
Service Unit, a bibliographic search on snap beans was started. 
Existing information within CIAT's documentation center has been 
reassessed, and a preliminary bibliography on snap beans was 
produced. More than 140 institutes in the world have been asked 
whether they have articles available, and a computer search has 
been undertaken.
 

Econometric analysis of snap bean marketing and consumption
 

For Brazil and Colombia detailed high-quality data on 
marketing and consumption were obtained and analyzed. Marketing 
margins are normally very high, mere than 50% of the final price 
to the consumer. Neither in Brazil or in Colombia, could 
sea[,onal supply and price patterns be distinguished. Prices 
fluctuate through the year, but in a very irregular way. The 
year round availability, the absence of specific periods with low
 
prices and others with high prices decrease the feasibility of 
processing (canning or freezing) as a storage mechanism.
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For those countries where data were available, snap beans
 
are an expensive vegetable. Price elasticities of 0.4 (short
 
run, Brazil) and 0.8 (long run, Colombia) were found. The long
 
run price elasticity for Colombia suggests that reductions of 
acquisition costs made possible through research, would lead to 
strong consumption increases. For this research to be effective 
it should not only emphasize production costs but also marketing
 
costs.
 

Snap bean consumption is very income dependent. In 
Indonesia, Brazil and Colombia, consumption levels in the highest 
economic stratum are ei aht times higher than in the lowest
 
stratum (see Table I for Colombia) . Urban consumpt ion levels are 
two and a halC times higher than for rural consumption. This 
suggests rapid demand growth in the process ot development. Snap 
bean production has to grow at a rate of about A to 5% per year 
to keep prices cn~tant.
 

Data from llygota, (olombia suggest that most consumers are 
well aware of tIw nut r itive value of snap beans. Fven poor 
consumers express thea importan .e A snap beans for vitamin and 
mineral supply. 
 Present snap he a n price leveIs in most countries 
limit the dietary coatritbut ion of the product. Most people eat 
snap lenmns to vary the ir diet, but if prices were to fal I, the 
product might gain impocrtance as a high quality food source. At 
present price levels however, attention to snap beans would 
mainlv be justified because of its income potential to the small
 
producer.
 

Table 1: 	 ?nap bean consumption in Colombia, by income group and
 
urbanization degree (1981).
 

Income Stratum Urban 
 Rural 	 Average
 

1 1146 	 313 


1I 1973 	 667 1358
 

III 3318 	 1766 2768
 

IV 3992 2049 	 3546
 

V 	 5570 1869 5058
 

Average 	 3521 1057 
 2662
 

Source: DRI-PAN Food Budget Survey, 1981, Bogota.
 

697 
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2. Snap Bean Improvement
 

The Bean Breeding III program at CIAT is responsible for
 
developing snap bean varieties for -tropical regions with
 
resistance to the major diseases limiting their production. The 
commercial varieties planted throughout Latin America and Afric 
in most cases, werc not developed for tropical environments anu 
as a result are highly susceptib]e to diseases such as rust 
(Uromyces phaseoli) , BCMV, anthracnose (Col letorichum 
lindemuthianum) , common bacterial hIlight (Xantbomono s phaseoli) 
and are susceptible to root rots and ocher factors as well that 
influence poor germinati on 

In Latin America an estimated (000,000ha are pl an ted in snap 
beans each year. Snap bean consumers ( predominantly nr)tn ) 
enrich tlieIr diet:,! witi this ,)urce of protein, vitamins, and 
minerals. Tlie mij-or adwa, rages of growing the s nap bean crcop are: 
snap bean" cani casilv l he grown in rotation wit: othe r vegetab] cs 
because of their .rt vegetativ, period; :sap be,,n , videopro a 
higher th',iii 0,. r;on Of Lo I 0r(d,sturce in01:ome st!;a and snap 
beans can 1be cOlISUtICti inll L-itw?)' r hci r l. or- IO ;( : td-a te. 

115 tv i 1:ii World 
quarant ine restit I i :'t i o ns r)1-1c (f 1 CierglC iA -s; p) to in varieties 
introduced 1i-YOM t 1) i i tdC:t2 (. ,Siaten l'. w I 1n specify 
adaptation rcqu ii . to t 0 nn nima I love I o f r,i !taIceto 
tropica beain iseas No c do 1;o st o1t ionai agricu ltural 
research p rogro- in tile t rop ic, h1ave ,;nap bin breeding 
program: . (,onsequeiiti1, poor v .oap tied, hi 1hly S;uscep lible ;nap 
bean varieties nre being:!, grown in large areas and excessive 
quantit.ie- of pe ;t iides are ieil nppI ied in many regions 
witlet ti govcrn orrt 1stricti on-. or trHies reasons, CI AT began a 
snap bean rari o t-I imp rovo r<. 1 progrlcam tc addre, ; the needs of 
the sriaLl stisp bi, J-itllet ill tile tropics. The stlrategy used by 
CTAT in deveioping s bephans 5,) r t ho tropics is based on our 
col lective expi ences and results iii ibreding dry beans. In 
many in-lsances p)1dutittn constraints ;ire similarc for the two 
crops. 

The M - 7 til-o - , it : , it have 

In 1982, 501 snap bean germp Iasri accessions w-ere eva !uated 
at CIAT, and of tbltse 2 1 aicrss ions showed good adaptation and 
acceptable pod cha ractcr stisfs, ba: were susceptible to diseases 
(Tables I and 2). Later, comttmercial varieties and advanced lines 
were provided to CITAT by Dr. Matt f1. Silbernagel, U.S. Department 
of Agriculture, Presser, Washington, whici were resistant to rust 
and of e-xcellent pod qua] ity under cropical condition,, but 
showed prohlems with germination associated with white colored 
seed which, in general, are more delicate than colored seed. 

Resistance to diseases such as BCMV and anthracnose was 
obtained from CIAT's dry bean lines utilizing a backcross 
breeding program to recover the snap bean type of pod. For 
resistance to other diseases with more complex patterns of 

http:quantit.ie
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inheritance, a recurrent selection program has been employed 
using the podigree methlod for advancing generatLons. 

Th,-, 	 first ldvaii(:ed snap he,, ll nip Irom CIAT's breeding 
program entere(I the VII in Oh'. (Talc i3). The best of t hese 
]lnes weret used to forim a Regional Snap Bean Yield Nursery and 30 
trials have been sunnt outi u di fIen t oroani-tons within 
Colombi i. c in cling s inap he.m ine, lAH 229 , is presen.tly
being gro.n and marker'e, by far'eris in the Ciica I)epartment. its 
higi I o'f nce to ru::t , ;antlhM'COSe, and BCV enabl.e0l 	 'ni 

i'uce pesticide 

compa-d t t ii ghlv ,-'up;cept ilo imported 


the 	 arn,'rc i tp rteidllV tiheir applications as 
var] etv Blue lake. 

The VIFI and ,c ' ed 1 inu from tle V'!n1." nureries have beon 
dispatch d ti 14 iesi'i n . 'veralI teiperate cl imate cou.'ntries 
have comreited O .Whi I r, ,.i I I Wes to tolerate high
SuiliIler telpo cgitiili : , o.. le:'; i ll,.pta Ii I1ino 1"' qn i te So sIisitJve 
and t 'v.nd t" a,,rt Chi i , I ve r'';; and yotung pods. 

In M.a - I h' I irv'r t, rle tna[ i wo'irkshop on snap beans 
was held foi r I d;!-,. it CI,V1 wIith pa It i prin Inmil Argentina, 
GraN: .i (:Olon i:, i " ad -, Spain, tihe lTniLtLd tkates, (;uatelia]a
and Pen:. lb oh ict i.e of- Llti,!: lmo c't l1g was to est;Oh ish an 
intitrl t nI [.u t Ib I ap ban sc [(lit i s .intl to proloce 
future rasr: 'c ,i ,,,c ''' ietal development-. Each pa lrticipant 
prese nteld a' slmlyli I'd P blia _ thi' 1 heai10'; bei outcirig 	carried 
in the II' '.2 int0PIV,, alndi lt ire plans for the decentral iza tion ol. 
snap bean 1breedirg from (:IV to the national programs was 
discussed. 

The Lwojor objectiven of Ut ure collanorative activities 
between KiA.if and national programs are as follows: 

1. 	 Increase yieid potential in snap bean variltLes presently in
 
production.
 

2. 	 Breed and select for varieties with multiple disease and 
insect renstance and acceptable pod charieristics. 

3. 	 Breed and select for varieties wicin widc adaptation and 
short vegetative periods. 

4. 	 Look for varieties that can he used as either snap beans or 
dry beans. 

5. 	 Study the inheritance of different clinlepers in order to 
improve overall pod quality (i.e. pod color, size,
 
curvature, form, presence of fiber, etc).
 

Plant characteristics to be improved in the breeding programs: 

1. 	 Germination 
2. 	 Vegetative period
 
3. 	 Pod quality - varies with country
 
4. 	 Disease and insect resistance
 
5. 	 Wide adaptation 
6. 	 Plant architecture 
7. 	 Drought and low fertility tolerance
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Sources of desirable traits to use in breeding by national
 
programs:
 

1. Germplasm bank 
2. Breeding nurseries 
3. Introduced varieties
 

Characters to he evaluated: 

General. Specific 
1. Cernlnat:ion 1. Pod color 
2. Days to flowering 2. Pod size
 
3. Growth habit 3. Pod curvnture 
4. Discases 4. Transverse section of pod
5. Plant vigor 5. Presence of fiber in pods 
6. Pod load 6. Overall pod quality 
7. Days to harvest 7. Consumer atceptability 
8. Yield 

Proceedings from the Snap Bean Workshop are being published
for distribution to the participating sczientists and other 
interested instittions.
 



Table 1. Climbing snap bean germplasm adapted to tropical conditions. 

No. CIAT 

G 1040 
C 3736 
G 5734 
G 7605 
G 7647 
G 81C5 
G 8776 
G 8992 
G 9069 
G 10053 
G 10054 
G 10208 
G 1C2]9 
G 10278 
G 12742 
G 13450 

Identification 

Alabama I 
Mountaineer 
Hobichuela 2-2-3-V 
Ever Beanning St. 
Haricot Arames 
Genuine Cornfield 
String Blue Lake P. 
Burpees Green P.S. 
Witte Stok Boon D. 
!.tte Boon D.P. 
Pole Orange Brown 
Pole Deep Red Mottled 
Dorwas Pole Brown S 
M7323-3-1-1 Balk C. 
Courone De Are 

Origin 

MEX 
USA 
USA 

FRC 
USA 
USA 
USA 
NLD 
NLD 
PTC 
PTC 
PTC 
MEX 

-JPN 

Proc. 

USA 
VNZ 
USA 
IGU 
GDR 
UTK 
PER 

-

JPN 
NLD 
NLD 
PTC 
PTC 
PTC 
USA 

Growth 
habit 

4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
4A 
3B 
3B 
4A 
4A 
4A 

Rust 

I 
S 
I 
S 
S 
S 
I 
S 
S 
S 
S 
I 
I 
I 
S 
S 

BCMV 

R 
R 
S 
R 
S 
S 
R 
R 
S 
R 
S 
S 
S 
S 
S 
S 

CBB 

S 
S 
R 
I 
S 
S 
S 
S 
I 
I 
1 
S 
S 
S 
S 
S 

00 

* 

2 

Selection from 250 materials 

Field evaluations where R = resistant, I = 
Common Bacterial Blight 

intermediate, S = susceptible 



Table 2. 

No. CIAT 

Bush snap bean germplasm adapted to 

Identification Origin 

the tropics. 

Proc. 

Growth 

habit 

1 

Rust BCMV CBB2 

G 3737 

G 3742 

G 6628 

G 6629 

G 6631 

Asgrow Valentine 

Brock Marvel 

Tempo 

Tender Crop 

Wonder Green 

USA 

USA 

USA 

USA 

USA 

VNZ 

VNZ 

USA 

USA 

USA 

I 

I 

I 

I 

I 

R 

R 

S 

I 

I 

R 

S 

R 

S 

S 

I 

I 

I 

R 

I 

* 

2 

Selection from 46 materials 

Field evaluations where R = 

Common Bacterial Blight 

resistant, i = intermediate, S = susceptible 

Table 3. Advanced snap bean breeding lines from CIAT entering the VEF 

Year 

1985 

1987 

1988 

No. of lines 

236 

100 

120 
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G. IMPROVING OTHER PHASEOLUS SPECIES
 

1. P. coccineus
 

The seed of P. coccincus and P. polvanthus continued to be 
increased in 1987 according to the methodology described in previous 
reports, witl the aim of preserving the genetic integrity of each 
population. >lu Iiplication is carried out in the open field at Rio 
Negro with rnciwes protccted by paper bags, and in meshcages at 
Popayan. 

In 1987, I(V accessions of both species were planted in Popayan, 
and in Rio Negro 120 accessions are currently being multiplied to 
obtain open pci I inared seed for further evaluation and distribution. 
Seeds from control led pe 1 1 ination are ohtained by hand pollination 
between plants of the samu accession or bv selfing, and are used to 
maintain cThe accessi3n. 

oval uat ions made 
morphological chalrN't eistics in order to produce a catalogue. 

Pre 1 eulnry are during multiplication on 

P. coccinuus and . polvanthus evaluation for Ascochyta resistance at 
Rio Negro 1986 Ii 

SOmc 30 accessions of the species polyanthus and 30 accessions of 
the species coecineus were evaluated in Rio Negro during the second 
semester of 1986 for their reaction to Ascochyta and other fungal 
diseases. The accessions were planted as a trial- with two replicates 
in sole crop with stakes using the P. vulgaris cultivars E 1056, G 
06040 and Cargamanto as susceptible, tolerant and local checks, 
respective ly. 

The results confirm the observations made during former trials. 
The species polyanthus has a very good resistance reaction to 
Ascochyta sp., presenting no lesions or lesions limited to the primary 
leaves. Different reactions were observed among the various 
populations of the species coccineus. Some of them were resistant 
with lesions limited to the primary leaves and others were 
suscepti)le. The best accessions were one population from Costa Rica 
(G 35369) and nine populations from Mexico (C 35370, G 35393, G 35394,
 
G 35402, G 35413, G 35489, G 35497, C 35509, G 35510).
 

The reactions to anthracnose, angular leaf spot, rust and powdery
 
mildew were also observed. Results are summarized in Table 1.
 

High yields were obtained in the species polyanthus, with a
 
general mean for the 30 accessions of 4051 kg/ha (standard deviation:
 
1465), and a maximum of 6596 kg/ha (G 35545). P. coccineus had a
 
lower production, with a general mean of 223 kgiha (standard
 
deviation: 1147), and a maximum of 5086 kg/ha (G 35392).
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Other evaluations
 

In mid-1986, three P. polyanthus accessions were sent to Dr.
Talekar at A.V.R.D.C. ('Te Asian Vegetable Reseach and Development 
Center, Taiwan), to he screened for heani lv resistance in tie field 
along with beanflv-rsistant P. coccineus and suceptible I. vulgaris.
They were e.'atlated lor branitlv resi st:ance at 31) lays finco emergence
using a randomized coMpILO hflock design with th ree replicates, and 
the plant mv:,rtyi v wan. 04",recorded. The results are shown in Table 
2. tese I'.j~ lIMthl:; are H,,t ;s resistant to heanflies as the P. 
COCC i(l IIe ,ll'' :: [~ l ( :(?
 

Results oi t l 
 . Bnitn1.n Yield and :\dap tat. ion Nursery (IBYAN) 
for P. polv,-nit h ,t 

ive t ie nurseryThe main ,i,(.-.t 0f in to promote oieproductivity 
Of P. y l; Pp tIl-l and . cocc Ill-i. 

()tl('r 0 1)i -It ' 1"' f V ii1 C, unde r va rF ots nVi rvi lenta1 
conditi ,u:;, to I'Idai'!]! i1t taIti r I r1om1isinglg a'ce!-;sions of P. 
polyanthu:; to c(ollp ,t h'l),-' ,issi~onn,-; %,.'I I t e(2 ]),2!t IM at Va rieties 
(climbing P'. vligaris anl P. l,c'iIeuU.) andI tI show tih value of- using
the spe direct,l, tihani'",-; rather ll"y an A source f interesting 
character - t !"F t he improvement 0 the llt" NllIl 1 ),lOlII 1 y 
interspecil irc (X ridli l'ti~l. 

The trial includes 
 I? entr ies: 1(0 P. polvintli accessions 
selected at Rio Negro Ior (i:-;detsc resistance and prod-uct'ivitv, and two 
local varieties p lanted as checks ('P. vulgaris and/or I'.coccineus, 
ace ling to tile re.,i on ) w i th tlree repli cat ions in 1 ritndorized 
des 

In Colombia, the trial was planted 
in I pav In during tle first 
semester of lq86 and in R i o Negro (Antiocia) and IPasto (Narino)
during the secodd seueser of I ,ht. lhe trial was rea I ized in sole 
crop wi t-l st:,akes as support:. It-was a I so planted in Ecuador, Peru,
Guatemala and some Alr- ri51countrirs (PX,.n la, 
 Kenya, Tiazania). Table
 
3 shews resul ts for tile thlree l crt ions in (1olnjbia, and for Ecuador 
and Peru. Res11uI ts froi Cri:toinloIla have Iot horn received yet, nor for 
Africa. 

In tColed:l',ia, the low prdllct11, in Plepavan can he explained I):
 
tihe very dry ,w0,eather dilring lqOh A. Fior the 
 smer SeasOn 110 diseases 
were observed. 'lThe bst vi-.l]fing ,access.ions wore K 35349 and G 35337. 
Absence of diseases also occulrred in 1t1 during 1986 B and no 
disease evalurition could be made. The prodluct ion was better than ill 
Popayan with G 351823 and G 35531 as lest accessi o1,,. Nevertheless, no 
single II.polyanthus vie ided better than tOn) ',a:,on bean checks F 605 
and Mortino. It Rin Negro, the strong weed competition affected 
production, pIarticult lv for tile P. vitlfar i s ch1ecks. In P. 
polyanthus, G 35182 and G 1/54HJ3 shlowed the best production. While the 
Cargamanto check was suscept ib!e to Ascochyta leaf spot, anthracnose 
and powdery mildew, P. polanthus did not: show any Ascochvta sp. 
lesion and showed only a little anthraenose attack.
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in Ecuador, the traial was rcaI ized at the INIAP stati;n of Santa 
Catalija, at an alt itide of 'Wi m. i)ry weather prevailed at this 
site, and no (iIsease was; oh -\ d. iOn the other hand, the very strong 
maize used prov ided It i conpet: it ion for the beans and reduced the ir 
production. The best tcce-,ion:! i f . _pl vantlius were C i" and G 
3534q, with p od rct l ol hei ng l 'e o rIfor _'. olv.antiln ; than for 1'. 
vtl ,,aris. It would he intrem in t, rpuN i rht trial next yea:-:rtear 

I Il P e r utt +,th t r i , i l " ' a s- p l / i T nt e d i ll t i l lt ' C h o t, , ;o l ! o, C' , l ; I l l l a rlC at 

d vp I*t nt tA : AP i N1 CI tllI , I , I ' l()() 1:. P i I[i a r e ; IIi tIi , I , i 1 ow t ill 

T a l)1 IIOC KS.I; OtS'. , vi,,loltI t h11(1 ;ifI t hotth [hol-i* :. NO 

1oth chectk wdre, sus, ptii h , L O iAC u gc OCIAV
" c aib l l e r( o'" P l ' 2 q W M At' ] t.2 S; I l S) Wi , l t t ; l 
a ll Pi V "is' ' ¢ T h . e t l rlli l] i , s g,o i n g , t o 

be repe~ltrd ntl': venr rh tqwith hos' Ncus-s'-ionsI.,
 

Tie iellan jP. IV nt Ii,;1 is, ill reI -ilg and seed ;s have!,,_I P beendistributed 1,, .-,A , ., i.uiw ]tlit ! inlorder to, topuli rize. the crop. 

P. co(:11:',:i leu>; 1, has hwen i;ncluddc in teie tr-ials.;, i>;niig thle saie 
experimental de;ign as 1 i"P. Lilalthus,. Ten '. cic incus accessions 
selected for productivity alh earlin',ess anid two 1. vulgaris checks 
have been planted in Rio Negro and Pasto in IQ87 H-i. 
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Table I. Reaction of 30 P. coccineus and 30 P_. polyanthus 

introductions to some fo]iar diseases at Rio Negro during 

the second semester of 1986. 

No. 
P. co ccineus 

of into- No. of intro- No. 
P. -. ol yanthus 

of intro- No. of intro
ductions ductions ductions ductions 
showing few susceptible showing few susceptible 
symp to 11S symptoms 

Disease 

Anthrac- 28 	 2 30 0 
nose 

Angular 30 0 30 0 
leaf spot
 

Rust 30 
 0 29 1
 
Powdery 30 0 30 0
 
mildew
 

Table 2. Beanfly infestation of various Phaseolus accessions at 
A.V.R.D.C. (Taiwan) 

Percent No. P & L2 Percent plant 
Entries damaged per 20 plants mortal ity 

G 35023 47 0.67 20 
G 35045 39 2.00 19 
G 35047 65 6.00 30 
G 35050 40 3.67 17
 
Local 90 11.00 
 31
 

1. 	 G 35023 = P. coccineus, Resistant check. 
G 35045, G 35047, G 35050 = 1). polyanthas 
Local = P. vulgaris, Susceptible check. 

2. 	 No. P & L/20 plant = number of pupce and larvae per 20 plants. 
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Table 3. 	 Bean producLioi rcstxti] t s of tie international Bean Yield and
 
Adaptation Nurt;crv (kg/la).
 

Sole (:I Asso. wict maize 
tot) avai P, Nvo P as t o Ecuador Peru 

CiAT number 

1'. polyantLIus
 
G' 35182 81 2,784 
 3,30)., 131 271 

35336 301 1,31 2,241 361 69.5 
35337 486 1,279 2,623 319 

C;35349 505 2 ,21 1 9 1,551 479 588 
G 35433 144 2,376 1,712 267 
C 354.0 299 1,537 3,098 338
 
(; 35434 124 2, 119 
 2,301 392
 
G 15436 275 2,026 
 2,548 406 489 
C 35531 97 2,165 3,192 274 483 

355 64 	 223 1,315 2,524 551 
P. 	 viiilgaris 

G 10885 426 
() 0() 4(0 1, 189
 

(; 124 8 108
 
Carg;ImIIto 
 381
 
F 605 
 3,542 1,285 
Nort ino 4,397

E 	 794 998
 
C; 1)l i laliba 631
 
C]aba I Iero 451
 

Mean a'lmantlhus 253 1,919 2,509 352 505 
Standard deviation 144 488 559 111 140 
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2. P. lunatus
 

As part of the collaboration between CIAT and the Faculty of
 

Gembloux (Belgium) a new research project was begun in May 1986 
on the P. luna tus (lma bean) collection held by CIAT. 

The first priority was to increase the' entire col lct ion of 
2794 samples, and nulLip Iicat ion was started in two meshhouses in 
Palmira with previoAuslv unmn lt ipl ed accessions as' -,'eI as with 
some increased auc2ss'ions whicli had Wniy p)roduced a few seeds. 
The .umer of accessions sown For tile seed increase during the 
first year repreroas 14.2 of the entire (lAT colleCtion (see 
Table I). 

The Io. gr2ll,m : o i accessi.ons in t two hesloi ;cs in 
Palmi ra was due to the ir age--they had been received by CIAT 
between 1907 and 7 ITbe Field in Plopwvan inc ludes some 
accessions col Itu. ina W in Perui and ulbW am,!t slled 
corresponding good ' i e i;m,; c 'i Ill not:, il'cd ion. cw- %.1 tb 
f lower in t , , Ui:t1ii , I i'. o ta' Il ipI , I in>PopayaI , 
w ith Ililto',1 theL e", [ L inl l',,].' t ; ., i:l illt. d1{'I ' p lace theL 

fieltId For .'lit I I ! ile- ; i:; ' V :I', i0 ti' l:i' * ) s;eedIs 

I il1&' " el Il l-'l; ] '1 :, m tI t i i iIo 11 l -s }{)o a' i I Le ld 

ii i mirlr o telmstMu tipi) catiin Cl n n - and ln CIil rage. 

in itial cr pre-utvalua ted 

for lTIinrptial.',c:l claro :ircc Ii's l aLidat 01 
l)irinr h:tin ,tnd iIn , , ni i' 


!! IR ol ii ityiocOtyIS, 
st emh. , p r iiio rd i i l i'.e ; , :_1 ' r s (]{',.1:;. , / tau'l, t rdi ' , i)o.ts and 

seeds; ;ei-i ;-; ri , ve ., iii;-- nd ne d; ; the diate of 

flower-ing, NO tlie g-,wthI } . 'lhie ,: C; varci atiton among 

these cliaractee-; :ind cy n, een to- ihas iohod complete 
passport dI;it i;,ii' i . i , t p,';; bA(- of theai. " t i I t 
chiaiiact:ii';t iu lonOIL Vial thit pmsport ti t 

Irob lis encoltere du"rig the i ret year of' the project 
inc lude : 

Some accessions seg reg:te (see TabIe 1) nmd this slows clown 
the seed incrcease because the niumber of p l ants with a 
partliculai original chairacteristic ilt"creasoq. 

For sone acce',ss05 ions ( sn< 'lib he 1) - which are ;always "Big 
Lima" andl principaly shru bby,'i - a very vari:blie percentage 

I:n maturity. 
To clarif V thi s p om I cl hyg o- thL; iog -,ipi i was pl a ced in 

the ioshibouse tur in (1one mionr. ,fter ir:gation, 
temperature dec.reased (32 % to 230C) , bat re lai ve huim.idi ty 
increased (31 to 100/) and ru:ilgined highler than 857 for 6 to 

10 hours. RI ative humidity seems to he a li iting factor in 
the germination of Big Lima types. 

o. sced ge ci nai on oc :ur a le pn.l a 'ven before 
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-- Pests in the meshhouse are princi pa ly mites wilich are 
resistant to mnnv Aif ferant aca ricides. This problem iK, net 
currentiv notalo controllable. 
The s2c(o!od nri riv iq t n eva IWt o the percentage of 

outcrossing in I iii n n ; auind to .-uhs quit lv I lid a methodology 
to increasp tie seed ;I i tile fHeId with no or ve.ry little (less 
than 1) perccn,ta oi Iutcrosin g . 

tests wrie made at ni different sites ()agua , Palmira, 
Popayan) whcrj future ,cd intic a-c would he possihie. In 
Palmira W1:<!)apgia two Idit rcit acccssion of both Sieva and Big 
Lima were plantred t increasini;g d istances; ( 1m to 12 m') between 
thet domlin ;tt parcL't and h il o acpas':>iv'e . W hi ,,"' :- t~ of ,Sieva 

hmave I ,i, i >, i h !;i< I rlc (tile1o ,, i"t ll(,i 
second I iria il. i liitni_ ion and the o vcl rAid ;iii is not
conlsisten, tMl:,,t " :'W O j.!' . -h','g"' nL cd.Ul tht:t the doh['-cf:y (ce of 

tle tamen , I,.. ,0 u i:i:i olv i reo flowering, 
so tLiat ini a -t li h e b u> cannot 1l ifrIn these flowers. A 
second tr ia I lWon -I wn to i' in, n.( on t" i r1 i e first 
resuilts. 

Ther,- is tome it: tnt u nce on field crossing. In Palm! ra 
there is on obvious dit -crnccbetw l Stova which had been sown 
in a fieldt srllui( ,:il hv ploi wih insect control and Big lima 
which was ,urmxlltlIu iv pitrs withI no insect control. 

Aln .incloI-t oi the distnce: btween domiinanit and recessives 
reduces the oritro:sin, ate tups in aghe rilmeroils l'ond 
flower Iid soom to p,1 in ,te o-nly in the v' cini.tv of one row. 
Other pollinators li,, visit 'me row and its vicinity, but if 
they are dist:urlr i exrteaiar hv the wind), Khey can transport 
the po on eaert. tinc . 

'.;v ] is plnmcd t, i it igate ways oft edcing thi. 
cutcrossio g, with > iri . mich as king grass cr a citmbing 
legume, o- by ha i n g ho rNcetnes during flowering. Future 
control i: ver in port ant to allow the inc oease of more seed of 
more accessiuns wh ile conno ivirg the original genotype. 

Dagua 

Thirt,,-Fi climbing accessions have been evaluated in Dagua 
in very heterogeneous oil. 

Accesii's vqrv n da vs to flowaring (34 days - C 25108; to 
81 - G 2517); dy to first mature pod (89 days - ( 25575; to 
137 - G 25247); yield threshing (54% - G 25108; to 817 G.25411); 
percentage of pod set (617 - ( 25150; to 77 - G 25135) and an 
estimation of tL:e 'ield (0.6 t/ha - Big Lima G 25804; t 6.2 t/ha 
- Potato C 2500). 
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,uly clInib ing 

access ions of different origins and altitudes in ,i conpletelv 

randomized des-igr ,..ith 16 ,-eplicates of ,,ie con trol acession. 

A new trial was sown J 1987 wi th 99 

Ful resIF t>,f " 0e lt vet av; I 1,l , 1)but preli 11nary 

indications are that gerliinatiol1 and th LI:- I pilulc (i growth 

are cFocial1 1I I-I0 1-i is crluc'it 1iE, h oil idit." [ tC1 ' id 

development ,Cte rut system. if ll :led eieroot lt.r, t- lI 

every ! to i wee! , I' Ii i1) ,1-i t I-In c7:1t] biI 1iCLoI :pV, , !i ng 

the 2-. ,weeks I. tci- i I r 1-1 in the .scicoild trial; tIu fir st 

1)e 't(-.1 t-.lill Vtrial h'd tI , I F. .1015, ill leCe Lm . 

Days i w, :; 1l-'l 47 doivs ( 231K ) to t23 ((G 

25408A - from hilgt-l 'i i. t i t V!:: 

The li,,!ilt I-i,- to inoer o tihe fI st raceme 

r - '.':;' C, il thil';uC reaS e I iL II Li :. )f to [lOower-jig d production 

of the Oa r Iif,- I ' r 110 11:70-.1 I a''t 1 t::"I i concentrated at 
the base ind Ite!l(. 011 -,t e t,, 'turelY i dl111 , 

t :ia c raphotnina 
e at1l: 0 rIII , ] I LV il t I I il1,Wrpt,, . 1) Ik,, t1.s 1t'd pod 

borer-;. TI1.1->, :In- ill t tios. 

fi le ' tjo ,l111 I J p :": :1 L~e 11e;C ', 

'i e 15i, i 1 Vi ,>V/Ic-ohpho tr.ina 

Illy caI l '.h ) t 1C 1 iVIt i CC I oll t t .-t' pIIII. "I t e 1 Ift' dI 

Ila ]Ini ra 

t L ia 1 i l;u 0,rwa0 It Pa tl'1ira usip tl e same accessions to 

compare beha'Ior , d iscS., p rob ems , and yield with thlose from 

Dagua , a lid to see which plant chia cteris t cs -ire inf luenced by 

the envifrolll(t. 

Seed-bornill. viru ; 

t v tu lt iiia siter '. li Lt1i01 ill "0-'11) acc(essi,,)ts of beIa and 

retroinotuI i ' o.- P. vugiris (double wite), unly very wea" 
" v.rus ymVMIDCt0 ; I ",, hoie ob:er ed. Despi to the ahse'tie of BCc'V 

sympi'ores o;n 0. 1IIna ts , it is import:ant tc Lest, if it caln he 

cransil t t.ed hv seeds in ordul: to prevet t *: spreading. This 

wil 1 be , in IIa ,It ;on wi th CTAT virus-patho logy 
pI-tgLII I, 

,,n-1 co rhe 

ionsof ac es
Catalogu 

IwO (ata !,ases ?neluding pa.ssport ;:i1d collection information 

eotr, i e 6'% accessions ofhave be,,- tb L anI.,! hame now (23% 

CIAT' ec tr in IifIcrmtion tHmt in the P.ci ion) thes. pa flelIs 
vuiL;aris data base, Seed Color Clractcf i,tio'n is pI-tLcu.arlv
diffCiCul t ill P. 1lnitus beaiso s111 CO(1,_sLLIs shtoIS 3 different 

colors 'und fo add itionaihilurt cor.i a'\mot-e ccur;te fefnition 

of S Ld Si o:r Cd sh 1ape t(ay ali ow e-re el as-i cat iol of some 

access jnrls which are now cl as si f i ed I ntrc-med iat e as Pctato-S i-va 

or Sicv a-.li,g -.i al. 
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Table I. 	 P. lunatus seed increase in Palmira and in Popayan during t .e 
first year. 

Nuiiiet- of Iccessions Percent accessions 
Sites soe(I inc reasck in muI ti- no germn- sgrga- with s;eed 

p1ic1,t i 11 nzit ion t ion ge 1:i na tion 

Pa Imi ra
 
mushhouse
 

Ih,? 91 49 42 25.7 6.7
 
12 3 in harves=' 12 17.1 10.8
 

Popayan
 
field 91 3 84 4 0.0 0.0
 

Table 2. 	Percentage ot outcrossing in lima bean in terms of the 
cul tigrup and the s;ites. 

Fi va ____ 	 B'ig lifma 

.... 'I G 25121 ; 25124 

p lants c 1ol:- p laits c ros- plants crOS- plants c:os-
Sites obser . obser, obsep, si ng singi sing I 	 obser, 

Dagia 	 I ,1 2.4 1,222 1.7 1 ,412 7.4 53 0 

Palmira 	 I ,UB, 0 889 Ii 226 7.5 5 2 0 
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H. ON-FARM AGRONOMY
 

1. Latin America
 

The objective of on-farm agronomy activities of the Bean
 
Program in Latin America is to guide scientists working in
 
technology development (whether in national programs or in CIAT) 
in setting priorities through feedback from farm surveys and 
trials, and to increase the chance of effective technology 
transfer by adaptive on-farm trials (i.e. feed-forward). 

On-farm research (OFR) is considered the most effective way 
of achieving these objectives. As practiced by C]-T (and many 
other institutions), OFR has the following characteristics: 

a) 	 it starts from understanding farmers' circumstances, needs 
and objectives
 

b) 	 it emphasizes a strong link between continuing diagnosis and
 
experimental trials on-farm
 

c) 	 it seeks a synthesis of researchers' and farmers' knowledge
 

d) in view of farmers' documented adoption behavior, it usually 
works on stepwise change within farmers' existing cropping 
systems (although groups of stepwise changes can sometimes 
represent a change of cropping systems - see below tne 
example on intensifying the cropping cycle in Ipiales, 
Colombia)
 

e) 	 its ativities are often based within or around the
 
activities of a commodity program, since this seems at
 
present a more effective way of ensuring the occasional
 
participation of many disciplines on-farm and of obtaining 
strong links between experimental station and farm 
activities
 

f) 	 its methodologies are not commodity-specific, but to be
 
effective need technologies available for testing in
 
particular commodities.
 

CIAT considers that OFR should principally be the
 
responsibility of national research and extension programs. The
 
Bean Program has therefore developed since 1982 an OFR activity
 
which:
 

a) 	 adapts and develops OFR methodology through work in
 
specific, varied areas and systems which include beans, with
 
major CIAT participation
 

b) 	 demonstrates that OFR is an effective technique
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c) 	 trains national research and extension personnel in OFR
 
techniques
 

d) 	 provides follow-up and consultancy for those active in OFR,
 
especially those previously trained and,
 

e) 	 initiates 
 and supports network links between personnel
 
active 
in OFR, whether members of national or international
 
institutes.
 

Progress made in achieving these objectives between 1982 and
 
1987 is summarized below.
 

Progress in methodology adaptation and development
 

Methodologies for OFR were adapted ti, the case of beans, 
based on e:-pcriences of inLcrnaLcna! centers such as CIMMYT, CIP 
and IRRI and of national centers such as ICTA ,tuatemala, ICA 
Colombia and INIA (now [N!FAP) Mexico. In addition, the help of 
five invited experts in OFU working in Latin America, Africa and 
Asia was sought during a workshop on Bean Program OFR in )ecember 
1983. 

()ver the years, a seri,,s of stages hased on objectives has 
been found usell 1or surveys and for trials. Steps have also 
been described for planning and ana lyzing trials on basis ofthe 

diagnostic information. Such stages And steps are a useful 
guide 
to OFR practitioners, but we have also learned the value of their 
flexible application. 1'hank to con:r ibutions froms the a number 
of collaborating national programs, a diverse body of experience 
is now available to guide practitioners.
 

Methodology adaptation was originally carried out with ICA 
support in five areas of Colomhia (Ipiales, Funes and El Tambo, 
Naridio; San Vicente and F1 Cann, Antioquha). At present work 
in San Viicente, El Carmen and Fures has passed completely to the 
hands of ICLA personnel. lpiales and El Tambo continue as
 
collaborative projects between CiAT and ICA developto ideas 
further (ipiales principally on farmer participation and as a 
base for training courses; El Tamb, for studies of selection of 
advanced bean lines and segregating generations on-farm and 
as a
 
principal genetic selection site Colombian
in netwnrk 
activities). A new work area (Restrepo/Darien, in Valle 
department) has been added, where beans are a more marginal crop,
 
with support from the Comite de Cafeteros del Valle. Work in 
this area was initiated with a diagnosis conducted by the 1987 
CIAT-based OFR course. 

An important recent influence in methodology for OFR has 
been the work of the Farmer Participation Project of CIAT, whose 
ideas have greatly contributed to work in Ipiales and 
Restrepo/Darien. 
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Bean Program work on OFR methodology has also, over a number 
of years, analyzed the question of where varietal selection and 
the identification of cultural. practices suitabile for farmers' 
conditions should be conducted, Data presenteO in the on-farm 
research sect ion of the 1I985 Bean Program Annual Report , showed 
the great d i.ferences in ti ranking of advanced lines between 
farms and the nearby exIperimenta 1 stat ions which serve them. 
Recent ana 1y ses oI two years ' data f con easterl Ant i oqt ia show 
that the dii -erCences in ranking of 1iines between -arms or years 
ill tile sane Irel are Silai II(r thaIn those between station and 
farms. Add:i t ionll I Iv, al touh differences. in mean yield between 
farms arI' r( , Iiar peci si on vi ed measUr'emlent isIalrge in 
obtained wi tLi thirce repl ica t ions on Jli !i- t: a s withf <iald 
tli tC repl ica t ienS Ci -1)v- I de on an exp, r imn tii ;tat ion . T1i is 
cOnl.r; that it is pre ferlble and possiblie tO sel ct- advanced 
l ines o, two or three represenltat ive 1ilMS rather than 

on-stat ion. 

Othier work in progress in l LImbo, XNar ifie is e:xploring the 
possibil :i tv and i rab I tv of hc;ii I I I, egrgat generationsdo 1i I ing 
of beans on-tlIarm, probbl v al terliIt:od wi th ; I ct iol ol-station:, 
in order to p)rduce materi-ia Is btt r adpt t2d to farners' 
conditions. 

Data presente d in the 18(, Anntual Report showed the Iarge 
differences i 1 re;l I t S b1 twe on sLat icn and farms ill experiments 
on 2ultural even a I' loc!I( fortilitvpractice, when field was 
chosen on the stition . Fort il izor doses and <tppl ication methods, 
plant popl Ia t ion and spat ia I arrangement, and even preferred 
fungicides For fil jar or s-oil treatment ,!er(! different between 
Obonuco expe riment; I stalt io.n nd the farmls of 1pia les. These 

data underl ine the ilmportance of conducting ()F!I in the target 
areas ofI t cchno logies. V1he re a technol ogy is intended for 

several target areas , ca ir,fu I identificat ion of repre sen tat ive 
target areas for technol ogv devel opmeuit, and of representat Lye 
farms within them, should be possib2. 

An example of technology development on-farm is provided by 
the work on Rhizobium inoculation in farms of Ipiales and El 
Tambo conducted b the microbiology and OFR sections. In El 
Tambo, for ex.ample, early results suggest that maize benefits 
when beans are inoculated. I n 1985, mai ze responded dramatically 
to increased N fertil ization, but in doing so, depressed bean 
yield. When inoculated, beans did not suffer this decline, but 
maize yields increased, even though no N had been applied (Table 
I ) . In the second yea'ir, the resul ts were less clear. Maize 
yield was low due to end-of-season drought . Nei ther maize nor 
beans responded to N applicatiol or inocu [at ion al one , but both 
responded to inocuil ati on combined wi th N app]icat ion. 

The importance of (i.R methodologies to the ClAT Bean Program 
itself can be illusctrated in another way. In 1984, there were 
two senior-staff on-farm agronomists (based in Ca1.i and 

Guatemala) ; by the end of 1987, four more had been added in 
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Africa and another was expected to be added to staff in Latin 
America. 

Progress in OFR training and follow-up 

Most of tie Bean togram s actions on 01"R in L.atin America 
now revolve around train jug and its related activities (i.e.

ifol low-up aId t h, e r-t:inl af documents on MFT procedures). 

T'wo ottli,,,: !o , t r,. ,te ted hetw.'een 1984 and 
1987 ,it- I .' )I-,1 t I , I , I t oI) f i I I n1 : S upport, ;nd ire now in use 
in the B Pin rpi . I'Ihev ar 1 [AT-lbascd t r,!il unf Ad i n-country 
train ing. C'!, - , t !; in i l now C',ls,-;. ts I n e i tlt-week 
practic;l c ncte , i i *i t part i paltj e:.Cut a the different 
mectlng-ro,,, itnd i ioli ict ivitic of (F\' wit-i rea I e:li ., from 
dif fe trelt Co 1,'1111i:1 ". I:I I ,t I r, c i 1 0foI1 O'w-up to 
stipport tI . i' i i I ;,,Iit i,,% Titlt t1 "d 1,toletc in tite ir Own 
c o trllt:-i a:. t I-- t t iI IIl,ug iitlltc toil in a1 titrae-pintse
 
COllCS_.' it ! - . ] e r
i ir o !tIontl" in i tttl]- r!ow i 11,g (lt a 
coilIltrv. (, p ] lf t a(t I II t| l I i e COIIlt v P;Ce tt i:l, rot f 

to ,:1r-1 H}', tI) ChIiqli(11 in tie are! . i ttt pla t',s titev -ettt 

to the - M,:! It' : I pilt itto t:;act ice t he techit iitt ; . 'Ihey 
retu I-n ti: t 1,0 e to eit ia t the il- e:,:pe l ience,, and liOC:t;,,; 
their i->k5 t11It i ti i til ',,1wo12 1-tup. 

Si gh-tv-cpitg C, s r c t ni cat ens iol i st s have now been 
trailed in Coll iu:. at0 w eoek or moirL with fto Ilo-up: 25 in an 
in-counItrV course Iti 1) I P,\ (tno, 1 \AA) in ieru and a 1otal of 
69 in four : nnual (, I--nan d cour ses (six 1)e ru\vian Scientists 
attended Bot: type to citti-,4) (Appcund i: I). A high proportion 
of partcip nt' c1ntinued in (AppendixC o, ac t' ive Otili 1), 
particularly fro) tihosC trliiuad an 11)86 atd 197 when the quality 
of selection af candida tes, t.ar.t ing and oI l ow-up had been 
refined throw ph a:-:pe r iKl 

Both ileodein of Fi'l training hiave advantages. I u-country 
courses allow plrticip;ants to learn in tie situation oi- their own 
country and in tensi ve 1 1 1OW-U is po;sible because o f the 
multi pIe phases. Vol low-up Is more d'ii ficult and costly in 
CIAT-based train in, hut the Ce is more chaince for discussion 
between, count rie.- and "cross-fei-til i:,ation" of ideas. 
Method,,logies taught in lButiiu Pogramtt ti)i cours'es are now being 
used by former ptrt icip1nt s, on other crops suchI as potatoes, 
maize and sugar cane. It1 at le;ast two Ce(s', tlosC raIiIed a t 
CIAT now ho] Idd irectoria I positions in, tile ir instititte and are 
pressing for MFP to be appli to Iiiny Cr0ops ill their area 

The production and ident ification of docunnt_: to support 
training is an import;nt activity. A complete sct of written 
materials, some tii. in ad ,anccd draft, now exists for use in 
courses. The set includes pre'!vio us publications by Cli M'Tl'F, new 
working documents prepared by CIAT and two joint publications in 
preparation between CiAT and CII'MYT. 
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Now that the ideas being communicated have been set down, an
 
intended future activity is the development of training materials
 
to communicate the concepts in a more didactic manner, especially
 
for those who cannot attend courses in per-on. 

At present, major support is being given by the OFR team 
from Call headquarLers to support and consult in Colombia (12 
areas active in OFR on beans), Peru (18 areas active) and Mexico 
(5 areas act ive with CIAT support). Within each of these 
countries, informa I .nippo rt between OFR practitioners is 
developing. For Iqu, the commencement of a three-phase 
in-country course i; planned in Santa Catarina state, Brazil, 
with attendance of participants from other states too. 

Progress in OIR network development 

Within about 5 years we expect in Latin America that 
interchange between n:t Ional programs on OFR will became at least 
as important as contact. between TARCs and national programs. 
CEAT, (TI>:IYT and {iAP will] act as catalysts to contacts between 
national centers and prev idte b actk-up suppo rt througl OFR 
training, ideas and techool- ies to a collegiati group of 
national research and extensico programs active in OFR. 

As an cl, ;tep in the dlevelopment of such a network, CIAT 
organized in Februarv 198; a I()-day workshop on On-Farm Research 
in Beans in LatinAemrtca with 29 participants from 10 countries, 
as well as members of CI:AT, CI>IMYT and C[P. Participants found 
the event useful and reqies t ed CIAT to take logistic and 
financial responsibil itv for a similar event late in [988, 
preferably in one of the participating countries. Gradual 
evolution was suaggested, so as to inc lude more pe rsonnel working 
on other crop., without lo. ing the communication established 
among the group nembrs. 

In workshop discussions, greater availa ii ity of high 
quality information on OFR, and the opportunity to publish it, 
were regarded as crucial to improving exchange between OFR 
workers. At present work is often published in fragments, with 
excessive detail (or too little detail) in institutional annual 
reports.
 

The Bean Program is trying to meet this need in a number of 
ways:
 

a) The proceedings of the workshop have been comniled and 
distributed as a working document.
 

b) Working documents are being prepared for arll the areas in 
which CIAT-[CA OFR work was conducted between 1982 and i986.
 
Those for ipiales and San Vicente are shortly to be
 
distributed; those for Funes, El Tambo and El Carmen are in
 
preparation.
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c) INIFAP staff in the two longer-established OFR projects on 
beans in Mexico have prepared (La Fraylesca, Chiapas) or are
 
preparing (Tepatitlan, Jal isco) reports for 
 publication
 
about the diagnosis, planning and experimentation (and the 
link between them) during their first jear's work on OFR.
 

d) Sunmary documents have been prepared by INIPA (now IN[AA),
Peru with CIAT support, on the results of diagnosis, the 
problems identified and the first year's trials in the 
areas covered by the IN]PA-CIAT on-farm research course. 
These documents are serving to orient the INIAA LAgumes 
Program.
 

Network conta between
t: 1ARCs are also important to 
harmonize ideas when appropriate, and to learn from each other. 
Two such efforts within Latin America were already mentioned. 
the preparation of OFR pub lications with ClMMYT and the 
participation with C1IMMYT and CIP1 in tie OFR workshop. CIMMYT 
and CIAT are also working together in (IFR on maize and beans when 
possible. In La Fraylesca, Chiapas, Mex:ico, ClMMYT and CIAT are 
supporting the integration of maize andi bean OIFR in work 
conducted by INIIAP. In lpiales, Colombia, CIMAYT1 maize 
scientists provide support to CIAT-ICA IR on the maize-bean 
association. CIAT has also participated actively in inter-IARC 
conferences (:it Nairobi in 1984 and Hlyderabad in 1986) on OFR and
 
farming sytems research (,SR), and has established itself as a 
center where FSR is conducted within commodity programs.
 

Progress in the identification of technologies for specific 
areas
 

The identification of technologies for specific areas is a 
spin-off from methiodo 1ogy adaptation in Colombia and, more 
important, an indication that OFtR on beans in national programs
is functioning 
 effect ively. This summary covers the three
 
countries in which CIAT-tQ support in OtIR 
 has been most ctive. 

In the ClAT-ICA work areas initiated in 1982 (in 1978 in the 
case of El Carmen) some adoption of technology by farmers is now
 
apparent.
 

Seed of the climbing bean Frijolica 0-3.2 which was released 
in June 1985 for Ipiales, Nario and whose adoption had been held 
back by low bean prices and the resulting larger discount for a 
new variety, has been maintained by farmers. Now that the price

situation is more normal and the variety is better known, higher
 
sales and larger areas planted are being reported.
 

The variety Frijolica LS-3.3, released in August 1985, is 
starting to be adopted by farmers in San Vicente, Antioquia. in 
parts of Funes, NarKho, the line Ancash 66 (not released so far 
because of its limited adaptation) is being grown and marketed by
 
a number of farmers.
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In these areas, other suitable technological components have 
also been identified through OFR. Adoption of these has been 
slower so far, for reasons we h6W Lt, understand better in the 
1987/88 season. However, in El Carmien and San Vicente, farmers 
have already adopted ci ose r spacing of maIi ze p ants, highe r heanr 
densi.ty, and Llit uS0e of benomyl in dis !easecentrol i:tr-e . In 
lpiales nlidF;'lin2 , i!-liners' doce[ s of fe rt: ilirer ali)plic,' tion have 
risen, possibly dU Lt t1 lh i otll erice rOes ar li i ,tul te.itV 


,
Stepwiso i' jtta ri .[ i,;ivs produc, sn<l } cii r.;c,<, as the 
followilno excailniiple I i dlows. li 01C r I l b og bean, tlie 
as SeC) a io i t proV'(ri Ir1,,; ; iI), t 0 increa'-se' tire Ct- ae-it per 

year by sire cth i'.il Itildh i- ,n Ibe l ,cyCuILe< Iron -a 0-,.5 
moll thrt nid i li i( i m 'i a - i ,, IIrblc s 1..;., crlI C 1). 1I1ii t 1Is 

IighI I, pp ric i - 1 .l I . ,i'1 ie V;> ; !i1 I 'C I ji i i c i toil tr i lI , t1 i 
year arid i r I i i1j,k. I- 1be c tiopci. Pat I I 'l is ir0 e-. F I Ccrop 

.r i irt- eal , iv ogproduced , but nril i I ,ldl bc N a I t 0,i i 

farme rs aI greate r ic(.I iug oI c,tcour IjD, c', rrucL counbi iation 

o FC Illa[zeo and bemrs as- iilcnLt Ifieod I'vli ii tlii ai-11in ier of- wofrk 

on- a rul Bc Iore Liti , t1 r iaI I I rs w'i ich were!: 1a I I or cult ai 

suffi _c ,ar I I_ it' i . we I I ci; r1 ., .' knllown , buti eltc I Y 1- '.' i' wer, 

ther dolnilnrtn ed ti1e. ,t)he r o-10rep III , . ";,It I I Ic;I r'rt I I 011nd time 
to plant t i e bI ci1i rt, Ic Ir 1) 1i r ,1 -o t, ii::, seline1 c-, ;1ii to 
refineirit 01 Ire.o<'api-in,4 as.'t crc r, .s ] -r<cr<iui. 

O t!, C iI irc t iti il l' ii croc >l.'.:iL-I0 strrt-let R trials on 
beans iin 1'),i6 I- i, t it IV:ptI-Ltt i Io0 Howeverocclir ts. 
i n Peru tire 1to 1 i, i rgig 1p ' r Ial",s I ;It'I(I be reported as a 
direct result o( aI l. 

a) 	 The " (; Io iib)i "r va r letvy i being wide ly adopted in 
Cajamarca departmert ind is spreading to other areas of the 
hi ghI ands. 

b) 	 Farmers in ;one part.s of Ca jailr-irca and ilunic are reported to 
be cli.an ig FI troni broadcast p 1,ant-ing to higher densityv 

row-planti ng a r ran geme at s. 

c) 	 In Cusco , "Blanco Salkantay" cliinibig beans are being 
adopted for a novel relay planting with maize. 

d) 	 Other new variet ies are in verification trials in two other 
areas of tire highlands and in four areas of the coast. 

e) 	 Other technologies in vein fication are: chemIcal nematode 
and root rot control in two areas; more economic densities 
in two ;ar_.s_ ; Rhizobiium Inocul.at:hn inl parts of Cajamarca 

department. 

In the only area of bean OFR in Mexico where the first year's 
results are so far available, tihe INiFAP scientist in La 
Fraylesca showed in verification trials that the new variety 
Negro iluasteco 81 was superior to the local cultivar Veracruzano 

http:densi.ty
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whether or not the other successful components (40kg/ha N and use 
of Tamaron instead of Foley insecticide) were employed. 

In view of the quality of execution by national programs of 
present OFR projects on beans, we fully expect more examples like 
these to mount up in the next two years. 
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Appendix 1. OFR TRAINING, IN T1E CIAT BEAN PR(GXWA 1984 - 1987 

No. Scientists traimI ii cmiplete No. presently active 
0I courses in OFR progrmns with 

Frequent Occasional 
Country Total Research Extension CIAF CIAT 

Support Support 

Argentina 11 0 0 1
 

Bolivia 1 1 0 0 1
 

Brazil 4 2 2 3 1
 

Colat 11'a 23 9 14 19 3
 

Costa Rica 6 2 4 3 1
 

k inican RepOub ic 2 0 2 0 0
 

Ecuador 4 4 0 0 2
 

El. Salvador 5 3 2 1 1
 

Guataiala 5 3 2 1 3
 

Honduras 1 1 0 0 0
 

Mexico 6 6 0 5 0
 

Nicaragua 1 0 1 1 0
 

Peru 25 11 14 18 0
 

Paraguay 4 0 4 0 4
 

TOiAL 88 43 45 51 17
 

1 Cour of at lest 5- s fomnl teiing. 
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TLble 1. 	 Response to inoculation and nitrogen application in maize-bean row intercropping. El Tambo, 

Nariho, Colcubia. 

Yield (kg/ha) 
Inoculationa Nitrogenb 1985 (nean 4 cultivars) 1986 (irean 2 cultivars) 

One farm Three farms 

(kg/ha) Beans Maize Beans Maize 

No 
 0 	 509 1171 436 749 

No 19.3 361 2879 489 697 

Yes 0 568 1802 	 417 737
 

Yes 	 19.3 
 526 1113
 

LSD P =0.10 116 485 85 
 227
 

a ixture of three adapted strains.
 

b All treatments also received 20 kg/ha P and 9.3 kg/ha K.
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Table 2. Sunimar, of results from an intensification trjil on four farms, 1pinles 1986-7. 
(arnners nvide different decisions on plaiting the second harley crop. Costs 
and benefits were C;ICulated separatelh for each famn). 

Mean innk of net benefit 

Maize BeaU Yield (kg/hl) I et on 4 farms 
cultiv, r cul tivar Karl ey Maize Beans IBarlev Costs that varv benefi t A B C D 

thousand ix sos/ln 

None Antioqu]i 8-11 	 After 999 4168 70.6 AIX/.22.9 I) 357 3 1* lk 8 

beans 

Pool 5 L 32983 (01) 	 After 2017 369 2986" 59.5 AB/I1.7 (1) 355 1* 2* 6* 2* 

beans
 

Pool 5 Antioquin 8-1I 	 After 1382 698 29862 74.3 AJ/26.4 CD 31.0 2 3 7 7 
beans 

Pool. 7 TIB 3042 	 None 1619 640 13.3 231 4* 6* 5* 4
 

planned 

None Antioquia 8-1I 	 Before - 773 2134 70.7 224 7 4 2 5 

beans 

Morocho Frijolica 0-3.2 None 1558 471 - 16.6 216 8 7 3* 3 

Blanco planned 

None TIB 33411 	 Before - 704 2134 70.1 212 5 5 4 6 

beans 

Morocho Mortifio None 1604 143 - 13.6 171 6 8 8 1* 
Blanco planned 

LSD(IO%) 	 314 172
 

* 	 Ecorunically efficieit treatnents. 

I 	Fanner A plantcd barley :-fter veans in the irsu three treatmyents and faner B planted wtieit; farner 

found there ,as only t for barley in the first treatment; fanner 1) decided not to plant.0iii 

2. 	 The two farners dio hanested these barley treatannts both mixed the-se tu plots. 
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' 
Centra - Amer )+2. ' l X,.".: ica 

oshoter
A numer o'urses. onL.OFR in Centrli Ameicage 

: , 
-!5'G:,shorter-and: there wer'e: somelproblems-with selection of candidates 
.....

iiiii(:
areasfollow1-up.Salvador,Even iso;, OFR established in some ::ii-and of.!l Nicaragua,on. C:stabeans Ricais and: Honduras as a 

: 

) result ]of these? course's and of a'CIAT-based .cours, ! which! trained. .
 
•.,key personnel in tho se countries. 
 - -- ;
 

:.i:Salvador.
El In the "first s'eason plantings 24: plots were .:i 
.installed TVi .in .Regioii, and-.35 in Region: III: to. evaluate 'the".!. _ 
.'performance of. Centa ,Izalco and RAB' 204. .-These lines have 
Sconsistently out-yielded,farmer,lines by 2'0%, or more'. " . - "
 n The first phase of a course on the production and promotion
 

(i:, of new bean varieties was held during the third 'week of August. -- :'i 
: As 31 Atechniciansnumber from RegionacourseI parti-cipatedRt in this course,'seedthe:' ,/The is of onF esnal Ameria 

:.: area of influence of the on-farm work was 
extended by conducting "..
• a diagnostic of the region. The first variety trials were 'i
also ii:i

°' . 'established in the area to evaluate bush types (RAB 276, RAB 310,.. 
 .:. 

,;RAB 311, Ri B 282, RAB 204, and the local check), and climbing :: 
types ( LN 104, RCWI-22, .VFB 81064, FS-1361, and the local "i < 

::, check). Three technicians from Region III also :participated and ' :ii
-!' reinforced the 
, 4 technology transfergroupplotsfrom San Vincente in establishing 37 .. "
 (Centa Izalco and RAB 204) Although
 

ii.I the data are yet to be analyzed, evidently they performed quite :i!!;well since they were
Kadvantages, such as well-accepted by farmers for their-obvious
overall health, yield and good quality.
 

production was presented for farmers and extension workeres duringthe fourth week of August. Participants received seed of RAB 204 . . K 

:K .. and Cental Izalco to begin loal seed production. The Project is
 

t .backstopping CENTA in their support of thislocal varleties that are severely affected effort to replace...by CBB, anthracnse,a .
reion. ir
apdagsiof ite blThed. st aretrias were alsoe
 

.:t[i"Guatemala."' /In eight on-farm trials in El Peten (alt. 
300"500 m) : il
 
ICTATamazulapa ycelded between 650 and 1600 kgha, witha meand
 

kg/ha, 

.- ceymersonlpling 


of: 1":0fii50 while': the. predominant farmer varieties,: Mono and : )
.~i-' Ch'apin,-:never exceeded
of200cooperativeskgiha. YieldssurpassedthoseICTA alreadyin "of ramazulapa ': 

mentioned, with the fst sason panting 20 lkgoha andether cmmerci vreties yiedin around val
g to 


hree hundred pounds eacof seed 
o 4. Ost a and ICTA . ' 

'Thraz thricpoturlio protioeret phen to t,creon 
aetablof in lec of E P40on-farmthe In rend blndting 
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Ostua expressed their satisfact ion w.ith vieid, the number of 
pods, the number of seeds per pod, and grain size, all of which 
were superior to tlhj !ocQ cuIltivar. Formal data will be 
presented at the end of the season. 

There was cisrideabl] activ i tv h;v the actosnnal seed 

production group in the -ogiops af W.Ao:-;ida rind Artesca tempa in 
the southet , farm field and of'- cho of day s exchange 
experimental riult. In the Wepartment of Santa Rosa 050 lbs of 
[CTA (stun sued wurw delivered to I)l(;ISA to be introduced into 
this .impI tant priaim ion area. Infortnnmte I', all the second 

season plinLings were affected by Irought. However, in the first 
season p1] t igs, Ostucu i ve vields I a round 105:, kg/ha, 
surpassing local I I hr abocut 2'->. Tyoe local Ihecks were 
improved var-i :ti in '() of the cas-es, permitt nll , comparison 
of the prcduction svy,'temn in themregion. 

Honduras. In the i rst seSP piant ings (whic permitted 
evaluation of beans ii or werV adverse cond tins), Catrachita 
( tA\ 205) was ULO i, [o commerc ial varie t e a r diseases 
(common mosaic, n actose, Mustia, and/ac (M, depunding on the 
zone). El hnoairi was Inter in Matui tv and photoperiod 

sensitive, as well as -,inc more susceptile,. to the diseases. 71. 
Dan]i 46 wa; vry afiected h\ Mustia and common mosaic, and 
Desarrtu a ] was -av-re1v aI-ecc by anthraciose. 

Empocsca control Lrial a rece ived no treatments because 

beavy rains reduced insect populotions. (hemicalI cantrol trials 
for Apioni were esatablished, cesult; were promisingand % verv in 
Siguatepequc and S ta. Rosa de Copan where a pyreth raid (Arrivo) 
with 1cv huamn toxicity gave good control. TIle plots treated 
with this proSoct gave higier yields than those trca red with 
organophnsphates, which have very high human toxic: ity. Decis and 
Arrivo a re proposed to he ncluded in on-farm eva Iuat ions next 
year for control of Apion and Fmpoasca, since ato are available 
on the control of the latter post. from the he Secretariat of 
Natural Resources in the central west region. 

Release of NAB- 205 under the name of Catrachita was
 

supported by its excellent performance in on-farm trials in most 
of the major bean growing regiops of the country, with yields 
between 1160 and 1950 kg/ha.
 

R.B 50 maintains its high acceptability by farmers who 
originally planted it in on-farm trials in the region of El 
Paraiso. Its superior odaptation to the region, yield stability,
 

and its overall health are parcicuiariy appealing. Since it is 

so similar to its sister line RAB 205, it may serve as a 
replacement snould RAB 205 fail. 

Nicaragua. Recently the Directorate of Basic Feed Grains, of 
MIDINRA, has given high priority to on-farm research in order to 
make available technology in the form of improve(! varieties to 
farmers previously excluded from technoiogical innovations.
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Furthermore, it is felt that their input would be invaluable in 
judging wlether to retain ,r P1 innte 1 ines. The Directorate of 
Research and the nat iona bean program both have adequate 
resources for the e:x:ecution of on-Farm trials, and are seeking 
the support of (dI :q training. The bean program alraly has 
matturio cw under the names or Revolutin , 1,, Q, 83,.ased 
84, and most recenc! Iv, ecl I- c rosses ; . nesn t i- from wtp M'A 

and )rg I I thI 1 re i,; wI it 1 51ouI d be t-'s ted , t 1rhapsby 
menus of al" ,n-*:a-un rend; re I; course , a r : NAB I, iI.V ' RABi2 11] , 

211, NAB n , M 3 an j N' 17.
 

Costa Rica. HT 19'i (lorri lo Sintetico, BAT 7h) was multiplied 
for seed and -.I eased as "Clhi rripo" I ,lA ,883-2-M (ICTA
81-8-I)0'as piantd , in demostrat: ion p1,nts, shwing superior 
perf-ormance to La lIairncar whichi had problems with A!t iraunose. 

Dominican lepublic. I t has not been possible to include farmers 
in early t va ia:L P kt materials, dkl av ing the development of 
on- arm in tlomhinIcan Repid I inC Hiowever, a courseti:in the . 
present-ed thiis ,a- contains the toil which sitould permit the 
parti ipants to bed i, and encourftge this k ind of work. In 
addii: I n K 4) ,n, 7 ]1 112, the Bean Program ha, BAP 1274, 
XAN 12, a ;id ti vcs .:i 11] put out. dcmonstrat ion !lots of ZAA';.
 n,] l ,
8 4(06 "/;i 

Cuba. I)r ahit ,Iisiged pl antings this year, but Sibomei (NAG 20),
C(nta I azumaI (IBA 5H) , Brunca (BAT i) ) , [,Al 832. and BAT 518 
cant inted to per! orm u' I at the conercia I level. 'These lines 
may replace ICA Pijao in areas affecte~d by rust, and also replace 
ICA 23 (red mottlie), BAT 482 (white), and A 336 (cream). 
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3. Irrigated Systems - Brazil
 

There has been great demand recently for information on, and
 

seed for, plant ing beains under partial1y inundated land. In 
Brazil, this kind of Iand is known as Varzas . The Brazilian 
government has created Ceveral- government entitius to investigate 

in o h-problems inh erent irrigated Ia n crops; promoted the 

preparatioan of land for a lge irrigation project; hUS indicated 
that ro ghlyI m1illion lect' s ni land wil1 be nur irrigation 
within the , Ii: l1' n ., in general, hls slw i great 
enthus 2-_tq- for o- o'n 'o0 1 under inunda tion. Lesearch was 

begun last :w n M c Irti''u 'ffort between Ci[Al and CNPAF 
scientists, ad p limi nas rsult, were obtained thi Vear.'4 


The ma i proIblo of ban production1under ir'rigji(,n systems 

is tempoi'iv i UndaLMt 1 since pert- t nLtd l\'elin; 1s 

impossiblu. Furthermore,, iunny di not olera oxcess water even 

for short periodo f timp1. A, ther typ o o in.t c int for bean 

production undero s.h-l. ti, nst n ; is the' Nit-L o the water 

table. 4',bs-i r r i I,u p s t 5 0 nU p M i C ' 01 t he tePrrai1n dry. 
r e a iie arein ,21 s,"ti o re -burnu d 1 , ;uch b I. i ght, 

production ,'.traipts-, this tyit of irrigatiuln permits hean 

production RIucog t1in' th, water table ;y iinpotl-ilt espec i ly 

at the initial Viwth 1Q.::a siance the p an|t wil 1 si r ol from 

water :-;t:; tlII .c,t ,r tab1) - ;I to deep the mayr i 1 o or roots 

sutffr ;arm lac of o.,gen ald i r"Ma the subsequent plant 

react ions due to intundated sniI s (such an product[on of ethylene 

gas) when the water tabl Ie is too na 11iov. Cotain hormones may 

increase (abscesic acid, au::xin) or decrease (gibbe rel I in, 
cvtokinin) due to excess water. 

To understand tile effect of excess water on the bean plant, 

a series A expteri1ments was conducted at CNPAF with tile following 

objectives: 

1. 	 to determine the critical perioci in the bean cycle
 

when the plant is most affected by e:cess water;
 

2. 	 to measure the eflect the duration of inundation has on
 

yield;
 

3. 	 to determine optimum water table depth and,
 

4. 	 to look for genetic variations in Phaseolus vulgaris
 

with tolerance to excess water.
 

The experiment was conducted in pots with 6 kg of varzeas 

soil that was fertilizeu and limed to obtain optimum growth. 

Inundation was performed by slowly pouring the water from the pot 

side to avoid air pockets building in the pot. Water was 

the surface during the treatment.maintained at 2 cm above 
Draining the excess water from the pot was clone by piercing the 

bottom of the pot. Water flow was controlled so that all pots
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had, more or less, the same velocity of drainage. The pots,
after treatment, did not receive water until thcy showed the 
first signs of wilting at mid-day. 

To determine the critical period of inundation in the bean 
cycle, the pots were inundated for 48 hours at the following 
stages 

Inundation of the pod 1lasted for 48 hours at: 

I. first trifoliate formaition (V3) 

2. third trifoliate formation (V4) 

3. preflowering (R5) 

4. full bloom (R6)
 

5. pod formation (R7) 

6. pod filling stage (R8) 

Grit ical dura tion of the inunda t ions was measured by
applying seven inundarion periods (0, 6, 12, 24, 36, 48 and 72 
hours) were appli d it third triflol iate (V4) and at full bloom 
(R6) . Each I)t conti i nd four )lants. Rio l)oce (A 247) was used 
as the test: pl:.nt. Plantr i-e ived full I plant protection during 
the expe rime!it . 

Resul ts: criti I per [ d of e:ccess -,ater 

1B1eain vield ViA rc:diuced by app] ication for 48 hours of excess 
water at al1 st tes of growth except for the third trifoliate 
stage (Fl gure ) . )'ield ioss<:- increased when the inundation 
occurred later in the girewtl; stages. From full bloom onward, 
vield losses -eached nbout 7(' (Figure 2). Epinasty occurred 
after 2-4 hours; of inundation. Plants treated with inundation 
occurring prior tO flowering recovered wel - , but when inundation 
occurred after flowering, recovery was poor and was reflected in 
yield losses. 

In practice, irrigation should ( be performed before flowering 
commences anti, after flowering, irrigation should be performed 
with great care since excess water significantly reduces yield. 

Results: duration of inundation 

Bean yleld (g/plant) was reduced by different durations of 
inundation and the yield reductions increased with increasing
times of inundation. Inundation of 72 hours at the flowering 
stage produced almost nothing (Figures 3 and 4). Yield losses in 
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percentage for inundation occurring during the third trifoliate 
and flowering stages are shown in Figures 5 and 6. Y:ield losses 
were lower than 70/ when inundati on occurred during the third 
trifoliate stage at any durailonma. However, during the flowering 
stage, any inundatioI occurrig for n-0r" tnlilu '- hour -, resul ted 
in sigl 1. jol, I iAsh ,sti:, th:i, 50,1.i- c \ ec 

Yiec c ld J! s hot. 1 1 1, Is ad I' io t I mindsLion 
o(i rrin during the third tri ol i[Le ,A l o .n ag stage, 
respect ively. Inm da r 1on during , tLV 11 Iit t Kl 'c at all 
dur;.tfcm ,,,u cad'ath_ numeii)r of pods/ipla t. The :.Lruactable root 
weight ,is5- ( n. , w i iiiulId;it ion OCc'1irrc ior mo1 ,m thlan 24 
hours whr'i ,' ; tilt.IM) I'Irai w. [ ii E KL [/Ini' , ati l iutrVxest 

1 nw" e1., -! A i ! 1 nt tli-11 i t cliec*-s. 
lnund! ilii iig l,,. l !iii-l reducedI tt. m ., : tlv tihe 

It - ., ,. rt,ct, t, root w, iy1 t when 
I i-lIi [,l i 1 1, -i , , ' ' ' ' Ii~ , t " l~~l : ,l' :t1 a :i l '.'.j ; 

taken iw n.,:' A',t cr.. l ent';I,!inwnd , ,Ir i1 ' the ieIm r dIinnidtic rd n ,r lug r Q A -, /wui . mai me p i ireduct I( A, I,_ ,p ,ii !1 o I , inuni -ion mos t
affucP tu. v,. d . .i ii , , !AI', . gI A ii /i, '!,'d red -ti 

thle l-',.-t n .pn i t i vt- P. rV'mc Lw'F>. 1.haa.r. Iu I1 M qgn.sL. that 
irrignt ion - 1 0~!.d hcL' ~U:.:,,Nu dur 111 t:I ' flou..'crilg;e It,( d 

he immedi[ ,. arknd 'e1 enetic varat itn t'st for tolerance 
to lui i " 1 ai t emester.t Ai rL 

)tt of w..,ater r..blu
 

'0, .pe' ilzti were carried out in Eternit boxes wlere 
wat,.r ',-il be adjusted according to the desired level. Pot 
preparatr a equal to l2 previous pot e:-:periments. The water 
table wo mainttaiued tiiljuc-i siph,.oning excess water out of the 
boxes. M o l,cvel o- water tables were appl ied: '5,20, and 15 
c omroti- si rtac Iwo levels and of,-oi1 i . phosphorus (' (I g 
triple supprphhalato) 'ere also included to represent abnut 150 
and 750 ppm phosphoru.. 

Results: Different d(pt hs of water table
 

1_., -educed by tihe 
table whicl w,.r kept constail ( ring the whole crop cycle. 
Reductions wre hig ,er at high phosphorus levels than at low 
phosphoru.s levels (Figure 7). Yield Ic sos were gre:itest: when 
the water table was on\' 13 cm below tihe soil surface (Figure 8). 
Yield analysis (Table 5) showed that pod number was significantly 
affected by water table depths whereas other yield parameters did 
not change sign ificantlv. Growth analysis (Table 6) showed that 
all. growth parametors did not significantly change but that 
increasing water tables tended to decrease the dry weight of all 

Bean v wa. different depths of water 

plant parts. llese results all suggest that a careful water 
table control is required when sub-irrigating the bean field. 
During germination, a shallow water table is required so that
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moisture can reach the sued laver. When the root starts to grow,

the water table should be continuously dropped to a certain depth
 
so 
 that the bean plant wi l l he glia ranteed to have water. 
General izaet ions ae [{ di licu It .,hen physical piopurL ies are 
different. Fortun t e v, all rug ,ins wi ti sub-ir i, ti on systems
have, more or less, t sNie s.oil , tr.ttues;, end structures. 

Futur_ reseichl. will 'oee ntns eek ing et genitetic vyjiatin(M 
in beans tolr ient to cWeepoleI inunda tion With fied t:eS t-'ng in 
key regi ,ns. Sub-ir ri gat:ion and high tempervatu re yield 
experiments wi h1 :r:ecuted in the kev regions. 
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Figure 1. Bean yield as affected by 48 hrs inundation at
 

different stages of growth.
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Figure 2. Relative yield loss in % as affected by 48 hrs inundation
 

at different stages of grc.th.
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Figure 3. 	 Be_ in yield as affected by different periods of inundation 
during the third trifoliate stage. 
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Fiqure 4. Bean yield as affected by different periods of inundation 

during the flcMering stage.
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Figure 5. Yield losses (in %) due to different periods of
 

inundation occurring during the third trifoliate stage.
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Fiqure 6. Yield losses (in %) due to different periods of
 

inundation occurring during the flowerinq stage. 
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Figure 8. 	 Bean yield losses as determined by differing 

water table depths, with high and low P inputs. 
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Table 1. 	 Yield and yield components of bean as affected by different 
durations of inundation occurring during the first trifoliate 
stage. 

TREATMENT 	 YIEI) 100 GRAIN POIS / b' E1D F' RACTA),,IK ARVEST
(ItRS) g/ PLANT WE TCT 1)PLANT E5-R / ROOT IN)EXi 

(g) 	 POD (g/PIANT) 

0 4.3 13.3 7 3 !,.7 1 .5 0.47 
6 4.0 15.3 5.3 5.0 1.6 0.50 

12 4.1 14.8 5.7 4.7 1.8 0.52 
24 3.2 12.7 5.0 4.3 t.3 0.46
 
36 3.3 15.4 5.3 4.3 1.1 0.50 
48 3.2 15.4 5.3 4.0 1.2 0.50
 
72 3.0 15.3 4.3 4.3 0.7 0.47
 

LSD (5%) 0.5 2.0 0.9 0.9 0.2 0.06 
cv (Z) 8.5 7.6 9.6 " .1 10.2 6.4 
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Table 2. 	 Yield and yield components of bean as affected by different 
durations of inunda ti onl occqri ing during thc flowe ring 
st t ion.. 

TREATMENT 	YLELD 
 I00 GRAIN PODS/ SEED EXTRACTABOLE HARVEST 
(HRS) g/PLANT WEIGIT PLANP NUMB ER/ ROOT INDEX 

(g) 	 POD (g/P1ANT) 

0 5.3 17.1 7.3 
 4.7 	 t.5 0.51
 
6 5.0 14.7 6.3 4.7 1.7 
 0.51
 

12 4.2 14.5 6.3 4.3 
 1.4 0.48
 
24 3.4 12.2 6.3 4.0 
 1.3 0.38
 
36 2.6 10.8 5.0 
 4.3 	 1.0 0.33
 
48 2.1 10.9 4.0 
 5.6 	 1.1 0.29
 
72 0.1 0.3 1.7 0.7 1.0 0.01
 

ISP (K7) 1.2 4.5 1.9 1. 0.4 0.17 
CV (2) 20.9 21.8 19.9 22.2 19.2 26.0 



Table 3. Growth parameters of bean plant as affected by differnt durations of nTundatin occurring du.ing the 
third trifoliate stage. Sampling taken two weeks after end of treatnent. 

L!.tY- T!1Cif' g/pLA\Cr 

TR.FAI IT PIANT HElIf IJYAF ARFA LEWVES PjTj,:ICyrq SF- 'TAL ALARL&L ROOT' 
(HRS) (an) (cm2/n1iAT) PART


lIN*IN * CHECK IN * CiHEa IN cMG " CT1."I, IN CHME I * 1-=K
IN,': 

6 4,3.3 50.3 547 618 2.09 2.24 0.4l 0.56 0.87 0.95 3.44 3.75 0.96 0.89
 
12 43.3 50.3 364 618 1.67 
 2.24 0.36 0.56 0.70 0.95 2.73 3.7'5 0.78 0.89
 
24 40.3 63.7 268 546 1.-22 2.46 0.26 0.71 0.61 1.07 2.10 4.24 0.67 0.93
 
36 34.3 63.7 230 546 1.11 2.46 0.23 0.71 0.51 1.07 1.80 4.24 0.51 0.93
 
48 26.7 55.0 184 544 1.00 2.59 0.23 0.2 0.52 1.17 1.75 4.57 0.51 0.90
 
72 26.0 55.0 110 544 0.77 2.59 0.14 0.82 0.4! 1.17 1.39 4.57 0.37 0.90
 

NJ) 
LSD (5Z) INMND. 5.1 83 0.22 0.07 0.08 0.27 0.10 N, 
LSD (5%) DUPATIONl 3.0 48 0.13 0.04 0.05 0.32 0.06 
a, (%) 9.3 16 10.36 11.74 8.33 8.38 10.80 

*IN = Ih'LMATION 



Table 4. Grcth parameters of bean plant as affected by different durations of inundations occurring durir_ the flxering 
stage. Data taken two weeks after end of treatnt. 

DrY t..mm (gip],at) 

TRF-IVIFMI- PILANF HLIGH FAF AR A !AfU\E,- PEYOLESITS SII" Thd. AERIAL OUPT
(FRS) (an) (m2/PLAKP) PARTF
TN CIFCK IN * CHECr TNT * EN(. TZ * jf !N , ChTX LN * 'i: k* HII- TN Q 

6 109.3 115.3 836 1010 4.05 .15 1.6 5 1.54 2.61 2.55 2.40 _.[3 10.80 11.22 1.41 1.80 

12 101.3 115.2 
 8092 !0t 3 9? .15 1.64 1.54 2.55 2.80 2.93 11.06 1 .22 1.3 1.8024 107.0 106.3 9i6 941 3.84 :,.14 1.63 1.66 2.60 2.47 
 2.89 3.03 11.01 11.37 1.32 1.85

36 97.3 106.3 616 941 2.75 t.14 1.36 1.66 2.48 2.47 1.87 3.03 8.30 
 11.27 0.98 1.85
48 97.7 117.7 541 862 2.02 3.86 1.12 
 1.56 2.23 2.57 1.92 4.01 
 7.35 12.05 1.00 2.00
72 101.3 1i7.7 126 862 0.85 3.86 0.95 1.56 1.94 2.57 0.30 4.01 
 3.99 12.05 0.80 2.00
 

LSD (5%) INLND. 9.5 
 97 0.29 0.10 0.20 0.53 0.15 0.19

LSD (5%) DURATION 5.5 56 0.17 0.06 0.11 
 0.31 0.54 
 0.11CV (%) 7.4 10 7.02 6.15 6.80 
 16.56 4.45 
 10.35
 

*IN = INUMDATED
 



Table 5. 	 The effect of different depths of water table and phosphorus levels 

components,
 

DEPTH OF PHOSPHORUS GRAIN YIELD 100 GRAIN POD/ GRAIN/ 
WATER TAB.E LEVEL g/pi WEIGHT PLANT POD 

23 	 8.39 21.09 9.2 4.3 


18 HIGH PHOSPHORUS* 6.89 23.96 7.9 3.7 

13 	 4.75 25.97 5.1 3.8 


23 5.73 22.67 6.6 3.8 


18 LOW PHOSPHORUS** 5.23 23.64 5.4 4.1 


13 	 4.33 24.23 4.8 3.7 


LSD (5%) 	 0.80 2.17 1.6 0.6 


CV (Z) 	 8.82 5.97 16.0 10.6 

* 6 g TRIPLE SUPERPHOSPHATE/POT 
** g TRIPLE SOTPER[PHOSPHATE/POT 

on yield and yield
 

ROOT DRY HARVEST
 
WE IGT IN DEX
 

3.52 0.56
 

3.12 0.55 

2.38 0.49
 

2.30 0.58
 

1.89 0.60
 

1.71 0.60 

0.54 0.34
 

14.22 0.31 
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I. ECONOMICS AND SOCIAL SCIENCE
 

1. Latin America
 

The Bean Economics section provides socio-economic 
guidelines for technology development and release. These 
guidelines concern strategic decis ions within the program (e.g. 
breeding versus ag ronomy') ra well as decisions wi thin specific 
research sect ions. Add iriop2m,1, cion =mguron the degree 

< nud To Beanof su.icces ,Ni with new technology. do s"o the 
EconIc, ; K;t ion Concentrates iis reqoarch eolf ts a round three 
basic ctiv LW :
. 

- locun,eL in'q a I piconts in d-v bean production and 
consumilption in til third worI d. 

- )iagnosing t banon sector o, di fferent countries. The 
h [ -to t_;rl.;t! -()1 q~ lC~se-;ct i t rio - di(V In(! (t)IItes y ' n t l 

U0>.~n ri1e. 
basin & the ivp rt ,nco 0I 0.)I,M roduct: ltn,U'L,! abi lity to 
condu ct r s;o~d , A;pci I c bean production npii )lens, and 
the p)otent iII i,i, t ,t I I c;; t Ii-u 1 ,eseIcl . The sectioin 

alIso wor1.,s (on t h, peui1 i c diagnosis oi be.n production 

500 1 Li ta~~Wilsf 115K on the 

r Loblens wii iin ,' a: and on to e estab] i iicent of more 
efficient 0l back: :,;, l rme- t, researcher. 

- Monitorinj_ t he c1 .si rd Ineasuring the impact of 
successfuliv new technologv By nrudving the success of new 
technology, the sect i o hon:ouo; L- be ab l.e to def ine future 
research object ives as V AIa to ro(vide suggestions for 
improved release strategies. 

ihighlI dc 
research in speci ic ares of Lat in America cAn oniv be developed 
on the spot. Ove r tie last three yers the section has 
maintained two rcsearchers in CotntraI America and has undertaken 
cons~derab e ftorts in Peu and Brazil , where in-country 
researchers: are planned foi the near future. 

Researchb is (,'.it anized a ince guidelines for 

The rosea rch capacit of ;1,qtadiirst i!s used to document 
developments in bean production and consumption in the third 
world, to develop met hodologies that can be applied in the target 
regions, to assist otposted researchers in specific problems 
(e.g. consumer acceptance) and to process the data which are
 
obtained in the various countries/regions. Issues in the Bean 
Economics and Social Science section currently receiving
 
attention are:
 

- The measurement of impact of new technology in target areas. 
A conservative estimate was 23 million dollars per year 
(1985). 
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Consumer Pcceptance of new technology. Prerelease 
evaluations of varieties by consumers form part of the 
research proccoos. 

Equity-v a us-,,o ral l-impact. ean technology can be 
directed towards smail farmers, instead of liarge farmers,
but often ait the c1st of a reduction of consumer benefits. 
As Ltin Amtrerica is highlv urbanized, these costs weigh 
heavil-v in h alarcing t:otail benefits of technol, gy. 

Appropriate vir i e ti I I- U t' o s t ci tog i us . Awareness of 
market ceOItd i t i ons, 1 ite r i 11st i tnt i1n collaboration and 
pol icy co rd i nat ioll c(fm i roI (1 ith factors of seed 

ravail a1)i1 itx%, -:,-n iin, market and crod i s upport, and 
p ub1.cit x ,r i i ! ntcrr-lated in the seaic , For improved
release itrtiL2, that wi o11nhance rtI( impact potential of 
new var i.etmi,. 

CulItu r; c t ir recrIh.I )ih henefits of certain 
varie t et> l g 11w ItLV unde r, tn1d jng their 
relationship to cuI tun-,] prattice';, aI< wile!i disease 
resistant vaieties cause deroast' in clemic;l cIntrol 
practice,,. (',I turn I pract 105 hlp iici ! I'11il to(I the 
target a ronI f a new v- rioe t y a .nd ti rot.!l-t i t:)tc- pot en t lal 
impact. 

Snap be;n poFent in 1. 'I ie economic potent ia. el snap beans 
in tht- deve1loping world is being researched. 

Production stutdies 

After thu canclus ion of adoption studies in primary target
 
zones of 
 (;uatcmal a and Costa Rica, attention has shifted to the 
study o f oth,er regions. These studies have a mixed
diagnost- ic/eval tIn tive nature , wh i ch describe and prioritize
research prob lems, while siM it areous ly measuring the penetration
of materials released for otier zones into these areas. 

GUAT EMAIA 

A diagnostic survey was 
executed in the Northeastern part of
Guatemala, in the department of El Poten. This recently
colonized region has heavy rainfall and temperatures are towards 
the upper limits for bean production, while soils are shallow,
infertile and susceptible to erosion. Some 43,000 hectares of 
beans are planted in the region. Most colonizers come from the

southeastern 
 part of the country, a traditional bean production 
area. To a large extent, these colonizers have copied bean 
product :n technology from the southeast to El Peten. 
Consequently varieties that were introduced for the southeast are 
aiso found in El Peten. In an acceptability study more than half
of the farmers liked the architecture, yield potential and 
disease resistance of the variety ICTA-Tamazulapa.
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Excessive rainfall is the ma jor constraint for the 
introduction of varieties that were developed for other parts of 
the countrv. Some f-armers cons id e red thiat ICIA-lan zulapa was not 

sufficientlv tolerant to hli gh rainfl l I ,I, to the l1igh 
humidity, seed storage througl rho y ir i: v ,' drtticul t. Tihe 
present practice K tO iP hase s'd fro trul(k dr-ivers rilIr come 
driving from the south.. , d ava b ; I tv is ,iitorninned by 
iiarves:s in ether parts Pf the count rv and by th1e c ii: t. t? Is -,tli 
these truck (Iri,e Is. IM!irV illg e;ted ,ilsti-ii i n :ii1 I i have a 
large impact on bein product ioi in the region. 

In contraist to soeuthee:tern uatemala, prhiict ion in El. 
Peten is mainly takin. place in the "tlpa,:ii 2 " sy;stem. After 
broadcasting tie tI j the Failo,, tie Ifow is chopped down. 
The bean p 1, S Merget afor A0 Q,.ei Ic I rem the choplped down 
fa Ilow. I the c.ist > g end i it , , t :ii; "tapa do" s tel: I OrIlls 
an e-ficim a.:nd i lo i v . c -'i sv,s, : of bean preoduction , 
as e lro s K w r t VI - , ow 11nvofilet! o-rPa'nic nihItef iSh;,.1 11 

the Jallw. .As>W wH,',.,,in'.,::1 1, pr-odvu" ion con,ts in:tin, "capxdo 
I, 

,, I~-lllsystem"' ,"A-' ],,w, t},wi) i; u : i m 4 y; ~ i wr, th or NI 1 nd 

preparation an1d .e.I:m " t- , -;ti,) . In both systems 
profitabili v it h i , which in i .L tit: can prodnction in El. 

Petei wili r,,. lv int irn to e p::ind. 

COISTA RIG,
 

in Co ta Ma costs of production were analyzed for 
ciffeent producticon systems. Traditi onallv most beans were 
grown in the "tapadn" system, but is the consequence of the 

introdtiction of improved varet ie.s, iikant ings in systems with 
more formal lant prep ir it ,, ane weeding "espinque") have 

increased. atel v, ia have h, n rr,"' - i a: 

system (Table 2). In thi,; i al,i it; pr,-_patie by tractor, 
fumigatio.ns are h-,I by hand or bv tractor, a manual weeding 

might take place, Al iarven'ting is lme .anuall,,. 

The a ce of the ,eini-meclan ized svs tern might be explained by 
the high internal he:in price in Coc-,ta Rica. Presently beans 
bring a-round MOM.4() pcri Lon, whle cotI on production or cattle 
hol cing are becoming rapidly lesas anttractive because of disease 
and marketing prob lems. 

Through the availabil itv of improved varieties and the 
existence of aittractive support prices, Costa Rica has become a 
surplus producer of beans. By decreasing the support price of 
beans the government could transfer part of the benefits of 
improved bean production tecinology to the consumer. Presently 
the government of Costa Rica is slowly decreasing the support 
price and also considering other means to reduce bean surpluses. 

At a full cost basis, semi-mechanized production is most 
efficient, by producing beans at: a cost of US$0.40 per kilogram 
(Table 3). Both "tapado" and "espeque" systems have production 
costs that are around 10% higher. The production costs in the 

http:fumigatio.ns
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semi-mechanized systems are lw _('qwaue N [eld evel]s are 
considerably higher t:han in tihe o:herl Lo s ,sems. 'lab le 3 shows 
tlhat yields doub Iroi "t'pado" tt, ''_speqme'" system, and are 

hig in it. e:; n;v'cm:. theagain 'd; pher th -- i soel mmi lihrumli 
higher yields rlo< -r''t'iiil tsd V:t_'i 0iuata i iternor it; high 
produ'r ion cont - ci lut.r'a

taI are 
Ior the iII!_r2e n% ,ei. in "tLpad,' "enpeque" 

"il c ) I KIt'IOY,:,! .It OSC. strutic ' V, V dit ferent 
1 sV ii rc,i,-- the ohl 

system, i]bhor in the 1ii; t iportant cos t 2lo0e:, , iMachinevV costs 
a r. more [i : 'in : B",o thei ,i1 I i t t he sea i[-nn-c'bn i;tri -an I . hLI in 

' 
"e<tpequ <And' lt Aum -n chtnizd input (: t aIire the 
second an, i r nt i: :Ion n t, t ht -inputt ,tl in tipsod 


costs a rc verx'y ir e d I ;aInd its, : ( o tl ill 'tpitip ! ,t nt
 
real co ) bthmer nu;;.t. ' ti .0 n) n.. < ,it nls a 1 c n'aet
 

Tile difleroence it cost .tru Ire in ennsncnoneon ti-o the 
impact of poss ii!,_ pri-ce reu cti in , :; onts Ind altor costs 

,
incur ept cot th!e lt,_ i n1:do not s in ,I III,-_ od! labor are his 
own. If1 1andl- et- , ;r ;:qI ,-nniilti! k .Ir! it Is; ntL ;!no' Iloneo- r the 
semi-mechilaiij d ,,i'.' hi ,tiw i'fc me/i'Y,:Ls: iatio, utKv. t,'p 1:AnnL, 

the "tlI)T Id ," . I I liO ra ( 'ii' I ! a-' ,lI ','nr the 
, 

, (-, I !i' - nlt! '. ot, 

incone/ cst i or j c ,'-, .qr it in tile u;ei-lliechnli .!a : n v;' I! ; be 
considrai >] l--:,r _o2 'K i-ntsur""tt. Ia the 

is-, suge, ' thit thLe si-mi Ci ipo's.', svs ten is least 
capable f accepc ag price rediitrio:n,. f t1he government of 
Costa Rica would :-ow]v retduce ean support pricos the relative 
importance OI tfLhe "tpatlo" ssteP might well increase, as 
semi-mechiz.ed lproduct Lon Ls reduced. 

PERU
 

Witlhin tie itaewo-k at Li three st:nte on-farm research 
coui s- a dia' tic study of hotin prcduct: in throughout Peru was 
real iaed. , lltitsInt . wAS inertaken by INiAA-course 
participiti ',, wile I iKLl troicue.in:_, t; i a nalysis was undertaken 
in a joiic . /"IIA :t:ort. Tbe reu Its of the study were used 
for t:t in' ii't'p :c s: - rm expei i menrt w e planned and 
execut:ed ; i w.i i u iscussed at tle nationa]I leguime program 
meeting o; IV ; a. research plan on tile economics of bean 
product i Pn nt -':l: , developed ni th IKIAA's Agro-iconomics 
p rogram. 

The nut cartI. on cin- nation-wide diagnosis strongly suggest 
that bean pieducti ,n iieprove:rnt needs a differet: focus in Coast 
and "Sier-ia'" (niaO atailao us) rugions; . As inlicateOd in Tab1 4 the 
differences not only involve present germplasm and production 
problems, but also marketing arrangement:s seed ,tvailabi lity and 
input use. 

In tha Perte 1ia:n coast mot production takes place in 
intensive monoculture, highly protected with chemical inputs. 
Farmers are very market oriented, as can be appreciated from the 
number purchasing seed and obtaining credit or the low percentage 

http:troicue.in
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of farmers that produce tor home consumption only. The high 
spraying frequencies to protect tho market value of the crop are 
of. doubtful effectiveness. Yield levels are appropriate and the 
main focus of bean improvement in this area must be on cost 
reduct ion.
 

In the highlaids, beans are grown h, Nt 'pl ii V ii ife rent 
type of farmer. lhi s fa:rmlr i.s o( ( 1 i ;1aled ! loll) he mark et, 
plants s!ili areas and cnside s ea is s ;i cro)p or lioie 
consumptLci., 'ith a possi-,, ,;murkertubucplus in good Nears. 
Thte potentLil tor iprx.ed v'ro i s appears me eminnt I this 
area. lTe ipfict of such varietics wil l depend strongly on the 
improvemenL o aed t rltriibution, credit avail abi lity and bean 
marketing mech!nisms. 

C0 , 1 A ()i1 1)b 

Part ic i patory research 

SimplIe participative research methods, based to some extent 
on the iethodI glekzcs developed in CIAT's participative research 
program a re in use . Tle aim of tiese activities is to improve 
the understilding of farmers' technological, needs, and to 
increase teelbicl from farmers to researchers. Thi s act lvi ty is 
highly coimplementarv witlh the xork of the (On-Farm Research 
section. 

In Col.b ia promising dry bean and snap bean lines were 
evaluated in participatory experiments. These experiments 
emphasized tradi ti onii agronomic management, to the extent that 
farmers could plant in tbe way', they l1ked most. Faimers were 
visited every fifteen days, and MutNua evalu-it ions of varietal 
performance were undertaken, and ai-tlle-i-app l reamlenllts were 
recorded. In the case cf snap hbeans, yields wee not measured by 
weighing, htlm h a e opinion of vihld. 

Tliese expecrimnts do not pretend to obta in detailed data on 
the performance e i new lines, b)ut provide inforlmat ion on the 
characteristics that farmers keep in mind when evaluating new 
varieties. 'T'hii s might help the program to develop better 
"farmer" adapted while suggest ing optimum releaset eclno logy , 
strategies. 

In the first semester five experiments were planted in 
Dagua, Valie del Cauca, in wiich 35 snap bean varieties were 
evaluated. Thi s number proved to be high and consequently in the 
second semcn:ter the number of lines was reduced. fn the second 
semester 10 snap bean tr LaIs with 10 varieties each and 9 bean 
trials with either four lines (six- experiments) or seven lines 
(three experiments) were planted. 

Commercial acceptability turned out to le the determining 
criteria in farmer's evaluations. Seed was collected and stored 
until the next plantings from highly marketable varieties. 
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Rust resist;.ance and vied were 
both apprec:iated by farmers,
but observed resisLince did not 1cad ftasm,rs to change thei r" 
spraying practicen. Ra tid ad vi gerous piant est auien.t: was 
Onother iactor of ;o'iqtruai Sononw, men gernalited b:idi v 
and were o!'cnrd nr hat rtstn. 

A co i , it I tle o rgapi atiLon o fI these expe rfment s was 
the dif icult,.: in ailptin,.g, cultu,.ral p racE .icS (such :as chemical 
trealt ,ent:)to te new,, vAii I,, , which did ,tot demand them. It 
is hoped iii it V' olbin ing Or-mu' ant c05:arc'hers; experienlces 
in eXpeci e t in; with ci' ln :t practices, the advantage e
 
improved ,grftI ii can ho m ful Vl appreciated lv farmers. In 
tHel it_ ii, ' il I I lt iL oils be fol lowed by Cultural 

ra t c, v-:poriments , t tnder! .and whether this could change
perceptj . .tnsts ot wtarwierH withli respect Lu improved bean 
ge ra l s.
 

Beaq fa rriI ,ha racteri;at on 

In east:ern Ant fL ;iaNsurvey was hel( to characterize bean 
production 
'within i farm context. 'Tbe survey not ohly included
 
production 
 reiUi tt ri - hut al so household and consumpt ion 
pa ame ters. The suiv ey' t ii en to in ter 'pre t the impact o1 
tecinology inia dhost hoLlt context.
 

To iirnt cla.ilication 01 bean fls was wich amadle fiactor 
analvsis. Fr L rIn included(1 

variables e>. i 


1 1 i 10 in the survLy, s ix 
P, a i f tie d i e ei-ence s in 19 original
 

characteristics. 
 ie Virialbles c, eeiiOa weie, identified as:
 
market a c ni l
;n s., i oo Cnia i LV, t:iioi n level , 1,abor
 
ava laIni!v, lioi i, 11,,i s ×e ;iiiJl ti Iit i se.. I'ie eiit :(:t of the
it 
first three on .I iri ehacterist win1 1 b i::ius.-ed here.
 
Market access Lir: O'tL .O L aI 
 iiportant pr-dut lii dct:ermining
 
fact nir (iA"h Io 5t) Area pI ied ib bean, as wc "as prmet ion
 
intensity, inc-es with l p 
ve d marlet access ot'wever iinthe 
group with the bet- m,'km 't .n, beans are less important again
 
and 11o:0e intClls V tClIs nt ii i en'i ts a 
 \indge tab leCs (imate
 
product ion sysram. . MLtt 
 i's'cs also has an eii ect on the
 
degree th, wh ich 'Ololen pir i c ipat, 
 in i ;c'omie generating
 
act ivities. otL oin--antd o I -i Nm I aboi: I icreases 
 witl market
 
a':ces. Htowver market 
 access does not cl early'. inFluence
 
nutrit ion I ees.
 

no otduc.it l stantdaIrd of fa-mily encesthe infiilF the
 
intens:i v of bean p-oi:ctin. 
 Intensive bean production: was
 
found more 
 often among ,-dricatod famnisiio_. Edcation also has a 
marked positive effect on off-Far- female empl.oymen. Improved
educaLion improves tile income gaini-ng cap acit:y of the family by
allowing the use of more inten.sive production methods and by
increasing the ofchances off-farm employinent. 'Ihe improved 
education also exprsses tse), in better nutrition. 

The farm's product ion capac ity has cleara posi Live 
influence on the area of beans planted, but does not correlate 
with production intensity. Female off-farm labor is negatively 

http:otduc.it
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related with 	 productior; iapacity. In farms wi'.,th sftficient 

need for thi' women to v.'ori, f-falh K; strtongiVresources the 
reduced. P~roduction capiacitv influ,.,,up. in hIi athl pos M -ci,. way

tile uutrli ionl l 11a 11;li Vhorlca s 1t11' c"I 1 1,: av,: iIl) i I i ty isv 

too ,I iI t tU' . i . h 1cas pi!j i L V- ; A' i '[ ', 1 lO re 
than ,,s 'fricicnc iL, t- p: 'rnq, , w.ith kp w:; p~r,,n! , I Wn c~lpNWt I'. ( 

sh]ol J'd] ;i 1 o; h,, no tI,.d i 	 h t],1,,, 11! V I, dlil f]i,\ i ; :,, e thanl 

A,:,II.\ i t, I -d c I 'o,ed ,.ou,2 wLit II good 

infra- tructuro, 11"Ywc, , fa lir:l nh a ,v ing qcd market access 

COtIltiC t i',r -V t ;i VCe y I i rS,e (2t:: t ell t oil home consmtipt toI. 

Fa-fiers concept i u r; c irtIs to home bean consulipt ion will 

remas.in an importn: t adop tion c te rion evoen though farmne rs 

produce mahinlv for th iii t t 

Plluc t in i ty 	 negative ly with of f-farmIacpac c,-rlartes 
female 1ho:,r. 1Tis suggests that tie Ul.ipovtlent of the 

through new bean technologyproduct ive capic i tV of. small. lme-rs 
might I[cid to dec reasod particiption of wi.men in the Iabo 

market . The e-:t ra time :h:at the wom:ii Y i 1 spend in the 

househol. wi I f m hibig social benefi i ' :i~iiiv famil ies. 

Accejt ai)i i ,v situdies: (lombin, Peru, the DumlnL ui f up-nlh 1Ic and 

tlondn ra s. 

During the last foul \',uics con;uintifOr acc pt.bi 1 lv studies 

were conductold in fonr countries. ThOe Stl , MNnitial 
oriented towards methodoio.gy development and alWierwarls towards 

tie consumer vs idat io. of new variet:ies. 

P r iCce lrencesi in all coup:: 	 i'ms are strongly focus<ed to grain 

(see Table 6). This is mostly truetypes :vi ilblv in the markt 

for weal thy consumers Alui purchase those beans the,' I il-c 10st .
 

Poor consuest' often do nt purchaie thii_ beans thit they prefcr,
 

qust1 lona I U t i) whatbut thos- tb ans that arc ch r a- I is 

slpp " ,r supplv hii'. dc!inedextent WOefeUiM c-" have (!(t ii ,'. 
prefereiLL ;. It aIpI -I s thli t.ti t.-L idhi i, i 1 v of ion-

proferred bean typo call change c,msui" 0. L tnts, i- sWhn by 

the cas "V iported plintos in tlie )ITon iti-n p'i,It or- imported 

smail red m'in t.pp, in 	 Col ,mbia. WithL enilrd to thi c [ease of 

new varieties, tIhe quest i i -,,heth ,- tle (isi oiUI tiat is
 

needed to ge ,ices<-; t: ci-:tiU;c , -4 i tptiis itetd t or hvb ower
 

l!t , e 1i li,rni Illy be the
product ion c ,sts. II ;, , et-or (;insI 


first to :t.irt i : i now vniii :wet
.rhI, in -;. 

ic lore-t:alealan acccl- I itv de penl 	; on (it gria i!l p cti,' t 
cook in , c ok I n' characterit icn ,, aiW ,. i ch ractei- ist ics . In 

the Pominli can euW ie, cons';ume rs prefer shortHonduras a;.n 

: ime ntpd A I I seaiich i or c slt loolking gra in types.
cooking 

Seeds that stay; l;: id af ter cook ing deprecia te strongly the 

for a corta Li hean type. IinColombia the color oF thepreference 

broth and the water absrption capa: iv infIuence acceptability.
 

http:methodoio.gy
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Differences in acceptability criteria are strongly 
determ:ined bv cooking hbits. Because hlonduras or Dominican 
consume n 0onot soz beains, the hard to cook pihenolmonon is an 
important quamlit co.is i mt lmim lmmtso mUllt mi. H.caiuse nmany 
Colu iatmK usm p . c Oomrs', coo ikig t ime is IP important. 
Becausei u i Idmm coIsmumrsu'tn.mrfild bans , tmey prefer a thinm, 
soft kin. TabIe 1, t he interaction of cooking habits and 
qual it y prelc i-tur tiose coun"ries where consumer 
acceptability studies were done. 
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Table 1. Production cost parameters for "tapado" system and 
"postura" system, F] Peten, Guatemala, 1986 

lTapado' system "P'os tura" svstem 

Yield (kg/ha) 666 742 

Total production 
costs (US$/ha) 97.50 
 131.00 

% Labor costs 57 69
 

% Seed costs 30 21
 

% Land costs 13 10
 

Production costs
 
(US$ per kg) 0.15 0.18
 

Income/costs 2.30 1.91
 

Source: Internal data, Bean Economics. 

Table 2. The importance of different bean production systems, Costa Rica
 

Year "Tapado" "Espegue" Semi-mechanized Total 
(%) (%) (%) area/ha 

80/81 80 
 18 2 23,681
 

86/87 
 49 38 13 57,989
 

Source: Consejo Nacional de Producci6n, San Jos6, Costa Rica
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Table 3. A comparison of production costs for the "tapado", "espeque" and 
semi-mechanized" systems, Costa Rica 1986/1987. 

S emi-
Tapado Espeque Mechnnized 

Yield (kg/ha) 513 1039 1380 

Production costs 224.43 446.3 555.2 

% Machinery costs 33.7 

% Labor costs 52.3 43.0 16.3 

Z Input costs 10.4 33.3 28.2 

% Land costs 33.8 17.0 15.3 

% Interests 3.5 6.5 6.5 

Production costs per kg 0.44 0.43 0.40 

Gross income/costs 1.40 1.43 1.52 

Income/costs (land costs =0) 2.23 1.81 1.79 

Income/costs 
(land + labor costs = 0) 10.60 3.76 2.71 
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Table 4. Average characteristics of bean production in Coast and Sierra, 
Peru.
 

Coast 	 Sierra 

34 
Bean Production 

% Area on missed cropping 13 81 

Yield (kg/ha) 1321 400 

Z larrc s that purchases 
seed in commercial outlets 46 4 

Predominant seed types 	 medium bright yellow White 
medium cream yellow small whites 

Percentage of National 	 46 

Predominant growth habit III, L 	 IV, T 

Area planted with beans/ 4.1 1.2 
farm (ha) 

Rotation crop Rice 

Principal diseases Rust Anthracnosis 
Rust
 

Powdery mildew
 

Principal insects 	 Leafminers Leaf entprs (Diabrotica)
 

Insecticide/fungicide 100 35 

use (%) 

Home consumption only (%) 0 30 

Credit use (%) 72 3 

Source: Diagn6stico de la Producci6n de Frijol-Peri, 1985-1986, N. de
 

Londoio y H. de la Cruz, mimeograph, September 1987.
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Table 5. Ihe effect of market access, education level -iix farm l)ifrductiofl capacity on: bean 

production intensity; on-and off-fatal femil e ]obor; and nutri tion. 

1 

,larei 

II 

Access 

III IV 

Fduca tion Stanlnlrds 

1 IL III I 

Production 

1i 

capacity 

11I IV 

Ar,'a in beans (ha) 0.33 0.42 0.74 0.60 0.38 0.56 0.53 0.1 0.3 0.6 1.0 

in intensive 

roduc I:icx 

0 14 58 25 26 21 39 33 33 33 30 

- am frlnI 614 73 41 107 39 114 60 42 54 105 82 

iff-,'nt Fi ne 

Sahor (h( -ns/year) 

24 40 226 188 16 8 336 278 60 78 62 

Energy intake 

(kcal/cap/Cy/) 

(on-farm) 

1986 2136 1911 1962 1888 1900 2213 1505 1918 1860 2718 

Protein intake 

(grr,;/cr./dav) 

93 115 102 109 94 98 122 82 106 95 135 
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Table 6. Bear acceptability parameters for different countries.
 

Colon;Ii Dandilicn Rj{lh Iic Honduras Peni 

Preferred grain size large sil] 1-iudiun ma] 1 ]rge-nedli,,n 

Preferred grain form rot rI oval /round oval/round oval 

Color crem mottled 
akk nuttl ed 

rcd mott led red yellow 

Low nccte 

grain size 
purclased neditPutedium mal smli 

Low inccx 
color 

purcised red nottled crami mottled red white 

Pressure cooker I 

Importance of coking 

-+

2)H-+na a. 

time 

Soaking 1)I+ 

Hard seed phenammnon 
2) 

+ 

-

+ 

4+ 

n.a. 

Grinding + + + 

Coat thichmess indifferent thin thin thin 

Nbte: Cbrkirn habits m- u-,k!rlir3d 

1) 4+ = fnuxrt 
+ = of tin 

- -sm-etin 
- - = _in 

nma. = not aaih-ble 

2) 4+= very inportamt 
+ = bformt 
- = rrt jipartant 

- =\'ery minportnnt 



239
 

Table 7: 	 Snap bean conisumption in Colombia, 1981 by income group and
 
urban:ization degree.
 

Income Stratum Urban Rural 	 Average 

1 1146 313 697
 

II 1973 
 667 	 1358
 

III 3318 	 1766 2768
 

IV 3992 	 2049 3546
 

V 	 5570 1869 5058
 

Average 
 3521 	 1057 
 2662
 

Source: DRI-PAN Food Budget Survey, 1981, Bogoti. 
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A. UNIFORM NURSERIEFS 

In its relationships wi Lh national programs the Bean Program 
germplasm flow operates at three levels: 

1. 	 The :ind:ivihual tntist's with colleagues in each.sci, inteiractions 
com trv. Flow of, y rnplgrs is ii alved in this re lationship, 
although the a otS no t have,,r'i. ocossarilv commercial 

charatcter it j iSc it 1 inteltd pip pri- for use in 
sqpeci 	fi pr' !, tq,. in, A M !"n,!i,r t- nicesq ior (ccrca in :-;[l es 

are on I a 	 have ignifilicNnc the- o,,i A wn, ti,., ,pacifiic to 
project undeo-r 

2. 	 The regiantl pr,.,ia ,M , Thi. inv ,,A a close relatLonslhip
 
hetwvpin atia prtqinK Ot q eriain ggr'anpical area 

coordienad V ' toampi'lu'nt thi D,<n reogenc carried out 

by Oai i. ivin,:, , rrtt oie lilros and standards on 
"
 reactio 	 I ,(t.: ,on, llY,. 

3. 	 The Wan , ,:I. l . " . lavt inv lve, t m t to 
coOrII : n t ,..cr two or rl 1e t talt plrograms. h I 

from di'int r am.itongt :cientir st'.TheIo-,, individual 
germpla m i!, ! i iim,I' 1 t ! I 'wing c a acter i s.tics: 

hav.;:,'.i char'aCteiistics 
are: d i:: . ,1 .i 

- u~rilv li , .ing uonmorhal', ! gra'!in 

- The vi ld rtriutinnrriilq: - internationlo 	 do not include
 

iWV 'at 	 I -MV,any 0st ' < e .l LO a; OF thelst . os : 
angular Ial! spot, -uv , inthlrni:1,h - coi mon h',riw ir al 

i i ght. 
htkL0tn
- No SuScCpt lb!I M:;oemtl r I k 0C [i i,..to iOn1S1 lSeaSeS 

is i ,'! i:ntl l ,l Ii.ttributedIiu Ink tVti F ial, 

internat ( I'lv tlhrcoc i s are
if Mu se, prevaleut in the 

tr re an.o 


In order to guaramttev111 tin. pttl nlon ,istribluted fulfills 

these requirement:-, (I Ait's Bean Programn uses0 a three-stage evaluation 
system consisti Il'a of an 0(1,1 ourir fiuniform Inurserieo kowrlt as the 
VEF, EP andkiA. 

.,ar:(
First stag,,e: [T!,. W , c ar Nr F) 

This 	objectives of this nur:socey, ,prun in 1978, are: 

a. 	 To demon.straLte the telativ.e potential and deficiencies of 
advanced selections from all sources having commercial gra-, 

characteristics. 
b. 	 To enable selection of ccndidates for national or international
 

nurseries.
 
c. 	 To enable c lection of parents for subsequent germplasm
 

improvemen t.
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Nursery management:
 

Eni tries are su;mi trod at the eg inning o f tihe year and evaluated 
Ior a yt,I II I tiilt if r reaction to dis-eases and insect.s Yield,Col 

rag rowt Il llallti t ' :r 'NIi'ClCt ''i ,-t it ,'a I !I ',I' t i u rtII on11 is also 

Fe t0,1 .l :.,..' tlit, e ' ('Ith 'e, fl,det iI ad record of th e v lIuC tit ons 
N'''iin I ! t iAnd nP' oIf :IILk (-, i ,o; or I international 
i. [ i hut I uponu i' iniit.r tPt flC' I enurI a IV it tot[ inlrect;i-llVte ttrn~ o \'e~ils W at n,I' '. lih-u. ,1 IIV 

dI .-,J ! ,> t ndet I"F C%%I- t ai I,'llI ,a 1 opt t 01 ttha 'n'cnnd'swqu (11P).
 

a IillJArti 1 f- l v 0 the I Eve 
; 


Ws':ult.s of UPi 10.8: VEI: KuLmu :tor W,)
 

.nte IllmCd -Lte (R/ ti,) Lo the 0 Pi, i i st L i,it cVion t f- I l i e huln common 
mosaic viIu s (l (NVl\'), cotnmon b,'C t'! Cl] bligl t ( I'l',r),' angular t 

(AIS) , ;lntlhrtceo.se (.\''') and iI lot . "ill- hlelIll It, sMi ce (I l, and I 


lea f spot 
BC V 

.are the two mst, C mnlllkll se'..] -Lrt i- i t.ft ad d c e' n1>' ill 


LLoiri IprOCtuc inl rest I L C tl 


- prte MS llIt rho OntillI 

aireas, ar1 .;t,)I"C)t, ii of rICrtaiia ! s!wliiht'lth
R-/I reaiction to C'BK; and res i;anlr .
to- KCi.(Y 


'Ile 1'] ; lesi tI ts atV Cra ConIII I I I'CItL I l to i , il S-t ; llg t;a;ltL ill 
tilt' prStodu t oil o- ii t-I)CIMO s l'diseaMCItiL l'eoll ]lint; I tile lttntl lic M' ctmllllnon
 
h e ail z J , k ,l - . : . [ O yll L S t1 l O 1,-;ll p,i - e vkio l l , y e a !',,' s l O .' t nl;l t. O~ t r a r e Fno w 

regional net'1 ' (Table 2). 

,Socond I l Hi TIC] (F')Iite:iuiCla''v rial.s 

\lt t Ih VII in coill p Ited alI [ln -s"nncept ibIe I tlltcrriaIs are 
edcL'2 :nS CI fOtr i Itad g pu<s: (HP) whlt sli hould corroborate the 

discape l'',.t 1111i of tith qct1ectd ail t ri us and provide in estima te of 
,heir -yield ]t,,tt' L iCl . 

The oh .ecti,'x.s tt! thill lllrlrt' -\' iiiil.'ir to tiose of t0, VEF 
with the oiviCus aCldvlta;ge tliit dataIL acctlallitted from the previous VEF 
plus yiuld data should WCtililLate better selection. 

Nurser~y manag]!em ent:
 

tor tie 108/ f' no llt-ries were selected 'rom the VI'EF if they 
showed susce tible reac:tion for (itC, itI lC.IV. As a rout-ine procedurc 
Pli E'P entri'es a c suib 'jectedto tiy sameIIC kind of evaltu;atiOln as in the 
Wli, e::cept thalt in the Ii', Vtold pote t ial is estimated through 
repl at.d ht:ic. illee aials -re grouped according to plant andt rialsIi; ' 
grain c i, ' c; :ti :
 

Resulti:s of tho 19i7 EP (Semestme A):
 

From I 128' eunries tested in the 1986 VE', 380 were selected for 
further evaluation in 1i' nurseries; with the e::ception of climbing 
beans, only materials resistant to IBCMV and either R or I to CBB were 
selected. Table 3 shows the effectiveness of selection based on two 
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very important dis:-en.es and the manner in which an important number of
 
resistant materials is heiny built up.
 

Y ie(2l! f , I t1L n ,).1 c dfIIc '(, a t . Al - I n 1 r l ; P n, . IV: t i , ! " V ( IIo of CI: 1 , 1m I I Id pay ln 

;it. ria Is . rC a i nu i r. : tr ii!In o
n rdinmji LP tl ir rainin and
 

plint i :.
'ha'acuQ'i Kmljte d ai1n t verir 2o1' tII ii:l qisI~c 
the EiPci n publ ! isi, ,vt,.rv r. iiIe oIl 1 s(If1111, P,! rce Io, 1>t I'V, L.-;tiLtS 

sCh(.s 
the & s, i I i-it, w!, th, ! o rini dlerlved t,o i Io ic (iI sL'dy i e l d t-c t l i<. prl, ic n:; no~ "Pt l yl v ,o vfi le <' _ck s
 t l, ,did t h e v ,c uat u., ,!< t o 

i nl t hl e' p e r f P o n [ i In w 'h t ".,v- t h ",
,cy. h1cl '< " y e e i n A dd, L ,,. . ', i ;O S k ,C ' i C I of
 
levels tlnima~tc'l!n, bv. A c bes-t Miten: rnd c'hocks- in olther 
FP1!c>xpc-r !,ntW;
 
c o ind u c Le d fiint h e:!S n,.,i : w ti,,l 1 c ati o n Nind] c, . i~-i im e n t iI : i t U (Tlih Ic s 

4, 5). 

\ si' i i o t ho i - t s previ " i n llS(rs illre I Lctd 
Table 0. ",'ield o:\;I i i oi of j_ 1 inies : rre popndIjng t'oL 'lI trials
 
from yeirs. 'o tP ' ii dentii idt "If il,>; -is iigh \ il i li-.: i..
 
these linos outVvividd Lthe olresponding chLi varict\ iiV on11e of
,c!k in 


e t u, O nu aitk,n v , l)lu t Lh c '-: It hl st i n lo w t( o! , lhill .; 01 i o f t hleI ines t I ed 1 o i: IilL c iipt. a I i I , P': I iIII I ( 1of tihe 

lines test.eI) WISI- ,1Wij s- cc: i tfti ' i ,l' ii< ( tPLhe 
lines tes cd) howwd< generi] , ptt~ii , to> l.oth ! : :¢ ii,, ites. hI e
 
7 show1- L . ,',,ii c IoV " I ,-' P, I it' hi
1 I,i1i,., I tc V I h 1i 
yIei durs; liv e s'., th , I i.pIt llcoA515 dL r< itL'u"I i l,d porcnL iltthan. vhos,., t.:K hi :pc.c.il ic whvi'r!,!nwl,,atal] NdalpL,.t W . TA Nb~8'"<:ows thle 

tI0 1t Yieldt Io ! i-1 Ii l!In . , di cri-minated by the ir adapta tion
 
codl itions. V' IIILL'l S l-'i!-,' tlct attributes of tihe
10 IL dL'''1>si 

317 high vi,'iel,-rs. 

Third stage : I llint-ala W,uan 'Viuld and Adiptation Nurserv (IYAN) 

IHltniL !; IoIr th . tllf !or1 U1)' I i ti. " I ,' iC) ( t r ialIs <tre chI sc1 from the 
'1e; -le 

comprised i N ollhin i.t li of

-1 . Ip LO '1)8", CLlt-i w,.re c ed consiiuring Io1r 1II pe LL:rfo arice 
rsi -.L,AMoo stan4Lalice to IIIL>IV , grain 

with (OI i. :l .i I( '1K,-cte2r 5;t iL'-, aid .,I'IV 1t1 Ler1 utt;L inLtdl i ,ngqurI it . 
Starting in 1 ' 1"hill;i n111 'inen1to he includc.,dI in tie I BYAN should 
s iow IR r [ -li , i and-nthrin'i i 'i and' 'ova l;u tions1 cI jII tr <LV se [ K 

,and he re. is> [1 Pi p B pV. lti LI he;Il . ' I nI' ; in LiL_ selIct 1ionof 
materials, lius- t , Qct Huiit in tlis v i L e:.:floI-irili'2HL ] lines 
beg;in to bL I ip(1 JAt mir t classes, thi distLibut i1n of the IYAN 
was kept .1 durn g 10 l ,v ov;.erlapping of trials withto lininmun ' l,t i .d121 

entries selLct-L and c ,Is:;iiid underj U fi ,.ilrent st dlnrd.is. 

Beit un riusi bn ; o: e I Ia' 'lmi r<!e-,, ults ti ;scoIduIIicted iat and 
Popayai'n ;ire ShlI\'.'I1 Il ; il ! I(). taXt iit i Ci Il La I f irli I IUN trials 
from I 97i-1 I I g kv I I sh)ow s tc)r fcal ly,n!I Ta12iU II, tIat, Ii. 
approxinlate I y A to U'. AI tle trial]s includeiall experimental line 
that signit cantly Iuuti ded the local clieck. Tii s situati,)n occurred 
I east o t Liin , ill sLK 1)(c2d1e itriia I;,, ;l(d uoS Lit Len in theIt h) e 
silial 1 red s.-Ceded l in trin I . :\ppro:. imate I y L)to 90 (i- tile lines 
(according t seed color), significaintly outyielded the control on at 
least one occasion. The cream color seeds were the ones showing this 
performance witli Ilast frequency and the red seeded beans showed the 
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highest frequency. Upon the examination of the performance
across-sites on a per-case basis, we see that in 5.6% of cases the 
black seeded varieties significantly outyielded the check. 

Complete results of IBYAN trials are reported 
annually in an
 
special publication.
 



Table 1. Reaction to diseases of ]987 VEF entries.
 

Grain color 


White 


Small/Med Red 


Large Red 


Red Nottled 


Pink 


Pink Mottled 


Cream and Beige 


Cream Mottled 


Cream Striped 


Yellow 


Black 


Other 


Total 


258 


59 


40 


123 


24 


18 


15 


61 


30 


33 


33 


137 


801 


R"/f to a Il 
discases' 


29 (11.2) 

3 (10.3%) 

2 (5%) 

44 (35.8%) 


2 (8.3%) 


9 (50%) 


1 (6.7%) 


7 (11.5%) 


3 (10%) 


0 (0%) 


13 (39.4%) 


15 (10.9%) 


128 (16%) 


R/I to CBB 
K-,to BCMV 


116 


6 


3 


so 

7 


14 


1 


18 


3 


2 


26 


124 


400 


(45) 


(20.77) 


(7.5%) 


(65%) 


(29.2%) 


(77.8Z) 


(6.67%) 


(29.5%) 


(10%) 


(6.1%) 


(78.S7) 


(90.57) 


(49.9%)
 

Market Class
 

Alubia, Navy, i'an'mito, GN, WK 

Red No< can, Mex 809, Zamorano, etc. 

D)K, Radical, Sangretoro 

Calima, Gualf, Tundama, Pompadour 

LRK, Rosinha 

Andino, Flor de Mayo 

Baro Bcl6n, Bavo Titgn, Mulatinho
 

Cranberry, Cargamanto, Llanogrande
 

Carioca, Ojo de Cabra, Pinto
 

Canaria, Liborino
 

Negro
 

Snapbean and other classes
 

1 BCMV-CBB-ALS-ANT-Rust.
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Table 2. Number of bean L.ines with resistance to 5 of the most 
important diseases evaluated in VEt+ nurseries from I!79--1986. 

Numb e r- lK a c t ionDiseases of lines P N/I 

B(C\V 67:30 4980 (74,) -

ANT 7093 2581 (367) 4818 (68%) 

RUST 7165 2507 (351) 5046 (70%) 

AILS 7017 1171 (17%) 5281 (75%) 

CB 7165 71 (1%) 2271 (32%) 

RUST-ALS-BCMV 6749 2669 (40%) 

RUST-ANT-BCMV 
 6749 2199 (33%) 

ANT-ALS-CBB 
 6749 1796 (27%) 

RUST-ALS-CF,1 6749 1488 (22%) 

ANT-ALS-CBB 6749 1290 (19%) 

RUST-CBB-BCMV 6749 1102 (16%) 

RUST-ALS-ANT-CBB-ICMV 
 6749 617 (9.4%)
 

R = Resistant 
I = Intermediate 
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Table 3. Reaction to diseases of 1987 El entries.
 

R/I Itn a]1 R11 to CBB 
Type Total disse~fses k to BCMV 

Bush - Black 27 8 (29.6%) 27 (100%) 

Sma lIRed 31 18 (58.1%) 31 (lOO0) 

Red Mottled 87 59 (67.8%) 74 (85.1%) 

Sma 1/Med Wh :i t e 21 7 (33.3%) 17 (81z) 

Mex. & Braz. Types 139 127 (9] .4/) 134 (96 .4%,) 

Climbing 75 25 (33.3%) 26 (34.7%)
 

87 EP 380 244' (64.2%) 309 (8I. 3%) 

1979-86 EP 1957 197 (10. 1Z)
 

t BCV-CBIB-AI ,S-ANT-Rus t 



Table 4. 
 Average yield (kg/ha) of bush lines evaluated in Palmira, Colombia. 1987 EP-Semester A.
 

Z relationship 
with best checkTrial' Line 
 kg/ha In trial fn 	site- Best Check kg/ha Aean LSD CV 

EP 	trials with lines 
from high yield project
 

A 605 4431 158
50 	A 158 IPA 7419 2803 2522 
 82.9 14.2

(n = 49)
 

40 A 
 A 673 4157 214 
 148 Ojo de Cabra 1945 
 2786 152.4 20.1
(n = 36)
 
40 B A 752 4005 286 
 143 Bayo Titgn 1401 2616 
 133.5 18.7
 

(n = 36)
 
50 B 
 FEB 127 3330 164 119 
 Carioca 80 
 2036 
 2238 132.0 17.8


(n = 25
 

Other EP trials
 

20 B 
 AND 382 2649 129 94 A 21 	 2056 
 1726 107.5 16.6

(n = 20)
 

25 A AND 632 2612 106 
 93 BAT 1297 245Z, 1853 106.2 
 17.3
(n 	= 25)
 

10 XAN 108 2559 115 
 91 ICA Pijao 2220 1782 95.7 14.1
(n = 30)
 

20 A 
 AFR 251 2299 99 82 	 2320
A 21 
 1743 129.3 17.5
(n = 16)
 

30 PAC 18 1970 92 70 
 78-0374 
 2139 1326 
 86.5 19.7
(n = 25)
 

25 C 
 AND 625 1800 101 
 64 BAT 1297 1777 
 1353 111.4 17.3
(n = 20)
 

25 D AFR 314 
 1639 87 58 
 BAT 1297 1892 1123 
 104.0 24.1

(n = 20)
 

25 B AFR 285 
 1380 164 
 49 Calima 
 868 957 
 113.0 15.9
(n 	= 12)
 

1 	50 = Cream, Brazilian tape, 40 = Mexican highland types, 20 = Red, small seeded, 25 = Red mottled, 
large seeded 1,0 = Blac 
, small seeded, 30 = White, medium and small seeded.
IPA 7419 = 160% 

2 



Table 5. Average yield (kg/ha) of bush lines evaluated in Popayan, Colombia. 1987 EP-Semester A. 

rela t ionship 
witih best check 

Trial line kg/ha In trial In s te Best Check kg/ha Mean LSD CV 

EP trials with lines from high vold project 

50 A FEB 85 4"22 '31 1.09 IPA 7419 3295 3210 92.9 12.5 
(n = 49) 

50 B FEB 131 4017 110 1.02 Carioca 80 3663 3333 92.6 8.4
 
(n = 25)
 

Other EP trials
 

25 A Africa 244 3651 117 0.92 BAT 1297 3118 2892 115.0 12.0
 
(n = 25)
 

30 PAN 166 3629 92 0.92 Ex Rico 23 3955 2554 119.2 14.1
 
(n = 25)
 

25 D AFR 314 3279 87 0.83 BAT 1297 3784 2246 89.7 24.1
 

(n = 20)
 

20 B RAB 365 
 3150 101 0.80 A 21 3119 2232 119.2 14.2
 
(n = 20)
 

20 A AND 682 2963 101 0.75 A 21 2937 2598 159.7 14.5
 
(n = 16)
 

10 XAN 206 2783 99 0.70 ICA Pijao 2812 2132 137.0 16.8
 
(n = 30)
 

25 B AND 660 2701 113 0.68 
 Lfnea 24 2392 2362 138.7 7.9
 
(n = 12)
 

25 C RIZ 73 2513 
 103 0.64 BAT 1297 2449 2139 142.5 17.4
 
(n = 20)
 

1 50 = Cream, Brazilian type. 25 = Red mottled, 30 = White, medium and small seeded, 20 = Red, small
seeded, 10 = Black, small seeded.
 

Ex Rico 23 = 100% 2 
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Table 6. High yield potential lines produced on each bean type. 
(Totals over the three years). FP 1984-1986. 

Numbcr No. of lines 
of 1.ines superior at: 

Bean Types tested CIAT Popayan Both Total 

Bush 

Red Mottled 396 53 32 2 87 (22)
 
Small. Red 141 45 17 5 67 (48)
 
Pacific Coasts 72 4 23 6 33 (46)
 
,Sma llWhite 110 23 5 4 32 (29) 
Mexican Types 22 10 - 3 13 (59) 
Brazilian Types 57 3 1 - 4 (7) 
MediumI White 18 3 1 - 4 (22) 
Small Black 114 - 3 - 3 (3) 

Cl i mb ing 

Warm tumperatures 155 17 24 22 63 (41) 
Cold temperatures 172 - 11 - 11 (6) 

Total 1257 158 117 42 317
 

% 100% 13% 9% 3% 25%
 

Evaluated at "La Selva" Experimental Station (2400 m.s.n.m. approx.)
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Table 7. High yield potential lines: Mean increment in yield over
 
the checks. EP 1984-1986. 

Superior at: 
No. of 
lines 

Mean yield 
(kg/ha) 

Mean 
over 

increament 
the checks 
(kg/ha) 

CIAT only 

Popayan 

Both sites 

158 

117 

42 CIAT: 

Pop: 

2334 

2433 

2731 

3327 

724 

793 

1515 

1342 

Total 317 
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Table 8. High yield potential lines: Yield per bean type. EP 1984

1986. 

Yield, when superior at: 
No. of Both 

Bean Types lines C AT Popayan CIAT Popayan 

Bush 

Red Mottled 87 2370 1949 2536 2372 
Small Red 67 2222 2364 2219 2705 
Pacific Coasts 33 2016 2100 2016 1873 
Small White 32 2904 1923 3074 2625 
Mexican Ty'pes 13 2096 - 2419 2724 
Brazil ian Types 4 3657 3134 - -
Medium Wite 4 239] 1423 - -. 

SmaIi Black 3 - 2789 - -

CI imb i 11 g 

Warm temperatures 63 1715 -126[ 3789 4162 
Cold temperatures 11 - 5479 - -

Total 317 2334 2433 3123 3327 

Evaluated at "La Selva". 
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Table 9. Disease resistance attributs o G high yield potential lines. 

No. of 
Attribute I es 

High Yield potential 317 100 

R to CMV 269 85 

R-I to Anthracnose 229 72 

Rust 189 60 

ALS 167 53 

R-Ant-CMV 125 39 

Ant-ALS-CMV 108 34 

R-ALS-CMV 102 32 

BB 68 21 

R-B B-CMV 36 11 

R-BB-ALS 36 11 

Ant-BB-ALS 28 9 

All diseases 19 6 



Table 10. Yield (kg/ha) of most outstanding bush lines in 1987 IBYAN trials tested in Palmira and 
Popayan. Semester A. 

Trial l.inj "a/ha 
Fest 

check = 10(- lean ISI) CV Site 

Black 

(n = 20) 

NAG 46 -3626 1131 3(!f 397 7.9 Popavan 

Small Red 

(n = 16) 

XAN 194 2459 125 1946 653 20.1 Plalmira 

Red Mottled 

(n = 24) 

ICA 15384 3174 118 2580 484 11.4 Popayan 

Red Mottled: Habit II 
(n 1]4) 

Guali and Calima types 
(1 = 14) 

PAI 26 

ICA 15403 

PVA 844 

PVA 844 

2703 

3403 

3158 

1213 

234 

137 

145 

159 

1591 

2823 

2629 

903 

479 

456 

706 

500 

17.9 

9.6 

16.0 

33.0 

Palmira 

Popayan 

Popayan 

Palmira 

Red Kidney type 

Small White: Navy 

Carioca type 

Mulatinho type 

ZAA 105 

ZAA 105 

EMP 175 

PAN 126 

AFR 81 

RIZ 62 

1322 

3335 

2559 

3753 

3540 

3820 

181 

128 

120 

102 

106 

104 

834 

2386 

1838 

3087 

2978 

2705 

389 

705 

794 

703 

589 

828 

28.0 

17.7 

25.5 

13.5 

11.7 

18.2 

Pahira 

Popayan 

Palmira 

I)opayan 

Popayan 

Popayan 



Table i!. Yield of experimental lines and checks when the lines outyielded the check. IBYAN
 
1976-1985. 

Year Total 
No. of trials 

Sig. % 
No. of lines 

Total Sig. 
No. of cases 

Sig. % 

Black Beans 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

TOTAL 

43 
33 
37 
36 
47 
27 
32 
19 
20 
31 

325 

10 
4 
5 
10 
17 
4 

10 
9 
5 

10 
84 

23.3 
12.1 
13.5 
2/.8 
36.2 
14.8 
31.3 
47.4 
25.0 
32.3 
25.8 

10 
20 
20 
18 
13 
12 
12 
15 
11 
13 

144 

i0 
6 

18 
11 
13 
4 

10 
14 
8 

13 
107 

28 
7 

23 
18 
81 
4 

24 
31 
9 

40 
265 

6.5 
1.1 
3.1 
2.8 

13.3 
1.2 
6.3 

10.9 
4.1 
9.9 
5.6 

Small Red Beans 
Bu 
81 
82 
83 
84 
85 

TOTAL 

28 
10 
16 
14 
11 
19 
98 

16 
3 
1 
9 
5 

11 
45 

57.1 
30.0 
6.3 

64.3 
/5.5 
57.9 
45.9 

8 
7 
7 

15 
11 
14 
62 

8 
3 
1 

15 
11 
14 
52 

46 
3 
1 

41 
29 
65 

185 

20.5 
4.3 
0.9 

19.5 
24.0 
24.4 
18.6 

Red Mottled Beans 
6L l 
82 20 
83 20 
84 12 
85 35 

TOTAL 108 

7 
2 
8 
8 
9 

34 

33.3 
10.0 
40.0 
66.7 
25.7 
31.5 

6 
8 
9 

11 
18 
52 

6 
3 
9 

11 
18 
47 

26 
3 

22 
32 
62 
145 

20.6 
1.9 

12.2 
24.2 
9.8 

11.9 

Cream Beans 
6u 
81 
82 
83 
84 

TOTAL 

17 
12 
5 

21 
7 

62 

10 
4 
2 
6 
1 

23 

58.8 
33.3 
40.0 
28.6 
14.3 
37.1 

13 
9 

18 
16 
11 
67 

13 
9 
2 

15 
1 

40 

40 
15 
3 

28 
1 

87 

18.1 
13.9 
3.3 
8.9 
1.3 

10.7 
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B. LATIN AMERICA 

1. Centra l Amer ic, and the Caribbean 

iarib bein 

COSIII)E, entered :-new -tla , in 


The Centril :\mri cnnr )nd an project, financed by 
, n nn tion:il programs a sumed 

more resI)nsibii tv i tic hn :c I tad ;id nti i;t rat: eI activities. 
The 1:xent I., loam eo,Ci I pi ot lth e I(1 nat io -l bean program
I e"Ide rs 1 r-W1 tilt ' ,i (.11 'nt I or tlle I i r -t t i me i n Gun t e mlta a 
during tie ""AV Aii:, 1 Ii l( \ .> t iig. Dturilg ti1s meeting 
rg ikIIl InaI-e ,"I ch I bp o'. we1ie a)prove( and Funds to suppc rt 
these pr it .l-. dij itel 

ltese~ircli h i..11 l ii~::; 

TIe pr i~c' i a uchi :velneits this year have been the 
coso] idt inon -f ,t;L ro,,sem:.c networks to address the regional
di-se;Ise proPt,'!i. Api,,l,, , and01 A1t) >,ust ia; and tle increase in 

hoi:iontni i: ,ll ancda I ;1 I i IV I o, l 1 oIIo t C ion aII]molg 
nat t1nil pror i:L prt i nt iltled to r2 e ive trong
logisticl SuIp(rt I I CA its; (11-iCes,io LIIroughI in icl I ot the 
cot.n ies tn, - i(III OI ,n111;troi l te-F,. a loin I wS l lietdqua IC(AIA

brough t cll ;idc:hl e support to t-lie pro ject: from its,;
headquarters 
in Gun. ti i Ia 

t1cau,e of tue progress tlt has been made in developing
 
var let iuS alld go 1TI asill resi ;tant ton the bean go (len losa ic
 
virus, thie i:xecuL i\'e Commi ttee decided 
 that thi:is di sense shoil d 
no olgec be c(.ons idered top priori ty and should be replaced by an
 
earl ines,: pro ject. i I[s new nihb-project wi I 1 be the
 
responsilbil ty of I(,uten a, witLh support f roi: Ne:: i co , Cuba and
 
Nicaragua. ClIt' wii centi1 lue to ic 
 :he re1;pOn I) iIit: v of Cuba,
 
with u;por)
)-t Froll Iic l , tf:l )om i ca n IRepu, 1 ic, and Haiti.

Apion roi ' lie unde r
sen wi I tlIe I d roc t ion ,)t Honduras, wi tII 
support from (dia tema In, F] Sa I vador , nd ,ex:.: i cI. Mustia 
activit m wi I I be led by Costa Rica, with celoa1orat ion from the
 
1)omin ian epub in , Panama, I S1n I vador and hndu s . Proj ect
 
sc ient i st s co ,tinue t ( rese ,-c-I on h\', Nus t i , adopt ion
 
studies, and on-ftnm resnt'rch, pnrticularly in I,:1 Salvador.
 

Tra ining continues; to place MI jor emplsis on courses for 
on-farm research . Add i.t iona1 emphas i s i.s p1aced on courses 
directed towa rds; deve Iop ing "'artesanai1 seed product ion to 
overcome the qua Ii ty-seed bott Ieheck that of ten obs tructs the 
adoption o f new varieties by smai II farmers . These courses always
include agri cil turnl leade rs f rom the coinmuni ty . Similarly, in 
on-farm research the farmer whose land is ued always
participates, a-s onie of the resea rchecrs . Thus far the results are 
very encouragiig. 

All courses have been conducted in such a way as to maintain 
an active interchange between d1AT, national programs, trainees
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and farmers. Var ious workshops were conducted on breeding, BGMV, 
and Anion to eva lua te recen t progress ;nid plan future act ivities, 
based oil the ro 5 Nnd ai i I i t Ias of each pi ogr:i:i. I::chianlge of 
personnel and mit ii :amng the count-ries viii_ n the r .g oinl has 

increas;ed :I:,1cUd v, t t:einforce thi muirtd c ipl inarv :wture ot 
thlu varIOius u -pr 1 ct;. 

W iot pi ,-gim iiiv r e Aseth a ! IpTvI ,i Letion, savai:; .'ar es, 
gs , [; to ofthe ;ii'nr.' of iih aiar - I ii-,i - becgluso their 

superior pe 1 ' iiPC iI ,- ; ! I-IIn t r iatI A. I:xamp a inclu(e 
IC,I'A\- ¢,,.a ! lI !, r iI i 1) Con,t' i, in(),t1,1i !-; tcl i ri , ica , (:jl trac<h it:i 

Honduran , .:!; ( . -,! i11 :11 i,,'i. "ico, I Sal vad or , t he 

lDOWr, ni i *,-P,, , ieL "PVi CI i,, i Ihi ill', 1'-tsress s riaI s 

bV I1os.d O 1; ! I, ., ' a tab1 0 s u i. iAn1)-; i:e- o was t) I'L,,s OVs(i ill 

1)v mst o!-almost nil th s itr,-~i] . pw , N A hIc v1,,ItI i cI t10 Wt ; ObsCrVC i 

Ap i.on crit- nue-e :aI c the most: inrpvlr talnt intIL t pest o:_ 
,: in I L2- i Oi (la ten I a, ii1 : t'ido r, hoIIi1u1 ranI , ;Id northern 

Nicargui , .r Il: ast () I t he ha rvst: ot su.ceot il ele 
.
varieties i t ,'I-,. lhi v t ri e lIit o giiiresstse:rl add 

tiih s proh 1Oll 1 ,'i) )S;C1 ,t1)! ,' bv, i'hhicl ilo, a woi.;isl p in 
evaluartion methodsl.- in-. to c Nltpp-,a hen uned by thecordu .s;tarndn i ::i 

dif- ernm t p t ; , CC it C -1 1 'Vi a. NS e .' I Ir n, C iZ 1 td ieS' 


in tie ilsec' t l't i o r i w i .I'o1i), : IIITh 

resls I ; oI Va ihm tri i!I tn 'i! 1,t- i I1c 1)l-,n) llVI o iiros l allonigi %, ie 

to lerant pa F it, inin ic te th .t n t 1n1v in; L II to I erance 
heritabeI , but Iave IAa f ; ,IlLs can he sumrpassed, periaps 

through t:ransgr ssia segraggit inn. 

ifn-trt cont inued ti imlprove iitegranted control of web 
blight by Acidruss Lg cultural practices. Fromc mean vielts it was 
determtin,-, thia t a plantinug distance of (.601 Il between illis was 

superior t:o a .p,clng oi 0,.4*5 and 0.3) m. tlighest yields were 
obtained irom pIanting dO is tiiS of 20(0,)0() plants./IiA (Table 1). 
The superior iesults of tii is spacing and dens i cv contabnation is 
probably I hi:c aunse better aerat ion and Lig t 1ng in thle plots is 
unfavor;dle for athogen development. 

In addition to spacing, planting on raised hills gave yields 
which surpassed by 367 thos;e obtained from planting on level 
ground. Te highest v[eld.s ere from Revolution 81, lie tar, 
Chirripo, ituasteco, ICTA Osuta, and Ta iian<.ca Significant 
variety :-: planting system inturation showed the highes t vields 
for the fol lowing varieEies: ChLrr'po (137 g/p) , hliatsteco (129 
g/p), Revolution HI (117 g/p), and liuetar (I09 g/p). 

Nurseries
 

Thirteen nurseries were planted througlout the region in 
1987, and various lines selected. From the Elite BGMV nursery 
were selected: ICTA-Quetzal, Porri11, Sintetico, IT 7719-5-2-N 
(=Chirripc), Negro liuastoco, ICTA 883-2-M, RAg 70, ICTA 81-64, 

http:iian<.ca
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DOR 36! , I)OR 366, nud NI)I)Di 1244)-CM (2(-c). Sul ct ions from the 
Elite Must i nursery were: HT 7716, Cgirripo, Drgu!loso, MUS 30, 
XAN 22 , ini RA, 48. r'om Ctlie 1 i e Nat ion 1 Mustia nursery 
selections were: XAN 322, liT 770D--1-M, I(CTA 883-2-M, RAB 377, and 
lines RZt( H P7'RZ!(: 136), RAO, 3, P) 27, and A-!0. 
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Table 1. Effect of distance and densities on yield and losses 
caused by T. cucumeris. 

FFF(L] YIELD z Loss 

Distance 0.60 
0.45 
0.30 

in 
n 

68.0 
24.0 
22.n 

a 
b 
c 

65 
68 

Density 200,000 
250,000 
30),000 

pt 
pI 
p.1 

43.0 
34.0 
38.0 

a 
c 
b 

21 
12 

Table 2. Differences in yield (g/p) and severity (Z) of T. cucumeris 
in two planting systems with 10 cultivars of common beans. 

HII S LEVE., 

CULTIVAR YITELD SEVER] ITY YI ELI) SEVERITY 

Revolucion 81 117 31 
 101 35
 
Huetar 109 28 
 83 40
 
Chirripo 138 20 49 37 
Huasteco 129 
 24 44 
 42
 
Icta 883 64 
 26 41 40
 
Icta Ostua 62 23 37 
 37
 
Talamanca 62 
 27 33 
 45
 
Bat 1297 47 36 27 40 
Orgulloso 28 38 22 56
 

7 42 6 42
 

Mean 76 30 44 41
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2. Andean Zone 

Cultivar improvement for the Andean Zone was continued in 1987 in 
col.laboration with the nat-Nim l ofproprt!nis Colonb i;a, F'eliador, and
Peru. Seed shipnents to these coun tri es were comprised of F
segregati l ,i and advanced lines from tlie VI, i'-A, I YANpopulations 
and interl I nursries. A total of 572 crosses madeNteOn,diese were 

tihis vear wono beans of hush and 
 climbingi rowti lhaltts Ior the three 
countrie:-, ! lic p ri mi pal objectives e the Andean : one breeding 
p nog raina ; o U COlb io d it s ss i s ta n c u, kit ] comml'noc tll;I
 
acceptable nin y as.
 

t o pI diected t oe I,1eed . ,'l owand the ii gh a uldtmideregions
(Ii80 -00) miI' p ,1aced (1i1ph1t1s is ol c oll01)il tiog rest stan ce to 
I hnthl 'acnose, An.c ichta, ai lh o bl ight into acceptable grainL types. 
te mcI.orf oi to i.-; one these re are an ~gionslmbing beans
 

whicire iiecrot-pro1il ivcd with Mae. Lile 

regiO! nti. I ,t Ntid Pe 0J) : 


or SI m ior nid-altitude 
i ott .'in t (It(it)(i-I jl -s1) ht iH'b beans are generallv 

grown eiterli n 0Nnstc5'0 i lt ion (ith' i. n ' ro tlIen- crnops) or in 
IllOnocli Li;iit2 no o )IneIt II e! -1nt; a'( - Imoind at[ nioonporat tug 
resistaince to wob I h't , t , Ia ,ua !,'- t, c oniitoi bac] N igit ,i s~t nod] ;antihl0[1100. ' 

. ot Coeti a1 Pe 1-11, noi t I an oo to IW'NV, rus t 
rnoL rots, andiinceimi"lO ane given Iiien o t ity. 

Breeding to incrnc ,'iel to tl iI to meditum to large seeded
bush beans ; Lsalso bein , nuntle d ![I [.I' p trincipal ly by coIbilning
appropriate g train types insto in.t eriLi type 2 andtc I growth habits.
Breedin g nes froLti is proc arc now being evallte~d in0ViF and EP 
nurseries andt! tie bes.t l in es wiI I en t er into a series of trials over 
severl I n fUH St ito to miunlrl;i ,,'..i I (t sLb i I i tv ever time
enviromenta l cond tions K',whi I c tdLe1 i1n ig tie 

and 
relative yie ld 

advantage nL"of the'e lOw tit iails over t rad i tional large seeded 
determinat pgrowth bWhitit varieties. 

Regioal program: I igCot"I 


Climbing beon improvement programs for Colombia are conducted in 
collaboration with I(CA at the research stations of La Selva, Medellin
(2 100 mas I) and itbonuco , Pasto (2600 masI ) , a Ithough some selections 
are also conducted at Popayan (1700 masl) for warmer temperature 
adaptation. 

ICA-La Selva 

At ICA-La Selva, the collaborative breeding program focuses
principally on improving climbing beans grown relay within maize. In
1987, 151 crosses were made to combine resistance to anthracnose and 
Ascochyta in high yielding commercially acceptable grain types. 
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Yield trials were conducted with 14 ad.anced l ines amd i local
 
checks. Of these, 43 lines were selected for f-urther trilnm ased on
 
their gra1in type, v ild aid resisttanry .at nOiiirh-i ,:;t. e L tie
 
I i11e S C I , 011+ VIed Wt' F t'I, I I ,iI .t V i L ti :I i I ! 1- 5
'I fi n1 F.! l . 

, ,O/). i , . W'1. i: 


the I !ies L'ie:sit, n W K,1 tMt I i. ,,, Ioo' -l arEa ICA
 
Vib1r),oi (1 I:').11. .' 1.!1 , i l I ( 1 7 h c 1) t of
 

(8 6 W /-F a v ,r ". ,u6y n 	 h tuh majority of 

" i 1.) 'I I 
t ,. lit t i i) r t i sshe I I v I It k r t ,, Id I' . I ( t.n-lta 1-111Li 

t :i!tii 	 c 1ted on-sLat ioan i-i -l F e I ite lilies to 
i.dclntilv itit,,rfa. w,ith gIood,] yield under hii and low so!I f F rtilitv. 
Of ti e , K 	 lines (I.AS - 7, 7 , 70, 7%I, q4, 1i0h, F0M, 1t), !11, I1, 

, . F, and ) ect t. regional210, 231, M 	 ' .ere2 M M d as cMM:iWati fo r 
L1-i aL-; in.I N, coo I , hi i ghI and ra ail or K Fohukbia ('laide I). The 
llajiari a fv tilL-: eli ftc lines comer r, cross with G 5702 
(Cargamnnt) , the popula r lcalI ,,r ietv, and K I 1248 (1 uLA 
Lililograi ie) , a varietv resf Lait La WIih cLrifoCse. 

Breeiing hush beans 'or adaptation to mdium-higii elevtions is 
also con(oIIcte,! at: PI A-l.a Selva and the ICA c:.perimental s tation of 
Tulio ()spina (M OOi(mast.). At present 84 F-., lines Irom Tulio tispina, 
and 18 fr 	 la, Sc]vN have bee cs lected. 

Adv aed ,-iL ush bean liner .,'re ev'aluated in 31 locations in 
regional tr iailis in the department of Ant ioquia. The line EVA 476, 
resistant to antiirrio:slamj, tad vic is superior to the local farmers 
check in 561 o tolie locations and the grain type was considered to be 
acceptable for the lcal market requirements. 

SeLi mi tItipl i ct:ion of PVA 47h is underway for possible variety 
re I ease. 

ICA-Obonuco 

At &LA- boniico, the major emphasis of the collaborative ICA-CIAT 
breeding program is on improving climb lng beans grown in association 
with matzo for high elevations and cold temperatures. In 1987, 102 
crosses were made at (TOu co to comtbne resi stance iwa anthracnose, 
ascochYta and 	halo blight into commercially acceptable cultivars. 

Regional trials of el ite advanced I iies; w,,ere caillilL-ted in four 
locatiotns H southern hr ii, near t:ie (:ity o tI ipirile.. Foiur lines had 
yields-; superiur to the oIcalI checke ." lo inLo, tiouI b Lf di lerences 
were ot signil aint (Tab]e 2). The line I B F') )Ii , continued to 
show goodl adaptation and tolerance to the principal diseases on 
research statton and on-farm : r il s, and i s a candidate for varietal 
release in 1988. The highest yielding 1 ine in tle regional trial, 
Frijolica I).3.2 -reteased as a variety in 1986- continues to perform 
well within i le regioan ,nd is resistailt t ;tnLhiracnose halo blight 
and rust, and MaLtri" "3() dny<s earlicr than lrrfio. 

The print ipal object ve of tLh: -i,,h bean breeding program at 
Obonuco is to Lbtain vari.,t ies adapted to the cold climate that are 
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resistant to halo 
)light and anthri ono;e. The potential advantage of 
hush beans in this region is for u: in rotation with othe crops such 
as poti roet', w1iat orindhIL., tIhe l t 'i tv [ if i inths) of 
the 5, Jl as: I Lp (' i1e1 ri (o n.,p:o lth.i ) ld .liable 
Ifa llroC~i-; ; ,r , t.,,)C ,,, ' - InJ ; ! h, h it i et rosses 
were . }"rij i,, K K I, " WI I tamal i i - 1K FUIK i t ,LK-Iq 


re-i vlvt ta anit S' i&I h&Ir ,,,I I i : a"I";
parenl',t" in! Lte 0 ,71'ur" '::.s-. -,.i int. ;'11I~qlt[,-0"1 '..A: NI S" ;s) Aced nt.t' 


Ntparent Nod] it ca'nr in l it hO I old :I0O pt lit iI ii'' I I Or .In a:\vild trin!l ,:,ndtuc:v d inl F.urn-,. K NO2}(rIn;l) in O ra:iko, 
} -f.I mas

Ant1inquia-8


(11) had sini i ci nt1,. thiK'ilr K K Kd. (114 kg/ho ) thn.n: rhei local check 
Argecntiino (114 Q,)/0~). ThK~ 
line. iN'also haitg cons,[idered for variety
 

[R u2. [ n l p i -o), rFa m~ : Ocuc,l o r 

Tihe nationl legu.lime progrn 
of IN IAP has t,o ma in research
 
sations located at Sana Cati a 
 in7001mas l) and Cuenca (22(0 mnsl.
 
The Ecuadorian prog c-, is comprised of thele pe rsons who are faced
 
wit h too 1wlroicesli nd personnel to e1. i v conduit trials.
 
Neverthless, V, CSI-egn2OLllg population 1n1 l dvanadCl ines f ro CIAT
 
were senL INTAP d i .'r98i2 and lN86 d.to ,nlI 190ON, I) O ning se or Lion. 

kueji ona I tr il- oI red and whir, n eeded ' liNidi i belns were
 
p[:luted in i / iln Santa Catal inn 
 and Ircuqui ('fibNI 3). F h
(iri.jolicm Hi.1 2 in :olomhia ), G HIh,0, and XA\ ,.i1 rod climbing bean
 
lines 
were ,ell adIin ed to both locations. FLfil in presently in seed
 
mnltiplicatia fo p<ssibi o fffic ia l varie 
t:v r- ! e. 

Among wlite seedeid climbers, K 117 50-F has cint inue d to show high 
le lastvie lds 0 he 1wo yetars, and F 8! (BelIon Bavo) it presently 

being mltiplied as a possihle variet-v rileas dle tao itq high yields
and hIghl '.' f)r,1ferred griin type in the mTarket. Kipiiitullnt-ely, E 849 
is very qu'c?''tibl, tp a thra(:nose and is late naturing. 

Regional P''ir: Ptru 

11The ior ,n produc'i ng areas of Pe-u thu coastalare and sierra 
regions, with o nir pl-o.duLction from tilL :; v . Bean production 
in the I.2c i,- il in i-; C:a1ii.is, pledomi'i 'lUI of medium to large
seeded ra.1rio hus i: ,:i (,n ,, and sou ,-in co- tal regi.on) and 
b avyo.-; (l iu(i-,ri ' t i' ;:1I,) , iIstI 'l:i S'Ledtd "pai llli to" blsh 
beans rt aIP:, ' CIri da n " i ar iP,", prl'lr I'lv ill the 1orth. 
Canari 'igri n :' n i etle i,.'~ 'I:u n and market price in Peru. 
Beain on1 th' ,',-t ;, qr c, in '',nc,'I n urnmlu r i.erliation and 
usutl. y i n -t:ito l .it octher crops. es;pec ial il rice. Water 
avaoiabi litot , irn,t he o l un- bean o'-i [iii.'g ilnr 5e15( [lly areas is 
scarce ninid Ia a l V thli e n c rolpIsl's ia' 01I1. r-eceive o1o irrigation 
(at planting) durin tile lnire growingg -3s5ori. Because of the unique 
climatic n il. ions:-; ",: tIh(fconilts l r gien o I leru (a (:11ol desert) , 
many of C:V ' - t Le line:s ;re I'0 nid;p)te to the region. 13,reeding 
and seA ect ion nct lviLos, the11refore, are ca" out th!te notionalartied by 
program of INPA. CI,. assists in providingi, sources of resistance to 
diseases and drought, and in tilei.r CH\Y resist nce vcrificationso 

http:C:a1ii.is
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The predominate crorping svstemii in the sierra region is climbing 

beans in association with maize, although bush beans may also be grown 

with maize or in monocu I ture in the southern sierra regions. The 

majority of the farmers in the sierra are subs istence aigriculturalists 

and the bean crop may receive little or no inputs wiLh correspondingly 

low yiel ds. The pr i pa grain types are large wihi te beans 

(caballeros) in the north , and ar ''e 1r an red b ans.,I in the 

south. 

The productLon constraints of the Werra region of Peru are 

similar in many ways to the ster-a region of sme areas of Colombia. 

CIAT coll orketes with I.NIPIA in the breedi-, an 1 selecction of 

... erials for tl i; regLion. In 1087, V) segregat. -ing ".. populations 
from cr~ossqes d sig, I to incosrp te ait 'ic'ose an a i;c h,'t big] ht 

resistance into' large seedtd vhi i: ,.l lw gW-itar n t'pesa andd IltlI-as 

(pop beains), .N q! advancedc lisP in, in, bus!. Isan 1ine.-;, w.ie-, sent 

to Cajaiiitirc. F-r scree l a.nil s,_ s t so. 

,Id i, oro.sc,,ndu , on-I-am trials the 

department o; a],marea in N.: ctin ,in wi th ma i , (Table 4). 

Glori ab aba,, thec I WI ingbi co .r vsc.ict,y eccL - l iI f om CIAT's 

germp lasm in: (access ion (, .28 ) n t inues to !lio,, a large y ic d 

advantage over the local check-.2 d oth,r primi. iig materials being 

evaluated, Puebla 404 (arcc(ssion C 14110), a white seeded material, is 

also being considered for pnsa:ible variety release. 

Varietv v r a .. e in - in 



Table 1. 
Yield of selected elite climbing bean lines under high and low fertile soils, ICA-La Selva,

Colombia.
 

Fertility 9Growth
Identification 
 Cross 100 seed Secd level-
Habit Anthracnose Ascochyta wt. 
 color high low
 
LAS LS-67 
 G 5702 x G 12488 
 1
4B 4 50.6 C/R 
 1132 1066
LAS LS-74 
 C 5702 x (G 5702 x G 
5141) 4B 
 1 4 52.5 C/R 1342 1029
LAS LS-79 
 G 5702 x C 12488 
 4Q 1 
 4 51.4 C/R 1238 733
LAS LS-94 
 G 5702 x (G 5702 
x C 5141) A 
 1 4 56.6 C/R 1232 775
LAS LS-106 
 C 5702 x G 12488 
 1
4B 4 54.4 C/R 1779 975
LAS LS-109 
 C 5702 x C 12488 
 1
4B 4 55.5 C/R 1873 1002
LAS LS-110 
 C 5702 x G 12488 
 4B 
 1 
 5 57.0 
 C/R 1817 1204
LAS LS-I11 Bolivia 17 x Bola Roja 
 1
4B 3 64.6 C/R 1575 1049
LAS LS-181 
 C 2371 x V 7918 
 4A 
 1 
 4 35.9 R 
 1144 1152
LAS LS-210 
 G 11821 x C 12488 
 2
4B 5 50.8 R 1720 1125
LAS LS-213 
 G 1182] x G 12488 
 4B 
 1 
 4 55.3 R 
 1714 965
LAS LS-219 
 C 11821 x G 12488 
 4B 
 1 
 5 63.7 
 R 1389 1140
LAS LS-220 
 G 11821 x C 12488 
 4B 
 1 
 4 65.5 
 R 1534 1179
LAS LS-231 
 G 11821 x C 12488 
 4B 
 1 
 4 56.2 
 R 1176 874
Frijolica LS-3.3 
 Mex. 235 x Bola Roja 
 4B 
 1 
 4 59.5 C/R 1793 876


LSD 5% 


413 412
 

1 Seed color: 
C/R (cream with red mottled)
 
2 
 R (red)


High fertility 
= 2.5 tons of chicken manure/ha and 200 kg/ha of 10-30-10.
 
Low fertility 
= 2.5 tons of chicken manure/ha.
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Table 2. Yield of regional trials of climbing hean lines grown in 

association with mai.:-e in [piales (average of four 

locations) 

100 seed Yield (kg/ha) 

Material Seed Color wt. Beans Maize 

Frijolica 0.3.21 Purple/cream 71. 4 567 1466 

TIB 3042 Red/cream 64. 3 547 1594 

V 8001-433 Red 64.2 521 1893 

C 12592 Red/cream 61.3 467 1956 

Mortiioo (check) Purple/cream 71.0 458 1437 

32980-1-41 Cream/black 64.8 449 1632 

C 12261 Cream/black 83.2 442 1850 

Sangretoro Red 59.7 432 1669 

V 8014-424 Red 61.7 432 1794 

OBO-V-26 Purple/cream 46.1 426 1637 

V 8001-423 Red 52.7 416 1672 

C 11806 Cream/purple 82.0 411 1719 

V 8001-47 Red 65.3 397 1537 

G 12716 Cream/pink 68.2 384 1632 

V 8012-43 (AND 53) Red 54.6 359 1659 

Mean 63.9 442 1686 

LSD 5Z 133 477 

1 Variety released in 1986 previously known as E 605. 



Table 3. Regional yield trials of red and white seeded climbing beans in Ecuador.
 

Red seeded climbers White seeded climbers 

Material Santa Catalina Urcuqui Mean Material Santa Catalina Urcuqui Mean 

E 794 1877 656 1266 G 11780-F 1424 1246 1335 

G 8160 1840 945 1392 H 849 1300 845 1072 

V 8001-443 1826 615 1220 G 11768 1241 606 923 

V 8012-43 (AND 53) 1788 464 1126 C 12667 1076 404 740 

V 8001-438 (AND 39) 1573 717 1145 G 11821 1002 657 829 

ZAV 84011 1528 869 1198 V 8008-427 959 385 672 

TIB 2041 1504 629 1066 G 11780 835 651 743 

E 605* 1500 1057 1278 V 8008-430 794 505 649 

G 11820 962 643 802 Bolon Blanco* 710 568 639 

TIB 1441 649 658 653 V 8008-428 297 386 341 

Mean 1505 725 1115 Mean 964 625 794 

LSD 5% 484 227 LSD 5% 593 203 

* Local Checks 



Table 4. On-farm bush bean variety trials grown in association with maize in the department of Cajamarca,
 
Peru.
 

Growth Cajabamba Chota San Marcos Cutervo Means 
Material habit beans maize beans maize beans maize beans beans maize 

Gloriabamba 4A 918 3981 634 1866 1028 3007 349 732 2951 
Puebla 444 4A 588 4268 475 2211 1112 3074 322 624 3184 
Cajamarca 64-1 4B 548 3965 208 1873 672 2658 176 401 2832 
Guatemalo 1076 4A 515 3731 743 1916 674 2676 489 605 2774 
ZAV 8398 4A L70 4282 445 2089 810 3271 151 469 3264 
G 2333 4A 420 3166 346 1941 1383 3227 241 597 2778 
PG 149 x P1 311915 4A 376 3085 216 2054 736 3075 169 349 2738 
Local Check 4A 329 3816 371 1553 897 2992 147 436 2787 
V 7423-27-473 4A 295 3890 376 2026 504 3134 156 333 3017 
G 10889 4A 258 4336 174 2036 791 2749 305 382 3040 
V 7423-27-173 4A 245 4508 351 1791 655 3314 179 358 3204 
PG 106 x PG 154 3B 309 3977 294 2035 778 3249 361 436 3087 
Linea 23 217 4665 360 2017 448 3211 162 297 3298 
Red Kloud ] 163 4413 224 1612 550 3368 154 273 3131 

Mean 397 528 779 
 256 4t49 

LSD 5% 181 
 - 239 45
 

1 Average of three locations in Cajabamba, two locations in Chota, and one location in San Marcos and Cutervo.
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3. Brazil 

The participation of CIAT lines in Preliminary Yield Trials 
(EPR) in Brazil has decreased over the years. This is the result 
of CIAT shipping fewer fixed lines to Brazil as the capability of 
the Brazilian breeders to produce their own advanced breeding 
lines increased. In the EPR 1986-88, CIAT fixed lines equalled 
20% of the total with CNPAF providing 65%. Experience with 
shipments raceived from CIAT indicated that it would be more 
effective il 'ZNPAF-C AT breeders jointly planned any project 
involving imtportation f lines. [implementing this new approach, 
280 segregating populations were .jointly chosen and shipped to 
CNPAF in 1985. in the mcantime, CNPAtF began generating their own 
breeding l ines. Irom a combination of the joint breeding 
project and CNPA" s own breeding project, CNPAF breeders 
gene rated more thIan 13,000 advanced breeding lines, the best of 
which will be incorporated in the cominig cycle of EPI 1988-(0. 
CtAT's participation, in the future, is expected to be limiited to 
supplying thIe source or parental material]s for the breeding 
program as well as some fi xed lines, Ihe same strategy may be 
applied in the future to some state institutions where the need 
for receiving b reeding lines from outside the state decreases as 
breeding programs become stronger, with these inst itut ions 
receiving CNPAF 's and CIAT's help with segregating populations 
only upon request. D)epending on their progress, they may also in 
the future receive, as does CNPAF, the sources for the breeding 
programs and, to a lesser extent, the fixed lines. 

Germplasm flow 

The 738 materials received during [986 were planted in CAM 
in late March 1987 and were distributed to the corresponding 
institutions.
 

Institutions that received germplasm from CIAT:
 

Institution Varietal character 
 Quantity
 

EPAMIG/Minas Gerais White large seeded 36 lines
 

EMCAPA/Espirito Santo Black seeded bush 
 44 lines
 
Climbers 102 lines
 

EMPASC/Santa Catarina 1985/86 IBAT 
 100 lines
 

CNPAF/Goias Early maturing 
 18 lines
 
Web blight tolerant 6 lines
 

PESAGRO/Rio de Janeiro Snap bean 
 236 lines
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IAPAR/Parana Snap bean 236 lines
 

11IAPAR/Parana Low soil phosphorus 


EMGOPA/Goias Snap bean 236 lines
 

EPR (Preliminary Yield Trials) 1986-87
 

In each seed color group the number of entries of the third
 

generation EPR Ls rather small in order to best serve the needs 
of several insti.tutions that can handlIe only small amounts of 
entries. In additioni to the IPR, CNPAF in 1987, begin the EPL 
(Ensaio Preliminar (1e li.nhagen), an equivalent of the VEF at 
ClAT. The I':111. was offered to state inst itutions whose better 
infrastructures and personnel capacities could handle it. This 
EPlI was shipped to I 1(WOPA, EMPAMI( , and CPATB, with CNPAF 

expecting selected lines From these nurseries to compose future 
EPRs. Wutstanding lines from the EPI, can be tested in state 
trials s inc e many institutions us;ed the El as the introduction 

nursery. 

Partial FPR results:
 

The Black EPR
 

Nine experiments (six from the south and three from the 
centralwest of Brazil) were reported. The ten best advanced 
breeding lines and their elite and local checks are shown in 
Table 1. Maximum yield in some locations reached three tons/ha 
but means greater than two tons/ha for advanced breeding lines 
were reached in only three locations. The AN 512573-0, AN 

51574-0, 84 VAN-18, AN 512646-0, ano W 22-24 were the lines 

that most frequently appeared among the 10 best. 

The Cream EPR
 

The traditional cream seeded locations in the northeast of 

Brazil suffered severe drought. Only two results were reported 

from the northeast when beans were planted late in the season (in 
Poco Verde/SE and Santana de Ipanema/AL) . When climatic 

conditions during the growing season were favorable, mean yields 

above 1.5 ton/ha were obtained by the 10 best advanced breeding 
lines (in Poco Verde and Ponta Grossa). On the other hand, when 
climatic conditions were unfavorable (in Santana de Ipanema/AL 

and Selviria/MS), maximum yields were less than 600 kg/ha and 

another set of advanced breeding lines appeared in the 10 best 

advanced breeding lines. The most frequent lines appearing in 
the 10 best advanced breeding lines were : AN 512579-0, AN 

512648-0, AN 512650-0, BZ 2231-7, and BZ 2231-11. 

The Carioca EPR
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Seven experiments were reported during 1987. The advanced 
breeding lines within the 10 best in each location did not always
yield hil.her than tihe elite checks (Carioca or A 28I). The local 
check, :urcb as Pintad} in Patos de Minas, yielded higher than the
best Carioca. 'SAL l ines, such as ESAL 522, ,SAL. 14, and HSAL
51 1 , were outst;indi:ng on ce rrado soi cond itions whereas AN 
512537-0, \N 51255-0, AN 512561-1, AN 51267X-0, AN 511661-0, and 
ESAI. 522 wer : a]ways outst anding in all locations. 

The Purple eP, 

(n] v exOti:periments were reported and comprised the 
smallest entr-ies in the EIR. This reflects the difficulties in
generating thi.s particular seed color (light purple/opaque).
Some advanced breeding lines of thils light purple coor yie(ied
higher than the elite( checks, Carioca or LW 1031h8. [n cooler 
regions, such as It e N inas!/ and ]hinta Grossa/I'R, CNF 10 
outyielded tihe w-it:, check, LM W0346. Lines AN 512737-0, AN 
512852-0, TY Dih-jI , Ty 34-15, and AN 511637-0 were
outstanding :aid )utx ielded the elite check, 111 10348, in many 
locat os. 

Results from state tria] s 

EPAMIG /N(; 

Tables 5 and 6 show the results of the state trials
conducted by -NMPAM.IG during 1985/86 for black and cream seeded,
respectively, In the black seeded group, CNF 290, GUAT L.81-37,

CNF 289, DUR 
 241 , and BAT 437 were the outstanding lines.
However, there was no signifLieant yield improvement over the
 
already released lines 
such as RfiL 1735 and Nl]ionnrio 1732. In 
the cream seeded group, conducted in I0 ocations during two 
semesters, ESAI. 505 and EMCOPA 201-OURO were the best lines with 
yields higher than their checks (Ricomig 1896 and Fortu,2 1895).

In the precoce experlnenLs, conducted in seven locations 
 during
two semesters, BAT 304 (Capixaba Precoce), G 6616, Vi 1916, Vi
 
1934, and CNF 246 were the outstanding lines (Table 7).
 

UEPAE - Dourados/NC 

Table 8 shows the results of the state trials conducted by
UEPAE-Dourados in 1986. Some good lines, such as A 379 and 
Aroana 4, unfortunately do not have commercial acceptance. A 295
 
(EMGOPA 20 1-Ouro), and A 388 look promising.
 

CNPCO/SE 

Twenty-five lines were tested in the 
state trials in Sergipe

in 1987 under monoculture and intercropped with maize. Two

outstanding lines were L 10110 and A 295 (ElGOPA 2 01-Ouro). The 
check, Bagajo, yielded almost as well as these two anl has a 
cranberry seed 
type. This seed type has commercial value in the
 

http:NMPAM.IG
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northeast of Brazil but has received, up to this moment, no
 
attention in the breeding program (Table 9).
 

EPABA/BA
 

Table 10 shows the results of the state trials it1 1987, 
testing 25 lines intercropped with maize. A 244, A 252, IPA 
Cult. 4211, and A 245 yielded higher than Carioca and A 295 
yielded better than Mulatinho V.,gem Roxa and Argenosinho, the 
local checks. 

EMGOPA/GO 

In the black bcan trials, ICA Col 10103, BAT 67, BAT 1647, 
LM 20363, and BAT 431 wcre the outstanding lines and yielded 
about 200 kg ever the recommended variety, RICO 23. No 
recommendations can be made since these lines are too susceptible 
to anthracnose disease (Table 11). 

In the colored bean trials, BAT 1458, ESAL 502, BAT 614, and 

BAC 37 were the best lines of the state trials over five 

locations in 1987 (Table 12). 

Regional meetings 

Bean research in Brazil is divided into three regions in 
order to serv- local needs more efficiently. Region I is 
comprised of Rio Grande do Sul, Santa Catarina, Parana, Rio de 
Janeiro, and the southern part of Espirito Santo. All of these 
areas mainly grow black cultivars. Due to seed color grouping, 
Espirito Santo and Rio do Janeiro are grouped in Region 1 
although they are closer to the Minas Gerais Zona de Mata region 
where black beans dominate. Region 2 is comprised of Minas 
Gerais, Sao Paulo, Goias, Mato Grosso do Sul, Mato Grosso, 
Rondonia, and other states in the north. These states mainly 
grow colored beans and just small quantities of black beans. 
Region 3 is crompised of Bahia, Pernambuco, Alagoas, Sergipe, 
Paraiba, Rio Grande do Norte, and Ceara. Most of these states 
grow cream seeded beans. 

This year, in each region, a meeting was held to discuss the 
results of the IWR and the state trials and to try to establish a 
regional network of state trials beyond the state borders. These 
networks will provide opportunities to use advanced breeding 
lines more efficiently which can then be released simultaneously 
by several state institutions. Joint release will make seed 
production easier. Results of the three regional meetings can be 

seen in Table 13. These lines are then officially registered and 
farmers can get agricultural credit when using these recommended 

or tolerated cultivars of the state. Table 13 shows the new 
advanced breeding lines that are slowly replacing the traditional 

varieties. However, in many state institu"ions, (especially in 
the northeast of Brazil and in Rio Grande do Sul), traditional 
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varieties in the recommended group still outnumber the released 
advanced breeding l ines; greater research activity in these 
regions should be encon raged. 

For the first t[ma , several state instittions this yenr
(based on dL Va from state tr:ial s) agreed to simul taneously
recommend F.M( 1)BA 2(1-OIro in the states of Mato (,rosso do Sul and 
Minas Ger,is in Regi n 2 , ind Alagoats .0nd Sorgipe in Region "I
where i t i.s ca II ed (uro. (:,ni)1 aY!b Irtw er2 is a Iso recommended) 
for Rio (;rondLo do Sul. 

Flom0 t hoe 1,;Illetn:;, i t l; :lgge. ted t hzit adVitlniCed breeding
lilles witl off C) ro ) ,-Iti : re too fa1r I rom tile 1oca 
conmei-cialI vol ,,;, sblhol I net in te fluture be incluled ill the
LPR stage or ;Lt!, ili o eno 1 t;ia1le;, in odelr to avoid testing
advanced breeding I i ni>, . I t wot-; als Oroposd ihl t only liies
 
with r o,s f, l t k 
 0 ;IdV tllt tO Sta; te tr7iI IS . 

lvwaluatiom 0I idVlnet~lld bll'Uding I I 11ltnle "Ihig h input 
Bealls ,re tridit Wih0A 1 r.el uinder r.-linled systems, but 

production f0 : tiL is tsL j ( (,f .;tr2m i; unpred ic t :1)1le . For 
exafple, tle- IlortheaO st 1olurl Iiv luce:s (i;Ilpo ihoii,t 01 Brazil 's 
bean crop, hut tbis \k:r 's lack o I lailll II C;ll;led 'ast losses. 
To stlhi ! ::. i ,'wd rod c1t Iml , a; I1 is prom ti ng an irrigation 
s -;tem ill i ft:I, IlortI:I ; t ,',ld 01lso in thLe (cerrado region. It is 
est inated th(at , at tl' men t , e.s ch )lll '. O1 Ilo;lns aire grown
under irrigation in Bros::i 1, wic L tilet ot:ige ,,f Sao I'.ul o leading
in p)arod uc tion 111112r i rrig It illo yste:n; (dur ng the 
wintertiLime w.i th IhI gil Input) . Yi e I(d above 30() () kg/ba is not a 
rari ty . Unfortuna tel , iit t I e inforimat ion hars been generated for 
this higl input operation. Agronomic practices, e.g. fertilizer
 
reconime n Iat: ions , spcing , den sit y , s u ita 1)1e 
 ge rmpl asm (erect
 
types for mecflnical 
 Im rest , high yielding and responsive to 
fertili:zation), and cold temperature tolerance are areas which 
demand urgent attention. 

Ill the winter of 1987, 401 lines, divided into seven groups

of promising ines,, were yie ld 
 tested under a central pivot

irrigation system. 'lhe groups were:
 

1. Black seeded 1 64 entries 
2. Black seeded 2 64 entries 
3. Cream seeded 1.00 entries 
4. Carioca type 64 entries 
5. Purple seeded 36 entries 
6. White seeded 25 entries 
7. Precoce 48 entries 

Each group had its own checks. The results are shown in 
Table 14. In general, the yields were lower than expected
because during flowering, the most critical period 
for bean
 
production, the irrigation systefi broke down. For sixteen days 
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the beans did not receive sufficient water, and relative humidity
 
of the air was below 30%. Beans still yielded reasonably well 
because low temperatures prevailed.
 

The precoce li:', perlformed as well as the other colot 

groups under sub-opt imum irrigat ion systems because they had 

already reached the pod-filling stage when the water stress 
occurred. Some new lines, coded as POT (yield potential), showed 

very encouraging results. Tfhe.tse POT lines, derived from 

segregnt Lng popu Iat ion of Le Iiigh y i e(ing potentiaIl proi ect, 

were shipped to CN11AI in I . These arc: ines for the high 

input production syv.tLim planted during the wintertime where high 

yield is the ma in objective. D1i..seLse and insect incidence during 

this season are low and resistance to these biotic constraints is 

not as higl a pi0 oritv as is response to ferti.l izer and 

irrigatio,- (Tfle I!4) .ines TY 1558-I, TY 1558-3, and TY 3326-1 

have the se: t architecture for mc ianical harvest and will be 

tested when sufficient seed becomes available. 

Screening for Iow soil phosphorus efficiency 

Field screening for ef f i: iuncy to low soil phosphorus 

continues this ,ear h& evaluating tihe adwmced breeding lines 
that came to brazi I in 1986 and some lines from tihe yield 

potential project devoloped at CN'AIF. A total of 244 lines were 
eviluated and divided into 4 seed color groups: black, mulatinho, 

carioca, and purple. Tab!he 15 shows the efficient lines with the 

minimum add ittona!l phosphorus requirements to reach maximum 

yield. In general, yield under phosphorus stress conditions were 

slightly higher than the checks. in the bLack seeded group, POT 

51, I1 30i638, and LM1 30630 we 'e not only efficient, but also had 

very high yields (above 2 t/a) under non-stress conditions. In 

the cream seeded group, BZ 1621.-1, BZ 2231-11, BZ 2240-2, and TY 

3446-2 were the outstand ing lines in the group. In the carioca 

group, BZ 1977-6, IBZ 3836-3, BZ 1977-5, and BZ 2511-5 performed 
well but yields under non-stress conditions were much lower than 

the other seed groups. The best of the purple seeded group were
 

POT 96, TY 3361-1, and TY 3332-1.
 

Purification of A 176
 

Advanced breeding line A 176 has similar characteristics as 

EMGOPA 201-Ouro and has the advantage of larger seed size and 

higher yield. The main problem is its seed color which is 

comprised of three ,,es: dark, medium, and light. This line is 

not too dificult to market but its slightly different hues make 

it difficult to pass seed unit tests for releasing this line. 

About 500 plants were selected and stored. After six months 

storage the content of the envelopes was selected. Contents with 

different hues in a single envelope were discarded. Only 157 

envelopes out of 500 were selected and then placed into three 

groups according to their hues. During the following semester, 
it was planted in a single row and one pod per plant was 

harvested. The seed derived from the same row was bulked. In 
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the following semester, before planting, seed color was checked
 
again. Those seeds with segregating hues were iscarded. Only 
14 families were selected, four dark, six medium, and four light 
hues, and will be yield tested next semaster. 
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Table 1. The 10 best black lines from EPR 1986/88. 

CIIAPECO/SC PONTA GROSSA/PR 

ADVANCED BREED ING LIN ES 

01 84 VAN-18 1957 AN 512575-0 2601
 
02 AN 512573-0 1951 AN 512574-0 2525 
03 84 VAN-163 
 1752 84 VAN-163 2343 
04 B'z 1719-2 1705 84 VAN-I18 2338 
05 AN 512567-0 1680 AN 511619-0 2184
 
06 AN 512575-0 
 1647 AN 512046-0 2120 
07 AN 512574-0 1597 BZ 171 9-2 2120
 
08 AN 511619-0 
 1582 W 22-24 2107 
09 AN _,2572-U 1565 84 VAN-196 2103 
10 HONDURAS 35 1484 AN 512567-0 2073 

Xio 1692 
 2251
 

EITE CHECKS 

01 LM 30074-0(TE) 1590 CARIOCA 1.574 
02 LM 21]35-0('TE2) 1610 RIO TIBAGI 1234 
03 CARIOCA 1742 LM 30074-0 (TE) 2059 
04 RIO TIBA(;[ 947 LM 21135-0 (TE2) 2006 

X4 
 1472 
 1718
 

LOCAL CIHECKS 

T1,.LOCAL 1 1445 T.LOCAL 1 1634 
02 T.LOCAL 2 
 967 T.LOCAL 2 2079
 
03 T.LOCAL 3 1634 
 T.LOCAL 3 1136
 
04 T.LOCAL 4 
 1.130 T.LOCAL 4 1803
 

X4 
 1294 
 1663
 

EXP. MEAN X36 1288 1860
 
LDS (5%) 221 
 770
 
CV (%) 8.3 20.1 



Table I (cont.) Ti 
 10 best blac: lines from ETR 19S6/88.
 

TPAOR()/RS 1 /71/S C-PFI 2/RS CNPFT 3/RS 

Al)\NCX ]) BP.EIi-ING LLNF: 
0! 
02 
03 
04 
05 
06 
07 
08 
09 
10 

A N 512573--0 
BZ 1719-2 
84 VAN -162 
t 22-.52 
PR-EP C-XRRIJ 
W 22-27 
AN 512572-0 
84 VAN - 18 
AN 5125 67-f 
AN 512575-4) 

150) 
12-. 
!150 
1150 
1113 
1100 
1088 
1083 
1075 
1000 

PRIED CAIRIRI 
:.N 512575-0 
U 22-24 
BZ '719-2 
V 21-58 
AN 51 646-0 
U 22-52 
AN 512630-0 
AN 512572-0 
84 'vA'-196 

1057) 
1050 
1017 
950 
833 
783 
750 
700 
700 
7)00 

1 512638-4) 
VK3'LD, iS 35 
,AN512573-0 
BZ 1719-
84 VAN - 196 
84 VAN - 163 
V,22-24 
A\N 512646-0 
84 VAN - 18 
AN 512631-0 

2640 
2283 
2240 
2090 
2070 
2050 
2050 
2040 
1990 
1980 

AN 512574-0 
A-N 512575--0 
AN 512567-0 
U 22-52 
AN 512573-0 
84 V\LN - 18 
AIN 512.572-0 
, 22-24 
HCNDLT'AS 35 
Q4 7,, - 163 

3247 
2765 
2174 
1994 
1943 
1941 
1834 
1783 
1720 
1644 

XI0 1150 853 2143 2105 
EL11]h (3-ECKS 

01 
02 
03 
04 

111 30074-0 
1 21135-4) 
CARIOCA 
RIO TIBI 

"75 

375 
350 
775 

L1 30074-0 
14I 21135-0 
CARIOCA 
RIO TIBGI 

517 
550 
1017 
1050 

I130074-0 
U1 21135-0 
CARIOGA 
RIO TIBACI 

2130 
1770 
1870 

0 

111 30074-0 
1I 21135-0 
CARIOCA 
RIO TIBAGI 

1694 
1570 
1801 
1304 

74 569 784 1442 1592 
LX-?AL C1{ECbQS 

01 
02 
03 
04 

CATEIAN 6662 
RIO 'T-IW 
nAQJLNT 
ThJRRIALBA,% 4 

1138 
638 
563 
788 

C(TATEIAN 6662 
RIO TL&TlI 
MAWQJPE 
ThRRIAUBA 4 

433 
433 
583 
400 

RAI 76 
RIO NTIf)-NPASC 
FT 83-120 
TURIALIHA 4 

1750 
1280 
1570 
1360 

FT 83-120 
RAI 76 
TURRIALA 4 
RIO NrXTI)-ZMPASC 

2481 
1213 
941 
1034 

All 782 !62 1490 1417 

EXT. MtlN 736 
LSD (5%) 
CV (%) 

871 
408 
22.5 

589 
456 

39.4 

1814 
676 

17.9 

1495 
733 

23.8 



276
 

Table 1 (cont.) The 10 best: black linus frc EJ)R 1986/88. 

(-NPA'F/) ANN')JS!C) BARREIIA/BA 

Al )VANCI,] i 2,IKW, FN(m;1,,I 

01 HKDLMq4 35 1(69 AN 51017+6-0 1/479 PRIt CARIRI 1657 
02 AN 3508 1426 Wi)NTDI[AS 15 1456 -\N 512575-4) !447 
03 St11 5 1337 SI 5 1449 W 22-24 1334 
04 W22-14 1273 AN 3508 1434 iV 17Y)-2 1293 
05 AN 5125734) 1204 XN 512574-4) 1351 W 21-58 1281 
06 W21-58 1177 AN 512637-0 1306 AN 51266)-0 1263 
07 W 22-27 1133 AN 512575-0) ]299 W22-52 1246 
08 AN 512637 1117 4 22-27 154 AN 512630-0 1131 
09 N 22-24 1104 AVN 512567-4) 1231 AN 512572-0 1179 
10 SP3 1 V%; EXBR. 1224 1143C1-6 A(,1 .A. V M1VAN-196 

10 1256 1348 1302
 

01 LU'30074-0 666 (AR-XA 938 I, 3074-0 1210 
. !,1 21135-0 1073 RIO TI'W1 841 111 21135-0 999 

03 CARXXA i(X)6 ll XY)74--0 1351 CARIOCA 1445 
04 RIO TIIA,] 774 I1 21135-4) 578 RIO T[wAI 773 

1-4 R,(; 927 1107 

DXAL CiUKKS 

01 IIAT 1647 998 SPB 1 1351 CA,1(., 1761 
02 BAT 451 946 PREIU CARUARU 1014 1PA 74-19 1218 
03 BAT 67 1558 RIO NECRO 983 IETABA 1 947 
04 ICA jL 10103 1061 2 C 23 908 ML.VAUlI]i.1 kXA 679 

'4 1o1 1064 1151 

MP. MD\N 736 1003 1099 1068 
LDS 15%) 443 584 528 
Q j() 22.5 27.1 24.0 



Table 2. The 10 best Nklatii io lines frcm EPR 1986/88. 

C(IPAF/GD ARREI1AS/F,. POO0 VFRDEiSE STIPANI/AL 

01 SX 2232-2 
02 AN 512712-0 
03 BZ 2231-1]
04 AN 512650-0 
05 .N 511648-0 
06 TY 3499-3 
07 AN 512579-0 
08 A%151248-0 
09 BZ 2519-7 
10 AN 511625-4) 

'X0 

-1VX1)VtBRIMDIT 1TINTN 
1532 AN 512579-C0 
1455 AN 512594-0 
1433 CB 511691-0 
1IS BZ 2231-7 
1212 TY 3499-3 
1!63 AN 5127i2-0 
1152 AN 511669-0 
1151 BZ 2519-7 
1128 A)N 512717-0 
1109 BZ 2231-11 

1262 

1805 
1678 
1502 
1362 
1276 
1261 
1229 
1196 
1184 
1143 

1364 

AN 511669-0 
SX 2232-2 
CB 511679-0 
AN 512711-0 
AN 512650-0 
CB 511691-0 
AN 512717-0 
BZ 2518-1 
BZ 2231-7 
AN 512620-0 

1897 
1841 
1787 
1683 
1667 
1661 
1656 
1653 
1650 
1648 

1714 

11Z 3858-1 
AN 512717-0 
AN 512579-0 
AN 512594-0 
N 511624-0 

SX 2232-2 
AN 511625-0 
C6 511691-0 
BZ 2231-7 
BZ 2231-11 

588 
559 
540 
523 
503 
418 
417 
412 
403 
398 

477 

01 
02 
03 

ITPE JIECKlS 
CARIOCA 1119 CARIO% 
IPA 6 1661 IPA 6 
D'OPA 201 GURO 1132 UMGOPA 201 OURO 

1369 
811 
776 

CARIOCA 
IPA 6 
DUOPA 201 OURO 

1402 
1586 
1650 

CARICA 
TPA 6 
LNUOPA OURO 

318 
86 

504 

01 
02 
03 
04 

LI>21303 
1I 21303 

A 351 

1304 

LOCAJ CHEMS 
1103 I-LI,.VGE- ROXA 
1157 CARIOCA 
1.uUxrTL-XiO1107 IPA 74-19 
654 EFABA 1 

105 

985 

1346 
1247 
1237 
1062 

1223 

BAGAJO 
1PA 6 
EPA 1 
RIM DE ORGO 

1546 

1714 
1455 
1308 
1235 

1428 

VAF' ROXA 
BAGNIO 
TPA 1 
R-1 DO POREX 

303 

462 
269 
248 
230 

302 

EXT. MEAN 7749 
LSD (5%)
CV (%) 

994 
314 

16.1 

969 
522 

27.5 

1458 
249 
8.7 

365 
258 

33.3 
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Table 2 (cont.) The 10 best Mulatinho lines from EPR
 
1986/88.
 

PONTA GROSSA/PR SELVIRIA/MS 

ADVANCED BREEDING LINES 

01 AN 512717-0 2706 BZ 2518-1 675 
02 TY 3499-3 2529 AN 512648-C 627 
03 AN 512648-0 251.0 BZ 3858-1 575 
04 AN 512594-0 23Y6 AN 512650-0 529 
05 AN 512650-0 2356 JALINHO MG 524 
06 SX 2232-2 2351 BZ 2519-7 496 
07 AN 511648-0 2333 AN 512711-0 474 
08 AN 511624-0 2332 BZ 2231-11 435 
09 AN 512712-0 2327 AN 511624-0 409 
10 AN 512615-0 2249 SSC 52 "-07 

X10 2407 515 

ELITE CHECKS 

01 CARIOCA 965 CARIOCA 547 
02 IPA 6 1822 IPA 6 1037 
03 ENGOPA 201 OURO 1465 EMGOPA 201 OURO 150 

X3 1417 578 

LOCAL CHECKS 

(1 T.LOCAL 1 1452 T.LOCAL 1 198 
02 T.LOCAL 2 1381 T.LOCAL 2 477 
03 T.LOCAL 3 1190 T.LOCAL 3 272 
04 T.LOCAL 4 1953 T.LOCAL 4 131 

X4 1494 270 

EXP.MEAN X49 1693 317 
LSD (5%) 663 253 
CV (%) 20.0 40.6 



Table 3. The 10 best Carioca lines from EPR 1986/88.
 

PATOS/MG CNPAF/GO ANAPOLIS/GO BAREIRAS/A STIAN/_AL 

01 

02 
03 
04 
05 
06 
07 
08 
09 
10 

ESAL 514 

AN 511661-0 
AN 512678-0 
AN 511608-0 
AN 512545-0 
ESAL 522 
ESAL 513 
ESAL 511 
AN 512558-0 
AN 512537-0 

ADVANCED 
0 53 
250 
2137 
2102 
1852 
1767 
1730 
1662 
1642 
1572 

BREEDING LINES 
22'"' AN' 5127822

FSAL AN 512678 
EMAL 511 1326 AN 511661-0 
ES-L-514 1260 AN 512561-1 
AN' 512558-0 1217 AN 512558-0 
EMAL 513 1070 ESAL 514 
A\N 511608-0 1027 ESAL 522 
AN 511661-0 1022 AN 511 0-0 
AN 512545-0 992 AN 512787-
AN 512561-1 979 FSA 5i3 
AN 512678-0 974 AN 512537-0 

1720 
1535 
1500 
1471 
1400 
1399 
1291 
1255 
1255 
1237 

AN 512678--) 
AN 3H'1604-0 
EAL 522 
AN 512513-0 
LSzL 1 
E1 5!9 
,N 511661-0 
1172180-1 
AN 51-81)-0 
Av 512:04-0 

1557 
1548 
1454 
1407 
1404 
1293 
1283 
1256 
1156 
1118 

AN 512537-0 
AN 51168--0 
AN 512561-1 
AN,512804-0 
A512678-0 
BZ 2180-1 
AN 512513-O0 
AN 512558-0 
AN 51255-0 
AN 511661-0 

523 
517 
513 
494 
489 
455 
437 
404 
400 
400 

XiO 1886 1139 1406 1351 463 

ELIE GiECS 
01 

02 

CARIOCA 

A 281 
1666 

1750 

CARIOCA 
A 281 

1023 

758 

CARIOCA 

A 281 
1055 

939 

CAIOCA 

A 281 
873 

936 

CARTCCA 

A 281 
295 

546 
1708 890 972 905 421 

IJXAL IECfKS 
01 
02 
03 
04 

JALO 
PNTADO 
ERIPARZA 
ESAL 506 

1344 
2265 
1547 
2174 

IAPAR 14 
A 252 
A 247 
IAPAR 16 

816 
943 
1185 
581 

KIP 117 
A 255 
A 268 
A-N. F2 OFRE 

1228 
1165 
936 
514 

EPABA 1 
IPA 74-19 
CARICA 
MJL.VADf 

834 
707 

1064 
RXA 932 

BACAJO 
R.PORCO SI 
IPA 1 
VAMI ROXA 

341 
171 
573 
249 

V4 1832 881 961 884 334 

EXP. EAN M5 
LSD(5%) 
Gv(7) 

1681 
709 

20.0 

973 
352 
17.6 

1159 
347 
14.1 

1072 
499 

22.0 

258 
365 

33.3 



280
 

Table 3 (cont.) The 10 best Carioca lines from EPR
 
1986/88. 

PONTA CROSSA/PR CHAPECO/SC 

ADVANCED BREEDING LINES 

01 AN 511608-0 2367 AN 511661-0 1542 
02 AN 512558-0 2317 AN 512785-0 1528 
03 AN 512785-0 2283 AN 512678-0 1497 
04 AN 512787-0 2250 ESAL 511 1469 
05 AN 512804-0 2133 AN 512810-0 1430 
06 AN 512545-0 2083 AN 511608-0 1419 
07 AN 512678-0 2000 AN 512558-0 1383 
08 AN 511661-0 1967 AN 512537-0 1340 
09 AN 512513-0 1833 ESAL 522 1289 
10 AN 512537-0 1800 ESAL 519 1204 

XI0 2103 1410 

ELITE CHECKS 

01 CARIOCA 1433 CARIOCA 1377 

02 A 281 2033 A 281 1374 

X2 1733 1376 

LOCAL CHECKS 

01 T.LOCAL 1 1583 T.LOCAL 1 1017 
02 T.LOCAL 2 1667 T.LOCAL 2 1259 
03 T.LOCAL 3 1817 T.LOCAL 3 1034 
04 T.LOCAL 4 2250 T.LOCAL 4 814 

X4 1829 1031 

EXP. MEAN X25 1805 1227 
LSD (5%) 616 307 
CV (%) 16.5 12.1 



Table 4. The 10 best purple I inos fron FF1 1986/8,9. 

PA0,S!,IG C\TvAF/GO PONTA GROSSA/PR ANAPOLTS/GO 

,A ;cffBRXII])l)( ].N,Is 

01 AIN 512821-1 
02 N 5128521f 
03 'I-3264-15 
04 ,L\ 1423-3 
05 AN 512737-0 
06 kaimmlIiDUio 
07 ,uN 511637-C 
(i8 E.S.AL 520 
09 AN 512843-C 
I TY 3361-

DoF-C. 118 

2233 
1817 
1656 
1550 
1533 
1533 
1533 
1433 
1400 
1400 

',511637-4) 
:AN 512737-
Y 3361-1 
\-F1LE LN bo DFSZC. itq
(APLCAL \ThMF]rn
AN 512843-0 
TSAI. 520 
AN 512S524) 
AN 511638-0 
AN 512821-1 

1264 
123)9
1187 
11(2
115() 
1101 
1072 
1016 
995 
963 

AN 51 F--341 
Ty 3364-15 
:5AN 512,952 
C' 511637-)
'y 3361-1 
AN 511668-4 
A.N 512655-0 
N 5125604' 
AN 512813-41 
AN 512"21-1 

2383 
2333 

-167 
200 
l191 
1817 
1650 
1633 
1550 

7i 3361-1 
MLX 1423-3 
A.N 511637-0 
AN 511638-0 
AN 512852-) 
Th 3364-15 
AN 512655-0 
\1]',ELIiLaIO DESC. RS 
A' 512843-0 
AN 512907-0 

1715 
1663 
1619 
1592 
1507 
1410 
1386 
1377 
1234 
1206 

7710 1608 1107 1982 1471 

FLlJY CHECKS 
01 
02 
03 
04 

CARIOCX 
PARANA 1 
lM 10348 

GF 0010 

1633 
1233 
1300 
i383 

CAR10CA 
PARA;A 1 

I-1 10348 
CNrF 0,!0 

326 
733 
1540 
-780 

QRIOA 
PARAN% 1 
I 10348 

CNrF 0010 

168) 
1750 
1167 
1800 

CARIOCA 
PARANA 1 
11 10348 

QYF 0010 

1040 
1294 
910 
715 

1387 995 1600 990 co 

LAL CM-G-S 
01 
02 
03 

JALO 
PiDl\TfO 
ERIPA 

1433 
1833 
1333 

CNT 0105 
CNF 0037 
111 30068 

673 
691 
1213 

T.LIO2AL 1 
T.LAL 3 
T.LXAL 4 

1333 
1542 
1542 

AN 512737-0 
CdGAPQL VFhffIHO 
AN 512560-0 

1198 
1179 
1159 

7n 1533 859 1472 1179 

ET. MEAN -25 
LSD (5%)
CV M 

1449 
657 

22.0 

960 
257 

25.7 

1676 
716 

20,1 

1168 
328 
13.2 
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Table 5. Results of the state trials conducted by EPAMIG in the
 
Zona de Mata region during 1985/86 for black seeded
 
materials.
 

------DRY SEASON ----- - WET SEASON -

LOCATION: A.R. PONTE LEOPOL- PONTE COIMBRA 
 MEAN
 
DOCE NOVA )INA NOVA
 

IDENTIFICATION: ------------------ kg/ha---------------------

01 CNF 290 2255 1995 416 1326 609 1320
 
02 ;UAT L,81-37 1915 
 1755 643 1075 942 1266
 
03 CNF 289 2050 1602 754 873 847 1225
 
04 DOR 241 2130 1696 649 1132 376 1197
 
05 RAI 78 2235 1715 528 1034 471 1197
 
06 BAT 431 1875 2067 508 1009 467 1185
 
07 CNF 291 1975 1438 546 934 872 1153
 
08 CNF 0158 2030 1530 308 1018 732 1124
 
09 GUAT L 81-37 2085 1500 517 705 705 1102
 
10 FT 83-120 1855 1421 393 1378 454 1100
 
11 A 236 2120 1597 518 722 471 1086
 
12 BAT 165 2135 1526 465 904 
 368 1080
 
13 CNF 351 1865 1522 703 713 537 1068
 
14 82 B VAN 28 1970 1627 419 
 765 541 1064
 
15 BAT 549 1885 1783 460 718 364 1042
 
16 82 B VAN 77 1935 1431 526 497 675 1013
 
17 BAT 148 1650 1511 468 775 439 969
 

x17 1998 -530 519 916 581 1129
 

CHECKS
 

01 RICO 1735 2150 1916 430 992 989 1295
 
02 MILIONARIO 1732 2300 1944 438 736 816 1247
 
03 RIO TIBAGI 2180 1536 299 358 
 726 1024
 

x3 2210 1805 389 695 844 1189
 

GENERAL MEAN X20 2030 1657 499 883 620 
 1138
 



Table 6. Results of the state trials conducted by -TAIG during 1985/86 for colored seeded traterials. 

LOCATION: 
POYiTE 
NOVA 

WET SFASCN 

CAlDAS LAV\\S COTM% PG>YE 
NOA\A 

(IALD-S 

DRY SFASON 

>IAGAO CXV. 
tVAD. 

1.1 POL-
DB, 

%7CXOSA MEAN 

IDEN'IFICYION: 

ESAL 505 
aMPA 201-OaO 
ESAL 506 
14 30013-0 
ESAL 508 
ESAL 502 
Vi 1958 
ESAL 501 
C.V. 1055 (IPA 6)
A 288 
A 246 
CARIOCA 80 
U1 10100-0 
A 377 
Vi 1955 
ESAL 509 
VEP RM-O UBA 
RC 5 

"M8 

CHBKS 

987 
1446 
827 

1192 
1040 
1091 
585 

-
641 
573 
551 
410 
818 
552 
339 
400 
423 

742 

-

2329 
1531 
2216 
1670 
2199 
1825 
1665 
1940 
1593 
1897 
1592 
1746 
1319 
982 
1410 
-
1389 

1706 

-

1471 
1433 
1134 
1365 
1192 
1336 
1182 
172 
1231 
961 
1163 
1269 
1048 
615 
692 
-
808 

i13u 

-
1649 
606 
724 
522 
",88 
1395 
-

380 
791 
368 
455 
560 
702 
823 
461 
989 

-

741 

1807 
1761 
1796 
15&1 
1575 
193 

1688 
"-
1625 
1508 
1625 
1514 
1452 
1516 
1547 
1694 
1563 
1947 

!670 

g/ 

1604 
1549 
1391 
1651 
1442 
1157 
919 

1134 
1371 
1452 
1L12 
1350 
1387 
II6 
994 
-
1278 

1328 

-

281 
270 
449 
359 
427 
169 
2-55 
475 
312 
320 
206 
217 
131 
290 
273 
-
142 

286 

2086 
2115 
2188 
1295 
1704 
1729 
1935 
-
1811 
1296 
1627 
1814 
1563 
1678 
1413 
1466 
1283 
-

1688 

--
437 
389 
429 
435 
348 
238 
-

469 
''i 

4a 
516 
368 
449 
311 
324 
457 

-

404 

1558 
2628 
1743 
1999 
1669 
1704 
2114 
-

1758 
1889 
1840 
1656 
1534 
1791 
1826 
1458 
1230 
1423 

1754 

1515 
1482 
1274 
1227 
1221 
1204 
1198 
1180 
1119 
1118 
1099 
1094 
i018 
974 
963 
960 
956 
1685 

1183 

RIOCQIG 1896 
MfILIOARIO 1732 
CARIOCA 
FDRIIJNA 1895 

1121 
663 
593 
659 

1853 
1862 
1774 
1284 

971 
1202 
1173 
942 

630 
636 
437 
651 

1768 
1430 
1673 
1439 

1583 
1521 
1157 
1068 

405 
259 
347 
176 

2074 
2438 
1948 
1984 

418 
458 
443 
410 

1611 
1577 
1612 
1261 

1243 
1205 
1116 
987 

V,4 

EKP. MEAN M2 

759 

746 

1693 

1704 

1072 

1118 

589 

709 

i578 

1652 

1332 

1339 

297 

288 

2111 

1772 

432 

410 

1515 

1709 

1138 

1174 



Table 7. Resfts of the state trials conducted by EPAMIG during 1985/86 for precoce materials. 

DRY SEASON - U F SEASON - (VARZEA)
LXTC:VI()SA. P.- NODV, I IDPOIDINA G.VVMAEES P. NOVA AIA LUIPOIDINA ,NFA 

IDM'MIFICATION: kg/he 

01 BAT 304 2150 1396 2558 2247 2423 1287 1802 
02 G 6616 2354 1863 W 2508 1998 2070 830 1761
03 Vi 1916 2440 1744 574 2583 1713 2075 931 1723 
04 Vi 1934 1974 1770 549 2502 1733 2537 949 1716

05 C\F 246 2094 1686 444 2476 2086 2100 1106 1713
06 BATATIID 2450 1707 452 246 2225 1706 931 1674 
07 EEP 543175 2261 1504 506 2464 1765 2407 802 1673
08 CNF 243 2190 1614 546 2213 1711 1961 1003 1606 
09 Vi 1032 1099 1607 664 2103 -)(7 1018 1587
10 AMF1\DOIJ! 2053 1683 -2181 1710 2056 820 1562
 
11 =]ARSA I 1847 1586 461 2188 174'2 078 821 1539
12 DOR 196 1305 1431 313 2335 1839 23/57 105 1521 
13 G F 252 1438 1413 467 2285 1575 2548 787 1502
14 C,1F 261 2193 1024 501 1650 1891 2,13 889 i466

15 BOLIMLA 1785 1256 428 1710 1432 
 1679 938 1318
 
16 C T 255 1724 1231 329 1623 1289 1592 894 1240
 

-16 1954 1532 495 2252 1816 2119 942 1588 CO
 

01 PREID 60 DLAS 1859 1989 640 
 2129 1775 2469 942 1686
 
02 CNF 10 1250 1594 289 2546 1745 1955 763 1449
 
03 GOIANA PRE O)Z 1783 1269 331 1754 1501 1694 847 1311
 

1631 1617 420 2143 1674 2039 851 1482
 

MU RAL IEANIM9 1903 1546 483 2234 1794 2107 928 1571
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Table 8. Yield and comercia] acceptance grade of Lines and cultivars 
tested in state trials of IEPAE -D(OURADOS/MS in 1986. 

LOCATION: I)O(RADOS CAARAPO MEAN C()IEtRC IAL VALIUE* 

IDENTIFICATION: 

A 338 1491 2394 1942 1 
A 377 1578 2103 1840 2 
AROANA 4 1546 2082 1814 3 
A 241 1803 1817 1810 1 
BAT 336 1803 -- 180:3 1 
A 255 1653 1937 1795 1 
A 295 i385 2192 1788 1 
11 

7 
B 1767 -- 1767 1 
II 
9 
B 1407 2115 1761 1 
EMP 117 1485 1993 1739 2 
A 353 1766 1695 1730 1 
IPA 1 1446 1987 1716 1 
A 282 1212 2217 1714 2 
A 251 1710 -- 171(0 1 
A 372 1618 1754 1686 1 
A 294 1416 1951 1583 1 
A 352 1234 2112 1673 1 
CULTIVAR 7310 1454 1847 1650 1 
A 268 1419 1720 1569 2 
A 242 1104 2025 1564 1 
CULTIVAR 6191 1373 1684 1528 1 
A 249 1394 1601 1497 2 
A 250 1472 1344 1408 1 
MD 93 1427 1328 1377 1 
CULTIVAR 7012 1252 1487 1369 1 
CARiOCA 80 1288 1390 1339 2 
A 75 1377 1299 1338 1 
RICO PARDO 896 996 1648 1320 3 
CARIOCA 1256 1279 1267 1 
BAT 332 1370 1151 1260 1 
A 62 1266 1223 1244 2 
RAPE 1221 1255 1238 2 
JALO EEP 558 1095 -- 1095 1 
VERMELHO 711 909 810 3 

* 1 = widely accepted, 4 = no commercial value. 
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Table 9. State trials conducted by CNPCO-SERG'IPE in monoculture
 
and intercropped with maize, 1987.
 

------------- YIELD (kg/ha)---------------

IDENTIFICATION MONOCULTURE INTERCROPPED MEAN 
WITH MAIZE 

01 L 10110 1561. 1005 1283 
02 A 295 1523 995 1259 
03 L 10111 1535 947 1241 
04 L 10081. 1529 933 1231 
05 ESA. 505 1437 1012 1225 
06 82 PVBZ 1718 1479 952 1216 

07 L 12155 1474 900 1187 
08 I '2118 1419 945 1182 
09 L 10101 1412 943 1178 
10 A 344 1399 908 1154
 
11 L 10146 1335 913 1124
 
12 A 254 1370 847 1109
 
13 L 10238 1305 890 1098
 
14 A 251 1275 860 1068
 
15 82 PVMX 1638 1323 811 1067 
16 82 PVMX 1637 1258 788 1023
 
17 82 PVMX 1648 1161 752 957
 
18 LM 21303 1136 734 935
 

7189 1385 896 1141
 

CHECKS
 

01 IPA 6 1497 1081 1289
 
02 BAGAJO 1500 986 1243
 

03 CARtOCA 1385 861 1123
 

04 CACINHO 1302 767 1035
 

05 IPA 74-19 1383 672 1028
 
06 IPA 1 1210 813 1012
 
07 RIM DO PORCO 1199 689 947
 

X7 1354 838 1096
 

EXP. MEAN 1376 880
 

LSD (5%) 194 137
 
CV (%) 7.0 7.7 
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Table 10. Results of the state trial conducted by EPABA in IRECE
 
intercropped with maize during 1987.
 

IDENTIFICATION YIELI) (kg/ha) 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

244 
252 

IPA CULT 421 I 
A 245 
MD 94 
EMP 117 
IPA 1 
MD 94 
RAT 332 
A 295 
BAT 731 
BAT 336 
A 268 
A 73 
A 248 
A 281 
A 351 
A 240 
BAT 160 
A 301 

1726 
1697 
1668 
1615 
1532 
1530 
1528 
1527 
1447 
1432 
1405 
1391 
1363 
1357 
1335 
1255 
1209 
1082 
1058 
858 

X20 1401 

LOCAL CHECKS 

01 
02 
03 
04 
05 

CARIOCA 
MUL. VACEM ROXA 
ARGENOSINHO 
IPA 74-19 
EPABA 1 

1592 
1294 
1248 
1127 
1063 

X5 1265 

X25 
 1373
 
LSD (5%) 
 228
 
CV (%) 
 12.0
 



Table 11. Yield of 20 lines or cultivars of black bean obtained in the dr season. EDPA, 1987 (GOIAS). 

SAO LULS DE 
LINE/CLTIVAR GOL\TA , -ANAPU.1S ANII* AIUS* 1aT(> PIRF3:G J S ITAFUVIfRAA M,2 T.S BELOS MEAN 

(WD) (G) (GO) (01) (GD) 

ICA COL 10103 1278 a 1308-a 7 - - 1396 a 2332 -ffc 1163 ab 1495 a 
BAT 67 800 ab 1250 a - 2 4 790 ab 2471 b1)c 1301 a 1323 ab 
aAT i(47 687 b 1558 a 2 5 - 1125 ab 2415 abc 710 fg 1299 ab 
IN 20363 850 ab 1271 a 5 - 5 1092 ab 2z83 abc 998 abcdef 1299 ab 
BAT 431 740 ab 1154 a 6 - 4 894 ab 2512 a 1031 obc 1276 abc 
1 21124 723 -ab 1212 a 6 - - 1128 ab 2487 ab 662 g 1243 abc
 
BAT 451 632 b 1362 a 2 4 - '1 ab 2262 abc 7014 cdefg 1220 abed 

11% 30074 788 ab 1188 a 7 - - 963 al, 2211 abc 950 br-efg 1220 abed
 
82 B VAN 38 540 b 1221 a 6 5 - 1060 ab 2108 abc 1023 abcue 1190 bcd 
L1 30016 656 b 1367 a 6 - - 767 ab "261 abc 876 bcdefg 1185 bcd 
RICO 23 709 b 1362 a 6 5 825 ab 2"21 abc 1efg 1170 bd 
INI 10401 826 ab 1133 a 5 5 - 934 ab 2086 abrc 842 ccefg 1164 bcd 
RIO NTRO 660 b 1142 a - 2 7 320 ab 2144 LI)c 1051 abcd 1163 bcd 
RIO 1735 717 ab 1329 a 5 - 7 536 b 242'2 abc 763 defg 1154 bcd 

l 20720 553 b 1262 a 8 - - 933 ab 2032 a c 717 ?fg 1m99 bcd 

11 30036 650 b 1225 a 7 - - 937 ab i947 ab"'c 664 g 1.083 bed 
PORRILO SPIMLFrI-C 735 ab 875 a 6 4 - 669 ab 2207A'bc 361 bcdefg 1069 bcd 
DI 21132 621 b 1875 a 8 - - 837 ab -05 a c- 7 g 1035 bed 

82 B VAN 84 5-0 b 1108 a - 5 - 871 ab 161- C ?!3 cdefg 988 cd 
SPB-1 504 b 971 a - 5 - 843 ab 167bc 712 efg 933 d
 

MEAN 710 1209 924 _1.i9 868 1181
 

L.S.D. (5%) 562 784 837 8,6 313 298
 

C.V. 25 21 29 !3 12 19
 

Means followd by the same letters do not differ significa-ntly between thenelves at the level of 5. probability by 
Tukey's test. 

* Disease scoring: ANIH = Anthrac.iose, ALS = ngular leaf spot, BaG = Bacterial Blight, scoring 1-9 where 1 = 

syptCnLless and 9 = plant death. 

http:ANAPU.1S


Table 12. Yield and disease score of 20 lines or cultivars of colored bean obtained in the dry season. EMkOPA 1987 

5)LO U,'T5 1)E 
XTANCUTIAWAL% VN-'A-',jS ALus* WC,(7* ORDL 1" P1RENOI IS 1A~iC2X(97) (in)) 1NL ~S MEAN(in?) (in)0 (LID) 

BAT 1453 1119 a 14,8 ab _2 3 S 1091 a abe 338 a 1596 a 
ESAL 502 717 ab 1254 ab 5 4 S 517 a 3181 a 1219 1385 ab
 
BAT 614 /-9 aD 1383 ab - 4 S 
 705 a 2908 aS: 1032 1364 ab
 
BAC 37 
 613 ab 1379 ab 1 2 S 1(,:8 a 2789 abed 8,71 .. : 1336 abc

FlPA 201/OUVKO 1047 ab 1258 ab - 5 
 - 4 a '-2581 abfe 1050 K- 1324 bc
 

ESAL 503 649 ab i108 ab 7 
 4 S 766 a 2994 a1 1](14j abe 1320 bc
U1 10092 753 ab 1462 ab 5 2 - 066 a 2594 abo 971 aL 1290 bc 
BAT 363 835 ab 12,CO ab 3 4 S 703 a 2f)2 ahde, 930 Lcdh 1238 bed
 
BFT,57 858 ab 1162 ab - - S 
 519 s 2b79 abod 64 1221,: bcd
L1 10348 681 ab 1_542 a 3 3 S 543a 232S bcdef 4'0) ab 1187 bcd 
LM,!(X61-cO 571 h 94b b 6 - - 540 a 710 'lecd 1061 abc 1161 bcde
CARIOCA 502 ab 1050 ab 7 - S 534 a 2527 abcde a,'1"7' 1156 bcde co 
82 PVBZ 1838 1,54 ab 1421 ah 6 - 790 a 2104 defg 740 1 bcde1142
LI 10069-0 575 ' 1108 ab 7 -  761 a 2274 bcdef 7 e)c 10f7 cde 
ROXAO RG 732 aD 1375 ab 6 5  568 a 1027 efgh 109' abe 1079 cde
11 10089 572 b 1371 ab 7 3 S 610 a l667 fgh 829 ajbC 010 de
ROSINIH G2 562 b 975 ab 8  - 622 a 2190 cdefg 672 c 104 de 
JAk IY']558 '4 7 b 1225 ab - - S 525 a 1481 gh 1172 ac 990 de 
11130668 594 ab 1125 ab 6 5 - 637 a 1905 efgh (70 988 de 
lM 30013-0 702 ab 1300 ab - 6  473 a 1271 Ii 783 c 906 e 

MEAN 
 707 1257 
 6 2395 1190
 

L.S.D. (5%) 541 581 
 69 758 932 265
 

C.V. 25 15 
 3- 107!8 17
 

Means follmred by the same letters do not differ significantly bet-wen thnselves at i-he level of 
 5% probability by 
Tukey's test. 

* Disease scoring: ALS = Angular leaf spot, BAC = Bacteria] Blight, scoring 1-9 whAere = syaptomless and 9 = plant 
death.
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Table 13. Recommended cultivars in Brazil for 1987/88.
 

STATE 
 RECOMMENDED 
 TOLERATED
 

GOIAS 
 EbGOPA "01 (OURO)* JALO EEP 558
 
CARIOCA 
 RICO 23
 

CNF 010
 
CARTOCA 80
 

SAO PAULO 	 CAR[ OCA 80 NONE
 
AROANA 80
 
MORUNA 80
 
AYSo
 
AETE 3
 
CATV
 

M. GROSSO DO SUL 	 CARIOCA 
 ROSINHA G-2
 
CARIOCA 80 
 CARNAVAL 
RIO TIBACI RICO 23 
JALO EEP 558 CNF 010
 
OURO (EM(OPA 201)
 

RONDONIA 
 IPA 749 RIO TI BAG I 
CAR IOCA 
 ROSADO
 

MINAS GERAIS 	 RIO TIBAGI 
 CARIOCA
 
NEGRITO 897 
 PALMITAL PRECOCE
 
MILIONARIO 1732 
 ERIPARSA I
 
RICO 1735 
 MANTEIGAO FOSCO II
 
CARIOCA 80 
 FORTUNA 1895
 
OURO (EMCOPA 201) RICOMIG 1896
 

JALO EEP 558
 

DISTRITO FEDERAL 	 OURO (ENGOPA 201) JALO EEP 558
 
CARIOCA 
 RICO 23
 

CNF 010
 
CARIOCA 80
 

MATO GROSSO 	 CARIOCA 
 NONE 
ROSINHA. G-2 
CNF 010
 
JALO EEP 558
 
RIO TIBAGI
 

RIO DE JANEIRO 	 BR I - XODO 
 MORUNA
 
BR 2 - GRANDE RIO 
 RIO TIBAGI
 
BR 3 - LPANEMA 
 CARIOCA
 
PORRILLO SINTETICO
 
CAPIXABA PRECOCE
 

* RECOMMENDED IN MORE 	THAN I STATE. 



291
 

Table 13 (cont.) Recommended cultivars in Brazil for 1987/88.
 

STATE 	 RECOMMENDED TOLERATED 

ESPIRITO SANTO 
 CAPIXABA PRECOCE* IGUACU
 
RIO TIBAGI VITORIA 
CARIOCA IPA I 
ESAL - I RICO PARDO 896 

RIO GRANDE DO SUL 	 TURRIALBA 4 
RIO TIBA(LI 
GUATEIAN 6662 
MAQIJINE 
CARIOCA
 
TAHYU 
IRA I 
EMPASC 20 1-C1IAPECO 
RIO NEGRO 
CAPIXAIJA PRECOCE 

SANTA CATARINA 	 EMPASC 201-CIAPECO IGUACU
 
FT 83-120
 
R10 TIBAG I
 
TU RR IALFA 4
 
CARIOCA
 
(ARIOCA 80 

PARANA 	 CARIOCA
 
IAPAR 3 - RIO IVAI 
IAPAR 5 - RIO PIQUIRI 

RIG TIBAG 
IAPAR 8 - )ioNEGRO 
IAPAR 14
 
IAPAR 16
 
IAPAR 20
 
FT TARUMA
 
FT 83-1.20
 

BAHIA
 

- BARREIRAS IPA 74-19 
 MULATINHO V.ROXA
 
CARIOCA
 
EPABA I
 

- NORTHEAST BAGAJO 	 IPA I
 
FAVINHA MULATINHO V.ROXA
 
CACHINHO
 
CARIOCA
 
PITOCO
 

* RECOMMENDED IN MORE 	THAN I STATE. 
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Table 13 (cont.) Recommended cultivars in Brazil for 1987/88.
 

STATE 	 RECOMMENDED TOLERATED 

BAHIA (CONT.) 

- PARAGUACU VALLEY 	 IPA 74-19 MULATINHO V.ROXA
 
EPABA 1 BAGAJO
 
IPA I FAVINHA
 
CARIOCA 	 SANTA ROSA
 

- IRECE 	 IPA 74-19 MULATINHO V.ROXA 
CARIOCA 	 IPA 6
 
EPABA I 

SERGIPE 	 IPA 6 IPA 74-19 
fPA I FAVINHA 
BAGAJO) MULATINHO V. ROXA 
CAR 10 CA CAC INIHO 
R IM DO P(RCO MILA(;RE I)F STO.ANDRE 
OLTRO (IMGOPA 201)* RIMCO )E (IIRO 

ALAGOAS 	 MURO (EMGOPA 201)* IPA 74-19 
JALO EP 558 RIM DO PORCO 
BAGAJ() SANTANA DO IPANEMA 
CAR CA COSTA RI CA 
I PA I REQUEZA 

MULA'I' NIHO V. ROXA 

PERNAMBUCO 	 IPA 6 GORDO 
I PA I FAV I TA 
IPA 3 BAGAJO 
IPA 5 	 HF 465-63-1
 

VAGEM ROXA 
BICO 1)F OURO 
COSTA RICA 
CAR TOCA 

PARAIBA 

- AGRESTE 	 IPA 1 IPA 74-19
 
CARIOCA RIM DO PORCO
 

- SERTAO CURLMATAU 	 IPA 6 FFIJAO DE CACHO
 
[PA 1
 
IPA 3
 
IPA 5
 

* RECOMMENDED IN MORE THAN I STATE. 
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Table 13 (cont.) Recommended cultivars in Brazil for 1987/88.
 

STATE 	 RECOMMENDED TOLERATED
 

CEARA 

- SERRA IBIAPABA 
 IPA I IPA 74-19 
IPA 6 CARIOCA 

GURGUTUBA 
MULATAO 
GORI)O 

PARA 	 ROSINHA
 

JALINHO
 
CAPTOCA
 
JALO
 

RIO GRANDE DO NORTE 	 NO RECOMMENI)ATIONS MADE 

MARANHAO 	 NO RECOMM";NDATfONS MADE 

AMAZONAS 	 NO RECOMMENI)ATI ONS MADE 

ACRE 	 NO RECOMOENIXA1INS MADE 

AMAPA 	 NO RECObMI ;NDAT IONS MADE 

RORAIMA 	 NO RECOMMENDATIONS MADE 



Table 14. The 10 best lines from the high input experiment planted during the winter season of 1987
 
under central pivot irrigation. 

CARIOCA CREAN BLACK 1 BLACK 2 

MEAN MEAN MEAN MEAN 

IDENT. YIELD IDENT. YIELD IDENT. YIELD IDENT. YIELD 
(kg/ha) (kg/ha) (kg/ha) (kg/ha) 

01 BZ 1977-5 2114 AN 512712-0 2176 POT 59 2517 DOR 145 2235 
02 BZ 1977-6 1985 LM 21306 2161 POT 51 2314 BZ 2401-i 2201 
03 BZ 3871-5 1939 BZ 2643-1 2089 POT 69 2297 84 VAN 118 2044 
04 POT 88 1892 AN 512594-0 2089 LN 30628 2262 EMP 13t 2025 

05 POT 84 1872 TY 3435-3 2038 LM 30630 2231 DOR 165 2020 
06 POT 94 1858 POT 5 2024 POT 72 2206 BZ 3855-2 2005 
07 BZ 1179-15 1832 BZ 1698-7 2014 LM 30637 2190 EMP 82 1974 
08 POT 93 1831 POT 4 2002 POT 66 2144 DQR 54 1881 
09 BZ 1977-3 1828 POT 28 1942 POT 48 2100 L 21124 1877 
10 BZ 1977-1 1769 82 PVBZ 1770 1939 LM 30638 2095 84 VAN 145 1859 

X10 1892 2047 2236 2012 

CHECKS 

01 RIO DOCE 1398 IPA 6 2239 PRETO 132 1774 PRETO 132 1986 
02 A 281 1330 EMGOPA 201 OURO 2109 RIO TIBAGI 1864 RIO TIBAGI 1962 
03 CARIOCA 1524 IPA 74-19 1861 ICTA QUETZAL 1732 ICTA QUETZAL 1883 
04 A 252 1740 JALO EEP 558 1210 XODO 1636 XODO 1725 

X4 1498 1855 1752 1889 

EXP. WER. (64) 1503 EXP.AVER.(100) 1676 EXP.AVER. (64) 1721 EXP.AVER. (64) 1622 
LSD (5%) 313 419 460 360 
CV (%) 14.9 18.0 19.2 15.9 
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Table 14 (cont.) 
 The 10 best lines from the high input experiment planted 
during the winter season of 1987 under centca1 pivot 
irrigat ion.
 

PRECOC E WIl TE EU1'ARL
 

MEAN MEAN MEAN
IDENT. YI EI) 11 ENT. Y I ELI) 1I)ENT. YIELD 

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

01 EEl' 87(/75 19-30 73 V l. 3246 1848 MX 1418-1 2078
 
02 A 410 1928 COL. 3240 182 
 TY '3356-9 1912

03 82 14 CUAiEAIA 247 1742 TY 3361 -o 1770
\;MV 1897 

04 I)I 02? 1891 CA1. 11.S. 1.(4 1700 TY 3364-1 1761
 
05 A1 4"-f) 1887 PERRY MIARIRO,.7 1042 TY 3350-3 1751
 
0 AN 520170 1806 PANANITO >1IIIu;:A 1608 1X 2709-24 1742
 

I)7 1E1) 404/75 1787 OA'A- 68 
 1573 TY 3332-1 1725
 
18 (: F,/0081 1773 N)IN) 3 1556 AN 512907-0 1699 

I C' 3415 1771 Eit 25623 1535 RAO 3.3 1674 
(1 BAT 1258 1694 CAMF.S.W.643A 1419 flUS 6 1642 

2I 1837 
 1645 
 1.775
 

01 IAW(O EE-t 558 1881 JALO EEP 
 1482 BAT 41 
 1290
 
02 BAT 41 
 1722 CARIOCA 
 1468 LM 10348 1026
 
03 G . PRECOCE 1378 -- CNF 10 1268
 
04 ItUETAR 1174 -- -- 1330 

X4 1539 X2 1475 X4 
 1229
 

EXP. AVER. (48) 1532 EXP. AVER. (25) 1366 EXI. AVER. (36) 1491
 
LSD (5K) 385 
 241 
 327
 
cv (7) 18.0 12.5 
 15.7
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Table 15. Average yield of the best lines under non-stress and P-stress
 
conditions with their response factor and additional P
requirement to reach maximum yield.
 

ADITTI ONAL 
YIELD (KG/HA) RESPONSEF P-REiU IREMENT 

-FACTOR TO REACH 
IDENTIFICATION NON-STRESS P-STRESS ALPHA MAX IMUM YI ELI) 

BLACK SEEI)I) 

01 POT 51 2328 1075 10.4 135
 
02 LM 30638 2000 765 10.3 166 
03 LM 30630 2049 995 8.8 169 
04 LM 30628 1958 789 9.7 174 
05 BAT 48 1825 909 7.6 206 
06 DOR 352 1790 908 7.3 215 
07 PuT 65 1746 841 7.5 218 
08 SAN FERNANDO 1645 679 8.1 222 
09 DOR 147 1617 625 8.3 223
 
10 ESPAkSA 21 1652 731 7.7 227 

CIHECKS 

01 ICTA QUETZAL 1149 711 3.6 490 
02 ECTA JUTIAPA 1282 637 5.4 341 
03 PUEBLA 152 1176 244 7.8 286 
04 RIO TIBACI 1483 516 8.1 242 
05 LM 30074 861 148 5.9 394 

EXPERIMENT MEAN 1387 579 6.7
 

CREAM SEEDED 

01 BZ 1621-1 2170 1101 8.9 158
 
02 BZ 2231-11 2044 1066 8.2 176
 
03 BZ 2240-2 1763 747 8.5 207
 
04 TY 3446-2 1843 968 7.3 211
 
05 POT 23 1887 1132 6.3 219
 
06 BZ 2643-1 1900 1153 6.2 219
 
07 POT 2 1717 757 8.0 219
 
08 BZ 2518-1 ,30 777 7.9 219
 
09 BZ 3918-5 1804 948 7.1 220
 
10 POT 6 1695 750 7.9 223
 

CHECKS
 

01 A 351 1805 879 7.7 211
 
02 G 4000 1614 657 8.0 232
 
03 EMGOPA 201 OURO 1600 910 5.8 275
 
04 G 5059 1651 786 7.2 239
 
05 IPA 74-19 1113 369 6.2 345
 

EXPERIMENT MEAN 1367 667 5.8 
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Table 15 (cont.) 
 Average yield of the best lines under non-stress and
 
P-stress conditions with their response factor and
 
addiLional P-requirement to reach maximum yield. 

YIELD (KG/HA) RESPONSE 
ADDI ITIONAL 

P-REQUIREMENT 
FACTOR TO REACH 

IDENTIFICATION NON-STRESS P-STRESS ALPHA MAXIMUM YIELD 

CARIOCA TYPE 

01 BZ 1977-6 1588 923 5.5 254 
02 BZ 3336-3 1616 974 5.3 25'. 
03 BZ 1977-5 1571 948 5.2 264 
04 BY 2511-5 1532 972 4.7 287 
05 
06 

PUT 84 
B 3836-2 

1507 
1353 

925 
861 

4,8 
4.1 

290 
356 

07 TY 3463-1 1296 915 3.2 439 
08 POT 83 1523 1219 2.5 440 
09 POT 90 1249 864 3.2 455 
10 POT 93 1596 1359 2.0 481 

CHECKS 

01 A 947 1242 572 5.6 312 
02 A 283 1284 967 2.6 520 
03 CARIOCA 1144 834 2.6 571 
04 A 281 1467 1041 3.5 366 

EXPERIMENT MEAN 1239 829 3.41 -

PURPLE SEEDED 

01 POT 96 1864 826 8.7 166 
02 TY 3361-6 1793 585 10.1 167 
03 TY 3332-1 1795 740 8.8 174 
04 TY 3361-1 1808 842 8.1 177 
05 RAB 96 1845 965 7.3 179 
06 TY 3361-2 1696 558 9.5 181 
07 MX 1418-2 1681 764 7.6 199 
08 TY 3350-4 1641 695 7.7 205 
09 MUS 6 1583 620 8.0 207 
1n TY 3350-2 1431 888 4.5 308 

CHECKS 

01 
02 

BAT 41 
LIM 10348 

906 
1005 

288 
387 

5.2 
5.2 

381 
362 

03 CNF 10 787 369 3.5 544 

EXPERIMENT MEAN 1349 554 6.6 -
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C. AFRICA
 

1. Interregional Cooperation in Africa
 

The three separately funded regional bean projects in Africa
 
are implemented by CIAT in a manner that is intended to take 
advantage of a decentralized pattein of staffing while 
maintaining interdisciplinary team-work among a critical mass of 
scientists. Very close cooperation with national scientists is 
encouraged by hal ing regional staff with four national programs 
located in distinct agroecoogical zones, while reg ional research 
strategies are prepared by interdiscipLinary groups of regional 
and nation al scientists. 

'1h Great lhn Proj ect is supported by the SI)t, the 
Southern Africa Pr,oct by CMWA, and lie Eastern Africa Project 
jointly by rSA 11 and C I PA. The tlhree regional groupings 
cooperate closely i n t:he areas of research strategy design, 
regional research, train ing ,:nd Liif n,'at ion eychippo. 

While general research strategv fr a region is designed in 
consultation withL its own stiering comi ittee, (composed of the 
natioral be,an program co'.rd inators of participating national 
programs) specialized Africa-wido weorkshops are held periodically 
to review in det:ail the rpsearch needs for a selected topic. 
Following last year's meeting on beanflv, a g roup of experienced 
bean pathologists and breeders from national programs, CIAT 
regional and headqaarcers scient i sts and specialists from 
elsewhere, met at Kigali. Rwanda to review appro,)ches to fungal 
and bacterial diseases of beans. Progress in overcoming specific 
diseases was anal yzced, research needs were identi fied and 
methodology was compared so as to ensure compatibility of results 
to be expected from the many collahorating scientists. 'Ihe 
proceedings will be published. A similar meeting is planned for 
1988 on maintenance and improvement of soi] fertility in 
bean-based cropping systems.
 

Each regional project provides technica I support for 
collaborative research subprojects focussed on priority topics. 
The majority of these subprojects focus on bean diseases, and 
encourage regional cooperation through national specialization. 
For example, Burundi has good environmental conditions and the 
necessary personnel to screen large amounts of germplasm for 
resistance to common bacterial blight (CBB), and has taken a 
leadership role in this topic. As Eastern Africa has also now 
identified CBM as a priority, Ugandan scientists met with their 
Burundi counterparts in 1987 to develop a subproject for that 
region that would complement work in the Great Lakes region. An 
increasing number of examples are appearing of this form of 
inter--regional cooperation. 
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Exchange of germplasm across Africa, facilitated by regional

projects, often brings together countries that are geographically
far apart. For example, in 1987 Ethiopia requested Rwanda and
Zambia, located in the Great Lakes and in Southern Africa
regions, to assist in providing climbing bean germplasm that is
adapted to re lat iye Iv warm environments. The AFBYAN series 
represents a svstemat ic approach to the excange of germplasIl 
across Africa, and its results, reported in nn:,:her section, 
suggest the ut:il it of this type of trial for identitying
environments acrcoss t:ha continent tdu a;re suffLicient]V similar 
to warrant furthc d1irect .x.clitngpri of Uterial. 

AIt h ugh lach reoi11t1, p r I ct is provided witi a plant
br'eedler alid ani c iKli iSt t, p sliei- discipl i ar'i pIresent tn n'i-ni 

Icoml
One Ol- two I 11l, urp , ca s, o t/t t-l ieOv- ' lI t : m ement 
in At rica Ps a h]la d a.. Ui t' regi Lal1i sc ient ists 
thereftore cov,-r la .gcai ar,-al t ttii 1 !-N rc gian, by acting 
in a support cnprtii tvy i ot s;r.io' Fo ri lt"i s t iists. 
example, in lPK' LP -,t Likes regionala hr ptaologaist assisted
in aa dingnost 1c snul'v conduteile t ad ina ,alti, :,i!i~ iii tlie previous 
vcar t Qmthorniilt ,ull l I i c i nal ii opi:t a m isnted in a 
t in in i, coutstl a I P 1 in1 11i1 r Itli n. 

iti ii ! "t l : ' \' , ; ti i c- , v 1 ink Hidi other 
region , rnd in. i.s. dlL t & ts ien PlaNtUnd to \frica-wide 
co. i.at oit .. o l it i -tt l p Nbt east of ; t iviti es and 
results iMll a-lur, .,, ftor by ti-it aiing otiher steering 

itttv ill IW ,' tLom met i 1 rvc" pciv. tictc lont omongctnat ionai -'ent: t It' ,i I , - ( i< I 1 1) ILrt rs at ao OCCUIrs
 
frequalm t Iv. 
IN tI I t /,A Iirc 1.- t,_, i , nd to al a! 

adj u i11 Ig i t , I rt e, I i iaI and !Tnandi are 
part iiuli inv ,l- V thei,1 three r'egiolanal projects Lii visit 
One Ynotiiti" ai tio presentl rsi I t at L meetings h Id in a 
ti I gghboring c tu:l ntrv. 
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2. Headquarters Support for African Regional Projects
 

For over a decade prior to the placement of CIAT staff in 
the three regional projects of Eastern, Southern and the Great 
Lakes Regions in Africa, CIAT headquarters was collaborating with 
various African national programs through the shipment of 
international bean nurseries such as the IBYAN, FP and VEF. From 
these nurseries several varieties had been released in different 
African countries (Table 1). 

Beginning in 1983, with the arrival of the (MAT staff in the 
Great lakes Region, larger numbers of breeding materials 
(advanced I inets and segregating populations) began to be 
despatched to the national programs (Table 2). The purpose of 
these inaterials ws to pncvjie the Afric-in bean programs with 
diverse geroplasm containing sou rces of resistance or tolerance 
to major di seses NO other production constraint factors. Many 
of these mat rials :.re presently in advanced vield trials as 
potential variety ca ad idates, and advanced lines from selections 
made locall1 with in segrggating population have been sent to CIAT 
via th ird country quarantine in NVRS, lngland to enter t he VEF 88 

and future crossing blocks an parents in a second cycle of 
breeding (Table 3). The A5 : ic bred matecials, as part of 

CIAT's VEF, will also be sent t other bean produc ing regions in 
Latin America and Africa a lowing other national programs to use 
these materials in thei-r own varietal improvement programs. 

The shipment of segregating populations to Africa reflected 
a fundamental change in CAT headquarters ' bean improvement 
strateg. . Prior to 1983, CIAT's approach generally was to send 
to national programs elite advanced lines that had successfully 
passed through various stages of evaluations. 

Modifications of this approach evolved over time when 
national programs became more self sufficient in their breeding 
programs and began requesting specific crosses specially tailord 
to meet their local productio" constraints. For Africa, 
depending on the strength of each national program, the shipment 
of segregating populations for local ,.election was viewed as 
critical. Ample evidence existed that novel spec-es of insects 
and pathogens were present in Africa that were not found in Latin 
America such as the bean fly (three species of Ophiomyja), the 

leaf eating blue beetles (Ootheca hennigsenni) and scab (Elsinoe 
phaseoli). Different races and strains of the major bean 

pathogens such as BCMV, anthracnose, halo blight, angular leaf 
spot, and others were also identified in Africa that were not 
present in Colombia. These disease and pest differences with 
Latin America, and especially with Colombia, coupled with 
different African cropping systems and consumer acceptability
 

preferences, required that selection in segregating generations 
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be conducted under local conditions in Africa within crosses 
specifically planned to combine appropriate resistance factors 
with I nca adaptation. In order to plan and execute these 
crosses, superior African bean varieties were brought to CIAT's 
germpl asm ban. through quarantine in lar, land. Sources of 
resistince were chosen using data provided by the national 
programs from evaluations of the internationa l disease nurseries 
and crossing Miock, (CIAT's advanced Iines), anid crosses planned
for each c(dntrv. in 1) 87, 668 crosses cere made for Africa and 
534 segregoE.ting populatins wore despatched. 

Rew>idaq:> the gourNI crosirg support that MFAT headquarters 
provides to African n:ttionalI progrm!, :iid regional staff, CIAT 
al.so 0 lahbio t ,. with African va 0i !o improveimenttN programs 
through Ie incorpod:ion ot Ypc- 1.ic rci stance genes inLo local 
bean var'it ins and H i te I il using N back ross breeding 
progranm. TIiee Bc< -diing programs; ( CON , at ron,.se and halo 
blight) are presentl' in op -itii. Th . largest- of these is the 
BCMV project which was desc; ibed i n thbe WAT AnnualI Revort, 1986. 
Basicallv, the presence oI ic o'-i s (hicklroot) induing strains 
of BCMV found in U1nes t bean pr(hdtc i no , io n nl- 0 fA ci '. sov re IV 
limit the usef ulness of F min .t I ing li nes romn IAT wiich 

ct ll0tr 111onlv tLh I gelec giving resistance 0i mos1aic 11 iiuc i 1g 
stra:ns of the v i . In''l_: necr-osi inducing stcams in Africa 
at talk bean gontotypea wili c on I '' co1 iii i the ! gene causing 
systemic necrosi.s ard plant death. I'lants without the I. gene 
(local African varieties) are also ittacked by these BCMV strains
 
and Iosa ic symptoms are e:cpressed.
 

l'lc ,rossbreeding 

ncorpora te known sou rces of res 


Tie BCM' b programs is designed to 
is tance to both mosaic and 

necrosis inducing strains into African varieties and elite CIAT 
lines. Crosses are planned to 
combine 1 gene with the recessive 
genes hcl .2 or 1e2.2P, o0 be3 alone, which give resistance to 
black root strains of the arevirus. Two cvcles of tackcrossing 
conducted for each cross and resistant F4 selections sent to 
Africa for field evaluation . 

Similar backcrossing programs are also being conducted to 
incorporate resistance to certain races of anthracnose and halo 
blight into African materials. These breediag programs have also 
been described in previous CAT Annual lReports (1985, 1986). 

At the same time as segregating generations and backcrosses 
are despatched to Africa, these materials are also planted in 
Colombia in C(AT's experimental stations. Evaluations and
 
selections under Colombian local 
conditions are made and advanced 
lines originating from these crosses enter the VEF as "AFR" coded 
lines. In 1987, 86 advanced AiFR lines were evaluated in the VEF. 
These materials also went to Africa for local screening and
 
evaluations.
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Table 1. Bean varieties released in Africa from CIAT germplasm and
 

breeding lines. 

Country Varietal Name CIAT Identilication 

Burundi 

Rwanda 

Rep. South Africa 

Tanzania 

Zambia 

Calima 

Rubona 5 

Ikinyange 

Cordoba 

Uvole 84 

Carioca 

G 4435 (Diaco] Calima) 

G 4523 (ICA Palmar) 

A 197 

BAT 317 

G 1821 (Garbancillo) 

G 4017 (Carioca) 

Table 2. Breeding wateria]s; dispatched to the Great I.akus Region from 

CIAT, P!8 1-108,A. 

S egr a t ng 1'peulations Advanced I, ines 

Country /3/C,! 85 86/87.\ 83/84 85 86/87A 

Rwanda 223 678 30 397 1229 102 

Burundi - :06 42 420 667 -

Zaire - 64 40 - 329 
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Table 3. Advanced lines 
from Rwanda selected from segregating
 

populations sent 
from CIAT'headquarters.
 

Rwanda Advanced
 

Lines Code 
 CIAT cross sent as bulk
F4 


RWR 451 
 ICA 10847 x BAT 15PO
 

RWR 47 
 G 8043 x BAT 1222
 

RWR 58 
 G 6636 x A 117
 

RWR 63 
 G 6415 x XAN 43
 

RWR 96 
 G 8106 x Kab'nima
 

RWR 104 
 Royal Red x Canadian Wonder
 

RWR 201 
 C,14308 x BAT 1386
 

RWR 209 
 G 14307 x BAT 1345
 

RWR 221 
 Rubona 5 x G 7480
 

Rwandan advanced lines will enter CIAT's VEF 88 for evaluation.
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3. Great Lakes Regional Project
 

The Great Lakes gegonal Bean 'roject, -erve; the Central African 
area compi Qsd of Burund i, Rwanda. and Zi r,. h project works with 
the regLon's national ngriruitural research institutions: Institut des 
Sciences Agrenom iq os du Rwanda (1 SAR) ; Inst i tiit des Sciences 

Agronomiqu s du Biurundi (ISABU); and with both Zaire's Programme 
National WLegurnineuses (I1NL) and its Institut National des Etudes et 
Recherches Agricoles (iNERA). 

Varietal developnment and evaluation
 

Varietal dev.elop-nment anc RABi, 1SAR v d PNL-Mulungu continues to 

progress. !Oh of an, programs has a ccrplete varietalu development 
program inc I ti nno ma no nerun!t of. segrega ting populations frem crosses 

teither mnde at (CAl tr hy LL opn, iaq 'themselves. The programs are 
now ,cre ,.ig litge numb[er of breeding i.es for v i ld -.;th tihc pur
pose ", ident i n' a liew ,lpct v rIit.- for rnu tilocational testing 

and on--irm tri s. i tW cl u ti , C ' 1.,,ich , of.an; the 
program:-s a i I1 ii 1t it now tXClu ot vait-' .a I selc tion , advanc ing 
new prois;v rie.ie( f miing v.rf ti:. P'mising i n t , -r( ISAIl t- lclw en 
hush bea : tr i S o! j aire I , I.,l ," , 1"inyugwe,h/ i . , 1 ... 

Amaslhoigonslwi, 5F [W N and W IA,,f 1 w, i cl outv ie Id tie I SAR 
standard Vxarfien , ,i tOP ( (A ]'amarl. 'i m Vxii ins will most' 
likelv h e moved into n-Fniim testing iinSeptcber. Clim.bing beans are 

still being emphasized by iSA-, at Rwanda conitinuos to have the most 
advanced climbing bean pira iiing the Th-ei program has 
several vei-n variet ies incl ing K ,W, V 1 InP G 811,promiiang 12, 
Puebl /";K,, (arjtl 1a, 1runyuiba 3, 1; 2333, C X58, and more recently 
identified varieties such as (isenv Y his, Blruli, 82/269-MI,-M(-2 and 
(G2338. 

During the first quarter, a large series of climbing bean confir
mation/d i ffus ion tria ls were insta led in south central Rwanda in col.
laboration ,'Lth [SAP nrd the Agro restrv project, PAP. Although 
climbing be ans ir rarlv seen in that region, on-station research has 
shown theic iqiih yiel potential. Biecause of the simple design and 
farmer parcicipat on in their es!al islhment and management, it was 
possible to sLt uij a arge n eui;erm trinI-. 

ISABIT is a1' m: climbing hwans a high priority denselyakinog for 
populated area . A smaler number of more preliminary climbing bean 
trials were also Installed in Burundi.. Sources of staking materials 
appears to be tLie major problem in climbing bean adoption, but some 
farmers are finding local solutions including cassava stems and banana 
fibers. 

Collaboration in varietal development in lower Zaire (Bas Zaire, 
Shaba, Kasai Iriental) was initiated this season with the planting of 
regional bush and climbing bean trials and several other nurseries of 
CIAT germplasm. Bas Zaire is an important bean production region with 
up to 50,000 hectares planted mostly in March and April. 
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The bean research initiated in 1985 by PNL-Zaire in other impor
tant bean production zones outside of the Kivu region is now being
rapidly expanded. Several bean nurseries sent from CIAT, including
the 1985 EP and nurseries, specially prepared 
to test a wide range of
 
germplasm, were planted in October at the Candajika and Kaniama 
statins in 1asai Oriental. About 400 lines were tested at the two 
stations this season. Surprisingly, yields at Gandajika were good
with replicated yields of the best varieties at 1000 to I500 kg/ha
without ferci ]izer or other inputs. Promising lines from these eval
uations include RAB 164, RIZ 53, EMP 154, A 429, A 411, A Z445, EMP
112, Carioca and, possihi y, the two most promising, A 321 and BAT 
1449. Several of these lines, especially A 321, have been previously
identified as high yielding in a wide range of locations including
Kivu, 
Z irc and Mloso, Buruqd L. Bean varietal testing was extended to
 
Bas Zaire aid uhumbaslii, Shab 
 during the 1987 B season (February to
 
March plantings).
 

Pljant rotection triolIs
 

The development of plant protection technology, which began with 
a diagnosis of nojor pathogens and insect pests to be controlled to
increase yields, Ls now producing the fruits of several years' work. 
High I.ve 1, of resistonce to angular leaf spot and anthracnose have
been ide t tied, and an international Ascochyta nursery comprising
best nit _,i, ]r from \frica and America has been assembled and dis
tributd. In additioa, fuulwing is being sought for a collaborative 
project w,.ith two f:Lch institutes to clarify the taxonomy of the 
Ascochln-a bl ight complex and the pathogenic variation of components. 

Mixture triols, whi ch focus on the effect of resistant varieties
 
as added to mixtures, were initia ted in col[aboration with PNL-Zaire
 
during the last quarter of 1986. 
 A small set of on-farm artesanal 
seed production -esenrc1 triaI were es tablishad near Rubona, Rwanda.
 

The efficien y ol varietal selection programs in the region, par
ticularlv those 
focusing on diLsease resistance, need to be improved.
Selection nurseries often do not have sufficient uniform disease pres
sure to select disease-resistant lines effectively. In Rwanda two of

the most promising varieties released recently (A 197 and Rubona 5) 
are both very susceptible to anthracnose, an important disease in 
Rwanda,
 

The strength 
of the bean pathology and entomology work in the
 
region was evident at a regional pathology seminar organized by 
IRAZ
 
and TSABU under the leadership of Dr. A. Autrique and financed by the

Centre Technique de Cooperation Rural (CTA) . Pathologists working
with food crops from Zaire, Rwanda, and Burundi and representatives of
 
Kenya, Cameroun and Belgium were represented. It was gratifying that
 
the most substantial and best presented presentations came from scien
tists working 
on beans. This was clearly reflected in remarks from 
many delegates including Dr. Meyer, the chief delegate of the Belgian
 
aid program.
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Nurseries
 

The PRLAAC (Regional Evaluation Nursery of Advanced Lines in Central 
Africa) was :initiated duriug the 1987 A season with 176 promising 
advanced lines from the three nat ional programs. Dhuring 1987 A and B, 
the nurse rv was ovalua ted for eight diL rent c'haractet including 
beanfly, \onthoiarias , halo) hlight, Ramularia res istance (at ISABl), 
Ascocvta, anthr cncosrc ,:md (:NV (at !"AP) , and -uist and angular leaf 
spot (AIK) resistance (at PN) . Data Irom this trial should 
considtcah Iv increse the eff icincv of the nat icnal varietal 
selection pcogims. The t'BIlAA is al.so currently being evaluated for 

cooking tino aind wilier ,aisorption. 

On-farm vcl (c 

A Ia - ,, numbrLer of on-farm trials were established in the Plateau 
Central reg ion of Rwanda in orde r to test the potential of climbing 
beans. 11 I thv do, in fac L, show promi se, on-farm co;na ra tive 
varietal trials will h initiated iv SAL\ on the Plateau Cntral in 
September. ,More omph is sthoruld ,i;, he p1 aced on on-farm trials in 
northr n IKwand;, a I , I cI limb inn I :ii rcoior, to evatu ate the 
large amount of 1 ,hig ni v ,t es .v, Iod 01r Ident i iedion at 
TSAR's noubern hi hi;land curl: ion, R,.rore, 

Suvcr,i ! oiinni! W in ,variai t 1on c urrnur: iy in cn-I arm t est ing in 
Rwanda .in li drlrn i 1 1 soo'n hn re. I ed . Aiditionallv, ihe cli.mbing 
bean vari__th,s C )2"H, Ur['uniumhn and Ki n.env i h is aite also concur
rently hei ng ii, It in ,d for p,,;i h Ic 1 re.1 ae, Ana;ii'mportant recent 

achievement is tLe t ransfer aif resio; ilb illy for RIwandan on-farm 
varietal trU-Il plaining and crnnrgernnt rum thre K:IAI agrnomiist to 
ISAR rese ccl:ers ;and tecrniciau:;. T1is transfer of responsibility 
follows CAIV's strategy o1 re:inforcinig national res arch through par
ticipati{,n, fol lowed by: gradural withdrawal t: a coordination and advi
sorv role.
 

A new simplified system of farmer evaluation of on-farm bush bean 
variety trials carried out directlv by collaborating projects in 
Rwanda is working well. All projects receiving evaluations forms com
pleted them, The varieties PVA 1272, G; 23333 (climbing bean), 
Kilyumukwe and Vidunda were most often cited by farmers as superior to 
their own mixtures; where(as G 13671 and Vruhononono were almost uni
versallv disliked fr their sprawling piant type, poor grain quality, 
susceptibilitv to diseae Id late mraturitv. 

The follow-up sir,,ev of climbing bean potential trials, conducted 
in co Li aborrat ie wi th PAP and the communes of Svmd rind Ngoma of 
Rwanda, :shoed considur/rh le promvise for producing cli mbing beans in 
nonclimbihing bean areas. orver 901/ of the participating farmers inter
viewed indicatc their plans to re-sow the climbers in the 1988 A sea
son and to incr ua e t e area planted with climbing beans. The variety 

Giseny 2 Bis was es ocial 1y, well liked for its combination of high 
yield, vigor and very fast cooking time. 
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Staking material continues to be the major constraint to increas
ing production, and research on this problen is ongoing. 

Analysis of a survey focusing on climbingconducted with 4Q fLirmers in sout:hern bean farming methods,Kivu, Zaire, was also competed 
during the :Keccnd qu,. itot: of 1987. The data will be used in the 
tia ie ei climbiig ,n technology to neighboring areas. In addi
tion, on-fa. trminI in.w:ncliming bean production zones will he de
signed on thbe basis of uC cultural methods identified in this survey.
It is interesting thLtiplant densities in southern Kivu climbing bean 
product io n .,q I - very h igh (over 3wo),(Po p/ha) as they are in many
production not1 in northorn Rwanda. 

Prodcli t ioii sur e'vs 

DaltLa co1 ]ect.ioluwa' i i t ietd the first quia tec to document current 
production o Vi Ivuinlw in the caterrn lowland areas of the countryfor fiitul a'doption stuidies. Th:is variety shows great promise in the 
east, a good e-tension effort should expandt, its use, with 
suhsrcul produc t ion ii creas;s, I SA , SSS (the national seed 
product i cr -ic ) ,li ;It Io at prcoj cct, 

multip1viin OIrg quanu 


1o one ribungo ] I , are 
t I ts of Vil'umukwe. 

(as;e stuE its 

Case tuAdies; were initiated in Southern Kivu, Zafire and in the 
eastern Plateanu of Rwanda, in co llahoration with PNI,-Zaire and Enquet e 
Agricule, Rwanda (USA ID). 

A case study of 15 bean farm.,ers In tie Kigali Prefecture was
 
carried oit in collahoration with SESA (Agricultural Statistical Ser
vices) of Rwanda. The case 
 study focused on the relationship between
 
bean market lg and bean production techniques. It was ound that net
 
bean purchiasei-s L ind to cliltivate a s t-ill Ie , 
 but i-,oro prodiict ive and 
labor-intensive :i- ce area oi hiins than net ln Scll rs;. Ananlvsis 
of a second case stu,- W -aare, Southern Kivu, .als aI so completed
during the second quartei oF 1087, Mv of the results in the Kahare 
case stud,, conducted in P7\ Siported the results obtained in the 
1986 A - 19,6 h Zaire diagnostic survey. The case studies indicate 
the possibility (of increasing faimers ' bean production by modifying 
their current sail ierti litv ma nagemunt practices. 

Seed treatment 

Advanced seed treatment trials ii lizing selected clhemicals to
control root rots and beanfly are being conducted by ISABU in Burundi 
and on farms in colaborntion wLth ISAR agricultural projects in
Rwanda. Seed treatments are showing good potential for control of 
beanflv and seed-borne pathogens. The extension of seed treatment 
technology using small amounts of effecive, but safe chemicals would 
have i strong impact on bean yields in the region. The possible
health hazard in using these chemicals remains the difficult question.
In o-station trials in Burundi, endosulfan 3 , WP was found to per
form better than lindane, and good pest control was obtained at 
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concentrations as low as Ig/kg seed. These results need to be further 
verified, but yield data suggest that only 25 kg/ha yield increase is 
needed to repay investment. For soil and seed-borne pathogens, a seed 
treatment with benomyl and thirqm resulted in a 275 kg/ha increase in 
yield in the first season of on-farm experiments. 

Nutritional and bean-qua] i ty studies 

The project received additional bean cookers from CdAT, which 
were sent 'o Candajika (Kasai Oriental), the national legume program 
headquarters, for bean-quality evaluations. New Mattson Bar Drop 
cookers to be used in laboratorv screening for cooking time of ad
vanced lines bv natiens I programs, manufactured and delivered by CIAT, 
were cal ib rated in the IS\R Rubona ]aboratorv. These new cookers were 
given to Burundi ,aod Zair-iani national programs. There is a very good 
corrcspo)ndencre betwowu oni-farm cooking time and the laboratory cooking 
time index using t hes: bar drop cookers. An analysis of bean samples 
from the Kppaln mrAnt w:a s also performed, the results of which were 
sent to th Ugandan n.t[oni program. 

Conce in ing qua i: research, a study was initiated at tie farm 
level to document how dif!-rences in cooking time (caused either by 
the cookin,, n;ethod or tht, vir ictv of seed cooked) af fect firewood 
needs. The rorres p Jmimhr, between' actual cooking time under farmer 
methods and the Iaboraitorv cooking t Mine index used for varietal 
screening in the breeding program was evaluated. 

The study ,avs init i ted with five farmers during the 1987 A 
season and will. be repeated during 198i B with 18 farmers. This 
season's results showed farmers used about eight kg of wood to cook 
1.5 kg of beans; average co ok ing time ws about three hours. Varietal 

differences in cook ing time annd correspond ing fuel needs were 
observed. So;:ii.g efore cc king reduced cooking time and firewood 
use about 50,. 

Regional subprojects 

The successful division of research responsibilities among 
national programs is ongoing. The subprojects that are most developed 
are the ALS subproject carried out by PNL-Zaire (yield reduction 
studies and resistance selection nurseries), bean fI y by ISABU 
(resistance evaluations and chemical and cultural control), and 
Pseudomonas and Xanthomonas (the cwo important bean bacterial 
pathogens) buprojects also carried out by ISABU (varietal screening, 
yield reduction studies, race identification). Complementing these 
projects, CIAT staff are placing emphasis on BCMV screening and 
resistant variety selection. In addition, the [SABU virologist is 
planning a regional survey of BCYV strains. Results will be very 
important as black root appears to be much more frequent in lwanda 
than in Burundi and Zaire. 

Regional subprojects concerning common and halo blight, Ascochyta 
and anthracnose were initiated in 1987. Research carried out as part 
of these subprojects has already provided very useful information to 
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the national programs including the refinement of inoculation techniques for some of these diseases. This will allow more accurate
evaluation of disease resistanre for these d~i oases. 

In steering committee discussions, the fol!owing regional sub
projects were approved: 

- ALS, scre:ening and research project, PNL-Zaire 

- Beanfly, cultural and chemical control and varietal screening, 
ISABU. 

- Bacterial diseases, screening and research project, ISABU 

Regional collahortion ,and training 

Communicgtiit ns htc, , n .tional prngrarns within the Great lakes area was 1tcl! i:. ii , y stc-i ng camtiittee meetings held throughout
the past: orr iiyn ii, 4 rs-arch topics were discussed among
represcntat iv.:s Pi ti na ionn! programs and ,IAT scientists. Adescriptive p:opc 1 ret (i n 1inyh) orf the rea t aes Regionail IProjectwas Comp IUte ad ii i l)i 1,rilit ,d at CIAl headquarters in Co lonibi afor dispersal to aidii ici comiI o it.i ofl and understanding between
the project and init nl I-Fpnaci ln . Ii ining continued to receive highpriority within tt, pi -ject a ,uen in a series of proposed and/or
completed worlsihop. 

The , i ', 15 p, che Second Technical Training Course, whichwas held from K Lo 1 locceIh er, 1086 :it Sovu and Rubona (Rwanda) with
25 part icipat ing tahricins, wah organized within collaboration
TSAR. The ohjectiVe w,, to train technicians in field-oriented topicssuch as plauning, insqtalloion, management and harvest of both on-farm
and station trils:, rmdanititicat of diseases and insectsco, ing
damage, strp Im!armor survey techniques, seed storage, data preparation and practical math e::e cisos. Participantsa came from TSAR,
ISABU, PNL-Zairu andl agricLu lt,,ral projects from tie thiree countries.
Topics were presen ted bv nat tonal program sc ientists from the three
 
countries and by (:IAT staff.
 

From 12 to 15 May a Farming Syste:s (cientation Workshop was heldat Bujumbura, Burundi with the ofpurpose promoting on-farm research
at ISAEU and Burund ian agricul tural projects. The workshop,
co-organized by ISABIU, CIATI and ClMMYT, had )0 participants. 

The Third Regional IOn-Farm Research Seminar, organized by EMSP ofISAR and CIAT, took place from 15 to 22 May at Remera, Ruhengeri. The purpose of this seminar was to learn about the on-farm researchapproach of the projects collaborating with ISAR, to visit theirtrials, and to make recommendations on on-farm research methodologyand management at ISAR. The seminar attracted 45 participants who
discussed each others' programs. 
 The ISAR director who expressed hisinterest in this activity, gave the opening address on the state of 
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on-farm research at TSAR and participated actively throughout the 
seminar. 

The Third Regional 'lechnical Training Workshop was held from 25 
May to June 3 with the part-icipation of 0 trainees. It focused on 
managmenil of grain l egume i- rsr ' Hi emph s n | i iand- beans 
soybeans. This was the fLirst techlnicl trainilg worklshop held in col
laboration wi.th IlT:A. lhie w rkslop was u".-i ,, - d CI.T, and-R 

[ITA. 'lime workshop was al o notable in that thL w:jo i Lv of 
presentation were gvnto bv nttion Ip ogram loatniO in th, region. 

A Fat'h log"I e ,';,rl-shop tLo Lexiange inlO Plra t i011 00 1:1' jOr Li I'ses 
and their L, otro IAnd to dev'i neans ol sht loin ru.pnl ao it iiLties for 
research IetW.U rutg, t>. was held in KiK,l L in Nove:Le 187. 

The 1lb ird Log in 11, 1 S,eminar wit th paIti ci pat: io of selected 
outside parLticipnt-ts From the pruviou,; workshop, as wel I as regional 
staff was held in Kigali in Novembe 190. 
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4. East Africa Regional Proiect 

The Eastern Africa region comprises Ethiopia, Somalia Uganda
and Kenya. Coordination is provided bv an agronomist based with 
the Insti tute of Agricultural Research (JAR) in Ethiopia and the 
second regional agronomist position is based at the Kawanda 
Research Station of the Ministry of Agriculture and Forestry, 
Uganda.
 

Germplasm sec 

A germp]asm set of over 1200 accessions representing the 
total range of variability in the CIAT colle.: tion was grown at 
ecological ly diverse locations -in Ethiopia - Pawe (low titude,
dry) and Kachwekano (high al t itude, dry) . The principal stresses 
were: web b 1ight (Pawe) , co,,,on bacterial b.1 igh t (Melkassa,
Awassa , Kawanda ), rust (Awassa); roo t rots and drought
(Mel k;ss:i) ; and ,angu Iar and fI oury leaf spots (Kawanda) . Data 
have not vet been u Iltv _omp Iied hut several accessions combined 
resistance to stresses wi. th 1)et ter yi el (Is than the checks at each 
Locat ion 'n1d hive been promoted to the first stage of national 
variety te ;s in hoth coun tries. 

VEFs
 

Entries from the 
1986 VEF with satisfactory seed type were 
grown in Ethiopia and Uganda. The best have been included in the
 
national testing 
 systems. Entries from the 1987 VEF were 
multiplied at lel kassa, Ethiopia under quarantine for further 
tests in 1988. 

In lganda a vield trial was grown in 1986 to compare tile 
most 1)r omi ing seven introductions made through CAT VEF 
nurseri,..s in earl ier years with two landraces and two released 
variet io; . A I introduct ions significantly outyielded the local 
mate ria I s , and i n :;eve ra I cas es by substantia1 ma rg _i-Is, clue in 
part to better rci ance to C'BB and rust . (Table I) . A 
multi locati nonalnat:ina I ,,ield trial was composed from the best 
entries and from more recent introductions, includming those from 
the AFBI''AN. (On-fa'-m t .:t ing commenced in the second season of 
1987.
 

Ethiopia's system, faced with extreme ecological variation,
used P9 locations th.is year for its final stage of on-station 
evaluation, with materials being grouped' as before into three 
trial series by grain size and color---white peabean, medium 
colored and large colored types. Some. locations were changed
this iear in order to adjust trial coverage so as to better 
represent principal production zones and to match farmers 
preferences for grain type. With the increasing flow of 
promising lines of thoe grain types preferred locally for food,
 
especially reds, it proved possible 
 this year to replace
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non-preferred types such as blacks in al advanced trials in the 
colored (food bean) se':ies.
 

In the s a e-" grain legume progra1m el SomIal ia , a much 
smalle r t cf u'hterial.s, about 100 in al I , lie, been ieutreluced 
this yea r, using the pr imary' criteria appropri;lt c :r inl color 

and adaptation to other hrot, r,-i of thePiils 

CTIAT's W.\ ,AN our-erv and select ions from t:hh g1 ri)p; ln,d are 
included. 'he Vi CI (s t I FSeason. un'epbest in IirUst k:. icated 

( obta1n., I illo i rkkeV , F ranceobservat, i , er u rn 1 1a ter ia 

-ho1ounb ,.A .ltni, . loL heanfI- andand 1eaflioppers were 

part i I "Iv , : i n< ;it: i. A!.' .,i IoCat ionl. 

I Wrihut he ma,.hlleijutroduct iOns 

l th ioo ;!i , , ., i e nt:; pr-.Ilini nit v restlt ; 
The pettnt ,t i'l tie Iv to 

form the ni ion l! ,. ttv t it i ill the I n ge kidney bean 
category (,it,i tor ! 1 i It t i I I b l,)Cr ted in tie next 
annual i t I I t I itvrrowe *Speckled) was 

it1 L 'v t.I', i i ,ignIL t ti't ic-n, ,it ,.\wartt: and by 

all ent , .l kIFF:aIt. [ ] t . r It ti t t(e Carioca 

crosses -.10 an!IIt . )U ilit e v in N,-lu'er) , thot- i the 
IBYAN. 

tes-;t I '' i i d 

and coilnr Inte i ( ipiilt . l 1imp t Is Used 

tII- rallli ; 1,'i t L'ltrr - l iii 1987, 

i I I t IC * C it were 

to compa re t:I . lotlr . u fI previoit; multilocationor ,sol trom 

t r i a I s wi t t I :ie -S va i t I 0 , l.1indL t1Il een t tov i ded by the 

farmer. 1p to I Iarills were used( in each f ,, a:1d plot sizes 
trom0 50 11:100 ,1o Cr tw t ica ,ar, pet-r arn we ret- wi t I rep 

emp Ioved : separate scr ies of varict ic,-; t _se for each 

are a. 

Resi Its from on-farm testing in the fod , an se les are not 
yet available. The entry W-1l17-0150-1 was te best yielder of 
tile four newer mnterials included in tie wite peahen oi-farm 

trial or the Rif t Vallev zone of Ethiopia. Its mean perfortitance 

across locati.ons however, was not signiFicant ; difc-,rent frot 
that of the 1 )c1 I cheCk , IL: i caln-142 . As rust was no t a serious 

prob 1m tIi is year in the areas where these trial , were located,
the impreed leve! of resistance :hown by the on try (;R-3,5-08 

ga'e no advantage. A' part oft ti i:-;Coni Cercial. crop is produced 

for canning, entrlie ihn this trial were evaluated this year also 

for cant itng y , col laboratio tItl I, Statequaii in ,,.,i lhigan 
University, USA. A a I;Iexpe rimetn tal varieties proved to be 
inferior to Mexican -14 in tliis aspect, adtcquatate canning quality 

is being introduced as a necessary criteriol for advancement of 

this class of germpilasm through the earlier stages of the 

national program. 

On-farm research 

The two principal objectives of on-farm research have been 

to understand the principal bean production systems, thereby 

identifying worthwhile opportunities for research to raise bean 
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productivity, and to 
 evaluate innovations under realistic
 
conditions.
 

The past 
 two yecars have been marked by a considerable 
improvement in understanding of farmers constraints in bean 
production. As a consequence, several adjustments have been made
 
in national r-es earch priorit.ities and in evaluation criteria. 
However, the 
 methods and innt ilt iona I arrangements used to 
achieve this have been different in ,acn country. 

Initia:l diagnose;q o bean research neeids ifn Ethiopia relied 
upon the results
t genera l surveys of farming systems in 
selecte ar eas, p1ticullv near o ret Research Center for tbe 
drier it Val lov A: nof bean cdi cropping , and lear Awassa 
Rxesearc h (C:emr i.ll r-presentin sIluth e rn areas where ,eans are a 
pr inc Lpa I ood crop . Thesc -. lrvevvs, L (,duccedhefore the start 
of C[AT' ; .g lonal [progrml , were 0loIod iin C86 hb the first 
oni-flrlmT v:lliet, I i ;. a tliTelagle of these trials, 
determined I a , 1,- c poope ,l-aill-, prov ied morerting fs 
detailed3 I IIai 'ii O "I1 lri(epr i(-11 p rac t ices andai , I i)lOdlC t 

constraillts. !he .N, t 
 :ries1, of on-farm trial s ontinued in 
1(187, with 011oc ill ll in v~' ietal] entries in the food bean 

' 
Ie Iseries to llct1 I ptu ereiices for grain types for 

Resul- From 12 lift V i ev locations of the peabean series,
reportcd1 above under var etv ,development, showed a wide range of 
mean yields on iaris Vcoi!1 1 /'to 15,. kg/ha, with, an overall mean 
of 71 9 kg/ho. The principal c au ss of variability in farm yields 
in this area appear to he rainfall and soil fertility, both being 
highly vaniae over short distai ces in tle Nazret area. Large 
difference!s K weed competi.t eiroee note between locations 
having a sIili lar ra inl l pattern. 

A ifoc15 -t._d1survey oi.f I bean produce is in the Rift Valley, 
using a formal que-ostni onnai 1-e, wilth open-endod quest ions to 
accompany observations of each farler's bean cro-, was designed
cooperatiye vlnd aIminist ored in 19I87 by FAN's Farming Systems 
and Agricul tura 1 
 conomics Prgram from Nazret. Preliminary 
results have confirmed I9)86 oh servnt'ons that farmers broadcast 
seed at higher rates thban those devoloped and recommended for row 
planting, and that thev do tUKis consciously to suppress weeds and 
reduce competition of labor with manual weeding of other crops,
particularly teff . Farmer's plant popunIitious reached 750, 000 
bean plants per ha in wetter and more fier-tile areas, or more than
 
twice the recommended rate; rates used by farmers in the variety
trials varied from about 240,00( to 550,000 per ha. Wilie these 
rates indicate a direct cost associated with this forMi of weed 
management, the survey also showed tat, contrary to earlier 
impressions, some farmers are prepared 
 to handweed once if 
potential bean yield appears to warrant doing so. In the drier 
areas of the Rift Valley,, lack of crop rotation appears to lead 
to buildup of weeds, to reduced fertility and to the eventual 
abandonment of the field.
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A characteristic aspect of the role of bean production 
within farming systems in EthLopia 's the ability of this crop to 
fit into relativelv short periods of rainfall. Beans have become 
an important crop in the Kifr Va lley despite the gunerallv low 
yield.s oht;_ lne(1 in an in vorab I illmato aninl ,;1ra in fa 1 1 s 
only 6{}0-800lmm, less than il most bean growing areas of Africa. 
With a stairt to tlis veser's 1ain r;ainv season and belowdelayed a 
normal rainfa 11 there;after, i armers adjusted thei r cropping 
patterns to crops with shorte - ml f i and there weretLy peri od, 
large increie se in areas planted to beans ain to earlv ma turing 
variCties of tff , at the expense of1- m l e and s rCg11:1dm. Beans 

were conmmon1 tli iS year als;O at hi her ele %vaItionsn 0of t0i to _2100 
maeters , dlisplac ing product ion of lower vieldil", hut prlefurred 
traditional p lses, partilcularly i a hb ealns; and Ie t i I . Whi. Ie 
it is certain that the area sown to b)e,1 in 'thip i.'ais3 su-lch 
greate(r tan offt-ic al statistics sugges;t, relijab le estima t:es are 
not av;!i aib] 

11 the. iod an p roduct 1I1 zenic of sOtIhL1n lthiop ia, a 
bean product i ,n sur-.ev pl nned for I:87 postieTtmned duIe to1.,-a 
staff C I ageIs z C- re Ited to g r-aIdute tri ning. I ns:t(ad, a 
collaberat ive eI tort itou-, IAIR ss a tatiinw,:, n edlLbetweeI, n Awva ,! 

agricul rurail (:(o1lr ists ;111 the lo e i.,onomilc: D lrtmellt of* tilea rp 

Ministry oif Agricultirt to determilnL. more about farlmers;' valf:etal 
preference:; Il-omn tnl: on-larn va-i et tri'la 

In Ug'nda, on tHie otther-and , the is. nn fino:ilg syst-ems 
research program. Diagnos tic wc)rk wa s ;ta ]t ed in 1987 by 
assisting the nat iona bean program, ,hicIh includes several 
disciplines, in a sulrvey of th,2 import ant bean-producing area of 
Kabale in soith-west Uganda. As in similar a-.eas of Ethiopia 
(1750-21() meters a 1.t itude with good rainfall) , in tercropping 
food be;uIs w th s o rghum is common I)iseases were found to be a 
major constraint, cither directl.y or througl causing susceptibl.e 
varieties ro be plan ted later than opti mallv for yield, in order 
t:o avoid the ,et season. This is the only a rea of the i",s tern 
Africa region where varietal. mixtures are commonly grown, and 
farmers were found to identify advantages and disadvantages for 
each component. Generallv advantageous characteristics of a 
variety included yield stability (i.e. disease resistronce), large 
seeds which are easier and quicker to shel-l from green pods,
''sweet" taste, early matur Ltv, color other than bl ack, fast 
cooking time, and erecl: plant habit. 

Agronomy resarch for this area needs to be focussed on 
maintaining and improving soil ferti t ity. Uganda's present 
emphasis on breeding ifor disease resistance has been confirmed as 
correct, while a new area requiring research, is the control of 
bruchids in storage. 

It, mayle noted here that in neither country has use been 
made so far cf multi-factorial diagnostic trials. The surveys 
and farmer-managed variety trials have al-ready provided what is 
felt to be an adequate working assessment of farmers'
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constraints, which have permitted the focussing of available 
reseaycI resourccs. The 1Kth.iopiin on-farm trial of weeding x 
genotype x secd iii, rate is partial ly exp loratory in nature, in
 
that its re:ii conoutsl feed back new
Id criteria for the selection 
Cf varieties in thu lit re. 

Ag ronomv. 

Lescair, on cropping and mnaigement practices for bean
 
product:to, Co IL LnUeS 
 to be given greater ;ittention in Ethi opia.

I n Soma I ic and lg;in(ki , there 
 haz.; Leon inadequte information 
ava ilaL 10e on tie pot cnt iI 1 0-ry agr) 1onon i c reseirch to raise
 
prodluctvi tv, 1o1 progr:ms
U': nt I have tenided LO coincentrate 

ohei Illc lllpowe- I L Iol pn ILLi de I.opihn tOf nc. Vili et [es. 

The e itoct ,o t-n, i k Fl( 2eA i creview <ini[ p<lannig
proces!; , ;i rk <Id" 1 I I !"titt[ i 1" . ! i' tcl ,ianalI
Ievel _-;, 1.--, tI ii '! il . I rci_,- 1 ie r"(11ii r C [IIlt Lii I t eac h
 
resC a rci Ii lIposiH I I , i,'p iit L to 
 prioi ii c t r<iints

1 lii i-illI ie'' *- (denti IiI -iliii ' ''l. !!' i steady
 
e vo Li to i 
 iiii n i i c,1n t'OlII- Ied ) v 1 ! Lop.o , i-a i,'l. ng
 
C(10501' I
U I-iS e .tt i Jit ie i- ei rt: i 'irm r t i chi . 

nw t; ia.:, I~i -1 ' I I ,'I.t Io a iti wIts i tiatled
both at ' 1 k. i ll t : t -. , 'ici ti oI. 2 10A ACs A gron o Ivy 

De1 a It- icTI t , I ' . :I .i'l, tI-i iuslppt 1p1- t Ut t o the
 
ow-I npit i-: t,ii I f [I ' ll s t Illl. TiIICc 1i,-I pea bean
 

ti , 

at thiec bLv i lc qt '(-.Id c. rate with xero ole hand 


I. -i c, io 1e1 il l-; tit ;Ii r cotlp , - Civenless, grown 
a.n,. weeding,

Loin' -.joi ,rein Il itori;al atr<auogemlellt on the premise that
 
opt [im 1 L oi - tliI l( etors w:I]] not be tile same 
 as for wel.l
wOe(IU , l OW-p I Intelt cIrc) . .eawihi Io, the deve Iop nient of

ell-di1n 1int 1low- Ct Lt 
 iv it Ion eqLi _pment is being encouraged at
 
Na z ret t)r weed con t ro I us ing tile 
 e ist ing recommenda t ions for 
var ity Lv ni spac i u . 

The secoiii tlheme ot ,agronormy .eseairch in progress

in Ithiop if: tile 'ntes 
 i iication of Cropping patterns. Sorghum
and be.ns,,, principal crops .n the R If Va]I ey , are grown in this 
a rea in pu r ;tands . An e:pe i iment at He Ikassa has been 
conduc ted ,. IAR agronoLilis ts to eva I nate sorghum/bean
interc ropping , treatments being ref-)l aceienlt srijCs at a range of 
p larc populations. The exper~iment was concluded this year after 
obtaining a CCons< is tent response from replacing one Lhird of the 
so rghuin pop I Lation ,:Th1 Lush Leans . L.and equivalent ratios and 
cash returns per unit area were increased by between 50 and 100 
per cent. IAP entomologists working at the same station had also 
shown that pod boring by African bollworm, leliothis armigera,
could be reduced by strip cropping beans with maize as a trap 
crop. 
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It remains to be seen whether and how farmers wil 1. accept 
intercropping in the ]abor-scarce areas where it is not a 
tradition. The on-farm trials strted this year from Bako 
research station indicated the type of followup that is required. 
For this wetter and predominately mai:e-producing zone iniwestern 
Ethiopia, a pram is ing a i ze/,an i nrcronp I ng treatment 
identified on tie station in row-cropped rep] iv'm'iit e':pe riments 
has been translated into on-f-arm tests O.)ini; brOadcasE into 
maize during weed ing, 

Intercropping aof hush be:ins, and maize is common in more 
densely populated higlh-rainfa [ areas of southern ith iopia, 
served by Awassa t"rcarch stio . Further intensification of 
these syv;tems through the dVevelopment of ove] donhle cropping 

and relv cropping pata rii, ba:ed on cereal1/legume asK oactations, 
is the ohCt iv0 a1 no'' ex:peri.iments start ed. iABcgronomists 
this ','ear. Initial reslts suggtst that 'vicrof bean plants can 

be higher in the lir-t rainy season withi less i ncidence of rust. 
As all va-iLv deve! opmuinL work o 1 '. nl i ; cconducted in the 
second 'r ma in r ainy s,;eason , i f; pI anned to repeat evaluations 
in the Vir st rains iin this a pi. 

AFBYAN 

An Afric--widu variety trial , called the African Bean Yield 

and Adaptati n Nursery: (AIBYAN), has been established with the 
following obhectives: 

1. 	 To distribut: and evaluate the performance of existing local 
cuitivars more widely. 

2. 	 To provide a vehicle for the regional evaluation of new 
materi a 1s. 

3. 	 To initiate an African network of bean breeders. 

4. 	 And to examine varietal performance in relation to 
environment. 

Management of the AFBYAN is currently undertaken by the 
national program in Ethiopia. 

The AFBYAN , comprising 25 entries contributed by African 
national programs, was grown at Melkassa in Ethiopia, at Kawanda 
(first and second seasons) and Kisindi and Kachwekano (second 
seasons) in Uganda within Eastern Africa; at Mulungu in (Zaire) 
and Ruhena (first season) in Rwanda within the Great Lakes 
Region; and at >sekera (Znmbia) in Southern Africa. 

Ireliminarv data obtained during 1987 are presented in 
Tables 3-6, after combined analvses across environments. Table 3 
shows that varietal di Iferenci' are essentially cancelled by 
environmental interactions, ind i cot ing that there is need for 
harnessing specific adaptation. Although thcse data are very 
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preliminary, being 
based only on six environments, they do
 
indicate a need to relate differences to varietal performance and
 
to determine the factors that underlie Genotype x Environment 
interactions. The data demonstrated dramatic interactions
 
between entries and locations for seed yields (Table 6) and other 
characters. For example, 'K20 was the poorest in perfornance in 
two seisons in the area where it was bred and recommended, and 
yet it was ranked top and second in terms of seed yield at Rubona
 
and Msekera, respectively. G 2816 performed outstandingly well 
at Mulungu under heavy pressure from bean fly infestation. 
Urubonobono, whic-h ranked second at Kaw-inda was among the poorest 
yielders at Msekura. 

Analysis of stability by regression of variety mean yield on 
environment mean vield (Table 3) shows that in some cases only a 
small proport iot of the total variation can be accounted for, so 
indicating tLha other factors are involved in these interactions: 
disease severityv is il<elv to be one such factor. Table 4 shows 
that Va rietv ,nvironnment interactions are larger than varietal 
e1ffct s :in thec as cs of angular leaf spot, rust and BCMV, but not 
so with common hct c,rio 1 l ) igh t . This accords well with 
expectation, based on current: knowl edge of the degree of 
pathogenic variation each exhibits. 

Regional col laboraition and training 

The third regional steering committee meeting was held at 
Debre Zeit, I"thlopia, w'ith participation of national coordinators 
from all four countries, of representatives from both donor 
organizations and of the regional coordinator. This meeting,
besides approving the program's annual workplan and allocating
budget items for training and network activities, approved three 
proposals for collaborative regional research subprojects. 

In the first of these .;lbprojects, which accord with
 
regional priorities identified 
 by the steering committee, the
 
bean pathologist of JAR, Ethiopia, is quantifying crop losses
 
caused by bean rust, 
 screuning germpIasm for resistance, 
developing local capability in 
 inoculation and screening

techniques and investigating aspects of the epidemiology of tie 
disease. A regional leadership role in research on this topic is 
expected to develop, 
 leading to organization of a regional

resistance nursery from Ethiopia. 
 To encourage the development 
of complementary research, a monitoring tour of bean rust 
research locations in Ethiopia was organized for visiting 
Tanzanian cnd regional scientists. 

Two other regional subprojects, on common bacterial blight 
and on Ascochyta blight, were started by Ugandan teams each
 
comprising a pathologist and a breeder.
 

A First Eastern Africa Regional Workshop 
on Bean Research
 
was held at Mukono, Uganda. The 33 participants, representing a
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wide range of disciplines, came from the four countries of the 
region, from two adjoining countries and from CIAT programs.
 

Coope ration among nat i onal resea rch programs is being 
encouraged a Iso through the exchange of progress reports. 
Assistance has taken various forms, inc l ud ing translation, 

editing, and support f,,: producing larger numbers of copies. 

Training e forts this year included the folowing: 

A tw,-we course in f iold resear,_n methods was held in 
Uganda for 8 techn cicanq from that country and two from Somalia. 
Resource persons were d rawn from senioc staff of the Ministry of 
Agriculture And iron two C IAT region al programs. This course, 
which alternated rlassrcoo se-:,;ions with field practIce, was 
modelled on t:he 108( course ield in Ethiopia. 

,\ two-week [n-count v (tl'e for 5n graduate agronomists 
from al 1 stations o 0..>l, thiopia itas organized anti sponsored 

jointly, by lTA, CIMAYI and (IAT. lThis course concentrated upon 
problems in design, anal 's s and interpretation of agronomy 
experiments. lortili training inI being reinforced hv continuing 
participation of the regi all agronomist in IAt program review 
and pianning met-tings, %hich i , designd to ensure that each 
station's annual research plan, rIlect the priorities identified 
by farming system srvevs act area. 

The reginal program ilso assisted an IAR/[I.TA Regional 
Research and 'roduction Course on Cowpea and Soybean, held in 

Ethiopia. Participants from Somalia, where beans and other grain 
legumes are handled in the same research program, were sponsored 
by CIAT and the regional agronomist organized the agronomy 
session of the workshop. Opportunities for further collaboration 
in training among 'ARC regiona1 progroms were highlighted in 
CIAT's presentation to a Regional Workshop on Training Needs for 

Agricultural Research in Eastern and Southern Africa, organized 

by IITA and Tanzania. Regional staff also contributed to a weed 

management course for zonal level extension workers in Ethiopia. 

Sponsorship of postgraduate training at Master's level 

started this year with a Ugandan entomologist at Sokoine 
University of Agriculture, Tanzania and with a Ugandan agronomist 
at the Universicy of Fl'orida, USA. Another Ethiopian bean 
entomologist returned to the national program to start field 

research in connection with his PhD program at a Canadian 
university, under lDRC sponsorship. His work on the management 

of beanfly through screening for genetic resistance, evaluations 
of seed dressings and study of pest ecology is contributing to 

the overall efforts in Africa towards controlling this insect. 

Boxed sets of English-language CIAT audiotutorial teaching 

materials on topics related to bean research and production, some
 

of them specially produced at ClAT for Africa, were provided to 

the principal agricultural university in each of the four
 

http:IAR/[I.TA
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countries. Further 
sets were provided to national 
research
 programs for in-service training purposes, and the accompanying
study guides have been widely utilized during tha year in
training courses 
and for extension workers.
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Table 1. Yield, disease reactions, and adaptation of bean varieties introduced
 

from CIAT grown at Bukalasa, 2nd Season ]986.
 

Variety Vigor Habit CBB Rust Anthrac:'ose Meaa Yie]d/Kg/ha
 

*Kanyebwa 3 1 4 4 1 694 

* Kampulike 3 2 3 2 1 101 

*K 130 3 1 4 3 1 1062 

*K20 3 1 4 4 1 1215 

BAC 36 3 2 1 1 1 1750 

A-83 3 2 2 1 1 1930 

A-140 3 2 2 1 1 2194
 

CATU 3 2 3 2 1 2438
 

CARIOCA 2 2 2 1 1 2454
 

A-162 3 2 3 1 1 2639
 

BAT 1220 2 2 2 2 1 3243
 

* Local varieties/land races LSD 0.05 = 17 

Vigor and disease reactions were rated on a scale of 1 to 5 

Source : Ugandan Bean Program, Annual Report, 1986. 
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Table 2. Yield and earliness in Ethiopian national variety trial 
for large 

kidney bean type, at Awarra and Meikassa, 1987. 

Awarra Melkassa
 

Entry Yield (kg/ha) Days to maturity Yield (kg/ha) 

Aguascalientes 2368 87 1350
 

A 410 3250 91 1140
 

A 262 2957 92 1075
 

Epicure 1992 
 90 1002
 

Diacol Calima 3470 92 982
 

Acc No. 3142-1 2481 91 
 916
 

Brown Speckled 2579 90 488 

ISI) 507 264 

Source : Institute for Agricultural Research, Ethiopia
 



322
 

Table 5. Stability parameters for some entries in AFBYAN at
 

six locations (1987). 

Entries Mean b S.E. R2 

Black Dessie 1058 0.70 0.296 58 

G 13671 1039 1.20 0.427 73 

G 2816 1387 0.20 0.771 2 

K-20 970 1.39 0.559 22 

Carioca 1271 0.58 0.559 22 

Urubonobono 1116 1.35 0.356 78 

N. de Kivondo 1034 0.38 0.480 14 

KAN 76 1344 0.90 0.409 55 
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Table 6. 
Yields (kg/ha) of entries in AFBYAN at six locations
 

(1987). 

Locatiop Kawanda Kawanda Msekera Rubona Mulungu Kisindi Mean 

7A 7A S7 7A 7A 7A 

Black Dessie 1633 1363 957 1251 403 738 1058 

G 13671 2275 845 553 1483 313 767 1039 

G 2816 1650 908 928 1826 2543 467 1387 

K-20 817 271 1580 2400 0 688 956 

(arica 1692 2175 1175 1361 703 521 1271 

Irulb Oob lo 2191 888 584 1851 280 900 1116 

N. de Kivondo 1667 577 799 1281 1564 417 1034 

XAN 76 1908 1093 2049 1572 453 900 1344 

Mean 1489 823 999 474 631 

C.V. 28.7 31.4 32.2 J7.3 70.2 36.8 

S.E. 
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Table 3. AFBYAN. Plant characters and yield components. % total sums 

of squares. 

Plant Ground Pods Seeds Seed Seed 

lileigh t Cover D) DM /M2 /POD WT YIELD 

No. trials 4 4 4 3 4 4 4 6 

Envir -onments 19.3 27.0 53.2 25.3 2.6 8.0 49.9 

(E) * ** *** *** ** *** ** 

Varieties 10.9 19.3 27.4 24.9 57.3 66.3 5.8 

(V) ns ns *** *** *** ns 

V x E 38.1 21.7 16.7 23.4 13.7 9.5 27.6 

ns ns 
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Tab]e 4. AFBYAN. Disease scores. % total sums of squares. 

ALS RUST CBB BCMV 

No. trials 

Environments 

(E) 

Varieties 

(V) 

V x E 

3 

71 ,8 

** 

8.9 

ns 

10.9 

3 

32.4 

** 

11.3 

ns 

26.5 

3 

49.3 

17.8 

11.6 

3 

46.3 

20.3 

* 

19.3 
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5. Southern Africa Regional Project
 

The Southern Africa Regional Bean Project supports national 
program bean research in Angola, PBotswana, lesotho, Malawi, 
Mozambique, Swaziland, Tanzania, Zambia, and ZLmbabwe. 

Varietal evaluation
 

Fol lowing is a summarv of rescarch progress made during the
 

1986/87 season, the cred.it for which rests firmly with the
 
individun, Natilana! Program involved. No report is presented on 
Botswana, owing to the lower priority accorded to be;ans in that 
country; nor are result;s f rim Angola and Mai.aw! inc]udcd because 
ClAT mat rinaI s are nortV'eL under evaluation in either countrv. 

Other prcpr,'ss h;a-; b n,:c acI i 2VCd tIrI(I 1 It1::i'I Projects, 

with wlh Kit i als~where, inclJing t AT/N\'RS/1)AiAI iuvolved on 
halo bilQt , in Pw the ClAT/b,1 unsclw_ ir/l IY p' ojet on virus 
identifica ion. Close contacts Were Mat itain cd witL the TARO/Wye 
College/DA pl ject on HN./micrnnutr1(,nts. 

TANZAN IA 

Y eI 1d( ta from the 1 9 7 Tanzsan ia Phaseolus Bean Preliminary 

Yi el Trial show that the top 15 of the 64 entries outyielded the 
best of the three check varieties, I.namungu 85, over the two 
sites (Selian and Lambo). The top 5 getotypes; (A line 15, LB 

588, Cargabell .xBAT I1Thb , 1.B1533 and A line iK) produced mean 
seed vields above 26()0 k/ha (trial mean yield = 2062 kg/ha, cv = 
17%). This indicat ns thnt there are sote excellent materials in 

the 'pipeline' for nor thernTa anzania. 

From combined analysi.s &i seed yield across the five sites 
(Lyamungu, la mbo, Sel ian, Naruku and Mubon&o) at whi.ch Advanced 

Trial I (bosh types) was run, only one entry (t'VAD 1406) 

outperformed Iy;mungu 85, giving a mean yield of 1853 kg/ha as 

against 1731 kg/ha. In Advanced Trial II (climbers), Lyamungu 85 
was ou ttuerforeed, but not significantly, only by Carioca 

selection ; across these sites. Many of the entries in the 
latter trial were severely damaged by white mold at Lambo and 
Selian, exacerbated perhaps by lack of staking.
 

in the Tanzania Phaseolus Bean Uniform Cutivar Trial at 7
 

locations, a CIAT germplasn accession (G 5621, Diacol Calima) 
produced the heaviest yield of 1548 kg seed/ha: XAN 66 (1472 kg) 
ranked second an.i Lyamungu 85 (1434 kg/ha) was third. 

In the Uniform Cultivar Trial for the Southern Highlands, CG 

104 was top yielder (1557) kg/ha acroos 3 sites - Uyole, Mbimba, 
Ismani - in 1986/87 season), followed by the recently released 
'standard' cultivar Uyole 84 (1478 kg/ha). Lyamungu 85 
appears
 
to perform less well, in these southerly sites, and was ranked
 
10th in performance amor.g the 15 entries (mean yield 1083 kg/ha).
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Results from the Tanzania Phaseolus Bean Uniform Cultivar Trial 
across 3 sites (Lyamungu, amnrho, Selian) show that only G 5621 
(Diacol Calima) oultvielded the check, Lyamungu 85 (1777 kg/ha) 
compared to 1614 kg/I:1 ,) 

%o u L.; f roI" the Nti on; Bea,n Yie]d ITrla , (niedium
altitude) , comb aIIcc11red s tho two northern sites (Lambo & 
Selian) dLto areor ~h cIur ent Iv ava I labie , show that only
UAC 5 ol1 r o 1 ,ed ,, otinmI n 855_" ('2257 an( 229 kg/ha, 
respect ive ly). tlLr hoivv,, yi,,ldi g entries were TMO 21)1 (- [JAG
'.58) , } .'/ 1t a inima (2 ! 9I ) , 19155 a'11d 1884 kg/ha,
respecI i'( !vr l 0 . l(ilOid poor] v -n1(f ,woc ran~ked 14 th 
amIoo1 1] t . U tot I ro t the NIt iona I Bean Tiel d Tria]
(high A I . Lwo i Los in the Southern Highlands (yole
and I.lti;tnb) ,. . ttire top viol dOrs were FMP 86, XAN (=
BAG) ('I id 'li I I1, 17)4 and 1621 kg/ha, respectively),
with thl(: cltoCl, V, riet' I'vole 84 and Iy;lmun,gu 85 producing 1399 
anld I / b! 

Crop I,,% : 1 t rinducted ro!s sites in the Southern 
High ] inds Ih '.,> ost:_Itl [:di ed i sease prioriit es and have confirmed 
that yiel I ,s; is posi tlJvf, Iv related to disease score, 
,espec 'II V [I tho FM"V to t1 p Ptibeo ,l r iet i es 

S ul(I i ;. on p l g o r;)I %var't [<ii t wj f tihe hllo blight bacterium 
col ec LeCd in I5 I/1 i till 40 ba) g ro1t nig regiols have 
confirped trie pic lint,' o - tio rnz1 ii a i . Two isolates 
of Race 2 PrOllill:' hi o it pt[glt ut lit. iIi 1-1once of which 
0eiOf ll15 ~liltill iLI he Mi u ip; [l I 01, lIt , o:ived weed of
bean fie rills 11 ther 1 i i I11;1',L Con fdei1t i fied, and 
herbic ide t,1 icac i in 1 1] I tti i t,(.,.,eli ici otd 

War jo L\ \ t r., ' -, 11 i t~inL,_i ' ;. nizJio has shown a ,nean yield <ire ('1i', jcr,<, ; roll / (-11"0(1 1 altitude) of
 
107 I. gur/',It , II ,I:.s 
 o t: Signif i cantlv superior

overall ( C Il 
 i i I I ,I I r Ii ort- d(.l rOle1(at tvl yl ) (. tt-or o n farms at
 
low e !- :it, * sc prescur
, ,-"I i S w;t. ;Ies; heavy. fn work
 
a t Oe,i I I'l iv r',:, 1
 t1, canad i; Wonde r i considered a good

N-fi er, n! rut ii lts) 
 to rhizob iuM inoculation (with

added 
 ) hrvo boen o t:1 ed on-Warm i nJg L]v]o produced 
inocular t (st,- inI ,li-- 3 front >geta, especially). 

'hlie N< t i(n]I 1 rr,, i-<i m is cxpanding its network of on-farm 
t ria ls into new a r,_as i n 1987, including Arusha, Lushoto and 
Kagera. 

ZAMBIA
 

Results from the Zambia National Dwarf Bean Variety Trial 
over six locations during the 1986/87 season demonstrate the 
superiority of PAT-lO, PAI-78, PAT-[2 and A-429 
over the standard
 
variety, Carioca. PAT-0 produced yields in 
excess of 1000 kg/ha

at a]] sites. All four lines a.re candidates for pre-release
testing next season. Meanwhile, seed of Carioca was distributed 
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in bulk to interested small farmers. In the African Bean Yield 
and Adaptation Nursery (AFIBYAN), XAN-76 and K-20 (contributed by 

Rwanda and Uganda, respectively) outyieided all the three Zambian 

check varieties. A preliminary evaluaition of 192 promising lines 

from CIAT at Msekera and Mhbaa led to the ident:ification of 30 
excellent vi.elders (more than 2000 Kg/ha). 1rials of climbing 
cultivars in maie confirmed tIh- superioritv of ACV-8312, 

ACV-83!3, and VRA 8105'. 

BCMV ,sra i <ntLicat Ion studies confirmed that N 3 is 

p redom innn i in,wm .l I Xiu 1ine; with B:MV resistance, ZtAV 
292, G 5(hn, C 1 57 ad {K 1595 w,,ere found especially promising. 

Twenty-one l ines ( ti' ; ( ,040 iirai diseasei }9/)) selected CIAT 
nurseries we rt found to p ts.s combni. resistance to angular 

leaf spot, ,a-cochyta bl igh. aid /inthracn.ae, and had heavy yield 

potential. Sources of scab resistance were identified, and 

partial resistance Lo bean ily in A 62 and A 7/ was confirmed. 

ZIMBABWE
 

Yie1d data obtained from test ing 190)ger.otypes in 

Preliminary Variety Tria;ls an two sites in tile lHighveldt (Iarare 

and Gwei) in the 1986/'87 season reveal tla t a high proportion 
outyielded the widlyI grown check ,ariety, Natal Sugar. Three 

genotypes (RA. 263, RAE, 2' and RAHl 290) were significantly 

superior at both si te, auguring we lI for the release of new 
heavier yielding cult i'ars in Zimbabwe . )iscase ratings at 

Harare for BCMV black root, mosaic and cmoIni baLcttria] bight 

indicated an association betw'ien heav.i er i,'rd and lower 
incidence of BCMV.
 

Seed vield resul1 ts rntain'i from the i nteried iate and 
Advanced Varie:': lriIs a, conduct-ed at two [10d three Iocations 

(including lenderson) respectivelv, a],-;o slow that man-, entries 

outyielded Natal Sugar at ,s;ome sites. Athigh tice top five 

genotypes in each trial (id Lit sigui ficant lv outperform Natal 

Sugar ata all sites, the yield dvantainge across ;(tea; over thisl 
cultivar was large. The reA ease of one or more of these 

promising genotypes (including Carioca, PVINX 1671, A 107 and A 

79) as a new cultivar should benefit Zimbabwe through increased 

seed production of food beans.
 

LESOTI }
 

Results from bean variety trials conducted at two sites 

(Maseru and Teyateyaneng) in the lowlands have demonstrated the 

superiority of Pinto NW 590 over the local control variety, 

Bonus. Subsequent evaluation at 'Maseru has shown that other 

materials are now available that outperform NV 590. In the Bean 

Variety Trial--1986/87, six entries outyieided the check variety, 

(Bonus), two significantly so; these were Red Mexican NW 59 and A 

268 (1300 and 738 kg/ha, respectively). in the Pinto Bean 

Variety Trial, outstanding entries included Olathe, Harold, UI 

126 and NW 410 (top yielder 1501 kg/ha) . In the SARCCUS Bean 

http:inthracn.ae
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Nursery, Umvoti and NW 590 were the top yielders (1074 and 1039 
kg/ha, respectively), each substantially better than Bonus (497
kg/ha). On-farm trials with Pinto NW 590 are being designed to 
evaluate its acceptability and performance under low management 
before release. The national germplasm base is being broadened 
through K'troduction, and these new materials will be evaluated 
alongside 
 local lines also at sites in the foothil Is and
 
highlands.
 

SWAZILAND
 

Resul ts from International Bean Yield and Adaptation

Nurseries (l8YAN) from KA' at two sites (Malkerns and Nhlangano)
have idencif ied va rious genotypes as substantial Iy superior to 
:;Q )p,-, check, Bonus. In particular, A 445 (a Carioca progeny) 
is particularlv promi;ng: atits" mean vi ild over thre seasons 
both sites was P174 ]'gia, as against 747 kg:c/h ftrom Bonus (mean 
of 14 tri l s) . al iOU Other lIines show a ]lnos t equl] vield 
advantage. In 1987. tie frt nWetonal,] li~io Blight Nursery, the 
1CMl' Avan Lu''i i an Nu rsely were rece ived Ii oM (ILAT and 
eval uated Nr I uvngo Kwie severa r ilt a troes vere a1 so grown 
out. Among the latter, Hlathe w.; particulary p romising,
yielding ihout douL the ieheu varietv, Rnnus. A Swaziland Bean
 
Nursery is being establis;hed to eva1iate tie 
most promi sing lines
 
from all 
sources over a wider range af nvtronments.
 

On-farm surveys are 
needed to establish the acceptability of
 
the promi sing gen otypes, and the best lines are to be tested 
on-farm.
 

MOZAM BI QUE 

Evaluation of local germplasm and introduced materials at 
two contrast[ig ,jes (under irrigation at Chokwe in the South, 
and under rainfed conditions at Lichinga in the North) which 
are
 
representative of the most important systems of production, has 
led to the identification of a Manteiga type (INIA 10) and a 
Brazilian iaterial (lIF 465-63-1) which are being considered for 
release. On-farm trials 
near Chokwe have shown 
that HF 465-63-1 
is suited to maize inrercropping. Future breeding effort will 
focus on incorporating resistance to BCMV, rust, angular leaf 
spot and bean fly into ;-n ear]y maturing Manteiga type, with 
large light brown seed 
 and erect habit. The potential of
 
climbing types 
in maize association will he investigated. 

Bean fly is recognized as a major constraint in northern 
rainfed areas where recommendations are being made to treat seed
 
with basudin.
 

Agroecological zones suited 
to bean production in Mozambique
 
have been defined and extension leaflets for bean farmers are
 
being prepared.
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Information for the proceeding reports was provided by CIAT 
scientists at SADCC fleadqtiartors in Arua;ha as well as E. Kohlange 
and the Proceedings uf tiho Oih Bean Research Worksh;llop, Sokoine 
Agricu] tucal Un -vr i t y ('Tiain a an ia) ; tle Crain LegumecI Aiinua 1 
Report 1986 /H (i.Zambia) ; I1. F. k;ridley (Zimbahwe); 1. J. Allen 
(1,esothc) ; RK K1111, .i la Ii S:H1ikhulu, D. J. Allen (Swaziland); 
and N. Moraes (Mo:uhique) 

Regional collabora tion and trainin. 

Despite tIie handicap of physical separation between the 
regional and ira t i ona I teams , exce [lent re Iat ions have been 
achieved. 

P,eg tvi, l >;. t i sro<;tr,!ve 1.1 ed Oxtcn s ive v,' ti li-in Lhe 'ADCC 
region C,,1" ti, tour o PIIncn";%, t phc i pal bean0 t: i 0, 
growing r gniu o on-f 1.;i , ], Id -i ,111 l ng the .ain 
se"Isor to .l , ,id ' heii :111 ia )tor iso. ii 1 i, 11,, ,or 

thv i' '., i > [ i' I IA' ,t ' ii uli t 1 r t:-L .1 

repo t ii 1 1 1w i I i'1imo t k 
r eFs (' ' a i, Drti t i r . Uo raiokcil . pi 1gr1,l Fi,7U s, ralil.t ioid e 

c 01,-1;t_I: /'. t'' I o'1, t 11J, l , " d'I I' e:," :.. , III ( 1 ) i,;I a t~g;1 ( q o Iet~ 

Adni in :; t [-; [- iop 11) i 'ro 'gr.:! ;c !:iint 1;st v d ,,hru a , as dtid 

.init -c f rthie r stie, tieiied w i iii the n ina I programw I I 
st'l I TAn()-i y utni'gu w:Ith change i ,.2_rec:henn v t-s made 
f ,requent hIy Re.!onl 1 s i cut: st toolk part ii 'L: N iLional 
(orrmou ft (Cr ()0)- l<]i i ig MI ing ( ll l 'I asu P s ell-
C01utI- :ltt>t I I i.1 Rt- di ,orks Iii Ti ii:,ainia.ii' i' L oI,i1 . h op 

T Ie C,c I,, n I I- ,t i , 0 tI Ie Ie CE[!!I) ftII- 11 -i ng i t tee 

tie rCgr loifg i 1 '-017iIOi .,' I. d di ff ; .. i11-, i;1 ,,1 in 

March a1d in il i11do i I11 'vullhei. , Ii ':ec't 'vo v epiru it ives 
from eiiht the in: .-.ii. i'tr - putI I 'ipit i these. h:'iin 1 
meetin1go;, ill coynjunct ial .:1trep Ii':01, \(TP\i, CIDA <and 
CIAT, and good r-ogr ,- hiia boe,- i,,' ie i (It ''0' pi orities for 

the procurement n I resea rch equ Lpc)n t in 111 1)o ,-L ol1 ilt ional 
programs anpd in id(nti lyiing training needs. "Ir pro;,sal" for 
regiona Il 01 laL)iit i,.-,r;eirch s:ub-proj ect s submiL t ted and ar-e we re 
fourth is under ,-exIr, Von Cit loiii<i] approval, hts: been given to a 
sub-projl ct on anlL]i.r lea. sp'i- 1 by nat.5o resistance tlie onal 
program of Ma!v.i. 

Training efforts thIs, year included the fol owing 

Twonty-one participants from six SADCC countries attended a 
SADCC/CIAT/1'TA course on grain legume research for technical 
ass:istants, held in Lilongwe from 14-28 March.
 



--- 
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--- Mr. O.S. Mbuya has been accepted for an MS in Agronomy atthe University of Florida, Cainsvilie for where lie expects to 
leave at the end of the year. 

The Reg iona 1 Project supported five national programpathologists at the First Africn Bean Pathology Workshop inKigal in Noenher, one of whem stayed on to attend the CreatLakes Regional Seminar. 
 i breeder from Malawi attended theInternat ional I'rials Workslop at CIAT headquarters, and a 
pa thologi st from Tanzaania. pa riticipat ed in a Regional Workshop onPhaseo lus Ben Researcb in Ea stern Africa in Uganda.
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IV. TRAINING
 

The training section of CIAT's Bean Program emphasizes 
t raining in appropriate technol ogy for various agronomic 

situations in a range of course topics offered both at CIAT 
headquarters and in the trainees' countries. The opportune 
existence of good quality seed combined with ready availability 
to the farmers, facilitates the training program's promotion and 
distribution of recently identified promising garmplasm to 
farmers through the vehicle of trainees. 

On-going project follow up courses offered in topics such as 
On-Farm Trials, and Artesanal Seed Production continue to be an 
essential aspect of tho training methodology. 

Courses given in-country are planned to contain 2-4 phases. 
Each phase encompasses meetings of the parsicipants to review and 

revise information, or to train the participants in hands-on 
practical experience that will form the following phase. The 
interphase duration, or length of tlme between phases, is equal 
to all or part of the growth cycle of the crop under dicussion. 
During these interphases, participant make on-farm visits to 
.backstop their practical work, and in the succeeding phase, they 
evaluate results and plan new activities. 

Objectives
 

Courses are oriented toward the following
 

1. 	 Promotion of promising germplasm, through training in
 

technology appropriate to different systems of farming.
 

2. 	 Identification of factors limiting production and subsequent
 

search for alternatives or solutions congruent with the 
problems, resources and objectives of the farmers. 

3. 	 Support of good quality seed production on-farm by farmers. 

Courses 

Fifteen courses were given in 1987 throughout Latin America.
 

Three of these were given at CIAT-Palmira; and the remaining 12
 

were divided between Costa Rica, Nicaragua, El Salvador,
 

Honduras, Paraguay, Cuba and the Dominican Republic.
 

Results
 

a) 	 The number of scientists trained in 1987 surpassed the
 

figure for 1986 by 88%; the aumber of courses offered went
 
from 10 in 1986 to 15 in 1987.
 

b) 	 Course follow-up and continuity as practiced with the phase
 

and interphase methodology, proved to be effective and
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unseful this year, as shown by the knowledge learned and 
reained by course participants.
 

c) 	 Generic macerials useful to farmers were released and/or 
identified during activities which concurrently served to 
train participants in diffusion of new materials and
 
complementary crop technology.
 

d) 	 Courses on seed production for farmers proved their value by 
reduc i ng seed shortage. 

Training in specific disciplines 

Sixty-six scientists received training in 16 different
 
disciplines during 087. All training 
 in discipl ines was 
accomplished at CIAT hcadquarters in Colombia. The largest
number of traintes (55) come under the category Visiting
Scientist, while the mos r popular courses were Farming Systems
(23), fol1owed Lv Pathology (8) and Interdiscipl inary Studies 
(7). The largest proportion of participants came from Brazil, 
Colombia, Costa Rica, Mexico and Paraguay. 

Workshops 

The following workshops ore held at C[AT-Palmira, Colombia.
 

1. 	 Latin American Bean Workshop for On-Farm Research (ICDA).
 
16-25 February, 1987.
 

2. 	 Workshop on Snap Bean Improvement. 11-15 May, 1987
 

3. 	 Evaluation, Sc lection 
and 	 Management of Legume-Rhizobium 
Symbiosis (Follow ip Workshop for Special Project
 
Participants). 30 August-5 September, 1987 

4. 	 International Bean Trials Workshop. 12-16 October, 1987
 

5. 	 International Workshop on )rought Tolerance in Beans. 19-21
 
October, 1987
 

6. 	 Field Workshop for Bean Breeders in Central America. 19-21 
October, 1987 
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Table 1. Courses given in 1987 in Latin America and the Caribbean. 

Country Course gnihasis Collaborati, n Nuntber 

Institution of pxarticipants 

Costa Rica Research Ind 'lTech. MA, Univ of Cosca Rica 25 

Transfer (if phlase) 

Nicaragua (nFana oleseach MDINIA 11 

(I I phae) 

El Salvador On-Farm Recarch CFNTA 9 

(I11 ph ise) 

Ionduras On-Fa-rm Reea,,,r ch RRNN 21 

(IIphase) 

Costa Rica Resea;irch nd MAG, Univ. of Costa Rica 20 

Techn. 'Trasfer 

Colcxnbia XIV Research and Prod. International 22 

(Intensive Phase) 

Colon a IV (Un-Farm PeFka rch Inttrmt ionai 22 

Cuba V1I 1'rodluct ion MLMCRiGIIlA1T 35 

Honduras On-Fan kcseairch (I I PI'1,NN ) 23 

Coloibin Product ien ithRATh, 18 

Paraguay Production St 24 

El Salvador Product ion amd rl-mt on CI'IFA 31 

(I Phase) 

El Salvador Production of Arxtesanal Seed CIMA 25 

(I Phase) 

Dominican Production and Pranotion SEA 28 

Republic (I Phlase) 

El Salvador Diagnostic Workshop CFNA 24 



Table 2. Training provided at CLT in specific disciplines in 1987. 

Training categorv 

Program: Beans 
PID 

Thesis 
No 

Thesis 
M.S. 

Thesis 
Specia-
I ization 

;Ii si-

T)-I J, 

cot!' ' 

5Mlti

disciplinary 
course Sub-totals 

No. Months No. Months No. Months No. ,Months No. Ion ts No. Months No. Months 

DISCIPLINE: 
BI(aIBHNOUOY 

EODMffCS 
E12Y_. DIM 

FAR'IING SYS9EMS 

PH S0LI 

IN1PRDTCIsDfI.ARy7 
BREEDING 

MICROBIOLGY 
PATHOLOGY 
PRODUCFION 

k "2 

1 

2 

(9.7) 

(11.4) 

1 (12.0) 

1 (10.4) 

1 

3 

14 

9 

3 
5 

(2.7) 

(3
(1.3)
(6.9) 

(24.0) 

(21.7) 

(6.1) 
(13.0) 

(3.4) 

1 

8 

1 

3 

2 

(1.2) 

(25.3) 

(5.2) 

(15.5) 

(6.9) 

(7.9) 

1 

2 
4 

23 

1 

7 

13 

3 
8 
2 

2 

(2.7) 

(1.3)
(8.1) 

(59.0) 

(5.2) 

(7.9) 

(49.2) 

(6.1) 
(34.8) 
(6.9) 

(3.4) 

PR&IA1TOTAL 3 (21.1) 1 (12.0) 1 (10.4) 39 (79.1) 15 (54.1) 7 (7.9) 66 (184.6) 



Table 3. Number of nirn-ir'.tis of training provided bv CDAT, by country, in 1987. 

Tra iing c-nt cgor 

',C ecia]1 iza tion 
'us intensive 
ami tidisci-

[11I) No M.S. Specm;- pIinr:Fi
Program: Beans ThAesis 'n Ls Thesis I L-atik c11r.-o 

No. onths No. Months No. Months No. Months No. >1 ris 

INrrN AMI7NITC AN E CM-17TM LL3EAN 

A=RGNFINA I (().!Z) 2 (9.0) 
BOLIIA I (C.9)
BRAZIL 1 (10.L' 7 (1.4 3 (11.)COlf IA 3 (5.1 1 (2.9) 
COSTA RIG 7 (13.3 
CUIBA 1 (1.6EU,,DR 1 
EL SALVPMR 1 (5.0( -[D1b% (. 2 I (5.0) 

uIs 1 (1.2
LD:iQ- 1 (4.9) 2 (3.4 1 2.9 

PARAIAXY 1 (.7 4 9.9 
PFRU 2 (3. 1 4.4) 
IVI'-TC N REPUBLIC (4. 

RRA.NI)A 1 1.5} 

I'GANDA 1 0.8 
ZAIRE 3 9.0 

DEthOP11 CO.NII 

B,'.a2f1DSPA IN 
USA 1 6 51 

1 (12.0) 
1 (4.0) 

F1 9AN79 

PROGRMT=%AL 3 (21.1) 1 (12.0) 1 (10.4) 39 (79.1) 15 (54.1) 
 7 (7.9) 


M] ti
discip] mary 
cc r5e 

No. Yonths 

1 (1.2)4 (4.4) 

2 (2.3) 

No. 

i 

122 
7 
I 
1]9 
73 

6 
5 
3 
2 

1 

1 
3 

1 
11. 

66 


Sub-totals 

Mths 

(9.4) 
(2.9) 

(44.1)(12.4) 
(13.3)
(1.6) 

6.96.919.2 

(13.5 w 
11.6 r 
8.0 

15
 

9.0
 

(12.0

(4 0
65
 

(9.7 

(184.6)
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The following courses or workshops were co-sponsored or
 
co-organized by CIAT's African projec ts 
in 1987. 

1. Third. , alITriing Coursc- HugionnI Teclhni ( uhona, Rwanda).
 
2. Farming Systems( )r iLUl I P.,nWo-rkshop (llijumhtur<a, Burundi ).
 

th ogy
3. First African Ban i B . kh.,'p (IFigali, Iwanda). 
4. 1lhi d l' lf( lI (In-Far Rec ri, h 1Tl:lr (Fhu gli i , Rwanda). 
5. Fa st \frican Ri"'' l',rknhop or. in ncscuruh (M'11ono,. 

IY1 -"i~ 'ttYb , IK'. ,,'it] 

( Oi.!,t:7. l I--. iIII -11 , 'l -t, 'i .' on Md S:ntti (E'thiopia) 

9. Weed V'." ; tO I I (E'thiopil). 

10. SAIDC( /C Al/! s ,i. (nc u -. on (rill Lugui r f'eq noerch (Lilongwe, 
Ma I <, i ). 

1.1. Sixth Beain tusnrc h W,.'orlksiop (Arus1 a, Tlanzania). 



338 

APPENDIX A. LIST OF COLLABORATING iNSTITUTIONS 

CARDI Caribbean Agricultural 
Development institute, 

Research 
West Indies. 

CATIE Centro 
gacion 

,\gronl~mice Tropi cal de investi
y J-]nse nan za, (:osLi Rica. 

CDA Col Iboration for Development in Africa. 

CENARGEN Centro Nachni 
Brazi . 

il ,!e Pecursos Geniticos, 

CENICAFE (ntro Internacional de Caf5 , Colombia. 

CENTA Centro Nlacional de TecnoI 
San Salvador, 1:1 SiIlvidor. 

gfa Agropecuaria, 

CGIAR Consul tat ive C; otup 
Research, Ne.., York, 

for 
New 

ictrrt 
York. 

eiionai Agricultural 

CGPRT Coulrse Cma ins, 
Crops (,n to r 

Pul. c s, Roots and Tuber 

CIAB Centro 
Baj fo , 

de Investigacien 
Mex ico. 

Agrfcola del 

CIAGOC Centro de InvestigIcicn 
Golf() Cen tm-,Mox c,. 

Agrfcola del 

CIANOC Centre do investi pacrji 
Central , M xico. 

Aggrfcola Norte 

CIMMYT Centro 
Mafz v 

nter 
Trigro, 

dinil I cMejoramiento 
l.undres, -16v.ico. 

de 

CIP Centro 
Peru. 

Internacional de la Papa, Lima, 

CNP Consejo Nacional de 
Rica. 

Producci6n, Costa 

CNPAF Centro Nacional 

Fejiao, Brazil. 
de Pequisa em AL )z e 

CIPA Centro de Investigaci6n y Promoci6n 
Agropecuario (I and If), PerG. 

CPATU entro 
umido, 

de Pesquisa Agropecuaria de Tr6pico 
Brazil. 

CRSP Collaborative Research Support Program, Tanzania 
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CVC Corporaci6n Aut6noma Regional del Valle 
y Cauca, Colombia. 

DIGESA Direcci6n General de Servicios Agropecuarios, 
Guatemal a. 

DRI Desarrollo Rural Integrado, Colombia. 

EEAOC Est. Exptl. Agrfcola )bispo Colombres, 
Brazil.
 

EMBRAPA 
 Empresa Brasilei ra de Pesquisa Agropecua
ria, Brasilia, Brazil. 

EMCAPA Empresa Capichaha de Pesquisa Agropecuaria, 
Brazil. 

EMGOPA Empresa Goian a de iPsquisa Agropecuaria, 
Brazil. 

EMPASC Empresa de qquisa Ag ropecua r i do Santa 
Catarfna, Brazil. 

EPABA Empresa do l'esquisa Agropecuaria de Bahia, 
Brazi!. 

EscolaESAL Superior de Agricultura de Lauras,
 
Brazil.
 

FAO Food Agricultural Organization of the 
United Nations, Rome, Italy. 

FFDECAFE 
 Federac in Naci onal de Cafeteros, Colombia. 

IAPAR 
 Fundacao Instituto Agropecuario de Parani 
Brazil. 

IAR International Agricultural Research.
 

IARC 
 International Agricultural Research
 
Centers Network.
 

IBPGR 
 International Board for PlantCenetic 
Resoarces, Rome, Italy. 

ICA Instituto Colomb)iano Agropecuario, Colombia. 

ICARDA International Center for Agricultural Research 
in the l)rv Areas, Beirut, Lebanon. 

InstituteICTA de Ciencia y Tecnologia Agrfcola, 
Guatemala. Cita, Guatemala.
 

IDIAP 
 Instituro de fnvestigaciones Agricola Pana
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menias, Panama. 

IICA Instituto Interamericano 
Agricola, Costa RMca. 

para la Cooperaci6n 

IITA InternationalI nstitute of Tropical 
Agriculture, Nigeria 

1NCAP lnst tuto de Nut-ricio'n 
Panam5 , Costa Nica. 

de Centroamrica y 

INERAL lristtut Nacional 
Agrfcolas, Lai re 

des Etudes es Rechervhes 

INIA Inst ituto Nat isnal 
Agr col;a, '2 1-e]. 

de Lnvestigaci6n 

INIAP Inst it , Lac iona I dI 

Agropeca ri,las, !cuiado-. 
iest igaciones 

INIPA Instituto 
Promocion 

.Ia:i0IMI 
Ag ar ia, 

INRA Inst i tuL N cwinal 
Cumtil [upe. 

INTA Insti:tuto Nacional 
cuaria, Mexico 

INTA Instituto Nacolunal 
cuaria, At-nentim. 

(C ln'estigac Iones y
l 


I.mi a, Pcerfi. 

de elccherches Agronomiques, 

de Tecnoiogla Agrope

de Tecnologfa Agrope-

INTA 1nst:Ituto NdIcaraguens(Ie 
Agropectia ria , N iaragua. 

Tecnologia 

IPA Inst ituto de Fsquisa 

Pernambuco, ,1 r i. 1 . 

Agropecua ria, 

IPAGRO Lnstituto de 'esPquisas Agron6micas, Brazil. 

16ABU Institut 
Burundi, 

de Sciences 
Biurundi . 

Agronomiques du 

1SAR Institut Scientifique et Agronomique du 
Rwanda, lRwanda. 

ISNAR International 
Agricultural 
Netherlands. 

Service for National 
,'eserach, The Hague, 

IVT Institut Veredeling, Tuinbouwge, wassen, 
Holland. 

NVRS National Vegetable Research Station, Wellesbourne, 
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England. 

ONS Oficina National de Semillas, Costa Rica. 

PCCMCA 	 Programa Cooperative Centroamericano de
 
Mejoralierto 
 de Cu] tivos Alimenticios. 

PESAGRO Pesquisa Agropecuario - Rio, Brazil. 

SDC Swiss Devel o men t Coope rat ion, 
Swi tzerland. 

SEARCA Southeast As in Reg iona] Center for 
Graduate Stiudv and Research in Agriculture. 

UEPAE Unidad do L:ecucao do pesquisa de Ambito 
Es taialI , nrazil. 

VISCA 	 Visavas Sta tat Ig. uf Agriculture, 
the Phifl ipp ines. 

VICOSA 	 Universidade Federal de Vicosa, Brazil. 



4 

342 

-APPENDIX
4, B. BEAN PROGRAM PERSONNEL (December 1987)
 

Pachico Douglas, Ph. D., Agricultural Economics, Bean Program Leader
 

Allen, David, Ph.D., Plant Pathology, Pathologist, Regional Coordinator,~
 
Southern African~Bean Project (stationed in Arusha, Tanzania)
 

Beebe, Stephen, Ph.D., Plant Breeding
 
Cardona, Cesar, Ph.D., Entomology
 
Davis, Jeremy H.C., Ph.D., Plant Breeding. Regional Coordinator, Central
 

Africa Bean Project (stationed in Rubona, Rwanda)
 
Dessert, Michael, Ph.D., Plant Breeding, Regional C'oordiniator, Central
 

America Bean Project (stationed in San Jose, Costa Rica)
 
Edje, Todo Ohgenetsevbuko, Ph.D., Agronomy (stationed in Arusha,
 

Tanzania)
 
Frias, Gustavo, Ph.D., Pathology (stationed in San Jose, Costa Rica)
 
Galvez, Guillermo E., Ph.D., Plant Pathology, Regional Coordinator,.
 

Andean Bean Project (stationed in Lima, Peru)
 
4 Graf, Willi, Dip. Ing. Ag. (stationed in Rubona, Rwanda)
 

•
Janssen, Wilhelmus, Ph.D., Agricultural Economics
, ..: , .. .. , - , ; -.,. • . , -, -,. g i: - .
. ... , -


U ?' :•: " < ,% "" :" :i 1
Kipe-Nolt, Judith, Ph.D., Microbiology \ . 

Kirkby, Roger A., Ph. D., Agronomist, Regional Coordinator East Africa
 
4 . 

" '% : "-' 'U 'h f)Bean Project, (stationed in Ethiopia)

.4 i4 :. .. 4 : , : :: . : > 

4 Kornegay, Julia L., Ph.D., Plant Breeding
 
Lynch, Jonathan, Ph.D., Physiology (Postdoctoral Fellow)
'.%:.H " 'L- , > 9G /, , i ":: >,.:.,:
< " ...
 

: ' " 

: i ! i .. ; ! 1 ii i " ::~ '! '
 Morales, Francisco J., Ph.D., Virology
 

-!:: -'..i::>: B.: L A PEN IX ERSO NELmber,'i987)
..... EAN II'ROG AM
Orozco, Silvio H., MS., Agronomy, Central America Bean Project 
(stationed in Guatemala City, Guatemala) 

4 .... Pastor-Corrales, Marcial, Ph.D., Plant PathologyhD,.giutrlEoois enPormLae 


Singh, Shree P., Ph.D., Plant Breeding
7"' Dvd,"P.. ahooy ahlgs . einlCodntr j4'!Aln Pat 
Smithson, Barry, Ph.D., Plant Breeding, (stationed in Arusha)
 

:.. > : U' 

.:...•.. 14". 
"
 

.iii4.4 4'4'
.. 4! 

7 
/ 1.•PcioDuls.. 4 4 

Thung, Michael D., Ph.D., Agronomy (stationed at CNPAF, Goiania, BrazilY,
 
Tohme, Joseph, Ph.D., Plant Breeding (Postdoctoral Fellow)
 

ii:.fiaBa rjc (ttoe nRbn, 4 Rw4nda) .. 4.4 4 N')744Trutmann, Peter, Ph.D., Plant Pathology, Great Lakes Bean Project
 
(stationed in Rubona, Rwanda)
 

Voss, Joachim, Ph.D., Cropping Systems Specialist, Great Lakes Bean
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