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PREFACE 

Thts volume reports the proceedmgs ofthe second meetmg ofthe workmg group on bean 
pathology that was held m Kakamega m Western Kenya m early June 1995 lt ts the 37th m 

1 

a senes ofworkshop proceedmgs whtch are destgned to serve the bean research networks m 
Afttca, that are supported through funds provtded by the Office of Agnculture Bureau for 
Research and Development, U S Agency for Internattonal Development under grant No 
LAG-4111-G-00 2026 00 and the Canadtan Internattonal Development Agency (CIDA) 
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Acttvtttes of the bean research networks m Afnca are further supported by the Swtss Agency 
for Development and Cooperatton (SDC) The optmons expressed herem are those ofthe 

1 

authors and do not necessartly reflect the vtews of these contnbutmg donor orgamzat10ns nor 
ofCIAT 

Further mfonnat10n on reg10nal research acttvtttes on bean m Afttca that are part ofthese 
projects ts avatlable from 

Pan Afnca Coordmator CIAT PO Box 6247 Kampala, Uganda 
Coordmator SADC Bean Network P O Box 2704 Arusha Tanzama 
Coordmator Eastern and Central Afttca Bean Research Network 
(ECABREN) P O Box 2704 Arusha Tanzama 
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The Charrman 
D1stmguiShed part1C1pants 
Lad1es and Gentlemen 

OPENING ADDRESS 

A B Orodho 

It g1ves me great pleasure and mdeed great honour to be here w1th you once agam tlns 
time to offic1ally open the Spec1ahst Meetmg 

Frrst let me take tlns opportumty to welcome partll.lpants from outs1de the country to Kenya 
and m particular to Kakamega m the westem part of the country Hardly two months ago 
Kakamega hosted the Workshop on Eastem Afnca Bean Research Network (EABRN) from 
24 28 Apnl 1995 1 w1sh therefore to record my personal and KARI s apprec1at10n for 
the Steenng Comm1ttee of the Bean Research Network m Afnca to have chosen KARI s 
Westem Reg1onal Centre to host tlns Spec1ahst Meetmg The chmce of tlns reg10n 1s the 
most appropnate one partlcularly when cons1denng bean research on fungal d1seases The 
occurrence of the bean root rots m the reg10n and the on gomg research actlvltles on these 
d1seases by th1s Research Centre have no doubt contnbuted to tlns appropnate chmce 

Agnculture 1s the comer stone of Kenya s economy because 1t produces nearly all the 
country s food requrrement employs about 75% of the total labour force prov1des 35% of 
GDP and 60% of the export earmngs 

Lad1es and Gentlemen the common bean 1s an unportant food crop m Kenya and mdeed m 
the whole of tropical Afnca lt 1s produced by small scale farmers pnmanly m assoc1at1on 

1 

w1th ma!Ze The crop 1s usually grown m poor soils by small scale farmers who usually have 
luruted mputs Bean producuon has not kept pace w1th the nsmg demand for th1s product 
1t 1s lun1ted by the plant s suscept1b1hty to d1seases and pests 1ts phys10log¡cal defects and 
drought penods We apprec1ate tliat CIAT s Bean Program has sought m conJuctlon w1th 
the Natlonal Bean Programs to mcrease the y1eld of the vaneues these unprovement efforts 
have concentrated unually on d1sease res1stance commerc1al acceptab1hty and adaptab1hty 

1 

to bean producers croppmg systems Hence spec1ahst meetmgs hke tlns one will go a long 
way toward fmdmg lastmg soluuons to farmers bean d1sease problems 

The KARI Reg1onal Research Centre Kakamega focuses on the ident1ficat10n and d1agnos1s 
of product10n problems m 1ts mandate area and adapts technolog1es for mcreasmg product10n 
at farm leve! The Centre 1s a maJor contact pomt w1th the extens10n serv1ce and the farmer 
1t has a multl diSCiplmary team of sc1enusts m relauon to the scale of product1v1ty problems 
to be addressed Because KARI n~ay not have all hun~an resources and spec1al!Zed 
diSCiplines at each Centre 1t encourages Centres to make unportant hnkages and 
collaborauons w1th other nat10nal and mten1at10nal orgamzat1ons w1th reference,to technology 
for solvmg farmers problems We reahse that all these nat10nal andl mtenmuonal 
orgamsauons have a common goal to uphft the welfare of farmers part1cularly small scale 
farmers 
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Mr Chamnan let me lnghhght sorne of the most nnportant hnkages that are nnportant m 
technology development and d1sssemmatJon 

Research/Extensmn Lmkages 

These hnkages are nnportant as agncultural research 1s essentJally a serv1ce to the 
agncultural mdustry and must be seen to be so m the plannmg and nnplementat1on of 
progrannnes and m the promotJon and adoptlon of research fmdmgs and recommendatlons 
Research should start w1th the farmers problems and opportumtles and conclude w1th 
solutJons and technologJes that would enhance them to mercase the1r mcomes In order for 
research to aclneve these objectlves hnkage actlvltles/mechamsm must be estabhshed and 
mamtamed between research extens10n and the farmer 

Lmkages Wlth other Natmnal Research lnstitutmns and the Pnvate Sector 

It 1s of paramount nnportance that KARI fosters strong hnkages w1th other Nat10nal Research 
lnstJtutlons (hke KEFRI) and the pnvate sector KARI !S aware that we have a common 
chent the farmer (partJcularly the small scale farmer) and there ¡s need for these mstltutJons 
to mteract at vanous Ievels to ensure effic1ent ut1hsatJon of the resources avadable for 
agncultural research and development 

Lmkages Wlth Umvemties and other Tertiary lnst1tutions 

H1ghly quahfied human resources m agncultural research and development are based at the 
UruvefSltles and other tertJary mstJtutlons m the country Nauonal Uruvers¡t¡es have more 
Spec1ahst Sc1entJsts tramed at the Ph D leve! than the entlre KARI It would therefore be 
necessary to dev1se ways of mvolvmg thJs pool of human resources m the problem solvmg 
research w1thm the framework of natJonally detennmed pnonues for agncultural research 
and development The inaJOr objectlve here IS to mtegrate uruvers1tJes and other tertlary 
IBStltutlons W!th natJonal agncultural research development One of the most effectlve ways 
of aclnevmg tlns 1s through JOmt research act!Vltles mvolvmg Uruvers1ty scJentJsts and KARI 
scientlsts based at the Research Centres 

Lmkages Wlth Intemational Agncultural Research Centres (IARCs) 

The network of IARCs of the Consultatlve Group on IntematJonal Agncultural Research 
(CGIAR) System represents a !naJOr resource of scientific knowledge and nnproved 
technologies to wlnch Kenya s Nat!onal Agncultural Research System (NARS) should be 
hnked Fortunately for Kenya a number of the IARCs have therr Headquarters or Regional 
Offices based m the country and are already contnbutlng to the strengtherung of NARS The 
hnkages between KARI and IARCs need to be developed and strengthened The maJor 
objectlves of mamtannng strong lmkages are to strengthen the natlonal capacity m carrymg 
out effectlvely the planned progrannne of agncultural research and development to facditate 
KARI to contnbute to the pool of knowledge m tropical crops and hvestock production and 
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the exchange of mformauon 

The NARS iS thls reg10n have already shown keen mterest m the creauon of reg10nal 
partllerslups as reflected m the creatlon of the Associatlon for Strengthenmg Agncultural 
Research m Eastem and Central Afnca (ASARECA) CGIAR lays emphasis on mternatJOnal 
and regional partllerslup through network and consorua 

1 note With gratltude that m the spmt of collaborat10n the reg10nal networks on bean 
research m Afnca (EABRN RESAP AC and SADC) are collaboratmg m holdmg this 2nd 
Speciahst Meetmg on Bean Pathology focusmg on Fungal Oiseases The obJectlves of thls 
Meetmg will be 

To review research pnonues and actlvitles under the reg10nal sub proJect 

To evaluate the acluevements made and weaknesses or fadures encountered smce the 
last meeting (wluch was held m Thika Kenya 3 years ago) 

To encourage self evaluauon of efforts 

To determme opporturuues and expected obstacles 

To develop general research actlvitles m the vanous regional sub proJects and 

To recommend areas for future support 

1 also note that the partiCipants of thls meetmg compnse seruor SCienusts and speciahsts m 
fungal diseases Most of you ha ve a wealth of expenence and no doubt our Kenyan scientists 
will benefit a lot from the exchanges m expertise particularly on the subject of bean root rot 
problems facmg the small scale farmers m the reg10n 

1 must remmd each one of you that you ha ve a big task before you The dehberatJOns of thls 
Speciahst Meetmg are bemg eagerly awaited by KARI and other partiCipatmg mstJtutJons 
1 do Wish you very fruitful dehberauons 1 also hope that you will fmd sorne tune from thls 
busy schedule to ViSit sorne of the farmers m the country Side to apprecJate therr problems 
to ViSit our RegiOnal Research Centre Kakamega and to enJOY our good weather vegetauon 
and culture 

May 1 take thls opportun!ty to thank CIAT that has always champ10ned the partiCipatory 
approach to technology development and transfer KARI very much apprecJate the role 
CIAT has played m gettmg us thls far m bean technology development NARS no longer 
Iook at CIAT as a wlute elephant' 1 also Wish to thank the Bean Network m Afnca for 
fundmg the Meeting KARI also recogruzes the unportant and sigruficant contnbutions made 
by three donors namely USAID CID A and Swiss Development Cooperauon 1 do thank all 
these donors a great deal and 1 appeal to them to contmue fundmg thls unportant Programme 
1 also recogruze the contnbuuons made by NARS Govemments m providmg sorne 
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collaborative funds human resources mfrastructure and other facilities used for the success 
of the Prograrnme 

Wh1le w1shmg you the best of luck m all your dehberations th1s week 1t IS now my great 
pleasure to declare the Spec1ahst Meetmg 2nd Pan Afnca Workmg Group on Bean 
Pathology focusmg on Fungal D1seases officially open 

THANK YOU 
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CONTROL OF ANGULAR LEAF SPOT THROUGH THE USE OF 
RESIST ANT V ARIETIES 

FeltsterW Maloru and Margaret N Makelo 

Kenya Agncultural Research Instltute Reg1onal Research Centre 
Klsn P O Box 523 Klsn 

ABSTRACT 

In Kenya bean zs the most zmponant food legume Dzseases and msect pests are the ma]or 
constramts to bean productwn Angular leaf spot zs one of the maJor dzseases whzch zs seed 
borne and can cause yzeld losses of up to 80 % Thzs dzsease zs caused by the fungus 
Phaeozsanopszs gnseola whzch has genetlc vanatwn The tnal reponed here was zmtzated 
to determme reszstantltolerant vanetles as well as the extent of pathogemc vanatlon m 
Kenya A total of two hundred and twenty two (222) accesszons have been screened to date 

1 

m a tnal of RCB deszgn replzcated three times Prelzmmary tnals zndzcated that several 
1 

dzseases occur together Thzs resulted m the maslang of angular leaf spot symptoms Under 
such condztlons accesszons TI GLP 585 027933 and T5 are promzsmg P57 zs also 
promzsmg although zt succumbs to root rots Several other vanetzes showed reszstance to the 
dzsease However all these vanetles need to befunher tested under hzgher dzsease pressure 
On the determmatzon of pathogemc vanatzon JO zsolates were collected 1and the fungus 
zsolated on V8 agar punjied and conserved ready to be tested on dljferentzal vanetles The 
maJor constraznt has been non avazlabzlzty of laboratory equzpment Due to thzs reason 
future work zs proposed to be camed out collaboratzvely wzth the Umverszty of Nazrobz 

INTRODUCTION 

In Kenya bean 1s the most !IDportant gram legume second only to ma!Ze as a staple food 
crop (Stoetzer 1981 Darhng 1992 Wortmann and Allen 1994) It 1s grown under a w1de 
range of envrronmental cond1t10ns except where temperatures are too rugh for pod settmg 

1 

m s1tes below approx!IDately 600m alutude (Stoetzer 1981) The average y1eld 1s 750 kg/ha 
for a pure stand and 375 kg/ha for a rn!Xed crop (Rheenen et &_ 1981) 

1 

Dry beans are 
grown mostly m assoc1at1on w1th other crops (Allen 1986) w1th the mam crop bemg !na!Ze 
(Wortmann and Allen 1994) Farmers pracuce rn!Xed croppmg for vanous reasons to 

1 

reduce nsk d!vers!ficauon and for cash generauon Results of a survey carned out m 
Kenya revealed a downward trend of y1elds (Darlmg 1992) dueto a comb~nauon of severa! 
constramts Among the 1nam farm problems 1dent1fied pests and d1seases ranked rugh m the 
hst (Darlmg 1992) Most of the preferred vaneues are susceptible to these d1seases (Rheenen 
et al 1981) 

The most senous d1seases are angular leaf spot (ALS) anthracnose rust and BCMV 
(Wortmann and Allen 1994) Angular leaf spot of beans 1s caused by the fungus 
Phaeozsanopszs gnseola (Sacc ) Ferrans and 1s a w1despread d1sease m Kenya It causes 
severe losses under favourable cond1tlons (Stoetzer and Omunym 1983 Correa V1ctona et 
al 1989) Y1eld losses rangmg from 40 80% have been recorded (Correa V1ctona et al 
1989 PyndJI 1987) The d1sease 1s seed borne (Stoetzer and Omunym 1983 Correa 
V1ctona et al 1989) lt also occurs m assoc1at1on w1th other pathogens1 (PyndJI 1987 
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Makuu and Makelo unpubhshed observauon) Tlns fungus has been found to exhtb1t 
pathogemc vanauon (CIAT 1989) which has not been determmed m Kenya 

The use of res1stant or tolerant vaneues 1s the best control method for al! d1seases wherever 
poss1ble For these reasons this mal was lilltlated w1th the followmg obJectlves 

To 1dent1fy d1fferent 1solates of angular leaf spot m Kenya To 1dent1fy res1stant var1et1es to 
ALS which are of favoured gram type and are competltlve m an mtercroppmg system To 
determme the leve! of control of the d1sease m an mtercropmg system usmg 
cultural methods and to dete=e y1eld loss caused by ALS 

MATERIALS AND METHODS 

Bean germplasm was collected from the Natlonal Horticultura! Research Centre at Thika the 
genebank at the Natlonal Agncultural Research Centre Muguga and the Reg1onal Research 
Centre Kakamega Tlns !S a conunuous process whereby more vanet1es are stlll bemg 
collected lmtially the seed 1s bulked before testmg 

Screerung for res1stance 

A total of 222 access10ns were sown m a rando!illsed complete block des1gn rephcated three 
tlffies The plots were 2 rows 2m long m between rows of d1sease spreaders (a local rose 
coco type and GLP2) which were estabhshed about 3 weeks earher m two rows 2m long 
Scattered ma!Ze plants were also planted to create a favourable m1croenvrromnent for d1sease 
mfect10n 

Data were collected mostly at flowermg (R6) and pod format10n (R7) stages The CIAT 
scale of 1 9 was used where 1 3 was res1stant 4 6 moderately res1stant and 7 9 susceptible 
Other d1seases were also scored usmg the same scale 

Pathogemc vanat10n 

D1seased matenals were collected from vanous places Isolatlons were made on V 8 agar 
med1a After sporulat10n smgle spore !solatlon was done at the Umvers1ty of Narrob1 to 
punfy the fungus for conservauon 

RESUL TS AND DISCUSSION 

Screemng for res1stance 

The results md1cated that most of the 1mtlal 156 access10ns tested were susceptible to ALS 
(Table 1) Only 19 md1cated res1stance to ALS However severe halo bhght and BCMV 
mc1dences may have masked results A total of 36 access10ns could not be scored because 
of sepous maskmg effects of the ALS symptoms by other d1seases There were also severe 
mfect10ns of root rots nematodes and beanfly A few access10ns showed sorne muluple 

6 



d1sease res1stance 

Of the SIXty SIX access10ns 44 showed res1stance to ALS (Table 2) Data collect10n 
contmues and conclus10ns wdl be drawn at the end of the tnal 

Prehmmary results md1cated that sorne access1ons show tolerance/res1stance to ALS but are 
h1ghly susceptible to other d1seases (eg 027982) However sorne access10ns show mult1ple 
d1sease reslStance (eg Tl GLP 027933 and T5) P57 1s also a prmmsmg !me except that 1t 
succumbs to root rots 

Pathogemc var1atlon 

The 1solates were collected from vanous places The fungus was 1solated from d!Seased 
matenals punfied and conserved awa1tmg the avadabli1ty of d1fferent1al vanetles from 
CIAT to determme the vanatlOn 1f any 

The 1solates were from Klsu Research Centre (K1su D1stnct) Oyam (M1gon D1stnct) 
Nyangusu (Klsu D1stnct) Nyamache (Klsu D1stnct) Menymkwa (Klsu DIStnct) Tluka 
(Tluka D1stnct) L1muru (Klambu D1stnct) Uthlru (Klambu D1stnct) Muguga (K1ambu 
D1stnct) 
Narok (Narok D1stnct) Thls collect10n 1s contmumg 

CONCLUSIONS 

A few access10ns are prmmsmg such as Tl GLP 585 027933 T5 and P57 espec1ally as 
regards multlple d1sease res1stance Severa! other !mes also have reslStance to ALS 

Lack of bas1c laboratory equ1pment has been the maJor constramt leadmg to the obJectlves 
not bemg attamed Due to thls art1fic1al moculat1ons were not carned out as well as the 
work on pathogemc vanatlon However work on pathogemc var1at10n has now commenced 
at the Umvers1ty of Narrob1 

It 1s proposed that thls project be carned out as a collaborat1ve work w1th the Umvers1ty of 
Narrob1 The laboratory work wlil be done at the Umvers1ty (race stud1es) and the screenmg 
work to contmue at RRC Klsu Thls wlil enable the proJect to attam 1ts objectlves because 
the laboratory at the Umverslty of Narrob1 1s well eqlllpped 
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Table 1 The ratmg and d1sease reacuon of the access10ns to ALS on the scale 1 of 1 9 

Ratmg DISeaSe Reaction to ALS No of accesSJons 

1 3 Res1stant 19 

46 Moderately Res1stant 14 

79 Susceptible 87 

Table 2 The ratmg and d1sease reacuon of the access1ons to ALS CBB BCMV 
anthracnose halo bhght and root rots on the scale of 1 9 

Raung ALS CBB BCMV Anth H/Bhght 1 

1 3 44 15 36 44 44 

46 1 16 6 9 9 

79 21 35 24 13 13 
1 

1 

9 

Root rots 

33 

4 

29 
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1 7 N DETERMINATION DE GENEPOOL DU PATHOGEN ET GROUPES DE 

ABSTRACT 

RACES DE Phaeo1sanopm gnseola DANS LA REGION DE 
GRANDSLACS 

Prograrnme Natlonal Legummeuses Mulungu Bukavu Zaue 

Prevwus stud1es conducted m Za1re show exiSience of pathogemc vanatwn m 
PhaemsanopSIS gnseola. the causal agent of angular leaf spot (ALS) m beans Recent 
stud1es m Latm Amenca show that pathogemc vanatwn of P gnseola 1s not only dlVerse 
but l1ke 1ts host can be grouped 1nto Mesoamencan and Andean pathogen genepools 
wh1ch attack Mesoamencan (mamly small seeded) and Andean (mamly large seeded) bean 
genotypes respeellvely The obJecllves of these stud1es were to deterrmne the occu"ence 
of the two pathogemc groups m the Great Lakes Regwn of Central Afnca and the 
re/atwnsh1p between genotypes of Andean and Mesoamencan ongm and exiStence of the 
pathogen groups 

Ten 1solates obtamed from Za1re (7) Bunmdi (2) and Rwanda (1) were to be 
charactenzed on the bas1s 17 dljJerenllal culllvars that hove been used m CIAT 
Colombia However 6 Andean dljJerent1als were not used due to lack of adequate seed 
Founeen day old monosponc cultures were used to 1nocu/ate 21 day old plants of JO 
dljJerent10l vanelles Fmal evaluallon was made 20 days after moculatwn For race 
charactenzallon a CIAT evaluat1on scale of 1 to 9 was used where 1 to 3 was cons1dered 
res1stant and 3 1 to 9 was susceptible 

FIVe 1so/ates (2 3 8 9 and JO) from Za1re gave s1m1/ar reacllons on the dljJerent10l 
vanelles used and could be cons1dered s1m1/ar or belongmg to the same race Iso/ates 1 
and 5 were d1stmct from each other and from the other Zaman Iso/ates Each of the 
1solates from Bunmd1 and Rwanda were dljJerent from each other and from those from 
Za1re Most 1solates attacked Mesoamencan dljJerenllals Most 1so/ates were obtamed 
from small seeded genotypes and expla1ns why they affected most Mesoamencan 
dljJerenllals Th1s also 1n.dlcates that the 1so/ates could belong to the M esoamencan 
pathogen genepool There 1s however need to confirm these results IJy usmg the now 
rev~sed set of 12 dljJerent1al vanet1es that represen! both the Andean (6) and 
Mesoamencan (6) genepools 

INTRODUCTION 

Les travaux deJa effectues sur les taches anguleuses au Zatre ont montre que 
Phae01sanops1s gnseola posséde une vanab1hté pathogémque Chez son hote le hancot 
commun u ex1ste une d1vers1té des genotypes qu¡ est groupée en deux su1vant 1 ongme 
du genotype type Andean (grosse grame) et type mesoamencan (petlte grame) Les 
résultats obtenus au Za1re (PyndJi 1992) ont demontré qu 1 exiSte tres peu des vanétés 
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rés1stantes dans type andean (grosses grames) 

En Afnque les grosses grames eta1ent traditionnellement preferees par les ferm1ers ma!S 
les petltes grames ont mamfeste une rés1stance aux malad1es et un haut rendement 

La lutte par la restance semble etre le mellleur moyen pour les petits fermiers I! est alors 
necessaire de venfier SI ce pathogene posséde auss1 une diversité des races comme son 
bote le haricot commun afm de developper des sources de res1stance conforme a la 
diversité recherchee 

Les objectifs vises par cette etude sont les su1vants 

Venfier s 11 existe la diversite pathogemque de P gnseola dans la reg10n de 
grands lacs e esta dire s 11 y a presence de deux groupes de race (mesoamencan 
et andean) et comment sont lis repart1s dans la reg10n 

Vorr la relation qm existe entre genotypes d ongme Andean au Mesoamencan 
avec le pathogene dans les endro1ts ou Iis sont cultives dans la reg10n lde Grands 
Lacs 

Cec1 nous permettra d etabhr une carte des races de P gnseola pour la reg10n des Grands 
1 

Lacs afm de donner une Image aux selectionneurs sur la strateg1e de developper la source 
de res1stance adaptee a 1 aire de race et a la diversite trouvee 

MATERIALS ET METHODES 

Isolement 

L Isolement de P gnseola a ete fa1t a partrr des echantlllons des feullles ou des gousses 
du har1cot Infectes collectes dans la reg10n des Grands Lacs (Burund1 Rwanda Zaire) 

L 1solement eta1t fa1t smvant les techruques d 1solement productlon d moculum decnts 
par PyndJI 1990 Le pathogene etait ¡sole a partir des les10ns sur feullles ou gousses 
Infectees du hancot Les spores sont prelevees au sommet du synemata a 1 a1de d une 
aigmlle fme murue d un morceau d agar Le morceau est depose dans une goutte d eau 
d!stlllee stenle sur le mi!Ieu water agar (y.¡ A) au potato dextrose agar acidifié (APDA) et 

1 

est ensmte disperse avec une baguette phee Les bmtes de Petr1 sont alors mcubees a 
1 

22 25oc pendant 24 48 heures JUsqu a la germmat10n des spores 5 a o spores bien 
germees sont reperees a 1 a1de d un stereom1croscope pms trandferees sur le m1heu 
nutrltif V8 agar (200m! de JUS V8 3 gr de carbonate de calcium 15 gr d agar et 800 mi 
d eau distlllee) Les bmtes de Petr1 sont emballees dans le pap1er Kraft et mcubees a 22 
240c pendan! 14 ou 21 JOUrs JUsqu a ce que les colorues atte1gnent 5 a 10 cm de 
d1ametre 

Production et preoarat10n d'moculum 

Des cellules monosponques de 21 JOUrs sont prelevees sur le m1heu V8 agar ecrasees 
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dans quelques gouttes d eau d1stilee stenle AUne suspens10n est asprree a 1 a1de d une 
p1pette pu1s versée dans des bmtes sont mcubees pendant 14 a 21 JOurs dans les cond!tlons 
decntes precedemment L moculllnl est prepare en raclant les corud1es (spores) avec une 
brosse La concentrat10n des spores est détenrunee a 1 a1de d un hemacytometre et 
aJUStee a 2 O 1()'1 corud1es par mililitre de suspec10n 

Inoculatmn et vanétés dtfferenneUes 

Un Iot de 10 var1etes differentlelles pour taches anguleuses compose des genotypes andean 
(grosse grame) et mesoamencan (petlte gra1ne) en provenance du CIAT a ete utlhse 
Chaque vanete d!fferenuelle étalt seme en deux repet1t10n dans deux pots de trms plants 
chacun Le sol melange avec du samble proporuon (5 1 v/v) éta1t prealablement steril1se 
19 a 21 JOurs apres sem1s les plants de 1 a 3 feuilles trlfoholees sont moculés avec une 
suspenc10n des corud1es d une concentratlon de 2 O 1<1 corud1es/mJ Un pulvensateur 
manuel de 11 est employe pour pulvénser les spores sur les feuilles Les plants éta1ent 
couvertes avec des sachets plast1cs pour mamterur une hlln!idite relat1ve pms les pots 
sont places sous les bancs pendant 72 heures Apres les sachets sont enleves et les plants 
sont rerrus sur les bancs 

Evaluabon de la maladie 

11 Jours apres moculauon la sevente de la malad1e est evalee su1vant 1 echelle standard 
CIAT de 1 a 9 ou 1=absence des symptomes 3=2% de la surface foharre mfectee 
5 =5% 7 = 10% et 9 =25% au plus de la surface foharre mfectee L évaluat1on a ete 
fa1te au ll 14 17 et 20 Jours apres moculat10n 

RESUL TATS ET DISCUSSIONS 

Les d¡fferentlelles uuhsées comprena1ent partlcuherement des vanetes de type 
mesoamencam et andean Ce derruer etalt utlhsé par manque de semences du type 
mesoamencam Une observatlon notable eta1t que les 1solats no 2 3 8 9 et 10 
provenant du Zaue ont prodmt des react1ons s!ID!Iaues sur les vanetes differentlelles et 
peuvent done etre cons1derees appartew au meme pathotype Les ISolats no 1 et 5 sont 
d1fferents entre eux et des autres 1solats du Za1re Les 1solats de Burund1 et du Rwanda 
dlflerent entre eux et auss1 de ceux du Zarre La plupart d ¡solats ont attaque des vanétes 
dlfferentlelles de type mesomencam Comme la plupart d ¡solats provena1ent de 
genotypes a petlte grame cec1 explique pourqum presque toutes dlfferentlelles d ongme 
mesoaménca1ne eta1ent attaquees cela md1que auss1 qu 1ls appart1endra1ent probablement 
au gene de pool mesoamencam du pathogene Cependant 11 ya un besom de conlrrmer 
ces resultats en utlhsant la ganmie habnuelle de 12 vanetes differentlelles qu1 representent 
tous les deux genes pools andean et mesoamencam 
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Tableau 1 React10n des vanétés d¡fferenttelles aux 1 O 1solats de Phae01sanops1S 
gnseola du Zarre" Burund1 et Rwandaw 20 JOurs aprés moculatton 

Vanetes Zatre BU RW 
dtfferenneUes 

ldennty Gene pool 2 3 S 8 9 10 4 6 7 

Comell 49242 M' S S S S S S S S S S 

RosmhaG 2 M S S S S S S S S S S 

Caru M S S S S S S S S S S 

PAN72 M S S S S S S S S S S 

BAT332 M S S S S S S R S R 

G 2858 M S S S S S S S S S S 

G 1805 M R S S S S S S R R R 

MeXIco 54 M R S S S S S S S S R 

05686 A S S S S S S S R R R 

Pompador Checa A S S R S S S S R S 

= lsolates from Zarre 1 KAGARA 1 2 TSIDRUMBI NakaJa 3 TSIDRUMBI 
Mélange local 5 TSIDRUMBI 8 TSIDRUMBI Krrundo 9 BIRA V A 10 
MOLEHE 

= lsolates from Burund1 4 GISOZI 6 MOSO 2 
w= Isolates from Rwanda Rubona 

= Bean genepool M = Mesoamencan A = Andean 
y= Reactton of d1fferenttal vanettes based on a CIAT scale of 1 to 9 where 1 3 1s 

res1stant and 3 1 = 9 1s susceptible 
= not tested 

Bu = Burund1 RW = Rwanda 
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ANGULAR LEAF SPOT RESEARCH UNDER SADC t l l OV 
/ 

F S Ngulu 

Sehan Agncultural Research lnstltute P O Box 6024 
Arusha Tanzarua 

INTRODUCTION 

< J 
J ~ 

The econom1c 1mportance of angular leaf spot (Philemsanops1s gnseola (Sacc) Ferr) on 
common beans (Philseolus vulgans L) 1s Wldely reported (Correa V1ctona et al 1989 
Buruchara 1992 Muslu et al 1989 Msuku & Bokos1 1990 Mkuchu & Mayona 1989) 
Y1eld losses due to the d1sease m the SADC countnes of southem Afnca vary between 7 
53% dependmg on cultivar and clunatlc cond1tlons (Mwalyego 1987 1990 1 Mukandala & 
Ten 1987 Swa1 & Keswaru 1984) 

Breedmg for genetlc res1stance 1s generally cons1dered to be the most cost effectlve and 
sustamable method of managmg the d1sease espec1ally under the small farmers envrronment 
However breedmg progran1mes m the reg10n are overshadowed by speculat10n that 

1 

pathogemc vanat10n occurs m P gnseola Efforts to clanfy tlus were IDitJated by the 
CIA T /SADC Steenng Comm1ttee m November 1992 when 1t agreed to fund a three year sub 
proJect to mvestlgate the genetlcs of the host/pathogen mteract10n and pathogemc vanat1on 
m P gnseola Tlus paper outlmes progress of the proJect 

The sub-prmect 

The auns were to study the genet1cs of the host/pathogen mteractlon and pathogemc vanat10n 
m P gnseola to assemble a reg10nal ALS nursery from bean !mes m Zarre 1 Tanzarua and 
Zamb1a and from entnes m CIAT s Bean Angular Leaf Spot lnternatlonal Tnal (BALSIT) 

1 

and subsequently to IDitlate a breedmg programme for res1stance to ALS 

Progress and lumtatJons 

The sub proJect was IDitlally based m Swazliand under the coordmatlon of Professor J M 
Ten Unfortunately the coordmator took up another JOb before effectJve take off of the 
stud1es In November 1993 the Steenng Commlttee appomted the author to coordmate the 
sub proJect and pledged to release sorne funds to get the work started Fundmg has not 
rnatenahzed to date Nevertheless seeds of dlfferentlal cultJVars (Table 1) 1 were secured 
from CIAT m October 1994 and are bemg muluphed at Sehan Agncultural Research lnstltute 
(SARI) Arusha Performance of the cultlvars 1s sat1sfactory except G 11796 and Bolon Bayo 
wluch seem not to flower under SARI condJtlons dunng the Short RaJDS !season The 
performance of the two cult1vars wlil be assessed agam m the commg Lo~,R¡i!JIS ~ 
Collect10n of !ocalJsolates of the pathogen has also begun ft~.J ( '- 1 1( n ')'¡ r 

1 .a:h \ ...1 u .JL; LJ 
\ -~ -- ---­.... 

The future Ud!J,.,o Llt lltO'lWCiCII y 

VL1l!..Ñ UH 1\C G, 
Angular leaf spot 1s ranked the lughest m Afnca m terms of total y1eld loss espec1ally m 
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\ • 
southem and central Afnca (Buruchara 1992) Pathogemc vanatJon of P gnseola appears 
to be common and w1despread (Pyndjl 1992 Correa V1ctona et al 1989) Tins vanabl11ty 
of the pathogen has not been venfied m eastem and southem Afnca constJtutmg a profound 
weakness m breedmg programmes for res1stance to ALS 

The concem of the Steenng Cmmmttee m 1992 1s as vahd today as 1t was then Concerted 
efforts m the fonn of collaboratJve stud1es are stl11 v1tal so as to make the most effic1ent use 
of hm1ted expertJse and fmancml resources It 1s hoped that tlus workmg group meetmg wlll 
come up w1th valuable v1ews on the Iog1stJcs of gettmg tlus sub proJect underway 
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Table 1 Angular leaf spot d¡fferentlal culuvars under multlphcauon at Sehan Arusha 

Mesoamencan Ongm Andean ongm 

Comen 49242 G 5686 
PAN 72 Amendom 
BAT 332 Montcalm 
Mex1co 54 Don Tunoteo 
G 2858 G 11796 
Flor de Mayo Bolon Bayo 
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ANTHRACNOSE SUB PROJECT UNDER SADC 
,e'" 

(j\ o 

H C Hactwa1 and FM Mwalyego 

Uyole Agncultural Centre P O Box 400 Mbeya Tanzama 
and UruversJty of Zarub1a Lusaka 

INTRODUCTION 

'(.J ~6~n .. 
1 

1 7 rwv 1~98 

1 

Tbe proJect coruruenced m mtd season 1991 and was scheduled for compleuon m 1994 
Objectives were to assess the lffiportance of anthracnose through surveys and crop loss 
stud1es m farmers fields to Jdentify prevalimg pathogeruc races and map therr distnbution 
and to 
study d1sease control measures through plant res1stance and cultivar miXtures 

The race stud1es were shelved after the first year through lack of fmancial support to the sub 
proJect If funds were to becorue avaliable the race stud1es m1ght posstbly be contmued and 
on farm tnals on the lffiprovement of tradJtional miXtures rutght be Imtiated 1 

METHODOLOGY 

Crop loss studtes 

1 

On stat1on a faetona! destgn was used w1th treatlnent factors bemg vaneties (local 
susceptibles known susceptible and res1stant) and vanous levels (5 6) of dtsease seventy 
rnanaged by spraymg etther wtth corudta and llffittmg dtsease development m sorne treatJnents 
by spraymg wtth fungtctdes In hot spot areas (farmers fields) a smgle factor randomtzed 
destgn was env1saged where half of the field wtth local vaneues as planted by farmers would 
be protected by fungJcides whlie the other half would be kept unsprayed and under field 
moculum Tbis however could not be ach1eved as most farmers planted late to fight 

1 

anthracnose and not ruuch d1sease developed Hence the experlffient as set on station was 
repeated m farmers fields where they usually plant beans and to enable an early plantmg 

1 

Surveys 

V tslts were to be ruade to the bean growmg areas dunng the season to assess the seventy and 
mc1dence of anthracnose D1sease seventy scores would then be correlated w1th the y1eld 

1 

loss results Tbe survey would also ass1st m showmg the dJstrJbutton and lffiportance of the 
d1sease especially where there 1s mtssmg mformat10n and trmls cannot be la1d out 

Race studtes 

1 

Dunng the surverys saruples of anthracnose were collected and a total of 79 Jsolates were 
obtamed From these 15 1solates were selected on the bas1s of dJversJty of ongm and colony 

1 

charactenstics before ruultiphcatJOn and moculation onto a set of race d¡fferential bean 
cultivars obtamed from CIA T 

1 Deceased 
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DJSeaSe control 

Screerung local and mtroduced germplasm for anthracnose res1stance under artificial 
moculatlon w1th 1solates from the race stud1es Prom1smg genotypes were to be tested m a 
common nursery at s1tes m Zamb1a Tanzama Angola and Malaw1 

D1sease control through cultivar nuxtures 

Assessment of farmers nuxtures Smgle factor rephcated expenment mvolvmg 3 8 nuxtures 
and pure stands of components Tnal to be surrounded by spreaders arufic¡ally moculated 
w1th local 1solates Morutonng of d1sease progress and companson of y1eld between 
miXtures and therr components would be done 

Effectlve levels of res1stant components m a nuxture 

Smgle factor rephcated des1gn treatments bemg vanous combmatlons of a res1stant and a 
susceptible vanety plus pure stands of components as controls Morutonng of d1sease 
seventy and spread throughout the season and y1eld gam were to be determmed 

RESULTS 

Crop loss stud1es 

Prehmmary results have been presented prev10usly (Mwalyego 1992b) Table 1 shows a 
companson of mean y1eld losses mcurred from anthracnose m on farm tnals and on the 
research stat10n 

Race stud1es 

Investlgatlons of pathogeruc vanatlon m C lmdemuthzanum m Zambm (Hac1wa 1991) and 
m Tanzama (Mwalyego 1991a 1992a) confrrm the ex1stence of races Results of tests of 
pathogeruc1ty of 15 1solates on a standard set of 12 d1fferent1al bean genotypes are shown m 
Table 2 Two 1solates (J and L) were found non pathogeruc lsolates B and F were the 
most vlflllent each attackmg 8 of the d1fferentlals lsolates G and O were among the least 
vlTUient The host genotype G 2333 was res1stant to all 1solates tested 
Races Identlfied were race 6 race 28 race 60 race 63 race 98 race 155 race 182 race 
287 race 618 race 958 race 1478 race 1515 and race 1678 

D1sease Control Screemng for resistance 

A total of 282 bean genotypes were screened over the past three seasons mcludmg local bean 
crosses entnes from the mAT and PADN nursenes 
Sorne entnes have been tested at more than two s1tes Over 50% of the entnes tested 
appeared to be res1stant to anthracnose Nevertheless a good number of the res1stant ones 
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were susceptible to angular leaf spot or other d1seases Notable among the mtroduced !mes 
were EMP 87 NAG 51 CAL 85 MCM 1015 AND 879 MCR 57 DRK 47 IBAT 415 
IBAT 420 IBAT 363 IBAT 381 IBAT 390 IBAT 365 IBAT 347 IBAT 402 IBAT 395 
AFR 392 XAN 78 BAT 1295 G 11544 G 12538 G 12539 G 14508 and G 16140 among 
others These were found to have lngh levels of res1stance to most d1seases as well as 
potent1al for y1eldmg well 

Assessment of vanetal nnxtures for disease control 

1 

E1ght traditlonal bean miXtures from Rungwe and Mboz1 (m the Southem H1ghlands) and 
from Mosln Rural (m northem lnghlands) m Tanzarna were evaluated for therr d1sease 

1 

susceptlbility relauve to that of therr pure components Table 3 presents results from the 
1992/93 season 

There was cons1derable vanauon m d1sease reactlon as well as m seed y1eld among the 
1 

IDIXtures Although mean seed y1eld from the miXtures was generally equal to or heav1er 
than the mean y1elds of therr correspondmg components m pure stand none :of the miXtures 
y1elded as much as the heav1est y1eldmg components Overall d1sease seventy of the 
miXtures was decreased by about 13% relauve to that m the components 1 the seventy of 
anthracnose was reduced by 31% The mean y1eld gam from IDIXture was 10% w1th the 
largest gam m IDIXture E from Mboz1 
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Table 1 Companson between results on stat10n and on farm m 
y1eld losses m comruon bean from anthracnose over 3 
seasons at 4 s1tes m Tanzama 

On farru 

On statlon 

Mean loss m 
seed y1eld (%) 

36 

47 

Range (%) 

22 47 

34 86 
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Table 2 
1 

Pattem of react10n1 m 12 race differentlal genotypes of Phaseolus vulgans when moculated w1th 
15 1solates of Colletotnchum lmdemuthzanum from Tanzama 

Culuvar Bma¡y valué Isolate 
when susc 

A B e D E F G H 1 J K L M N o 
M1chehte 1 + + + + 

MDRK 2 + + + + + + + + + + + 

Perry 4 + + + + + + + + + 
Marrow 

Comell 8 + + + + + + + + + 
49 242 

W1dusa 16 + + + + + + + 

Kaboon 32 + + + + + + + 

Mex1co 222 64 + + + + 

PI207262 128 + + + + + + 

To 256 + + + + 

Tu 512 + + + 

Ab 136 1024 + + + 

G 2333 2048 

Race 
denommauon 

1478 958 98 618 63 1515 6 155 1678 o 182 o 60 287 28 

No cult1vars 
attacked 
( vrrulence) 6 8 3 56 8 2 56 o 50 4 6 3 

1 + denotes compatible (susceptible) reacuon denotes no test (germmatiOn 
failure) and a blank md1cates mcompatible (res1stant) reacuon 

2 Bmary values based on Annual Report of the Bean Program for 1988 
CIAT Workmg Document No 53 p 128 
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Table 3 Mean seed yteld (kg/ha) and dtsease seventy scores (mean 1 9) m etght tradtttonal bean rruxtures 
and therr components 

Mtxture 

A Rungwe 

B 

e 
D Mbozt 

E 

F 

G Mosht 

H 

Mean 

cv% 

Mtxtures 

Mean 
yteld 

1016 

1146 

1066 

1656 

1780 

1720 

1320 

1806 

1364 

18 1 

Mean 
anth 

49 

5 

4 

53 

4 

36 

52 

40 

45 

32 2 

Mean 
other 

dtseases 

55 

45 

65 

55 

5 

43 

5 

4 1 

5 1 

14 1 

24 

Components 

Mean Mean Mean 
yteld anth other 

seo re dtseases 

808 4 1 6 

742 42 6 

915 48 7 

479 52 6 

618 5 1 58 

973 4 1 46 

1017 3 9 36 

875 42 5 

803 47 55 
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THE EFFECT OF A RESIST ANT COMPONENT IN BEAN CULTIVAR 1 l /,U V I:J98 
MIXTURES ON THE MANAGEMENT OF ANTHRACNOSE 1 

ABSTRACT 

F M Mwalyego 
1 l' -

Uyole Agncultural Centre 
PO Box 400 

Mbeya Tanzarua 

Studzes of the effect of mcorporatmg dzfferent levels of a reszstant component m a bean mzxture 
m the management of anthracnose and gram yzeld revealed that both the mczdence and seventy 

1 

of anthracnose was szgnificantly decreased m mvctures Dzsease decreased progresszvely wzth 
1 

mcreases m the proportlon of the reszstant component m the mvcture The mean seventy of 
1 

anthracnose was reduced by 26% m the mzxtures compared to the pure stand crop and mean 
yzeld of the mvcture components was 23% hzgher than the mean yzeld of the sale 1crop 

1 

In the mvctures the mean yzeld of the susceptible component was 33% hzgher than m pure stand 
1 

presumably due to reduced zntenszty of dzsease m the mvctures Yzeld of the susceptible 
component also mcreased wzth mcreases m levels of reszstance m the mzxture 

INTRODUCTION 

Intraspecific crop ffi!Xture stud1es mamly w1th cereal crops have shown that those w1th geneuc 
vanat10n relevant to specmhzed pathogens often y1eld more than therr component mean (Burdon 
and Wlutbread 1979 Chm and Husm 1982 Chm and Wolfe 1984 Wolfe 1985 1 Mahk et al 
1988 Gumpert 1989) The higher y1elds have been assoc1ated apart from mtergenotyp1c 

1 

compensatlon w1th Iess d1sease mc1dence and seventy m miXtures than m pure stands and 
someumes to the d!fferentlal reacuons of components to the envrronment It 1s often assumed 

1 

Ioglcally that because of the mcreased plant d1vers1ty and differenual susceptlb1hty d1seases may 
not spread as rap1dly m ffi!Xtures when compared to sole crops 

It 1s well known that subs1stence farmers m most parts of Afnca plant bean ffi!Xtures whose 
components may d1ffer m therr Ievels of res1stance to vanous diSeases as well as m agrononnc 
and culmary characters Sometlmes d1sease res1stant bean culuvars releasedl by nat10nal 
programmes have been sampled m farmer s miXture components (Mwalyego 19~1) 

Prom1smg results m sorne prehmmary stud1es of bean cultivar ffi!Xtures m East Afnca mamly 
for the management of angular leaf spot (Phaeozsanopszs gnseola) and rust (Uromyces 
appendzculatus) have been recorded (Lynno et al 1985 Msuku and Kapalamula :1989 Panse 
et al . 1989 Mwalyego 1991) Smce no such stud1es have focused on bean anthracnose 

1 

(Colletotnchum lzndemuthzanum) this study was undertaken to mvesugate the sigmficance of a 
res1stant component m bean miXtures on anthracnose seventy and gram y1eld 
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MATERIALS AND METHODS 

Seeds oftwo bean cultivars CG113 (wluch 1s Jughly susceptible to anthracnose) and Kabaruma 
(wh1ch 1s h1ghly res1stant to all pathotypes of the anthracnose pathogen) were miXed together m 
the followmg proport10ns 25 75% 50 50% and 75 25% Both cultivars are determmate bush 
types of almost equal matunty penods (112 days) but d¡ffenng m seed siZe and colour to enable 
theu separation at harvest 

The tnal was planted m a randomiZed complete block des1gn w1th three rephcates durmg the 
maJor bean growmg season at Uyole The plantmg was systematic to ensure that the mixture 
proport10ns were mamtamed m each lme Plot siZe measured 3 x 5m2 w1th seven rows spaced 
at 50 x 8cm FertiliZers and beanfly control were apphed accordmg to recommendations The 
tnal was surrounded by two border rows planted w1th anthracnose mfected seed to act as d1sease 
spreaders Observat10ns made m each plot mcluded d1sease mc1dence and seventy plant 
populat10n after emergence and at harvestmg mean number of pods per plant lOO seed we1ght 
and seed quahty on 1 3 scale where 1 = very clean seed and 3 = d1rty or grade B seed 
D1sease mc1dence was measured by the proport10n of mfected plants at weekJy mtervals m each 
plot startmg at two weeks after emergence for a penod of SIX weeks 

D1sease seventy was recorded from the entue plot after 4 8 and 12 weeks of growth on 1 9 
scale where 1 = No d1sease and 9= H1ghly mfected Equ1valent y1elds were calculated from 
the formula 

y = alb x e where 

y= eqUivalen! y1eld of susceptible component m mixture 
a= y1eld of the component m the miXture 
b = plant population of the component m the miXture 
e= plant populat10n of the componen! under sole crop (1 e 420 plants/plot) 

RESUL TS AND DISCUSSION 

Anthracnose mc1dence mcreased at a faster rate m the sole crop of the susceptible component 
than m miXtures (Table 1) W1thm two weeks of emergence d1sease mc1dence m the sole crop 
was about 27% Jugher than m the miXtures After 5 weeks all plants of the sole crop were 
mfected as compared w1th an average of 82% m the miXed stands D1sease mc1dence also 
progress1vely decreased w1th mcreases m the proport10n of the res1stant componen! m the 
miXture Except for the miXture m wluch the res1stant component compnsed 75% the 
d1fferences m d1sease mc1dence between the sole crop and the other miXtures were sigmficantly 
d1fferent up to 5 weeks after germination Anthracnose seventy was also sigmficantly Jugher 
m the so le crop than m the miXtures where 50 and 75% res1stance was mcluded (Table 2) 
Where there was only 25% of the res1stant component anthracnose seventy was not Sigruficantly 
d1fferent from that of the pure stand As w1th d1sease mc1dence seventy also mcreased w1th 
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mcreases m the proportiOn of the susceptible component m the miXture from 25 75% Such 
d1fferences were s¡gruficantly marked at the begmmng of the season The mc1dence and seventy 
of other d1seases (mamly angular leaf spot and floury leaf spot) m the tnal were ms¡gruficant 

The dtfferences m mean y1eld between the treatments were statistically s1gmficant (P=O 05) 
The mean yteld from the miXtures was 23% hlgher than that of the component mean (Table 3) 
The susceptible component y1elded s¡gruficantly better (33% hlgher) m the miXtures than when 
grown as a sole crop H1ghest y1elds were achleved when the proport1on of res1stance m the 
miXture was 25 50% (Table 4) A slgmficantly close assoc1at1on (r= O 96) was found 
between y1elds of the susceptible component and anthracnose seventy w1thm 12 weeks after 
emergence (Tables 2 and 4) Smce the coeffic1ent of detennmation (R2

) showed that up to 31% 
of the observed d1fferences m y1eld could be attnbuted to d1sease 1t can be concluded that the 
h1gher y1elds of susceptible components obtamed m miXture were attnbutable to protecuon from 
d1sease afforded by the res1stant component W1th only 25% of res1stance m the miXture y1elds 
mcreased by 13 8% o ver the so le crop As the proportiOn of res1stance was mcreased to 50% 
and 75% the y1eld mcreased by about 40% (Table 4) 

It can be concluded that the presence of res1stant components m farmers miXtures help m 
decreasmg anthracnose seventy so that h1gher bean y1elds can be ach1eved Farmers should be 
encouraged to mclude or retam more seeds of res1stant components m the1r prefered miXtures 
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Table 1 Anthracnose mc1dence m sole and m1xed bean stand from two to SIX weeks after 
emergence 

Proportlon (%) 
of components 
m m1xture 

Res Susc * 2 wks 

25 75 5 
(5) 

50 50 26 
(12) 

75 25 40 
(13) 

o 100 89 
(21) 

100 o o 
(O) 

Mean miXture 24 
(lO) 

Sole crop 
(susceptible) 89 

(21) 

LSD 5% 10 74 
CV% 41 5 

* Susceptible = CG 113 
Res1stant = Kabaruma 

Number and proportlon (%) mfected plants 

3 wks 4 wks 5 wks 6 wks 

22 54 72 105 
(21) (51) (69) (lOO) 

63 116 188 210 
(30) (55) (89) (lOO) 

106 208 284 315 
(34) (66) (90) (lOO) 

240 380 420 420 
(57) (90) (100) (lOO) 

o o o o 
(O) (0) (O) (0) 

64 126 181 210 
(28) (54) (83) (100) 

240 380 420 420 
(57) (90) (100) (lOO) 

15 52 29 75 62 6 5 77 
21 8 22 7 36 1 28 
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Table 2 Development of anthracnose (mean seventy score 1 9 scale) m mixtures of res1stant and susceptible 
components relat1ve to pure stand 

ProportiOn (%) 
of components 
m miXture Weeks after emergence 

Mean score 
Susc Res 4 8 12 Mean other d1seases 

25 75 20 3 3 50 34 30 

50 50 30 3 7 55 4 1 20 

75 25 47 58 65 57 30 

100 o 43 57 75 58 30 

o 100 1 o 1 o 1 o 1 o 40 

Mean (miXture) 3 2 43 57 27 
Mean (pure stand) 43 57 75 30 

LSD 5% 1 62 25 1 4 43 NS 
cv% 23 9 27 2 22 1 39 9 23 4 



.., ..... 

Table 3 Mean y1eld and y1eld components of two bean culuvars under sole and m1xed stand 

Bean culuvars/ 
miXture 

CG 113 (S) 

Kabaruma (R) 

25% S+ 75% R 

50% S+ 50% R 

75% S+ 25% R 

Mean (pure stand) 
Mean (miXture) 

LSD 5% 
cv% 

Y1eld 
(kg/ha) 

2356 b 

2342 b 

3013 a 

3182 a 

2956 a 

2349 
3050 

403 6 
77 

Plants/ 
plot 

419 

418 

418 

417 

418 

419 
418 

NS 
o 31 

Pods/ 
plant 

13 8 

15 3 

14 7 

18 1 

115 

15 o 
15 

NS 
27 16 

Means followed by same letter are not sJgruficantly d1fferent (P =O 05) 

100 seed 
wt (g) 

27 b 

40 a 

30 ab 

27 b 

30 ab 

33 3 
29 

11 1 
19 29 

Seed 
quahty 

(1 3 scale) 

30a 

20b 

27a 

27a 

30a 

25 
26 

o 59 
11 86 



Table 4 Y 1eld (kg/ha) of the susceptible componen! (CG 113) m the m1xture and 1ts 
equ1valent y1eld under pure stand 

Proporuon of CG 
113 m the m1xture 

25% 

50% 

75% 

100% 

Mean pure stand 

Mean mixtures 

L~D 5% 

cv% 

Y1eld of CG 113m 
the mixture 

964 b 

1971 a 

2049 a 

2356 a 

2356 

1661 

782 1 

21 3 

Y 1eld eqmvalent of 
pure stand 

3858 a 

3956 a 

2732 b 

2356 b 

2356 

3515 

1128 

17 43 

Y 1eld mcrease 
over pure stand 

(%) 

39 

40 

14 

Means followed by same letters are not s1gruficantly d1fferent (P = O 05) 
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STUDIES ON THE IMPORTANCE PATHOGENIC VARIATION ANO MANAGEMENT OF 

BEAN ANTHRACNOSE IN ETHIOPIA 

ABSTRACT 

Tesfaye Besh~r 

Plant Protect~on Research Center 
P O Box 152 Ambo Eth~op~a 

A f~eld survey demonstrated that the maJOr d~seases of the common 
bean ~n var~ous reg~ons of Eth~op~a were anthracnose rust common 
bacter~al bl~ght ascochyta bl~ght and angular leaf spot Stud~es 
of pathogen~c var~at~on among 20 ~sola tes of the anthracnose pathogen 
led to the ~dent~f~cat~on of at least n~ne races Only two ~solates 
were ~dent~cal Races ~dent~f~ed were race 128 race 269 race 511 
race 585 race 712 race 883 race 906 race 952 and race 961 The 
most v~rulent race (511) wh~ch appears to predom~nate at Mek~ 
attacked n~ne of the d~fferent~als and the least v~rulent race (128) 
wh~ch was repeatedly found at z~way attacked only one d~fferent~al 
cult~var Assessment of y~eld loss demonstrated that about 75~ loss 
~n seed y~eld can occur ~n a suscept~ble cult~var when unprotected 
Fung~c~dal seed treatment was shown to prov~de as much protect~on as 
fol~ar spray~ng at ~ntervals of 14 or more days S~gn~f~cantly 
better protect~on was g~ven by m~xed appl~cat~ons of mancozeb and 
benomyl at weekly ~ntervals Prel~m~nary results from f~eld 
screen~ng for anthracnose res~stance across three seasons and four 
s~tes has led to the ~dent~f~cat~on of prom~s~ng mater~als some of 
wh~ch have been used ~n a breed~ng programme (ed ) 

INTRODUCTION 

Common bean (Phaseolus vulgar~s L ) ~s an ~mportant food legume crop 
and prov~des an essent~al part of the da~ly d~et of Eth~op~a Tt ~s 
grown as a subs~stence crop under trad~t~onal farm~ng systems 
usually as an ~ntercrop w~th cereals coffee or enset (w~ld banana 
Ensete edule) Improved cult~vars have not yet been w~dely ~ntroduced 
and adopted Seed y~elds are low averag~ng only about 600 800 
kg/ha These low y~elds may be attr~buted to a comb~nat~on of severa! 
y~eld constra~nts among wh~ch d~seases play a maJor role (Habtu 
Assefa and DereJe Gorfu 1985) Important bean d~seases are 
anthracnose rust common bacter~al bl~ght angular leaf spot floury 
leaf spot ascochyta bl~ght and bean common mosa~c 

Of these bean anthracnose (Colletotr~chum l~ndemuth~anum) ~s w~dely 
d~str~buted ~n the maJor bean grow~ng d~str~cts of Eth~op~a 
Anthracnose ~s assoc~ated w~th heavy y~eld losses wherever 
suscept~ble bean cult~vars are grown ~n locat~ons w~th cool to 
moderate temperature and h~gh hum~d~ty or free mo~sture (Schwartz and 
Galvez 1980) The occurrence of the d~sease has ~ncreased 
s~gn~f~cantly ~n recent years However very l~ttle ~nformat~on was 
ava~lable on the ep~dem~ology and management of the d~sease Thus 
th~s paper presents results of survey loss assessment race 
~dent~f~cat~on and var~etal screen~ng tr~als undertaken ~n Eth~op~a 
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sJ.nce 1992 

MATERIALS AND METHODS 

Survey and laboratory greenhouse and fJ.eld experJ.ments of the 
anthracnose sub proJeCt were conducted at the Plant ProtectJ.on 
Research Center at Ambo Ln the perJ.od 1992 1994 

Bean anthracnose survey 

Anthracnose surveys were conducted J.n the ma]or bean productJ.on 
regJ.ons J.n the RLft Valley and southecn EthJ.opJ.a HarJ.cot bean fLelds 
were assessed at J.ntervals of 15 20 km Ln farmers fJ.elds and on 
state farms Ten to fJ.fteen sample pol.nts were randomly selected 
along the dJ.agonals and were assessed on a 1 9 scale at growth 
stages close to R7 and R8 (van Schoonhoven and Pastor-Corrales 
1987) Infected samples were also collected for laboratory analysJ.s 

Race J.dent1f1cat1on 

Samples of bean anthracnose were collected from Ambo Nazareth MekL 
ZJ.way Awassa Arsl. Negele Areka Bako and AdmJ. Tulu A total 
of 20 J.solates were purJ.fJ.ed mult1.plJ.ed J.n the laboratory and 
J.noculated on 12 standard dJ.fferent1.als Ln both fLeld and green­
house The reactLon of the dJ.fferent1.als were recorded usJ.ng 1 - 9 
scale and translated J.nto bLnary nuw~ers to LdentLfy the races (van 
Schoonhoven and Pastor Corrales 1987) 

Greenhouse test 

FJ.ve seeds of each dJ.fferentLal were sown Ln 15 cm dJ.ameter pots wJ.th 
3 replJ.catJ.ons and were kept for 10-15 days J.n the greenhouse at 
about 21 30 e Ten day old seedlLngs were J.noculated wLth 2 week 
old cultures of Colletotr1.chum l1.ndemuth1.anum at a concentratJ.on of 
1 2 x 106 conJ.dJ.a/ml and then kept J.n a humJ.d chamber Each plant was 
evaluated 7 days after LnoculatJ.on 

F1e1d test 

The trJ.al was desJ.gned as a randomJ.sed complete block wJ.th 4 
replJ.catJ.ons The plot SJ.ze was 4 x O 60 m wJ.th double rows 
SusceptLble checks (MexJ.can 142 Jalesco 33 and Cuv 168-14) were 
sown after every ten entrJ.es ArtJ.fJ.cJ.al J.noculatJ.on was also 
applJ.ed DJ.sease reactJ.ons were assessed on a 1 9 scale before and 
after flowerLng and at poddLng stage 

Loas assessment 

FLeld experJ.ments were conducted J.n a randomJ.sed complete block 
desJ.gn (RCBD) wJ.th 6 repll.catJ.ons usJ.ng a susceptl.ble cultJ.var 
MexJ.can 142 Plot sJ.ze was 4 x 3 2 m wJ.th 8 rows from whJ.ch 4 central 
rows were harvested Mancozeb (0 2~) mJ.xed WJ.th benomyl (20~) at the 
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rate of 2 g/1 were sprayed at ~ntervals of 7 14 21 and 28 days 
Seed dress~ng w~th benomyl at the rate of O 5 kg/100 g of dry seed 
and a blank control were used ~n the exper~ment D~seases ~n each 
plot were recorded every 2 weeks us~ng 1-9 scale start~ng from ehe 
f~rst spray For ~ntens~ve d~sease evaluat~on purposes 16 plants 
were randomly selected and tagged ~n each plot 

Data collected ~ncluded leaf sever~ty at 3 5 9 leaflets ~nfected 
pods/plant pod sever~ty dead t~ssue leaf area ~nc~dence 
pods/plant seed/pod seed y~eld seed we~ght and other d~seases 

Resistance screeninq 

A tr~al wh~ch was conducted over three years (1992 1994) was 
composed of 100 entr~es per year A suscept~ble cult~var (Mex~can 
142) was sown between and around the repl~cat~ons ~n order to 
~ncrease d~sease pressure Res~stant (Red Wola~ta) ~ntermed~ate 
(Black Dess~e) and suscept~ble (Mex~can 142) were sown as checks 
after every ten test entr~es The des~gn was RCBD w~th 2 repl~cat~ons 
w~th a plot s~ze of 2 x o 60 m The nurser~es were exposed to natural 
~nfect~on but ~n sorne cases they were also ~noculated w~th m~xed 
anthracnose populat~ons D~sease react~on was evaluated before 
flower~ng after flower~ng and dur~ng podd~ng on a 1 9 scale (van 
Schoonhoven and Pastor-Corrales 1987) 

RESULTS AND DISCUSSION 

Survey 

Results revealed that d~fferent d~seases predom~nated ~n d~fferent 
bean grow~ng reg~ons of the country The most common d~seases were 
anthracnose rust common bacter~al bl~ght angular leaf spot 
ascochyta bl~ght floury leaf spot and halo bl~ght 

The mean sever~ty of anthracnose was 36~ across all surveyed zones 
of the country The sever~ty of anthracnose was sl~ghtly h~gher ~n 
the Western zone and the R~ft Valley than ~n the Southern zone Mean 
sever~t~es of rust and common bacter~al bl~ght were 29 and 22% 
respect~vely (Table 1) 

A total of 58 ~solates of Colletotr~chum l~ndemuth~anum were 
collected both from exper~mental f~elds (where many bean genotypes 
were concentrated) as well as from farmers f~elds (planted w~th a 
suscept~ble cult~var Mex~can 142) Farmers trad~t~onally use the 
same seeds as plant~ng mater~al encourag~ng the bu~ld up of 
anthracnose ~noculum from year to year 

Race stud1es 

Samples collected 1n the per~od 1992-94 across a range of s~tes ~n 
Eth~op~a have been used ~n the analys~s of races and results conf~rm 
that the anthracnose pathogen ~s h~ghly var~able ~n the country 
Table 2 shows the pattern of react~on of n~ne of the ~solates when 
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Lnoculated on a set of dLfferentLals Races LdentLfLed Lnclude the 
followLng 128 269 511 585 712 883 906 952 and 961 The two 
races 128 and 511 were repeatedly LdentLfLed from ZLway and Mek1 
respect1vely and 1t 1s s1gn1f1cant that these two races represent 
the least v1rulent (race 128) and the most v1rulent (race 511) among 
those 1solates on wh1ch data are presented here (Table 2) 

Loas assessment 

The sever1ty of anthracnose was greatest 1n the unprotected control 
treatment and least 1n the treatment that rece1ved fung1c1dal 
protect1on at 7 day 1ntervals {Table 3) Almost 75~ loss 1n seed 
y1eld was recorded 1n the unprotected plots relat1ve to the y1eld of 
plots rece1v1ng most frequent protect1on In terms of fung1c1de 
effLcacy 1n protect1ng aga1nst yLeld loss from anthracnose there 
were no s1gn1f1cant dLfferences between the seed treatment and fol1ar 
spray1ng at 1ntervals of 14 or more days The components of y1eld 
most affected by anthracnose were the number of pods per plant and 
seed s1ze the number of seed per pod was unaffected 

Res1stance screen1nq 

Attempts were made to 1dent1fy new sources of res1stance to bean 
anthracnose among access1ons from geograph1cally d1verse reg1ons 
sources comb1n1ng res1stance w1th other des1rable agronom1c 
characters l1ke growth hab1t gra1n colour and s1ze Results from 
evaluat1on over four s1tes and three seasons revealed that the 
maJorLty of entr1es were res1stant {Table 4) Anthracnose developed 
suff1c1ently 1n suscept1ble mater1als to prov1de an effect1ve 
evaluat1on except at Awassa {where sorne escapes may have been 
selected) Prom1s1ng mater1als are presented 1n Table S 
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Table 1 The seventy of anthracnose and other maJor dJSeases of beans m fanners fields 
and on state fanns m Et!nop1a 1992 94 

Survey locauon Seventy (%) at poddmg 
(a!Utude m) ANTH RUST CBB 

Rlft Valley 

MOJO (1910) 51 33 31 

Meki (1690) 45 34 21 

Z1way (1600) 25 35 20 

Adanutulu (1690) 34 29 24 

Alemaya (2020) 30 29 21 

Southem Zone 

Awassa (1740) 22 20 15 

Wola1ta Sodo (2010) 35 35 15 

Ars1 Negele (1930) 29 23 28 

Westem Zone 

Bak:o (1600) 41 34 20 

D1desa (1610) 35 21 20 

Metu (?) 28 19 15 

Juna (2000) 45 35 23 

Ambo (2150) 45 30 28 

Mean seventy 36 29 22 
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Table 2 Pattem of reactlon1 m 12 race differential genotypes of Phaseolus vulgans when moculated w1th 9 Jsolates of Colletotnchum 
lmdemuth1anum from Eth10p1a 

Cultivar Bmary Ambo Awassa Mela Bako Are ka Z1way Jma Alem Adam1 
val u e Tena 'tu! u 
when 
susc 

M1chehte 1 + + + + + 
MDRK 2 + + + 
Perry 4 + + 
Marrow 

..., Comen 8 + + + + + + 00 
49 242 

W1dusa 16 + + + 
Kaboon 32 + + + 
Mex1co 64 + + + + + 
222 

PI 207262 128 + + + + + + 
To 256 + + + + + + 
Tu 512 + + + + + + 
AB 136 1024 

G 2333 2048 



w 
\0 

Race 
denomm 

No 
culuvars 
attacked 
(v1rul ) 

585 

4 

1 + denotes susceptible react1on 

961 511 

5 9 

906 883 128 269 952 712 

5 7 1 4 6 4 



Table 3 Assessment of y1eld loss and 1ts components from anthracnose 1992 1994 

Treat D1sease Y1eld Seed Seeds/ Pods/ Y1eld 
ment seventy (g/plot) S!Ze pod plant loss 

(%) (g/100 seed) (%) 
-

7 days 25 1 1029 5 34 8 46 16 o 
~ 14 days 603 667 6 33 o 42 138 35 1 

21 days 660 677 2 32 8 3 5 15 1 34 3 

28 days 78 4 590 5 29 o 42 15 2 42 7 

Seed trt 79 5 562 6 34 o 4 1 13 4 45 3 

Control 841 260 7 255 3 3 9 1 74 7 
-

p ** ** ** NS * 
cv (%) 98 25 6 49 26 3 



Table 4 ReactJons of entnes m anthracnose screenmg nursenes m Etluop1a 1992 94 

Locauon Mean sev No entnes React10n of entnes (%) 
(1 9 scale) 
on suscept Res 1st Int Suscept 

Me k o 70 100 59 20 21 

Ambo 87 107 71 15 14 

Awassa 60 100 80 15 5 

Are ka 90 100 57 16 27 
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Table 5 Reacttons to anthracnose (mean seventy 1 9 scale) across Iocattons 
of prormsmg entnes 

Entnes SEAS ON 
1992 1993 1994 

Coco a la creme 2 2 1 

Imuna 2 2 2 

Kaboon 2 2 2 

Pnncor 2 2 2 

W1dusa 3 2 3 

PVAD 791 2 2 3 

PAD 37 1 2 2 

A4754 2 2 2 

K2 2 2 3 

ZAA5 1 2 3 

TU 2 3 3 

AB 136 2 2 2 

G2333 2 2 3 

BAT448 2 3 3 

Ecuador 299 2 2 3 

ACV 17 2 3 2 

CEN 60970 2 3 2 

PVAD 1184 2 2 2 

A4754 2 2 3 

A 613 2 2 1 

G 18549 2 3 3 

G 19175 3 3 3 

D1acol Caluna 3 2 3 

Awash 1 6 5 2 

Roba 1 2 2 

Negrow 150 3 4 3 

Eth 39 2 2 3 
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STUDIES ON COMPONENTS OF PARTIAL RESISTANCE IN THE HARICOT 
BEAN RUSTPATHOSYSTEM GENOTYPEVARIABILITY ANDRELATIONSHIPS 

AMONG COMPONENTS 
1 

Habtu Assefa 

Instttute of Agncultural Research Nazareth Research Centre 
P O Box 436 Nazareth Etluop1a 

INTRODUCTION 

Hancot beans (Phaseolus vulgans L ) d1ffer wJdely m therr susceptlbJhty to bean rust (Coyne 
and Schuster 1975 Ballantyne 1978) Genet1c stud1es m beans have suggested most rust 
res1stance to be monogemc (Stavely 1984 Grafton et al 1985 Webster and A~nsworth 
1988) Because of the ab1hty of the bean rust fungus to adapt to new bean cultJvars w1th 
monogemc res1stance (lngh vanabll1ty m tenns of pathogemc1ty) the effectlveness of race 
spec1fic res1stance JS only temporary (Beebe and Pastor Corrales 1991) For a vanable 
pathogen such as rust of beans select10n for Jugher levels of partlal res1stance 1s a better 
alternauve than selectlon for spec1fic res1stance PartJal res1stance (PR) a res1stance that 
causes a reduced ep1dem•c bulld up of a pathogen desp1te a susceptible mfecuon type 
(Parlevhet 1981) can be expressed at d1fferent phases dunng the hfe cycle of a pathogen 
(Zadoks and Schem 1979) 

Latent penod mfectlon frequency pustule SJ.Ze sporulauon capac1ty and sporulauon 
( mfecuous) penod were used as estima tes of parual res1stance m severa! patho systeJDS 
(Mehta and Zadoks 1970 Shaner and Hess 1978 Statler and Parlevhet 1987) In the bean 
rust pathosystem (Statler and McVey 1987) no d1fferences m latent penod between culuvars 
were found but the number of pustules per umt area and the number of spores per pustule 
were assoc1ated w1th Jevels of partlal res1stance For a better understandmg of the mteracttons 
between hancot bean and rust 1t 1s essentlal to evaluate components of PR For apphcatJOn 
m a breedmg program one or two of the components have to be selected In the bean rust 
pathosystem tlns paper addresses two aspects 

1) Jdenufy components wluch shall be used for rust screenmg purposes and n) evaluate and 
detect d1fferences m the level of res1stance m bean cult1vars found m the advanced stages of 
the Etluop1an Bean Improvement Program 

MATERIALS AND METHODS 

Expenmental des1gn 

The fifteen bean cultJvars used for tlns expernnent ongmate from the bean nnprovement 
program of the Instltute of Agncultural Research Nazareth Etlnop1a Red Wola1ta and 
Mex1can 142 are w1dely grown cultlvars Exnco 23 (Awash 1) and A 176 (Roba) were 
recently released and Brown Speckled 1s a standard check m the Jarge Jadney bean tnals The 
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expenment was rephcated m four blocks and repeated tbree times Two separate experunents 
were camed out one for determmmg latent penod mfection effic¡ency and pustule S!Ze and 
the other for determmmg sporulation capaclty and mfectious penod 

Inoculation 

All culuvars were moculated w1th uredm10spores of an Ambo 1solate at the pnmary leaf 
stage lO 12 days after sowmg Inoculation was camed out by spraymg suspens10ns of 
uredm10spores over both s1des of the pnmary bean lea ves M1croscope shdes greased shgbtly 
w1th vaselme were placed honzontally near the plants to check the resultmg spore denslty 
(spores cm 2) After moculat10n all plants were placed m a near saturated atlnosphere 
Twenty four hours after the depos1tion of spores plants were retumed to a bench m the 
greenhouse where they remamed for the duration of the expenment 

Exoenmental data 

Numbers of pustules per cultivar were counted daily once white flecks had been observed 
The change m number of pustules w1th tune was plotted to see vanation between cultivars 
Latent penod LP50 was calculated as the time m days between moculation and the moment 
at which 50 % pustules were open The mfect10n effic¡ency (lE) the ratio between the 
number of resultlng pustules and the number of spores apphed was determmed by countmg 
the number of pustules per umt leaf area (sum of the upper and lower surfaces) of the leaves 
about 15 days after moculat10n Pustule S!Ze (PS) was assessed when 1t reached 1ts maxunum 
at about 14 days after moculation for most of the cultivars accordmg to the scale of Stavely 
et al (1983) 

Sporulation capac1ty (SC we1ght of spores produced per umt area) and mfectJ.ous penod (IP 
penod m days from the appearance of the frrst open pustule until the end of sporulatJ.on) 
were determmed per cultivar Spores were collected every 3 days (untJ.I no more sporulation 
occurred) by means of a spore collector begmmng the frrst day of sporulation 

All data were collected from areas of 4 cm2 at e1ther s1de of the leaf The data were 
subjected to ANOV A and mean values were separated by LSD at p s; O 05 

RESUL TS AND DISCUSSION 

In sorne cultivars mmute ra1sed white flecks appeared on both s1des of the leaves about 7 
to 8 days after moculation A day or two later the epidermiS ruptlrred and redd1sh brown 
coloured sporulatmg pustules appeared Except BAT 338 le which was found unmune toan 
Ambo 1solate cult1vars showed s1gmmdal curves In most cultivars a maxunum was reached 
15 days after moculat1on but for Awash 1 and Roba sporulation was delayed and d1d not 
reach maxunum until about 24 days 

Vanat10n m components of partial res1stance 

LP50 vaned between 9 4 days for ICA 15441 and 18 6 days for Awash 1 Latent penods for 
most cultivars ranged from 9 4 to 9 9 days In others such as Mex1co 6 CSW BAT 1198 
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and Veracruz 10 LP50 ranged between 10 1 and 11 4 days Roba and Awash 1 showed an 
LP50 of 17 or more days 

lE vaned between O 1 % for Roba to 54 % for KY Wonder 765 lE was below 1 % for 
Roba BAT 1198 and Awash 1 between 1 and 2 % for Veracruz 10 2 3 % for 4 cultivars 
and greater than 3 % for the remauung culuvars Differences m lE were mamly due to the 
small numbers of pustules observed m Roba BAT 1198 and Awash 1 Pustule siZes were 
small ( < 3 ¡¿m) for Roba BAT 1198 and Awash 1 small mediUm (3-4 ¡¿m) for ICA 
15441 CSW Mexican 142 Mexico 6 US # 3 and Veracruz 10 large (5 ¡¿m) for Brown 
speckled KY 765 and Red Wolaita and very large (> 5 ¡¿m) for Jalisco 33 

Total amount of spores produced dunng one mfecuon cycle vaned between O 04 mg cm 2 for 
Roba to 1 12 mg cm 2 for Jalisco 33 Total amount of spores produced was high for Jalisco 
33 and Red Wolaita moderate for Mexican 142 Diacol Caluna and Mexico 6 and low for 
Roba A wash 1 and BAT 1198 

Infecuous penod vaned considerably Culuvars with a short mfecuous penod were Roba 
Brown Speckled CSW Awash 1 Jalisco 33 and Red Wolaita In the mtermediate category 
are BAT 1198 KY Wonder 765 Mexican 142 Mexico 6 and US # 3 ICA 15441 and 
D.acol Caluna had a long mfectious penod 

Latent penod mfectiOn efficiency pustule SIZe sporulation capacity and mfecuous penod 
are unportant components of partial resistance In expenments latent penod was found to 
be an unportant component m sorne pathosystems (Neervoort and Parlevliet 1978 Savary 
et al 1988) but not m others (Statler and McVey 1987 Roumen 1993) However m the 
15 culuvars of beans studied here unportant differences m latent penod were found The 
differences were largely due to two culuvars Roba and Awash 1 With latent penods 
exceedmg 16 days In sorne cases the difference IS one day Ifthe bean season IS 90 days and 
the rust season IS 80 days (pnmary leaf mfected) the rust can complete 8 cycles m sorne 
culuvars and 7 or less cycles m others Thus the use of a partially resistant cultivar m an 
area of ongm could play an unportant role m reducmg the amount of rust moculum travellmg 
to other parts of the country Awash 1 and Roba are newly released culuvars tested under 
a Wide range of envrronmental condltions m Etluopia Despite therr susceptlbility to anthrac 
nose (Habtu unpublished) lunitmg wider acceptance they showed lugh levels of part.al 
resistance to bean rust Collaborauve actiVItles either m the area of regional rust nursenes 
or bean yield regional trials currently ongomg m eastern Afnca should help to determme 
the performance of these cultivars under varymg clunauc conditiOns 

Differences m mfection efficiency between cultivars were found m most pathosystems studied 
(Statler and McVey 1987 Roumen 1993) Our study also supports such findmgs Small 
pustule siZe was associated with slow rustmg of wheat (Ohm and Shaner 1976) and high 
partial resistance m beans (Statler and Me Vey 1987) SporulatiOn capacity was lughly 
correlated with partial resistance m the field (Neervoort and Parlevliet 1978 Aust et al . 
1984) In our study cultivars Roba and Awash 1 with long latent penods low mfectiOn 
efficiencies and low sporulation capacitles had small pustules 
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Tllls study has md1cated w1de d1fferences between cult1vars m five components of parual 
res1stance Awash 1 and Roba seem to possess Ideal charactenstics a long latent penod low 
mfection effic1ency small pustule siZe low sporulatmg capaclty and a short mfectious 
penod A lughly susceptible cultivar will ha ve a short latent penod h1gh mfection effic1ency 
lugh sporulation capac1ty long mfect1ous penod and large pustule s¡ze Of the 15 cultivars 
tested none showed such charactenstics Mex1can 142 the w1dely grown cultivar showed 
a moderate mfect10n effic1ency If all components are cons1dered Mex1can 142 IS m the 
lugher mtermed1ate category Red Wolaita the most dommant cultivar m southem Etluop1a 
showed a lugh mfect10n effic1ency 

RelatiOnslups between the PR components 

Linear correlations between latent penod and mfection effic1ency and between pustule SIZe 
and sporulation capac1ty were h1gh ( > O 70) Lmear correlat10ns between mfection 
effic1ency sporulatmg capac1ty or pustule siZe With mfectious penod were not s¡gruficant 
S1gruficant !mear correlations ex1st between latent penod and sporulatiOn capac1ty latent 
penod and mfectious penod and mfect10n effic1ency and mfectious penod but r values were 
generally lower ( :s; O 62) 

The cultivars appear to d1ffer from one another m all components of PR Clustenng of 
cultivars prov1des a good p1cture of associations between cultivars w1th respect to the 
components stud1ed Except for Roba and Awash 1 cultivars d1ffer to sorne degree from one 
another m the response of the1r components The express10n of partial res1stance 1s complex 
and so IS Its measurement (Roumen 1993) dependmg on env1ronmental factors (lmhoff et 
al 1982) The d1fferences between cultivars for the vanous components may pomt toa race 
non spec1fic type of res1stance (ShaJ.k 1985) wh1ch 1s beheved to be durable (Parlevhet 
1993) 

Any one parameter may not suffice to explam the PR potential of a particular cultivar Our 
results suggest the mclus10n of latent penod mfection effic1ency and pustule s¡ze m the 
selection for part1al res1stance For the evaluat10n of large numbers of bean cultivars m the 
greenhouse mfection effic1ency and pustule siZe are preferable to mmmiiZe labour As 
pustule siZe and sporulat10n capac1ty are strongly correlated there 1s no need to mclude the 
latter for screerung purposes InfectiOus penod showed poor correlatiOn w1th other 
components and thus should be handled w1th care 

Research Imphcauons 

Because of the d1fferent responses of culuvars for the d1fferent parameters 1t 1s unhkely to 
find one measure representauve for all components The results suggest d¡fferences however 
small m all the components stud1ed For polycychc d1seases such as rust (Parlevhet 1975 
Zadoks and Schem 1979) even small d¡fferences as found here may benefit mtegrated bean 
rust management The ex1stence of such d1fferences m all parameters prov1des opportumt1es 
for Idenufymg PR cultlvars at an early stage m the Eth10p1an nahonal bean breedmg scheme 
Further stud1es need to be made (1) on the relatiOnship between componen! response m a 
monocychc study on seedhng leaves and polycychc d1sease progress m the field on adult 
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plants (11) on correlauon between component response at seedlmg and adult plant stages and 
(111) m testmg a range of PR cu!Uvars wtth vanous rust genotypes 
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Table 1 Latent penod (LP50) mfectiOn effic1ency (lE) sporulauon capacny (SC) mfect1ous 
penod (IP) and pustule sJZe (PS) of prunary Ieaves of 14 cultlvars moculated 
w1th a bean rust 1solate from Ambo 

Culuvars LP50 lE se IP PS 

!CA 15441 9 4a 2 5d O 34ef 27 6a 40c 
Jalisco 33 9 6a 3 1bcd 1 12a 14 6d 6 Oa 
Red Wolana 9 6a 35bc 076cd 15 2d 5 Ob 
Brown Speckled 9 7a 3 9b O 38ef 15 2d 5 Ob 
KY Wonder 765 9 7a 5 4a O 44de 24 3b 5 Ob 
Diacol Caluna 9 9ab 24d O 58cd 27 3a 40c 
Mex1can 142 9 9ab 2 9cd O 53de 23 6b 35cd 
us # 3 9 9ab 34bc O 50de 21 5bc 35cd 
Mex1co 6 10 1ab 24d O 51de 21 5bc 40c 
csw 10 2ab 36bc O 47de 15 5d 35cd 
BAT 1198 10 7ab O 8ef o 04g 19 6c 2 5e 
Veracruz 10 11 4b 1 2e o 19fg 22 4b 3 Ode 
Exnco 23 (Awash) 17 Oc o 2f o 04g 14 4d 2 5e 
A 176 (Roba) 18 6c Olf o 04g 15 Od 2 5e 

Cultivar means w1thm each component followed by the same letter are not sigruficantly 
d1fferent at p ~ O 05 

Table 2 Correlauon matnx of latent penod (LP5o) mfecuon efficiency 
(lE) sporulatJon capac1ty (SC) mfecuous penod (IP) and pustule 
sJZe (PS) Number of observat10ns (Table 1) = 14 p ~ O 05 
Entnes are Imear correlat10n coeffic1ents 

lE 
se 
IP 
PS 

o 74 
o 62 
o 43 
o 62 

lE 

o 62 
ns 
o 77 

50 

se IP 

ns 
o 85 ns 
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G Rakotomalala and A Rabakoanhanta 

Centre Nauonal de la Recherche Apphquée au Developpement Rural 
(FO FI FA) 

INTRODUCTION 

The h1ghlands of Madagascar mcludmg the reg1ons of Antanananvo and F1anarantsoa are 
the mam bean producmg reg10ns of the country Bean producuon 1s essenually trad!tlonal 
and farmer managed Because of vanauon of chmate throughout the country beans are 
produced at d1fferent times through the year dependmg on the geograph1cal locatlon 
There are three mam growmg seasons of beans m Madagascar dunng the ramy season 
(October to February) and the dry season (March to July) m the highlands and after water 
recedes (Apnl to July) m the lowlands of the south west and north west 

In sp1te of th1s high potentlal bean product1v1ty 1s stlll low mamly because of vanous 
constramts due to both ab10t1c and b10t1c factors Among the b1otlc ones d1seases caused 
by rust anthracnose and angular leaf spot pathogens are the most lmportant y1eld reducmg 
factors Rust 1tself causes substantlal y1eld losses varymg from 18 to 100% m Lat!n 
Amenca (Schwartz and Pastor Corrales 1989) In Madagascar rust was reported to be 
present throughout the country causmg lmportant damage extendmg to the pods under 
favourable cond1t1ons (Rasolofo and Rahar1so 1971) However no effort has been g1ven 
to control the damage 

The present proJect was des1gned w1th the followmg obJectlves to assess the lmportance of 
the problem throughout lts d1stnbut10n and to develop heav1er y1eldmg vanet1es w1th 
tolerance to rust Earher stud1es (Rakatomalala and Rabakoanhanta 1993) md1cated the 
ex1stence of vaneues which showed vanous degrees of res1stance At th1s stage 1t !S useful 
to detennme the vanab1hty of the local rust pathogen 

MATERIALS AND METHODS 

To detennme the d!strlbuuon of the rust pathogen surveys mcludmg open quesuons were 
conducted m severa! locauons when deahng w1th fanners Formal surveys by quesuonna1re 
wwere also camed out The extent of the problem the lmportance of the crop m the 
producuon system and the senousness of the problem (quant1ty of loss frequency) were 
assessed 

To search for res1stant vaneues a screerung mal of 25 entrles mcludmg both local and 
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IDtroduced matenals was conducted for three seasons at several IocatiOns After 3 seasons 
reaction of tnal entnes was estabhshed and rust resistant vaneties were Identified A 
multdocational advanced tnal resulted ID the IdentificatiOn of Iugh perfonnance vaneties 
The combination of the results of both trials enabled the selectiOn of 12 vaneties as entries 
ID a final tnal which then IDcluded lughly rust resistant and Iugh yieldiDg vaneties The 
expenmental design was a randomiZed complete block with three rephcat10ns Each vanety 
ID the trial was planted ID four row plots measunng five meters long With a spaciDg of 40 
to 50 cm between the rows and 20 cm witlun rows with two seeds per hdl The tnal was 
conducted at three Iocat10ns representative of distiDct agrochmatic reg10ns the charactenstics 
of which are presented ID Table 1 

In additiOn a rust nursery consistiDg of 76 entnes was received from Etluopia and was 
planted along with 10 entnes Identified locally as rust resistant Susceptible spreader 
vaneties were planted after every 10 vaneties and also around the tnal to enhance natural 
IDfection Artificial IDOCulation was also apphed three weeks after plantiDg 

ReactiOn to rust was recorded on a 1 9 scale (van Schoohoven and Pastor Corrales 1987) 
where 1 = no apparent symptoms rated lughly resistant and 9 = with more than 25% of 
Ieaf area covered with Ies10ns rated highly susceptible The nursery was planted With two 
rephcations at two sltes Narusana and Ankazobe (Antanananvo reg10n) 

For race IdentificatiOn a set of 20 differential vaneties from CIAT (Cah Colombia) was 
used Race Identification was attempted by operatmg m the followiDg steps (1) Collectmg 
rust spores from three locatiOns Ankazobe Ants1rabe Fianarantsoa (2) PlantiDg the Iughly 
susceptible variety Gallary and the lughly resistant Ikmlmba ID the field for confmnation of 
therr react10n to the rust pathogen (3) InoculatiDg the susceptible variety ID the greenhouse 
with spores obta1Ded from a monospore culture and (4) Inoculaung the differential vaneties 
with monospore cultures Isolated from one IDfected plant per Iocat10n and multiphed m the 
greenhouse for maiDtenance of IDOCUium 

Evaluation was done a few weeks after IDOCulatiOn Plants growiDg ID pots were arranged 
ID a complete random!Zed block design with two rephcatiOns two pots per vanety per 
rephcation with 4 plants per pot 

RESUL TS AND DISCUSSION 

Assessment of the unportance of rust m d1fferent bean producmg reg10ns 

lnvestigation started dunng the cropp1Dg season of 1992 1993 ID the High Plateaux of 
Madagascar where the bean crop 1s most 1mportant From the 120 farms surveyed m the 
reg10ns of Antanananvo Antsrrabe and F1anarantsoa 1t was concluded that rust was present 
everywhere For the Antanananvo reg10n the m1ddle westem part was the most heavdy 
mfected thls reg10n has a warm and hum1d clrrnate dunng the ramy season Rust damage 
vaned from 10 to 25% as compared to the central part of the reg10n For Ants1rabe the 
dlstnbutiOn of rust attack was rather homogeneous for the entrre cultivated area The reg10n 
of F1anarantsoa 1s hum1d dunng the whole year so tends to be Iess mfected than the central 
or the westem part From these observations 1t can be concluded that rust constitutes one 
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of the major constramts to bean producuon m the H1gh Plateaux of Madagascar 

Testmg the peñormance of rust res1stant vanetJes 

The average seed y1eld of the d1fferent culuvars planted at two representatlve s1tes of the 
reg10ns of the H1gh Plateaux 1s g1ven m Table 2 The results showed that performance of 
vaneues vaned w1th the reg10n Vanet1es adapted to one reg10n are not the same as those 
adapted to the other reg¡ons Vaneues shown to perform cons1stently well can be proposed 
for prerelease 

Rust nurser:y 

At Narusana lack of ramfall for three consecuuve months dunng the pod filhng stage led to 
fadure m rust development desp1te moculauon 

At Ankazobe where plantmg was done m February the bean plants took take advantage of 
a good ramfall d1stnbut10n and d1fferent reacuons to rust were detected Angular leaf spot 
developed m sorne culuvars and anthracnose affected the var1ety PV A 774 (Table 3) The 
react10n of Gallaroy and Ikmlmba m the greenhouse was sliDilar to therr react10n m the field 
(Table 4) 

IdentdicatJon of rust races 

Three of the d¡fferentlal vanetles faded to germrnate React10ns of the remammg vanetles 
are presented m Table 5 D1fferences between the three ¡solates m the response of the race 
d¡fferenuals are suggested by these data which are regarded as IDSuffic¡ent for separat10n of 
races because envrronmental vanatlon can mfluence pathogeruc1ty and 1t !S argued further 
stud1es are warranted 

CONCLUSION AND PERSPECTIVES 

The area over which beans are cultlvated m Magadascar 1s w1de and d1fferent croppmg 
systems ex1st m d1fferent ecologlcal zones After a senes of multllocatlonal tnals a range 
of rust res1stant vaneues has been obtamed for the three bean growmg reg10ns If d1fferent 
rust races are confrrmed to ex1st a new stage of vanety testmg agalDSt these under controlled 
envrronment would become necessary Res1stant vanetles presently avadable could be 
proposed to the extens1on serv1ce for pre release by therr mc!us10n m on farm tnals 

55 



REFERENCES 

Rakotomalala G and Rabakoanhanta A (1992) Prehmmary results on the study of bean 
rust m Madagascar In Buruchara R A and Schetdegger U C ( eds ) Proceedmgs 
of the Pan Afnca Bean Pathology Worktng Group Meetmg Thtka Kenya CIAT 
Afncan Workshop Senes No 23 pp 46-48 

Rasolofo R and Raltanson A (1971) Les maladtes des cultures a Madagascar 
CENRADERU FOFIFA Departement de Recherches Agronomtques DIVIstOn de 

Pathologte Vegetale 

Schwartz H F and Pastor Corrales M A (1989) Bean Productton Problems m the Trames 
CIAT Cah Colombta 726pp 

van Schoonoven A and Pastor Corrales M A (1987) Staruiard system for the evaluatton 
of bean germplasm CIAT Cah Colombta 54 pp 

56 

( 
1 



Table 1 AgrochmatologJcal charactenstlcs of tbe Iocat10ns where rust res1stant vanetles 
were tested 

Reg10n 

Ankazobe 

Antsrrabe 

F1anarantsoa 

Altltude 
(m) 

1225 

1506 

1106 

Annual ramf 
all (mm) 

1458 

1432 

1224 

No of 
ramy days 

88 

110 

120 

Mean annual 
temp (oC) 

19 9 

16 9 

16 6 

Table 2 Mean y1eld (kg/ha) of 12 bean vanetles grown at Ankazobe (AKZ) and Antsrrabe 
(ATS) m Madagascar 

Vanety AKS ATS 

A410 1270 1153 

Rosmha G2 917 226 

Ikmnnba 430 1020 

Gmano Precoce 1166 1194 

Can oca 1041 1071 

PICO de Ouro 1104 1184 

XAN78 1083 1260 

AND 208 1166 1310 

GLPX93 1562 1054 

Nam de Kyondo 875 1262 

997 CH 173 1354 1115 

Menakely 917 1260 

57 



Table 3 Reactlon to rust angular leaf spot (ALS) and anthracnose (ANn 
of sorne vanetles mcluded m the rust nursery at Ankazobe 

Vaneues Rust ALS 

CAN 27 S R 

A 445 S R 

XAN97 1 R 

Mex1can 142 R S 

TY 3326 6 S R 

Ex Rico 23 S R 

Comen 46242 1 R 

Mex1co 35 R S 

Compuesto Chnnaltenango 1 R 

A 262 1 R 

Redlands P10neer R S 

VRA 81035 1 R 

PAC 19 R S 

A 344 S R 

A 410 1 R 

BAT 39 S R 

AND 175 S R 

MX 13011 I R 

A 197 R S 

PVA 1774 R R 

PAN 172 R S 

ICAL 24 R S 

PAN 134 R S 

Orm1ston S R 

PAC29 S R 
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ANT 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

S 

R 

R 

R 

R 

R 



TY 3396 1 

A 139 

Black Turtle Soup 

Bean Redlands 

D1acol Caluna 

R 

1 

R 

S 

R 

S = Susceptible R = Res1stant 1 = lntermed1ate 

1 

R 

S 

S 

S 

R 

R 

R 

R 

R 

Table 4 ReactlOn to rust of Gallaroy and Ikmunba m tbe field and m tbe greenhouse at 
tbree locat10ns m Madagascar 

---
F1eld Greenhouse 

Locat10n Gallaroy lkmunba Gallaroy lkmunba 
-- --

Ankazobe S R S R 

Ants1rabe S R S R 

F1anarantsoa S R S R 

S = Susceptible R = Res1stant 
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Table 5 ReactJon (1 9 scale) of d1fferentJal vanetJes to moculatJon w1th rust Jsolates from 
three IocatJons Ankazobe (AKZ) AntJsarabe (ATS) F1anarantsoa (FNR) 

lsolate 

D1fferentJal VanetJes AKZ ATS FNR 

U S No 3 7 7 7 

Cahforrua Small Whlte 
No 0643 

Pmto No 650 9 9 9 

Kentucky Wonder No 780 5 5 1 

Kentucky Wonder No 814 9 9 5 

Kentucky Wonder No 184 

Golden Gate Wax 7 5 1 

Early Gallatm 1 ? ? 

Mountameer Wh1te Half 5 5 1 

runner 

Redlands P10neer 5 5 1 

Ecuador 299 1 1 5 

Mex1co 235 1 1 1 

Mex1co 309 

Brown Beauty 1 5 5 

Olathe 5 1 1 

AXS 37 1 7 5 

NEP2 1 1 7 

Aurora 1 5 1 

51051 1 5 5 

Compuesto Negro 1 1 1 
Chlmaltenango 

Germmat10n fallure 
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PROGRESS IN STUDIES ON FLOURY LEAF SPOT 
J 

A F Opto 

Namulonge Research lnstJtute PO Box 7065 Kampala Uganda 

INTRODUCTION 

u'3~625 

1 7 tlu J ~~~6 

Floury Ieaf spot of beans caused by Mycovellos¡e/la phaseo/1 IS amongst those d1seases that 
ha ve prev10usly been ranked as mmor m U ganda 1t has become prevalent m recent years The 
d1sease appears at about pod formauon m low altJtude areas and when severe 1t results m 
premature leaf defohatJon and pod abort10n Severely mfected plants tend to ha ve very few or 
no filled pods 

Reahzmg the potentJal danger of this d1sease a proJect was set up w1th the followmg objectives 
to assess the y1eld loss assoc1ated w1th floury leaf spot m beans m Uganda to Identify suitable 
moculatJon methods for evaluatJon of bean germplasm for res1stance to floury leaf spot to 
screen a w1de range of germplasm from w1thin and outs1de Uganda m order to 1dent1fy 
genotypes res1stant to floury Jeaf spot to compose a floury leaf spot nursery and to develop 
mtegrated floury leaf spot control measures The progress w1th these 1s descnbed below 
Results from y1eld loss assessment have been pubhshed elsewhere (Opio 1995) 

ASSESSMENT OF YIELD LOSS 

Matenals and Methods 

A study to determme the y¡eJd loss associated w¡th floury Jeaf spot (FLS) was carned out for 
two seasons (March to June 1993 (1993A) August to November 1993 (19938) at Kawanda 
Research Insutute and for two seasons at Namulonge Research Inst1tute m 1994 A and 1994 
B Both lllStJtutes are based m the Lake V1ctona crescent zone of Uganda 

Three var1et1es d1ffermg m susceptibihty to the d1sease were used m combmauon w1th three 
chemical treaunents The vanetles were PIE 129 (mtermediate) MCM 5001 (K31) 
(mtermed1ate) and K20 (susceptible) The chemicals mcluded benomyl koc1de 101 and water 
The expenmental des1gn was a spht plot w1th var1et1es m mam plots and chemicals m subplots 
Plot siZes were 10 x 12m w1th two rows of maiZe between plots and m guard rows to reduce 
mterplot mterference 

Spraymg w1th chemicals commenced four weeks after plantmg and contmued weekly untii 
physiOiog¡cal matunty FLS was assessed as seventy (percentage leaf area affected) and 
mc1dence (percentage nmnber ofleaves and nmnber of plants affected) Incidence was counted 
on ten plants randomly selected m each plot and seventy used a 1 9 scale developed at CIA T 

The nmnber of plants per plot was assessed usmg a lm square quadrat F1ve quadrats were 
taken per plot At R8 (pod filhng) other d1seases present were assessed Insect pests were 
controlled by two sprays of ambush Regress10n analys1s was used to evaluate the relat10nslup 
between FLS and y1eld 
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Results 

There were sigruFicant d1fferences m y1eld between vaneues m d1sease seventy and mc1dence 
from pod flllmg stage (R7) to physiOlogical matunty (R9) m all four seasons K 20 was the 
most susceptible and PIE 129 the most res1stant However PIE 129 was not sigmficantly 
d1fferent from MCM 5001 and no d1fference m efficacy was detected between Benlate and 
D1thane M45 The two fungicJde treatments were sigmficantly d1fferent (P S O 05) from the 
control (water) 

The effect of FLS on y1eld was dependent on the susceptlbihty of the genotype stage of growtb 
and season Regress10n analys1s showed that the lnghest loss m y1eld of beans due to FLS 
occurred 1f the d1sease was severe at pod fillmg (R8) stage 

The regress10ns of y1eld on seventy for K20 were negauve and sigmficant (P S O 05) at pod 
fillmg stage over the four seasons The seventy of FLS was 8 19% There was sigmficant 
and negauve correlatJon between seventy and y1eld for genotypes MCM 5001 m 1994A only 
No sigmficant correlat10ns were noted for PIE 129 m any season The slope (regress10n) 
coeffic1ents for the sigmficant regress10ns were as follows for K20 the coeffic1ent for 1994A 
was 25 9 Y1eld loss esumates usmg FLS seventy values at pod flllmg stage showed that K20 
suffered the lnghest loss for the four seasons At tlns stage the losses for tlns genotype ranged 
from 10 8 27 8% Sigmficant y1eld reducuons for MCM 5001 m 1994A was 8 3% 
(Table 2) 

EVALUATION OF INOCULATION TECHNIQUES 

Matenals and Methods 

A study was carned out for three seasons (1993 B 1994 A and B) to evaluate three d1fferent 
moculauon methods and to detennme wluch among these methods was most appropnate for 
evaluatmg bean gennplasm for FLS The three moculauon methods used were dned leaf 
powder (1 e dustmg ground leaf powder on leaves) spraymg usmg a spore suspens10n spreadmg 
mfected dned leaves Withm tbe rows of beans 

Three vaneues w1th d1ffenng levels of res1stance to FLS were used These were K20 
(susceptible) CAL 96 (susceptible) and MCM 5001 (mtennedJate) The expenmental des1gn 
was a spht plot w1th vaneues m mam plots moculauon was at three weeks after plantJng 
flowermg (R6) pod fonnauon (R7) and pod flllmg (R8) FLS was assessed at R6 R7 R8 and 
R9 (physiOlogical matunty) 
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Results 

No s1gruficant d1fference between the moculation methods was obtamed Tlus means any of the 
methods could be used m assessmg of bean germplasm for susceptibihty to FLS There were 
s1gruficant d1fferences between vaneties as expected w1th K20 g1vmg the h1ghest seventy of 
FLS followed by CAL 96 and MCM 5001 respectively 

FLOURY LEAF SPOT NURSERY 

Two hundred bean lmes were evaluated for FLS m 1993A when the d1sease was very severe 
Out of the matenals screened 33 lmes were selected for mclus10n m the Irutial FLS nursery 
which was planted m 1994A Most of the bean lmes were res1stant or mtermed1ate A few 
susceptibles were mcluded In 19948 the 33 lmes together w1th lmes rece1ved from patholog1sts 
m Tanzarua (10 Imes) Malaw¡ (8 Imes) and Eth10p1a (7 hnes) were evaluated for FLS react10n 
at Namulonge Research lnstltute Table 3 shows the reactton of the bean lmes evaluated at 
Namulonge m 19948 F1fteen lmes were res1stant th1rty e1ght were mtermed1ate and seven 
susceptible These lmes wiii agam be grown m Namulonge m 1995A and then they will be sent 
to collaborators who are mterested m evaluatmg them m therr countnes 

INTEGRATED CONTROL OF FLS 

The study on mtegrated control of floury leaf spot was started m 1994 It 1s bemg camed out 
w1th farmer participation Irutlally m one village (Matugga) Planrung meetmgs w1th farmers 
were held m Matugga m season 1994 Ato d1scuss what control measure could be used against 
FLS and how they perce1ved d1seases m general 

The methods that farmers suggested were the use of res1stant vanet1es the use of clean seed 
rogumg crop rotat1on and the use of orgaruc so1I amendments hke Croralana m agroforestry 
and farmyard manure 

The Irutial step was to select res1stant varietles We selected four res1stant two mtermedmte and 
two susceptible One of the susceptibles was the farmers vanety Farmers planted the vaneties 
and selected the seed at harvest Selection of seed was from plants marked JUSt before harvest 
w1th very httle or no FLS mfection Pods were handp1cked from these plants and threshed 
separately At plantmg large clean seeds were selected for plantmg 

In 1995A the seed harvested as descnbed above 1s the one the farmers have used as seed 
Tiurty farmers are mvolved They are now carrymg out rotation About ten of them are usmg 
orgaruc amendments m add1t1on to rotation They are also pract1cmg rogumg In domg this 
other Important d1seases such as C88 BCMV ALS and rust are also bemg taken mto 
consideratlon Tlus work wiii contmue for another three seasons to detennme whether FLS will 
be reduced by the above management 
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Table 1 Mean squares from analysiS of seventy at pod fillmg (R8) and clean seed y1eld to 
detenmne tbe effect of tloury leaf spot on y1eld of beans at Kawanda over two 
seasons (1993A 19938) and at Namulonge for one season (1994A) 

Source df Mean squares 

Sever1ty Seed y1eld (kg/ha) 

1993A 19938 1994N 1993A 19938 1994A 

Rephcat 2 o 48 1 11 o 56 9410 8 37378 1135 92 
IOn 

Vaneties 2 3 81** o 12** 1 82** 264495 2* 4051 1** 355120 6** 
(v) 

Error 4 o 53 004 006 20339 5 1545 4 50172 6 

Chermc 2 o 26 004 o 16 20117 26951 2 16813 5 
als (e) 

CxV 4 o 98 o 07 o 15 38605 7 8369 2 29942 1 

Error 12 08 o 34 o 62 33554 8 11835 4 25126 6 

cv (%) 17 9 16 5 17 5 27 8 21 7 22 2 

* S¡gmficant at 5% Ievel 

** S1gmficant at 10% leve! 
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Table 2 Seventy of floury Ieaf spot and y¡eJd loss assoc1ated w1th three genotypes of Phaseolus vulgans at Kawanda (m 1993) and Namulonge 
(m 1994) m Uganda 

Genotype Growth stage Season b Seventy MAYb Y1eld loss Y1eld Ioss 
(kg/ha) (%) 

K 20 Pod filhng 1993A 22 9 12 1392 274 8 19 7 
(R8) 1993B 119 8 850 95 2 10 8 

1994A 25 9 19 1536 492 1 27 8 

MCM 5001 Pod fillmg 1993A 12 7 10 2750 127 o 46 
0\ (R8) 1993B 84 4 2250 33 6 1 4 
0\ 

1994A 16 6 12 2400 199 2 8 3 

PIE 129 Pod fillmg 1993A 10 5 7 2640 73 5 28 
(RS) 1993B 72 3 2100 21 6 1 o 

1994k 14 5 9 2830 1305 46 

b 1s the slope (regress10n) coeffic1ent md1catmg the reducuon m y1eld for every urut mcrease m d1sease seventy 

b MA Y Maxmmm attamable y1eld y1eld loss = b x seventy 
X 100 
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Table 3 Reactlon (mean scores 1 9 scale) of bean lmes to floury leaf spot and other d1seases at N amulonge m second season 1994 

Entnes ALS CBB RUST FLS BCMV 

R7 R8 R9 R7 R8 R9 R7 R8 R9 R7 R8 R9 R7 R8 R9 

EMP 233 2 3 5 2 3 4 2 3 3 2 2 2 2 2 3 

PIE 129 2 2 4 2 2 3 2 2 2 3 6 7 2 3 3 

OBA 1 5 6 7 2 3 3 2 2 2 4 5 6 1 1 2 

K 131 3 5 6 3 4 4 1 1 3 3 6 6 2 2 4 

UGP 6088 3 5 7 3 4 4 1 1 2 3 6 6 2 2 3 

"' ...;¡ 
APRS 41 4 5 6 2 2 2 2 2 3 3 4 5 1 1 2 

RAB 475 4 5 5 3 4 4 2 2 3 4 6 7 1 1 2 

F8 DC86 298 4 5 5 2 3 2 2 2 2 3 4 4 2 2 2 

RAB 482 2 3 S 2 3 4 1 1 3 4 5 7 1 1 3 

ERA4 2 3 4 2 3 4 3 3 2 4 5 5 1 1 1 

RIZ 103 2 3 4 2 3 4 2 2 3 3 4 6 1 1 4 

K 132 4 6 6 2 3 5 2 2 3 3 4 5 2 3 3 

AND 905 4 6 7 2 3 2 1 1 2 4 6 6 1 1 1 

F9 SDDD 184 35 3 5 5 2 2 2 1 1 2 3 3 4 2 2 2 
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G 18211 3 4 5 2 2 4 4 6 6 2 2 4 2 2 4 

REPEEP 12 553 3 4 6 3 4 5 2 2 4 3 5 5 2 2 3 

Cap Ha1t1en 4 6 6 2 2 4 2 3 5 2 3 5 1 1 3 

BAT 496 ANT 2 2 5 2 2 4 2 2 4 2 6 6 2 3 3 

A613 3 5 6 3 4 4 1 1 3 2 5 6 2 2 3 

A 585 3 3 6 2 2 4 1 1 3 1 6 7 1 1 3 

K2 5 8 8 2 2 3 1 1 3 1 3 6 1 1 3 

A482 4 8 6 2 2 3 2 2 5 2 2 4 2 2 3 

CEN 60970 4 5 6 3 4 5 1 1 4 2 7 7 2 2 3 

-..l A 493 3 4 7 2 2 4 1 1 3 2 3 4 2 2 4 
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CONTROL STRATEGY FOR BEAN ROOT ROT IN WESTERN KENYA 
~ / 

R M Otsyula and S 1 AJanga 

Westem Agncultural Reserch Center PO Box 169 Kakamega Kenya 

ABSTRACT 

Ten sources of reslStance and su sources of tolerance to root rot were tdentified among lmes 
of common bean evaluated All these promiSing matenals were mtroductwns from Rwanda 
except GLP x 92 whtch ts of Kenyan ongm Local farmers m Vthtga dtstnct of westem 
Kenya were found to be wtllmg to adopt GLP x 92 mstead of the root rot susceptible GLP2 
The appltcatwn of dtammomum phosphate and green manure each tmproved plant stand and 
root regeneratwn and stgnificantly mcreased seed yteld relattve to an untreated control 
Rtdgmg also gave sorne stgnificant 1mprovement but less so The use of potasstum chlonde 
urea cenified seed and benomyl treated seed gave no advantage over the control (ed) 

INTRODUCTION 

Beans (Phaseolus vulgans L) are beheved to have been mtroduced to Kenya m the 16th 
Century and have been culuvated for over 300 years (Mukunya & Keya 1975) F1eld beans 
are the most Important Iegummous crop and Ieadmg source of plant protem for the Kenyan 
populauon (Acland 1986 De Groot 1979) Acland (1986) md1cated about half a mdhon 
hectares were grown annually By 1991 about 1 000 000 hectares were grown (Otsyula 
1991) attnbuted to area expans10n Beans are grown over a w1de range of env1ronments 
Jargely by small scale fanners for subs1stence At present natiOnal average y1elds are low 
(700kg/ha) relauve to research y1elds (1500kg/ha) Mam constramts m bean producuon are 
d1seases low sod fert1hty and Insect pests m descendmg order of Importance 

Bean root rot IS a maJor bean d1sease m the regwn It 1s caused by a number of sml 
pathogens mcludmg spec1es of Fusanum Sclerotlum and Pythtum Root rot IS prevalent 
under conditlons of low sod fertihty h1gh sml mmsture and contmuous croppmg of beans 
The root rot pathogens are spread through sod seed and water The symptoms assoc1ated 
w1th root rots are redd1sh discolorauon of the primary root stunted growth and progress1ve 
yellowmg of the lea ves Buruchara et al ( 1992) md1cated that bean root rots are 1 assoc1ated 
w1th producuon systems and environmental cond1tlons such as contmuous growmg of beans 
use of h1gh plant dens1t1es lack of morgaruc fertihzers and contmuous use of susceptible 
vaneues Consequently there 1s budd up of moculum m the sod and less v1gorous plants 
prone to attack so that seventy IS Iugh (Abaw1 1989) 

In westem Kenya human populauon dens1Ues are very h1gh and land siZe per famdy has 
reduced to O 75 ha Fanners are therefore growmg beans throughout the year m both Short 
and Long raiDS Th1s has resulted m low sml fertihty w1th rutrogen and phosphorus as 
IImitmg nutr1ents (Rach1er 1990) There 1s a IImited number of var1et1es for farmers m th1s 
reg10n The nauonal bean program has only been able to release five vanet1es m the Iast 
fifteen years Among the released vaneues GLP 2 1s grown Widely by the fanners of 
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westem Kenya where Jt has become suscepuble to bean root rot Poss1ble control measures 
of bean root rot he m the mampulatiOn of the env1ronment and screenmg of bean germplasm 
!mes m an attempt to 1dent1fy sources of res1stance Tills paper descnbes recent progress m 
tlus direction 

MATERIALS AND METHODS 

Germplasm evaluation 

Work started m the Short Rams (1992) season w1th JdentificatiOn of hot spots through farmer 
mterv1ew two farmers were chosen m VIluga dJstrJct Cultivar GLP 2 wluch Is susceptible 
to bean root rot was planted at these s1tes as conflrmatory of the hot spots and to mcrease 
d1sease pressure Three hundred and seventy four local and twenty s1x mtroduced (from 
CIAT Rwanda) !mes were screened They were planted m 2 rows of 3 m w1thout 
rephcation Forty two !mes were selected from the two farmers m the Long Rams 1993 
Dunng the Short Rams 1993 these !mes were planted m 2 rephcated tnals on the two farms 
for further screerung Root rot was assessed by samphng plants from each row and the 
extent of root rot les10ns was determmed React1ons were classified as res1stant (less than 
10% of the root covered by the lesmn) tolerant (10 30% of the root covered by the les10n) 
and susceptible (more than 30% ofthe root covered by the les10n) The data taken mcluded 
plant count two weeks after emergence root rot score at the V2 stage root score at poddmg 
plant count at harvest y1eld per plot and root regeneration ab1hty 

Cultural methods 

Sod fert1hty treatJnents were mvest1gated for the effect on root rot as follows 

Potassmm chlonde was apphed as a source of potash at 
the rate of 100 kg/ha 

D1ammomum phosphate was apphed at the rate of 150 kg/ha 

Urea was apphed (at 40 kg/ha) as a source of mtrogen 

Green manure was apphed 10 14 days before plantmg at the rate of 10 tons 

Beans were planted on ndges 

CertJfied seed Benlate was used as a seed treatJnent at the rate of 28 g/ha of bean seed 

Farmers own seed and practice 

The tnal was la1d out on the farmers fields m Vlluga dunng the Long and Short Rams 
1993 usmg a randomJZed complete block des1gn w1th three rephcatiOns Plot sJZe was siX 
3 m rows spaced at 50 x 15 cm Four m1ddle rows were harvested (net plot of 3m x 2m) 
and the two were used for destructive samphng for root rot seventy scores Sundar data as 
taken m the germplasm evaluauon tnal were collected 
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RESULTS 

Gennplasm evaluat10n 

From the 42 hnes evaluated ID the Long Ratos 1993 16 entnes were selected (Table 1) All 
the matenals found reststant were mtroductwns from Rwanda the only local matenal found 
tolerant was GLP x 92 

Cultural methods 

CombiDed data over two seasons are presented ID Table 2 Dtammoruum phosphate and green 
manure each stgruficantly tmproved root regeneratton and mcreased yteld relattve to the 
control (Table 2) Potasstum chlonde urea seed treatrnent and certtfied seed showed no 
tmprovement Rtdgmg Ied to tmproved stand count shghtly tmproved root regeneratton and 
somewhat IDcreased seed yteld relattve to the control but the yteld response was stgruficantly 
mfenor to that gtven by dtammoruum phosphate and green manure 

DISCUSSION 

There was no assoctatton between root rot reststance or tolerance and etther seed type or 
matunty group THe hne KK ITR 25 whtch ts constdered root rot reststant m Rwanda 
(Buruchara 1992) was found susceptible m the present study It ts posstble that thts 
dtscrepancy ts attnbutable etther to envuonmental vanatton ( or to dtfferences m the spectes 
components of the pathogen complex ed ) between the two locattons 

From the results on cultural practtces agamst root rot tt ts evtdent that sotl mfertthty 
mfluences root rot seventy whtch ts decreased by the addttton of phosphate or green manure 
The htgh cost of morgaruc fertthzer may ltmtt tts use but there may posstbly be opporturuttes 
for productton of green manure perhaps m systems of agroforestry Prospects for the 
control of root rot by an mtegrated approach seem sound 
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Table 1 ldent1ty seed colour and matunty group of germplasm found res1stant (R) or 
tolerant (T) to root rot dunng the 1993 Short Rams Vuuga d1stnct Westem 
Kenya 

Lme Seed Type Matunty Reactlon 

KKITR22 RED HARICOT LATE R 
KK ITR 15 BLACK EARLY R 
KK ITR 1R GREY MED R 
KK ITR 8 ROSE COCO EARLY R 
KKITR20 CANADIAN WONDER EARLY R 
KKITR14 CHOCOLATE YELLOW LATE R 
KKITR12 ROSE COCO EARLY R 
KK ITR 21 ROSE COCO MED R 
KKITR10 GRAY SMALL LATE R 
KKITR19 ROSE COCO MED R 
GLP X 92 PINTO MED T 
KK ITR 7 ROSE COCO EARLY T 
KK ITR 9 ROSE COCO EARLY T 
KK ITR 13 CHOCOLATE YELLOW MED T 
KK ITR 2 ROSE COCO MED T 
KKITR23 ROSE COCO MED T 
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Table 2 Effects of cultural method on seed yteld plant stand root regeneratton and seventy of root 
rot 

Treatment Yteld % Stand eount 
(kg/ha) 

2WAP 

DAP 646 2 A 80 

Green Manure 496 7 A 70 

Rtdgmg 361 3 B 100 

Urea 211 2 e 70 

KCL 253 1 e 70 

Seed eerttfied 262 2 e 70 

Seed treatment 211 3 e 70 

Control 129 9 e 70 

LSD 1348 

CV (O 05)% 29 6 

W AP weeks after plantmg 
DAP dtammoruum phosphate KCl potasstum chlonde 

Values followed by the same letter are not stattsttcally dtfferent 
(at 5% leve!) 
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78 

66 

70 

8 

10 

7 

7 
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% Root % Root 
les10n Regene 

50 70 

50 50 

50 30 

50 <10 

50 <10 

50 <10 

50 <10 

50 <10 
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BREEDING BEANS FOR MULTIPLE RESISTANCE TO FOLIAR FUNGAL 
DISEASES STRATEGY AND EXPERIENCE 

1 1 
P M Kunaru A W Mwang ombe and J N NJambere 

INTRODUCTION 

Department of Crop Science Uruversity of Narrobi 
P O Box 29053 Narrobi Kenya 

Development of cultJvars with resistance to disease IS probably one of the cheapest and most 
effecuve management strategies Use of chemicals IS not only expensive for small scale 
producers but also poses envrronmental hazards BIOlogical and cultural methods often serve 
as supplementary strategies Consequently breedmg for resistance has been a maJor 
obJectlve m most bean IIDprovement prograrnmes m eastem Afnca Host resistance does not 

1 

add to producuon costs un!Ike other strategies In recent years bean prograrnmes have 
tended to focus on specific maJor diseases such as angular leafspot (PyndJI 1992 Gasana 
1992) rust (Habtu Assefa 1992) charcoal rot (Songa 1992) and ascochyta bhght (Male 
Kayiwa 1992) However m productJon fields the mcidence and seventy of these maJOr 
diseases vanes With seasons and locauons such that two or more diseases cause economic 
losses m any one reg10n (Wortmann and AJlen 1994) In eastem Afnca

1 

anthracnose 
angular leafspot rust halo bhght bean common mosaic virus and root rots are widespread 

1 

and cause maJOr losses CultJvars with resistance to only one of these diseases IS !Ikely to 
be of IIIDited value Little effort has been made to develop bean cultJvars With muluple 

1 

resistance to maJor diseases m eastem Afnca A prograrnme was IDitiated at the Department 
1 

of Crop Science Uruvemty of Narrobi m 1989 to develop bean cultJvars with Improved 
resistance to two or more diseases combmed with other desrrable characters This paper 
reports on the strategies and progress made m thls prograrnme with emphasis on fohar fungal 
diseases 

MATERIALS AND METHODS 

Figure 1 shows the generahzed scheme used m developmg !mes with Improved multiple 
resistance to disease and gram yield 

Choice of parents 

Seven bean !mes with contrastmg resistance to .tnthracnose angular leafspot halo bhght 
bean common mosaic virus and common bactenal bhght gram yield and seed charactensucs 
were selected from avadable bean gennplasm CharactenstJcs of these !mes have been 

1 

descnbed prev10usly (KIIDam et al 1990) The !mes mcluded four locally popular cultJvars 
(GLP2 GLP24 GLP288 and GLPX 92) one black seeded local land race with resistance 
to rust anthracnose and angular leafsp<'>t (NB 123) a small white seeded lme also with 
resistance to rust anthracnose angular leafspot and root rots (L226 lO) and one hne 
denved from Canadmn Wonder (GLP 24) through mutat10n breedmg 
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Hybndisation 

The seven !mes were crossed m a complete diallel m the glasshouse m 1986 The F1 plants 
were advanced to F2 and F3 generat10ns 

Screemng for res1stance to anthracnose. angular leafsoot and rust 

The parents F 1 F2 and F3 generauons were grown m pots m the glasshouse and m the field 
at Kabete near Nairobi They were moculated separately w1th local ISO!ates of 
Colletotnchum lmdemuth~anum Phaemsanops1s gnseola and Uromyces append¡culatus as 
descnbed by Kunam et al (1990) Individual plants were rated for d1sease reacuon on a 1 9 
disease seventy scale where 1 3 are res1stant 3 1 6 O moderately resistant and 6 1 9 O 
susceptible (van Schoonhoven and Pastor Corrales 1987) Test matenals were moculated 
both m glasshouse and m the field D1sease assessment was done about 21 days after 
moculauon (R6) and also at m1d pod fllhng stage (R8) The higher of the two ratmgs was 
taken as the final ratmg F2 plants rated resistant to each d1sease were advanced to F3 
Those combmmg res1stance to two or more d1seases were advanced to F4 

Selection for gram y1eld 

Selected F4 !mes were evaluated m an early generauon rephcated yield tnal for three seasons 
( 1988 1990) In each !me ten plants With high poddmg abihty ( > 10 pods/plant) and mean 
yield were bulked and advanced to the next generauon Two hundred F5 and F6 !mes were 
selected for prelunmary yield tnals at five locauons m Kenya Tbese were Kabete (Nairobi 
distnct) Thika (Thika Distnct) Marunanu (Meru distnct) Rongai (Nakuru distnct) and 
Tigom (Kiambu distnct) m 1991 and 1992 Fifty !mes were selected on the basis of gram 
yield and disease reacuon at the five locatiOIIS Seed charactensucs were also considered 
Tbe 50 !mes were evaluated m advanced yield tnals at ten locauons (Kabete Taita T1goru 
N yen Embu Kisu Katumaru 01 Jorok Kakamega and Ronga1 ) for three seasons (1992B 
1993A and 1993B) In each tnal the experunent was laid out m a randonuzed complete 
block design with four rephcates A plot consisted of four 5m rows with a spacmg of 50cm 
between rows and 10cm within rows A basal rate of 100 kg ha 1 d1ammoruum phosphate 
(18%N and 45% P20 5) was apphed at plantmg Plots were kept weed free by hand 
culuvauon F1ve locally popular cultivars were mcluded as checks m each tnal Data were 
recorded on seventy of anthracnose rust angular leafspot and gram yield 

Screemng for reststance to flourv leafsoot 

Leaves mfected with Mycovellos1ella phaseol1 were collected from farmers fields m Taita 
Tavetta d1stnct where prelunmary surveys had shown a high mc1dence of the d1sease Spores 
from sporulatmg les10ns were mcubated on potato dextrose agar (PDA) ennched With host 
matenal and mcubated at 20 240C Smgle comd1a were Isolated from 15 day old cultures 
and transfered to ennched PDA media mcubated at room temperature A corudial suspens10n 
was prepared by floodmg 15 day old cultures of M phaseol1 grown m bean leaf decocuon 
agar In the glasshouse expenments 56 F9 !mes were moculated usmg a modified a 48 hour 
double moculauon techruque Tbe corudial suspens10n was apphed on both sides of the leaf 
usmg a Bayton atomiZer (Bayer East Afnca Ltd) High humidity was mamtamed by covenng 
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moculated plants w1th transparent plastic bags for 4 days and soakmg the floor of the 
glasshouse F1eld expenments were conducted m Wundany1 d!VISlon Ta1ta Tavetta d!str1ct 
m a farm w1th a h1story of h1gh mc1dence of floury leafspot dunng 19938 and 1994A 
seasons Inoculation was done 2 3 and 4 weeks after germmation D1sease reaction was 
assessed three t1mes after appearance of symptoms The seventy ratmg was on a 1 9 scale 
where 1=0% leaf area mfected 2=0 1 5% 3=5 1 12% 4=12 1 20% 5=20 1 30% 
6=30 1-40% 7=40 1 50% 8=50 1 60% and 9 where more than 60% of the leaf area was 
mfected Grades 1 3 were cons1dered res1stant 4 6 moderately res1stant and 7 9 susceptible 

Data analys1s 

Data were analysed on an md!Vldual slte bas1s to determme 1f there were any s1gruficant 
genotyp1c d1fferences for each tra1t A combmed analys1s was performed as descnbed by 
Gomez and Gomez (1984) Least s1gruficant d1fferences (LSD) were used to separate mean 
values 

RESUL TS AND DISCUSSION 

Results from the early generation y1eld tests and uutial screenmg of the segregatmg matenals 
have been reported prev10usly (K1maru et al 1990) In the advanced y1eld tr1als at ten 
Iocat10ns there was cons1derable vanat10n m d1sease mc1dence and seventy among locat10ns 
and seasons Only m seven of the twenty tnals were d1sease levels adequate to fac1htate a 
fa1r assessment of the reaction of the 50 !mes to fohar fungal d1seases The data fron these 
tr1als are presented m Tables 1 2 and 3 

Anthracnose 

Anthracnose was not severe at Kabete dunng 19928 and 1993A seasons Katumaru m 19928 
nor Ta1ta Tavetta m 1993A and 8 There were s¡gruficant d1fferences among the !mes m 
the1r reaction to anthracnose All the early matunty !mes were rated as moderately res1stant 
D1sease scores ranged from 3 2 to 4 9 Lmes E 3 37 and ElO were rated susceptible at 
Ta1ta dunng 1993A The check cultivars GLP 585 had the h1ghest score of 8 3 at the same 
s1te Among the medmm matunty !mes mean anthracnose ratmgs vaned from 1 6 for M21 
to 4 2 for M 13 Eleven !mes were rated res1stant and 9 as moderately res1stant The htghest 
anthracnose scores were recorded at Ta1ta durmg 1993A season M13 M26 and M31 were 
rated susceptible at thts s1te for one season M21 was cons1stently rated res1stant al all s1tes 
In the late matunty group anthracnose ratmgs var1ed from 2 2 (L39 and L44) to 4 4 (150) 
L44 was cons1stently rated res1stant at all s1tes GLPX92 had the lowest d1sease score among 
check cultivars GLP24 and GLP585 were relatively more susceptible to anthracnose 
compared to GLPX92 and GLP2 

Angular leafsoot 

Severe mc1dence of angular leafspot was recorded at Kabete for three seasons Ta1ta for two 
seasons and at Katumaru for one season There were s¡gruficant d1fferences among the Imes 
m therr reactions to angular leafspot (Tables 1 2 and 3) Seventy vaned w1th genotype 
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location and season The htghest mean ratmgs for angular leafspot were recorded at Ta1ta 
m 1993A The react1on of md¡v¡duallmes d1ffered w1th Iocation For example M26 was 
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rated res1stant (l O) at Kabete and moderately res1stant (5 5) at Taita Among the early 
matunty group El E8 and ElO were rated res1stant All other lmes m tlus group were 
moderately res1stant Among the med1um matunty lmes angular leafspot ratmgs vaned from 
2 6 (M27) to 5 l (M30) Two lmes were rated res1stant (MIS and M27) All others were 
moderately res1stant to angular leafspot In the late matunty group angular Ieafspot ratmgs 
vaned from 2 7 (lAl and IA4) to 4 1 (L37) GLP 585 was the most susceptible check w1th 
a score of 8 O at Taita m l993A At tlus slte and season lmes w1th h1gh Ievels of res1stance 
were ElO (l O) L39 (2 5) L32 (2 5) lAl (2 5) E7 (l 8) M2l (3 O) and lA6 (3 0) M30 
(8 5) L37 (8 5) lA9 (6 5) L33 (6 5) M3l (6 5) M29 (6 5) were rated susceptible All 
other Imes gave an mtermed1ate reactlon 

The h1ghest rust scores were recorded at Kabete (l992B and l993B) Katumaru (l992B and 
l993B) and Taita (l993A and B) The check cultivar GLPX92 showed cons1stent susceptible 
reactlon at the three s1tes (mean score 7) Mean scores showed that the test lmes had 
generally good Ievels of res1stance to rust Durmg the 1993 A season E8 Ml6 Ml9 M3l 
L34 were rated as susceptible GLP X92 had a rust score of 8 5 at th1s locatlon Three 
early (E3 E6 and E9) ten med1um (Mll Ml4 Ml8 M20 M2l M23 M24 M26 M29 
M30) and 17 late matunty lmes were rated res1stant to rust at Taita In l993A All other 
Imes showed mtermed1ate react10ns 

Flourv leafspot 

Glasshouse and field ratmgs for floury leafspot are shown on Tables l 2 and 3 Although 
seventy m the glasshouse was h1gher the glasshouse and field ratmgs were pos1tlvely and 
sigruficantly correlated (r = O 89 P = O 01) Among the ten early matunty lmes four were 
rated res1stant (El E4 ES and E9) The rest were moderately res1stant Among the 
medmm matunty Imes 8 were susceptible three res1stant Of the five check cultlvars two 
were resJstant (GLPX92 and GLP 585) two moderately res1stant (GLP 2 and GLP 24) and 
one susceptible (GLP 1004) Only one late matunty lme (lAO) was res1stant to floury 
Ieafspot N Jne late matunng lmes were rated suscept1ble both m the glasshouse and m the 
field All other Imes showed an mtermed1ate reactlon 

The gram y1elds of the 50 Imes o ver the seven env1ronments w1th the hlghest d1sease seventy 
are shown m Tables l 2 and 3 for the early medmm and late matunty lmes respectlvely 
Among the early matunty Imes gram y1eld vaned from 1818 to 2425 kg/ha Gram y1eld 
among the medmm matunty Imes vaned from 1902 kg/ha (M29) to 3131 kg/ha (M2l) The 
range was 2027 kg/ha (L33) to 3197 kg/ha (lAO) among the late matunng lmes GLP2 had 
the h1ghest y1eld (2343 kg/ha) among the check cultlvars Seed y•eld of GLPX92 was 
cons1derably reduced at Taita (905 7 kg/ha) probably due to the h1gh rust mc1dence One 
early 19 medmm and 12 late matunty Imes had h1gher y1elds than the best check cultivar 
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DISCUSSION 

Lack of an appropnate methodology 1s a constramt m breedmg for multiple res1stance to 
d1seases Backcross breedmg has been w1dely used m breedmg for maJor gene res1stance to 
mdividual d1seases We propose a new methodology for breedmg for multiple res1stance and 
gram y1eld (F1g 1) The key steps m th1s method are chmce of parents hybnd1sation 
development of d1sease screerung nursenes and selection early generation y1eld testmg 
researcher farmer collaborative prehmmary y1eld tr1als advanced y1eld tr1als on farm 
testmg seed mcrease and release Chmce of parental !mes w1th res1stance to d1sease 1s 
crucial for subsequent progress Parents may be obtamed from ava!lable germplasm such 
as landraces access10ns released cultivars or advanced breedmg !mes Well adapted 
popular but d1sease susceptible !mes should be mcluded whenever poss1ble For example 
m the present study GLP2 and GLP 24 were mcluded because they are the most popular 
vaneties m Kenya desp1te low levels of res1stance to sorne fungal d1seases NB 123 IS a local 
landrace w1th res1stance to anthracnose rust and angular leafspot However 1ts seeds are 
small and black and hence unacceptable to maJonty of consumers lf rehable mformat10n 
on d1sease reaction and other des1rable charactensl!cs of parental !mes 1s not ava!lable 
prehm1nary evaluation 1s adv1sable The number of parents should be hmned to less than 
ten to reduce the number of segregatmg populations to be handled m subsequent steps A 
smtable matmg des1gn should be apphed m the hybnd1sation prograrnme In tlus study stnct 
adherence to conditions favourable for successful polhnation and feruhzation resulted m 
exceptionally h1gh crossmg success rates (K1mam et al 1990) D~allel three way or 
polycross matmg des1gns may be employed The F1 progeny 1s advanced to the segregatmg 
F2 generation Adequate F2 seed for the mdividual d1sease nursenes to be estabhshed will 
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depend on d1seases bemg cons1dered Equal amounts of F2 seed should be planted m each 
d1sease nursery If art¡ficial mocula of races of a pathogen are ava!lable sequential or 
multiple moculat10ns are appropnate Smtable susceptible checks for each d1sease should be 
mcluded IndiVIdual res1stant F2 plants from each nursery should be advanced to F3 The 
F3 progeny Imes are grown m d1sease nursenes and artificially moculated Fam1hes of 
res1stant F3 plants are advanced to F4 Ped1gree of F2 and subsequent generat10ns should 
be mamtamed F4 !mes w1th res1stance to two or more d1sease are evaluated for y1eld and 
other des1rable charactenstics m two or more d1sease hot spots Selected F4 Imes are 
evaluated m prehm1nary y1eld tnals at 3 to 5 s1tes On stat10n farmer evaluations are 
des1rable as matenals are advanced to F6 and F7 generations Th1s prov1des an opporturuty 

1 
for farmers to mtroduce the1r select10n entena wh1ch may d¡ffer from that bemg pursued by 
the breeder F8 to F10 Imes are evaluated m multi location y1eld tr1als The number of Imes 
m multilocation tnals should be hmned to prov1de for a better assessment of mdividual Imes 
Local checks should be mcluded m prehm1nary and advanced y1eld tnals Selected !mes 
from advanced trials are grown on farm m conditions representative of growmg areas The 
final selections are based on breeders and farmers entena Selected supenor !mes should 
be grown m Iarge plots for mcrease of breeders seed and meticulously exammed and 
charactensed Th1s selection scheme takes about 12 years to develop a new cultivar ¡f only 
one generation 1s produced each year However 1f two generations are advanced per year 
progress 1s greatly accelerated Tlus procedure has the advantage that select10n for both 
monogemc and polygemc characters can be handled 

The results of tlus study 11lustrate the potential progress and difficulties that can be expected 
through th1s selection scheme Results 1dentified lmes w1th Improved res1stance to all four 
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fohar d1seases For example El and ES are res1stant to angular leafspot rust floury 
leafspot and mtermediate for antbracnose M25 was rated res1stant to antbracnose rust 
floury leafspot and mtermed~ate for angular leafspot lAO cornbmed hlgh levels of res1stance 
to the four d1seases and had the hlghest y1elds However sorne lmes were susceptible to the 
four d1seases and yet y1elded well More lmes were susceptible to floury Ieafspot than to 
other d1seases because selectJon agamst thls d1sease was only done at advanced stages There 
Is ev1dence of pathogernc vanatmn for rust (Mukunya and Keya 1978) antbracnose 
(Mwang1 1986 Mukunya and Keya 1978) and angular Ieafspot m Kenya and 1t 1s poss1ble 
that sorne of the s1te effects we obtamed are attnbutable to such var1atlon 
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Table 1 Seed charactensucs y1eld and d1sease seventy (mean score 1 9 scale) of ten early matunng bean !mes grown m seven env1ronments 
m Kenya 1992 93 

D1sease 
Ratmg * Floury leaf spot 

Lme/Culuvar So urce Seed lOO seed ANT Angular Rust Glass F1eld Y1eld 
populauon type we1ght (g) Leaf Spot house (kg/ha) 

El K7/6A RC 55 8 3 6 2 9 1 9 30 30 2425 o 

E2 K7/9A RC 52 6 3 6 3 1 2 1 60 40 2265 o 

E3 K7/12A/2 RC 56 5 49 3 1 1 5 40 40 1896 o 

E4 K7/l3A III RC 49 6 3 2 34 1 9 30 30 2151 o 

""' E5 K7/26B RC 56 2 40 30 1 6 20 20 2103 o 

E6 K7/27A/l RC 54 5 4 3 3 1 1 3 40 3 5 2127 o 

E7 Kl5/1Al RC 53 3 4 5 3 5 2 7 50 50 1818 o 

ES Kl5/2A/l RC 48 8 36 3 o 2 5 50 55 2387 o 

E9 Kl5/6CI RC 53 6 48 3 3 1 4 20 20 2036 o 

El O Kl5/7A RC 54 o 45 22 23 5o 40 21380 

Checks 

GL2** RC 50 4 29 3 6 24 40 30 2343 2 

GLP 24** cw 38 8 42 3 6 27 50 40 2246 4 



ffi 

GLPX 92** 

GLP 585 

Mwez1 Moja 

LSD (O 05) 

MW 

RH 

MM 

39 3 

26 9 

42 5 

70 

24 

4 1 

2 3 

1 1 

40 

50 

42 

1 2 

70 

3 5 

34 

09 

20 

20 

70 

20 

20 

80 

RC=Rosecoco CW=Canad1an Wonder MW=Mwnemarua RH=Red Hancot and MM= Mwez¡ Moja types 
* Worst seven seasons 
** Commerclal Check culuvars 

2310 6 

2088 7 

1744 7 

1026 5 



Table 2 Seed charactensucs y1eld and d1sease seventy (mean scores 1 9 scale) of 21 medmm matunng bean lmes grown m seven 
envrronments m Kenya 1992/93 

D1sease Floury Leaf 
ratmg Spot 

Lme/ So urce Seed lOO seed ANT Angular Rust Glasshouse F1eld Y1eld 
cultivar populauon type we1ght Leaf Spot (kg/ha) 

(g) 

Mll Kl/2B/A cw 40 4 43 42 1 2 70 70 2873 

Ml2 K6/6B 11 RC 41 6 39 3 8 1 8 70 70 2368 

Ml3 K6/10B cw 41 o 42 42 20 40 40 2318 
QIO 

=- Ml4 K7/6Bl RC 56 5 3 7 3 8 1 7 50 40 2537 

Ml5 K7/26B/l RC 41 o 30 30 1 9 70 50 2642 

Ml6 K8/24B MW 35 1 28 3 5 3 2 40 50 2593 

Ml7 Kl3/1A 11 cw 41 4 34 42 25 80 80 3039 

Ml8 Kl3/9B MM 49 6 1 9 3 3 20 80 70 2856 

Ml9 Kl5/1A MW 35 5 24 42 30 20 50 2625 

M20 Kl9/4A cw 39 9 26 36 1 2 80 70 2424 

M21 Kl9/4C MM 48 1 1 6 3 9 1 9 60 60 3131 

M22 Kl9/22A 1 RC 48 6 2 1 3 6 3 3 5 50 50 2833 

M23 Kl9/38A RC 46 7 26 39 1 5 3 o 40 2713 



M24 K21/46A 11 cw 46 o 3 1 3 8 2 1 80 60 2912 

M25 K25/13A RC 37 4 20 34 3 o 20 20 2660 

M26 K33/38A RH 38 9 4 1 32 23 30 30 2490 

M27 K33/38B RH 42 4 40 26 2 3 60 70 2480 

M28 M262/16 cw 33 8 2 3 3 7 3 1 60 60 2765 

M29 M355/1 cw 37 o 3 6 42 20 60 60 1903 

M30 M355/27 cw 41 3 27 5 1 1 6 20 70 2519 

M31 Local RH 24 4 34 40 4 1 80 20 2689 
landrace 

:!i Checks 

GLP2 RC 50 4 29 3 6 24 40 3 o 2343 

GLP24 cw 38 8 42 36 2 7 50 40 2246 

GLPX 92 MW 39 3 24 40 70 20 20 2311 

GLP 585 RH 27 o 4 1 50 3 5 20 20 2089 

GLP 1004 MM 2 3 42 4 1 70 80 1745 

LSD (0 05) 58 1 3 1 1 1 2 1112 

RC=Rosecoco CW=Canad1an Wonder MW=Mwltemarua RH=Red Hancot and MM = Mwez1 MoJa types 



Table 3 Seed charactensucs y1eld and d1sease seventy (mean score 1 9 scale) of twenty late matunng bean !mes grown m seven env1ronments 
m Kenya 1988 94 

D1sease Floury 
Seo re Leaf Spot 

Lme/ So urce Seed type* 100 seed ANT Angular Rust Glasshouse F1eld Y1eld 
cultivar populauon we1ght (g) Leaf Spot (kg/ha) 

L 31 K3/2B/2 cw 36 o 26 3 1 2 1 40 40 2094 7 

L32 K13/5BI RC 50 8 3 7 29 1 6 60 60 2306 5 

gg L33 K13/26B RC 45 3 39 3 5 2 1 50 60 2027 1 

L34 K13/26C RC 47 3 3 8 27 26 50 40 2123 1 

L35 K13/27A RC 57 5 3 3 30 2 3 70 60 2603 5 

L36 K13/27A1 cw 47 6 3 7 3 9 24 50 50 2470 5 

L37 K21124A RC 46 3 40 4 1 1 6 40 40 20470 

L38 K21146A cw 445 26 30 2 3 50 70 2442 9 

L39 K23/19C RC 43 7 22 28 1 7 70 60 2424 1 

L40 K23/21 cw 40 1 23 3 2 20 20 30 3197 o 
L41 K23/28C/3 RC 46 9 27 27 1 7 30 50 2765 5 



IA2 K28/29A cw 38 1 3 1 40 25 60 70 2342 1 

IA3 K28/33BI cw 36 5 3 8 3 4 20 80 80 2538 7 

lA4 K29/6CI MM 38 1 22 2 7 20 60 80 2556 4 

lAS K29/36DI cw 449 4 1 3 7 1 7 80 80 2552 9 

IA6 K33128CII RH 34 3 24 3 4 1 9 70 60 2462 7 

IA7 M262/13 cw 36 1 34 3 8 1 9 50 60 2090 8 

lAS M262/35 cw 38 1 3 o 3 7 25 60 70 2360 o 
IA9 M355121 cw 40 3 3 1 3 8 1 4 60 60 2345 8 

L50 M355122 cw 40 2 44 40 2 2 90 70 2354 7 

Checks 

oc GLP2 
\e 

RC 50 4 29 3 6 24 40 3 o 2343 2 

GLP24 cw 38 9 42 36 27 50 40 2246 4 

GLPX92 MW 39 3 24 40 70 20 20 2310 6 

GLP585 RH 26 8 4 1 50 3 5 20 20 2088 7 

LSD (O 05) 63 1 3 1 3 1 o 

* RC=Rosecoco CW=Canad1an Wonder MW=Mwnemama MM=Mwez¡ MoJa and RH=Red Hancot 
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CONTROLE DES MALADIES PAR INCORPORATION DES V ARIETES AVEC 
RESISTANCE PARTIELLE DANS LA SEMENCES PAYSANNES 
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R KIJana and R A Buruchara 

Programme Nat10nal Legummeuses Mulungu Bukavu Zarre and 
Centro InternaciOnal de Agncultura Tropical P O Box 6247 

Kampala U ganda 

ABSTRACT 

Farmers m the Great Lakes Regwn (GLR) of Central Ajnca cultlvate beans m vanetal 
miXtures as a way of stabrlrzmg productron and mrmmrzmg nsks posed by bwtrc and abrotrc 
factors Sorne of the mu:ture components have low yreld potentral and are susceptible to a 
number of maJor drseases Prevwus studres conducted at Mulungu m the South Krvu regwn 
of Zarre showed that mcorporatron of a vanety resrstant to angular leaf spot (ALS) m 
farmers mu:tures could reduce seventy of the drsease and mcrease yreld Grven that 
growmg mu:tures m the GLR rs the rule rather than the exceptron a strategy to rmprove 
resrstance of jarmers mu:tures agamst maJor drseases rs rmponant The obJectrve of thrs 
study was to determme the effect of mcorporatmg multrple components wuh drsease 
resrstance on drsease seventy and yreld 

Two farmer mu:tures collected from Walungu and Kabare areas contammg JO and 12 
components respective/y and jive rmproved cultlvars (A 285 MLB 49 89A MLB 4289A 
MOORE 90026 and RWR 221) resrstant to sorne maJor drseases were used m the study 
Tnals were mstalled m farmers jields selected from each of the two areas The ji ve cultrvars 
were mcorporated mfarmer s mu:turesfrom each area to constltute 50% ofthe new mu:ture 
(the proponwn of each cultivar m the new mu:tures was 10%) The mu:ture mcorporated 
wuh resrstant vanetres was compared wlth the two farmers mu:tures for drsease reactwn and 
yreld Nme farmers jields were used at each slte and each jield constrtuted a repetltwn 
Drsease reactwn was evaluated at dif.ferent stages of plant growth but evaluatwns made at 
R8 were used m data analysrs 

Drseases observed were anthracnose angular leaf spot ascochyta blrght and rust There was 
srgmjicant reductwn m ALS seventy by mcorporatmg resrstant cultrvars m farmers mu:tures 
The reductwn was 12% at Kabare and 14% at Walungu m season A In season B the 
co"espondmg reductwns were 14 and 23% respective/y Seventy levels of other drseases 
were relatlvely low and were not affected by season lncorporatron of resrstant vanetres 
srgmjicantly mcreased yreld m both seasons but yrelds m season B were overall better than 
season A 

RESUME 

Les agnculteurs de la Reg10n de Grands Lacs cultlvent le hancot en melange vanetal 
constltue de plusieurs vanetes non performantes L mcorporatlon des 5 vanetes a resistance 
partielle aux maladies Importantes de la region dont maladies racinaires Antrachnose 
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Ascochytose Tache angularre et Routlle dans une proportlon de 50% dans le melange local 
auralt un effet sur la reduct1on de la sevente de la malad1e de taches anguleuses et sur 
L aungementat10n de rendement en sa1son B ma1s les autres malad1es ne sera1ent pas 
mfluencees 

INTRODUCTION 

Les resultats d une etude anteneure reahsee par PyndJI (1991) ont montres que 
1 mcorporatlon d une vanete res1stante aux taches anguleuses dans le melange local etalt 
efficace pour redUJre la sevente de la malad1e et contnbuer a 1 augmentatlon de rendement 
Au Sud Klvu comme partout a11leurs dans la reg10n de Grands Lacs les agnculteurs cult1vent 
le hancot en melange vanetal d autant plus qu 1ls hmltent les resques dus aux aleas 
chmatlques et phytosarutares Cependant ces melanges du paysan sont consutues de 
plus1eurs vanetes non performantes Ce qUJ sera1t a la base de la ba1sse de rendement La 
prauque du melange etant une regle et non une excepuon pour les ferm1ers des Grands Lacs 
(Buruchara 1991) 1 mcorporauon de plus d une var1ete avec res1stance part1elle aux 
malad1es Importantes de la reg10n pourralt non seulement farre ba1sser la sevente et 
augmenter la product1v1te du hancot en m1heu paysan ma1s auss1 doter les farm1ers de 
quelques vanete protectnces contre les malad1es dans les melanges 

Le but de 1 etude en cours est de venfier 1 effet des vanete a res1stance partlelle sur la 
sevente des malad1es Importantes de la reg10n et le rendement dans le melange local 

MATERIELS ET METHODES 

L étude a ete menée en champ d agnculteurs de la zone de Kabare et de Walungu au Sud 
Klvu Deux lots de semences paysannes constltues des melanges des vanétés locales ont ete 
collectes dans ces deux zones Leurs composants respecuvement 12 et 1 O ont ete evalues 
du pomt de vue phytopathologique en stauon Cmq vanétes avec res1stance paruelle (VRP) 
a savorr A285 MLB-49 898 MLB-42 89A MOORE 90026 RWR221 ont ete muluphees 
Nous avons mene deux essa1s separes Le maténel de 1 essa1 etalt consutue pendant les 2 
sa1sons culturales (sa1son A et B) de la meme annee des melanges composes de 100% des 
vanétes locales (ML) du s1te et d une combma1son de 50% semence paysanne plus 50% 
VRP La proporuon des vanetes a res1stance partlelle eta1t de 10% par vanete L essa1 eta1t 
1nstalle chez 9 ferm1ers par s1te Chaque ferm1er consutualt une repetltlon 

Les malad1es ont ete evaluees au stades V3 R6 et R8 Pour 1 analyse stausuque nous 
avons considere les resultats a R8 L evaluatJOn e falte su1vant 1 echelle Standard CIAT de 
1 a 9 ou 1 =0% de la surface foha1re mfectee 3 =2% 7 = 10% 9 23% de la surface follare 
mfectee Enfin le rendement parcellarre extrapole en hectare est analyse statlstlquement 

RESULTAS ET DISCUSSIONS 

Les malad1es su1vantes ont été d une facon dominante observees dans nos parcelles d essa1s 
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au stade R8 la tache anguleuse 1 anthracnose 1 ascochytose et la romlle L attaque de la 
mouche b1en qu elle a ete observée au stade V3 elle a ete presente chez un nombre rédmt 
des ferm1ers De ce fa1t les resultats n ont pas fa1t 1 objet d analyse Les resultats figurent 
dans le Tableaux 1 et 2 

A Kabare et Walungu 11 y a eu d1fference s1gruficauve entre le 100% melange local et 50% 
melange local (ML) + 50% vanete a res1stance des taches anguleuses aucours de deux 
sa1sons (Tableaux 1 et 2) En sa1son A la reductwn de la sevente a ete de 12% a Walungu 
En sa1son B elle a ete de 14% pour le ler et 23% pour le second s1te La sevente n a pas 
ete mfluencee par les sa1sons Cene reducuon de la sevente du traltement 2 est 1 effet des 
VRP qu1 ont constltues une barnere a la propagauon de 1 moculum pnma1re 

Cependant la d1fference s1gruficauve s observe pour la sevente de ces 2 sa1sons La 
presswn est forte en sa1son A ( cfr Tabl 2 range) Cec1 est du a la grade quantlte des plmes 
qm entrame 1 hum1d1te favorable au developpement de cene malad1e 

Pour 1 anthracnose et la romlle les VRP n ont pas eu d effet sur les malad1es aucours de 
toutes les 2 sa1sons dans les 2 s1tes Quant au rendement 11 ex1ste une d1fference 
s1gruficauve entre 100% ML et 50% ML au seull p=O 05 tanta Kabare qua Walungu en 
sa1son B Entre les sa1sons 11 y a eu egalement une d1fférence s1gruficat1ve Le rendement 
est tres eleve en sa1son B 

Le rendement eleve de 50% ML est 1 effet des vaneues a res1stance part1elle qm ont 
const1tuees une barnere a la propagauon de 1 moculum En sa1son B le rendement est 
favounse par les plmes mmns abandantes la culture de hancot n est pas assoc1ee avec 
d autres cultures qm accaswnnent 1 hurn1d1te favorable au developement des malad1es 

CONCLUSION PARTIELLE 

L mcorporat10n des vanetés a res1stance parulle dans les melanges de Kabare et de Walungu 
auralt un effet sur la reduct10n de la sevente d autres malad1es evaluees ascochytose 
anthracnose roullle ne sera1t pas affectee par les VRP La sa1son mfluence le taux de 
sevente de 1 ascochytose Cene reducuon de la press10n des malad1es entamera1t une 
augmentat10n de rendement en sa1son B 
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Tableau 1 Sévente des malad1es et rendement obtenus par 1 meorporat10n des vanetes a res1stanee paruelle a Kabare 

Sevente des rnalad1es pendant les sa1sonsY A et B 
Tra1tement Rdt (ka/ha) 

T anguleuses Ascochytose 

A B A B 

100% ML 52 a 5 1 a 35a 26b 

50%ML +50% 44b 44b 3 3 a 24b 
VRP 

CV% 92 15 7 

= Echelle CIAT d evaluatlon de la sevente des malad1es 
Y = Sa1sons A et B 

Anthraenose Rouille 

A B A B A 

20a 20a 25a 26a 295 e 

20a 20a 28a 28a 397 e 

o 12 1 

= Les valeures SUIVIes d une meme lettre md1quent qu 11 n y a pas de d1fference sigrnfieative au seuil probab1hte P=O 05 

15 6 

B 

860 2 b 

1177 1 a 
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Tableau 2 Sevente des malad1es et rendement obtenus par 1 mcorporallon des vanetes a res1stance parllelle a Walungu 

\0 
0\ 

, 
Sevente des malad1es pendant les sa1sonsY A et B 

Tra1ternent 

T anguleuses Ascoehytose 

A B A B 

100% ML 5 1 a 47a 27a 22b 

50%ML +50% 44b 36b 25a 22b 
VRP 

CV% 86 90 

= Echelle CIAT d évaluauon de la sévén te des malad1es 
Y = Sa1sons A et B 

Anthracnose Roulile 

A B A B 

1 6 a 1 8 a 26a 2 1 a 

1 6 a 1 8 a 27a 2 1 a 

14 69 

Rdt (ka/ha) 

A B 

698 e 1623 b 

788 e 2144 a 

31 1 

= Les Vaieures SUIVIeS d Une meme iettre Indiquen! qu Ii n y a pas de d1fferenee Sigmfieatlve au SeUI! probab11J.té P ~0 05 
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INTRODUCTION 

In most of the SADC countnes beans are grown mamly m the ramy season that extends 
from October to Apnl dependmg upon the country and locauon Length of the ramy season 
detenmnes the type of vaneties bemg grown and constramts that lumt therr¡ productiOn 
Beans are also grown m sorne parts as a wmter crop under Imgauon or on residual mo1sture 
smce the reg10n receives ramfall m a urumodal pattem 

Seed siZe and seed colour are two of the most unportant quahty factors m the reg10n Large 
seeded bean types of any colour except black are prefered The unportant producuon 

1 

constramts are d1seases poor smls and lack of seed of unproved and well adapted vanet¡es 
As nauonal and mternat10nal teams contmue to develop geneuc matenals of Wider adaptauon 
across eco geographical areas and clunate regunes accurate measurements of plant d1seases 
become unportant m all studies that relate disease seventy to yield loss and to subsequent 
management tactics Diseases are one of the most unportant factors assocmted with low bean 
yields m most bean producmg reg10ns m Southem Afnca Because resource lunitatlons do 
not penmt use of high cost plant protecuon technology disease management through 
breedmg resistant vaneties IS at the forefront m the reg10n 

At present there IS httle or no evidence that races exist Witlun the pathogens that cause wlute 
mold ascochyta bhght web bhght charcoal rot Rhzzoctoma and Fusanum root rots 
southem bhght common bactenal bhght and other mmor bean pathogens (Beebe and Pastor 
Corrales 1991) This means that germplasm that IS resistant or susceptible to any of the 

1 

above pathogens m one locauon has a sundar reacuon m another locauon However many 
other pathogens that cause bean diseases are known to have races or vertical pathotypes for 
example pathogens that cause rust anthracnose angular leaf spot halo bhght bean common 
mosaic virus (BCMV) and Fusanum wdt One of the best possible methods to 1dent1fy 
resistant parents IS to expose the potential sources of resistance to all the ex1stmg pathogeruc 
vanatiOn over different production areas and over a penod of severa! years Th1s can be 
accomphshed through mternatiOnal/regiOnal disease nursenes whose rnam obJecUve should 
be to Idenufy e1ther race nonspecific or race specific resistance of the broadest possible 
nature 

The SADC reg10n ranges from seven degrees to 33 degrees south of the equator with two 
major envrrorunents the cooler envirorunent (more than 1500 m a s 1) and the cool to warm 
envirorunents (less than 1500 m a s 1) Angular leaf spot anthracnose rust common 
bactenal bhght and bean common mosaiC virus (BCMV) are the most unportant and 
widespread diseases m the reg10n Other diseases capable of causmg considerable y1eld 
losses are restncted to specific bean growmg reg10ns Examples mclude halo bhght web 
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bhght Fusanum w11t whlle mold scab and powdery mlldew Halo bhght and ascochyta 
bhght are favoured by cool hum1d env1ronments wh1le powdery mlldew flounshes under cool 
dry env1ronments 

For the reg10n res1stance screerung across product10n areas IS ach1eved through reg10nal 
tnals The SAZBEN and SAZBYT (Southem Afncan Zonal Bean Evaluallon Nursery and 
Southem Afncan Zonal Bean Y1eld Tnal respecllvely) are coord1nated by the Malaw1 
nallonal bean program and SARBEIN (Southem Afncan Regional Bean Evaluallon and 
Improvement Nursery) untll 1993 coord1nated by the South Afncan nat10nal bean program 
Recently the SARBEIN has been merged m the other regional tnals The mam obJecllve of 
these reg10nal tnals has been to facl11tate shanng of germplasm and promote collaborallon 
among the nat10nal programs m the reg10n These tnals also serve as a maJor tool m 
momtormg genellc vanab1hty and reacllon to d1fferent d1seases H1ghhghts of results 
obtamed and reacllon of 1mportant genotypes to unportant d1seases are d1scussed below ~ 

REGIONAL NURSERIES 

Southern Afncan Zonal Bean Evaluat10n Nursery (SAZBEN) 

The SAZBEN 1s composed of breedmg and gennplasm lmes developed by participatmg 
countnes The 1993 94 SAZBEN had 100 such entnes contnbuted only by Malaw1 and the 
tnal was grown ID Zamb1a Zunbabwe Tanzarua Nam1b1a Lesotho Swazlland Boswana 
Mozamb1que and South Afnca 

Results (Ch1rwa and Aggarwal 1994) showed a w1de vanat10n ID both y1eld and d1sease 
reac10n among entnes ID d1fferent countnes 1Dd1catmg a strong genotype by env1ronment 
mteract10n and a need for each country to select 1ts own vanelles Among the best 20 
y1elders at each s1te no siDgle entry was common at all the ten s1tes where data were 
receiVed However a few liDes appeared m more than one locallon but thell' rankiDgs were 
not the same The most common entnes that appeared ID the top 20 at three or more 
locat10ns were CAL 143 (5 locallons) A 197 (5) AND 971 (4) TM 271112 and SUG 84 
(3) CAL 143 gave the h1ghest average y1eld and showed good levels of ALS res1stance 
(Table 1) In another related mves11gat1on for d1sease res1stance ID Malaw1 (Table 2) CAL 
143 was also found to have good res1stance to powdery m1ldew and halo bhght Thls vanety 
1s earmarked for release to fanners as a mulllple d1sease res1stant vanety Also A 197 has 
been found to be resistan! to BCMV ID multllocatlon tnals ID Malaw1 (Ch1rwa and Aggarwal 
1994) and 1s a potentlal cand1date for release to farrners both m Malaw1 and Zamb1a 

Southern Afr1ca Zonal Bean Y1eld Tnal (SAZBYT) 

Thls was a rephcated tnal cons1stmg of 15 varieties contr1buted by Malaw1 Lesotho 
Zamb1a Zunbabwe Mozamb1que South Afnca and CIAT Vanetles IDcluded were those 
whlch had e1ther been released or were ID the advanced stage of testiDg ID d1fferent countr1es 

Y1eld ID thls tr1al vaned s¡gruficantly (Table 3) across locallons dueto drought (Ch1tedze and 
Msekera) poor solls (M1samfu) and hlgh levels of d1sease The top siX y1eld1Dg vanelles 
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across s1tes (Puebla Cafe BAT 477 ICA PIJAO CAL 143 A 197 and ZPV¡292) showed 
considerable amounts of res1stance to ALS rust and anthracnose The flrst three vanetles 
belong to the Mesoamencan gene pool and the other three to the Andean gene pool 
suggestmg partlcularly that res1stance to ALS can be found m the Andean gene pool wh1ch 
1s w1dely grown m Afnca 

Southern Afr1can rel!lonal Bean Evaluat10n and Imorovement Nurserv (SARBEIN) 

Results of 1993 and 1994 seasons showed that rust ALS and scab are maJOr d1sease 
problems m South Afnca (espec1ally at Cedara) and ALS at Bembeke (Malaw1) Brown spot 
has been found to be present m South Afnca 

ACHIEVEMENTS OF REGIONAL TRIALS AND PROBLEMS ASSOCIATED WITH 
RESISTANCE SCREENING 

These tnals ha ve helped us to record d1seases occurmg m d1fferent parts of Southem Afnca 
Although the maJonty of the d1seases are w1despread sorne are confined to particular 
countnes or particular ecolog1cal zones A typ1cal example 1s brown spot m South Afnca 
(L1ebenberg 1994) where 1t 1s now one of the more senous d1seases These tnals ha ve and 
contmue to encourage collaboratlve research among natlonal programs m the reg10n and 
allow easy access to new germplasm To date Malaw1 has 1dent1f1ed two prom1smg 
vanetles A 197 and CAL 143 wh1ch are bemg cons1dered for release to farmers Sumlarly 
Zamb1a 1s planrung to release A 197 Other countnes have selected many vanetles wh1ch 
are currently bemg evaluated for future release 

The maJor problems assoc1ated w1th screenmg for d1sease res1stance m the regional nursenes 
and tnals are best summanzed as the followmg three factors poor slte select10n poor 
pathogen management and poor staffmg Expenence has shown that s1tes sometunes do not 
suffic1ently represent env1ronments that are the most conduc1ve to d1sease development and 
screemng Lun1tat10ns of seed quantlty or m access to appropnate s1tes are factors here 
Poor management of pathogens IS attnbutable to the 1nsuffic1ent use of art1fic1al moculatlon 
to supplement natural mfectlons that often exert 1nsuffic1ent pressure for effectlve screemng 
Most natlonal programs are poorly staffed w1th the result that the ab1hty to evaluate d1sease 
react10ns 1S very lunlted 
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Table 1 Comparatlve perfonnance of the five best adapted entnes m the SAZBEN dunng 
the 1993 94 season m Southem Afnca 

Entry Y 1eld (kg/ha ALS CBB BCMV 

CAL 143 2237 3 4 2 

A 197 1603 4 4 2 

AND 971 1021 4 4 4 

TM27JIJ2 1701 4 5 1 

SUG 84 2228 4 3 4 

Mean across 690 53 46 3 1 
sltes 

Table 2 React10n of five bean !mes to halo bhght and powdery 
mildew m the 1994 wmter season m Malaw1 

Lme Halo bhght (%) Powdery mildew (%) 

CAL 143 50 60 

H2 Mulathmo 12 6 3 5 

MCM 5001 20 8 115 

Nasaka 43 5 717 

Phalombe 61 8 70 o 
Mean 28 7 32 5 

S E+ 9 45 3 12 

S1gruficance ** *** 
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Table 3 Seed y1eld (kg/ha) of entnes m the Southem Afncan Zonal Bean Y1eld Tnal 
(SAZBYT) at nme locat10ns 1993/94 

Entry Locat10n* 

BBK BVW CTZ MRU MNO UYL MSF MSK GWB 

BAT 2406 1047 1203 1028 1587 2552 292 607 675 
477 

Mas 1604 327 1299 521 680 2005 250 759 462 
a ka 

Puebla 2844 912 978 993 2089 2352 338 472 567 
Cafe 

A 197 2833 1307 946 792 1274 2358 575 616 915 

NW 2024 749 560 563 450 1946 371 569 325 
590 

SWH 1545 427 595 514 998 1976 483 617 355 

Phalom 1823 232 1195 556 1575 2507 646 643 498 
be 

ZPV 2774 1139 990 368 1181 2047 361 602 781 
292 

PVA 2774 184 897 708 1291 2407 204 554 1020 
773 

AFR 2149 668 1107 472 1283 2225 475 715 667 
599 

ICA 2587 539 811 917 1464 2044 1079 463 581 
Pljao 

CAL 2788 435 573 521 1439 2232 350 659 800 
113 

CAL 2462 893 1006 976 1252 2380 693 494 908 
143 

Umvou 2174 743 1471 611 1212 2429 440 623 534 

Local 1090 242 743 639 1239 2358 471 378 625 
control 

Tnal 2259 656 958 679 1268 2255 469 585 648 
Mean 

CV% 18 34 27 30 24 17 85 25 16 
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SE + 233 9 128 2 151 7 117 1 175 7 215 3 228 6 83 1 73 2 

* For Identlficatlon of Iocat10ns see Table 4 
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Table 4 Reacuons to Angular Leaf Spot (ALS) and common bactenal bhght (CBB) m the Southem Afncan Zonal 
Bean Y1eld tnal (SAZBYT) across locauons' 1993/94 

Entry ALS CBB 

BBK BVW MRU UYL MSF GWB BBK BVW CTZ MRU GWB 

BAT 477 2 3 3 1 5 1 5 4 5 3 2 

Masaka 7 7 7 7 5 1 4 9 9 5 4 

Puebla Cafe 2 2 3 1 5 1 7 3 7 3 2 

A 197 5 7 7 5 3 2 6 7 4 4 2 

NW590 4 5 4 2 5 1 4 6 8 5 2 ... = SWH 6 7 7 5 5 2 6 9 9 4 3 
""' 

Pha1ombe 7 7 8 5 7 1 5 8 8 5 4 

ZPv 292 3 5 4 3 9 1 8 7 8 4 1 

PVA 773 5 6 8 5 3 1 7 8 5 5 2 

AFR 599 7 7 5 6 5 2 6 8 8 4 3 

ICA PIJao 3 3 4 2 3 1 3 5 7 5 2 

CAL 113 5 6 8 4 5 1 7 7 7 3 2 

CAL 143 2 3 4 3 4 1 7 6 7 4 2 

Umvou 6 7 7 6 5 1 6 9 8 3 4 

Local control 3 6 6 6 5 2 4 8 8 4 3 



Tnal Mean 4 5 6 4 5 1 5 7 7 4 3 

ev (%) 16 19 32 14 16 46 27 14 11 24 49 

SE+ 04 06 1 o 03 05 o 3 08 06 os os 07 

BBK Bembeke e Malaw1 BVW Bvumbwe S Malaw1 CTZ eh1tedze e Malaw1 MRU Meru N Malaw1 
MNO Mancongco Swazlland UYL Uyole S Tanzama MSF M1samfu N Zamb1a MSK Msekera E Zamb1a 
GWB Gweb1 Harare ZIIDbabwe 

... 
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Table 5 Reacuons (seventy scores 1 9 scale) to Halo Bhght (HB) BCMV rust anthracnose (ANTH) and 
scab among entnes m the Southem Afncan Zonal Bean Y1eld tnal (ZAZBYT) across locauons1 

1993/94 

Entry HB BCMV RUST ANTH SCAB 

GWB BVW GWB CTZ MRU UYL BBK GWB MSF 

BAT 477 3 2 3 2 2 5 5 2 1 

Masaka 2 3 3 6 3 6 2 7 2 

Puebla Cafe 1 4 3 5 2 5 3 1 1 

A 197 1 2 2 4 4 5 1 1 3 

NW590 1 6 4 9 9 8 5 1 3 

SWH 1 4 3 9 7 4 8 2 6 

Phalombe 4 5 2 6 3 4 5 1 8 

ZPv 292 1 5 2 8 7 7 2 1 9 

PVA 773 2 7 4 3 2 3 2 2 3 

AFR 599 2 4 2 7 5 6 5 1 7 

ICA PIJao 2 2 4 5 2 1 4 1 1 

CAL 113 1 6 3 6 2 5 3 1 5 

CAL 143 1 7 2 5 5 3 2 1 3 



Umvou 2 4 3 8 3 5 2 1 7 

Local control 4 4 2 7 4 5 7 1 6 

Tnal Mean 2 4 3 6 4 5 4 1 5 

cv (%) 36 46 35 23 47 28 29 56 20 

SE + 04 1 1 05 08 1 1 08 06 04 05 

1 For 1dent1ty of locat10ns see Table 4 
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1 7 r~O'I Jl ::lo PART2 

Rev1ew and Plannmg of the Research Act1v1t1es on Fungal Bean 
D1seases m Afnca 

lntroduct1on 

Reports from the Workmg Group Sess1ons 
0:;-._ 

~ '\ 
R Buruchara 

CIAT 
P O Box 6247 Kampala Uganda 

In 1992 the Pathology Work1ng Group Meet1ng was held 1n Th1ka Kenya Us1ng the 
Plann1ng by Ob]ect1ve method (PPO) a range of research and related act1v1t1es that 
were cons1dered essentlal 1n the management of fungal d1seases were 1dent1fied 
Deta1ls of the procedure used are descnbed 1n the proceed.ngs (Sche1degger and 
Buruchara 1992) of the meet1ng In summary 1t 1nvolved 1dent1f1cat1on of the ma1n 
d1sease problems and an analys1s of the1r poss1ble causes Based on th1s analys1s 
potentlal solut1ons and a senes of act1v1t1es were proposed to address the problems 
These 1ncluded both research and non research act1v1t1es The act1v1t1es were 
pnontlzed and agreement reached on the d1v1s1on of respons1b1ht1es among potentlal 
and part1c1pat1ng .nst1tut1ons lt was also recommended that a rev1ew be made after 
three years to assess the relevance of the problems progress made fa1lures and 
obstacles encountered 

Methodology of the Rev1ew and Plannmg Procedure 

In rev1eW1ng the present status and progress made and plann.ng for the future 
part1c1pants were d1v1ded 1nto smaller work1ng groups and used a two stage process 

1 Rev1ew of the problems and mtervent1ons 1dent1fied m 1992 

A rev1ew of the problems assoc1ated Wlth 5 bean d1seases cons1dered 1n 1992 was 
made to assess 1f they were st1ll vahd Th1s 1nvolved rev1s1t1ng d1seases cons1dered 1n 

the 1992 meet1ng to determ.ne whether the hst needed mod1ficat1on (add1t1on or 
reduct1on) Problems spec1f1c to each d1sease and those that are common to all 
d1seases prev1ously 1dent1fied were rev1ewed The vahd1ty of ob]ect1ves and potentlal 
solut1ons or 1ntervent1ons prev1ously 1dent1fied was also rev1ewed The assumpt1ons 
were that afler three years there m1ght have been need to rev1se the bas1s of plann.ng 
for the future 

11 Self Evaluat1on 

The second stage of the rev1ew was a self-evaluatlon 1n carry.ng out the act1v1t1es 
proposed 1n 1992 To do th1s the SWPO ( success weakness potentlal and obstacles) 
method (Anon) was used SWPO (SEPO 1n French) 1s a work1ng tool used for self 
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...... 
evaluat1on and project pilotJng The method 1s basad on look1ng back on past 
expenences (e g 3 yr plann1ng penad for the Pathology Work1ng Group) evaluat1ng 
them and adjust~ng future approaches or actJvJtJes accord1ngly Lessons leamt from the 
past serve as a gu1de for the future The tool enables teams or groups to descnbe 
learn to accept expenences est1matJons and hopes and to d1scuss the conclusJons 
wh1ch are drawn from them SWPO can be used for self-evaluatJon and planmng The 
method 1s su1ted to carry~ng out self-evaluatJon because 1t 

1s adaptable and flexible 
portrays vary1ng expenences made by d1fferent groups of actors 
respects the expenences op1mons and estJmatJon of marg~nal groups 
1s based on v1sual a1ds and fac1htates partJcJpatory evaluat1on and assessment 

of expenences and percept1ons 
allows use of common language and a step by step problem solv1ng approach 
hnks evaluatJon (rev1ew) WJth the adjustment of objectJves and planmng 

In planmng the method 
facJhtates the approach to plann1ng s1nce 1t enables those 1nvolved to express 

the1r expenences faJiures hopes fears 1n v1ew of future changas 
allows express1on of d1verse VJSJons of d1fferent actors 1nvolved 
hnks the rev1ew of the past wh1le look~ng 1nto the future 1n arder to JnJtJate 

poss1ble ¡01nt actton 

The SWPO Wmdow 

SWPO 1s based on the ab1l1ty to repeatedly recall the past expenences (actJVJtJes) and 
antJCJpate the future lt locates the expenence on a time ax1s shown on F1gure 1 where 
future plans are based on the past 8oth the look tnto the past (revtew) and the look a 
head 1n to the future (antJCJpatJon) are complementad by a s1mple evaluat1on entena of 
posJttve 1 negat1ve) creat1ng the four part SWPO WJndow shown 1n F1gure 2 

REVIEW ANTICIPATION 

PAST FUTURE 

NOW 

F1gure 1 lllustratton of t1me ax1s {past now and future) wh1ch ts the bas1s of self 
evaluat1on and planmng ustng the SWPO method 
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POSITIVE 

Success (wmdow 1 ) Potentlal (wmdow 3) 

NEGATIVE 

Weakness (wmdow 2) Obstacles (wmdow 4) 

F1gure 2 The SWPO Wlndows shoWing s1mple evaluat1on entena (success and 
weakness relat1ng to the past and potent1al and obstacles relat1ng to the future) 

For each of the developed ob¡ectlve planned act1v1ty or 1nterventJon past expenence 
1s rev1ewed The entena used are success (quahtat1ve and quant1tat1ve a1ms ach1eved 
etc) and weaknesses (fa1lures dlff1cult1es encountered and bottlenecks) In plann1ng 
for the future potent1als (Wishes trends 1deas unused ab1htJes) and obstacles 
(unfavorable cond1t1ons ) are cons1dered In the process 1t 1s 1mportant to preserve the 
SWPO sequence of Wlndows 1 2 3 4 

Self Evaluat1on and Plannmg Process m the 2nd PWGM 

In the self-evaluatlon exerc1se ob¡ect1ves 1ntervent1ons and speCJfic act1v1t1es proposed 
1n 1992 were cons1dered Part1c1pants were d1v1ded mto smaller work1ng groups to 
address spec1f1c d1seases or themes Successes ach1eved and weaknesses observed 
1n carry1ng out each act1v1ty or fulfilhng each ob¡ect1ve were d1scussed These 
d1scuss1ons formed the bas1s for future plann~ng or re-onentatlon of d1rect1on Dec1s1on 
on contmUJty or mod1ficat1on of act1V111es or approach (potentlal) and expected 
obstacles or d1ff1cultles were d1scussed Results from work1ng groups were further 
d1scussed 1n the plenary sess1ons Below 1s an example of the log1c and steps 1n self 
evaluat1on and plannmg exerc1se 

D1sease Angular leaf spot 

One of the solut1on 1dentJf1ed m the 1992 meet1ng m developmg res1stant vanet1es to 
angular leaf spot were Determmat1on of pathogen d1vers1ty of angular leaf spot 
pathogen (phaeolsanops¡s gnseola) m Afnca 

One the act1v1ty proposed then was to Col/ect and charactenze pathogen diVersJty of 
P gnseola 1solates m Za1re Uganda Kenya and Malaw1 In assess1ng the performance 
of part1c1patJng mst1tut1ons (countnes) the first aspect cons1dered was to look back on 
what was done and assess the success The successes m carry1ng th1s act1v1ty were 

lsolate collect1ons and 1Solal10n were made m Za1re Uganda Kenya 
and MalaWI 

E1ght 1solates were charactenzed m Za1re 
Severa! 1solates were conservad 1n Za1re Uganda Kenya and MalaWI 

for charactenzat1on 
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D1fferent1al vanet1es were mult1pl1ed 

The second step was to 1dent1fy the weaknesses or dtfficulttes expenenced These 
were 

Charactenzatton of tsolates on/y m one country 
Unavat/abtltty and madequacy of dtfferenttal vanettes 
Al/ collaborators dtd not know charactenzatton methodologtes 

On the bas1s of accomphshments and dlfflcult1es expenenced aspects that need to be 
addressed 1n the future (potentlals) are 1dent1f1ed These are the act1v1t1es of the next 
plamng penod 

Start charactenzatton m Kenya Uganda and Malawt 
Conduct more charactenzatton m Zatre 
Charactenzatton methodo/ogy ts known to al/ collaborators 

However sorne of the obstacles that are hkely to affect planned act1v1t1es and wtuch 
need to be cons1dered and addressed are 

Results 

Ltmtted avatlabtltty of dtfferenttal vanettes 
Ltmtted avatlabtltty of laboratory eqwpment 

1 Rev1ew of the problem trees 1dentlfied m 1992 

Results of the rev1ew ofthe problem trees (sorne go over two pages) are presentad on 
pages - to - The central problem of all the 5 d1seases cons1dered 1n 1992 rema1ned 
vahd mean1ng the d1seases were stlll regarded 1mportant but there were modlficatlons 
of sorne cause-effect relat1onsh1ps wh1ch reflectad changes resultlng from on-go.ng or 
work done In a few cases new cause-effect relat1onsh1ps were 1ntroduced Mod1f1ed 
or new causes-effect relat•onsh1ps of rev1ewed problem trees are shown as shadowed 
square or rectangular boxes Wlth rounded comers to d1st1ngU1sh them from the others 
lf a cause or effect was no longer vahd 1t was shown as a blank box 1n 1ts ong1nal 
pos1t1on Reference to problem trees developed 1n the 1992 meet1ng (Sche1degger and 
Buruchara 1992) enables the reader to apprec1ate the rev1s1ons made 

11 New problem trees 

Floury leaf spot prev1ously not regarded as a senous d1sease was sa1d to be 
1ncreas.ng 1n 1mportance Powdery m1ldew was 1dent1fied as a groWing problem 1n 
southern Afnca countnes part1cularly dunng w.nter Lack of use of IPM strategy 1n 
d1sease management was 1dent1f1ed as a problem worthy address.ng 1ndependently 
Problem env1ronments (trees) potent1al solutlons were developed and spec1f1c 
research act1v1t1es were recommended to address the three problems The three 
problem trees developed are presentad on pages to 

111 



111 Self Evaluat1on 

Results of the self-evaluallon exerc1se of actlvltles proposed 1n 1992 are presentad 1n 
the charts on pages - to us~ng a formal descnbed hereafter For each d1sease 
problem there 1s an overall ob¡ect1ve (see page ) To ach1eve these ob¡ecllves there 
are areas of 1ntervenllon lead1ng to 1ntermed1ary results Act1v111es are grouped under 
each result they are meant to ach1eve For each act1v1ty the self-evaluatlon exerc1se 
1dent1f1ed successes fa1lures potenllals and obstacles For ease of reference 
ob¡ect1ves results and actlvllles are numbered us1ng the system used 1n the proceed1ng 
of 1992 (Sche1degger and Buruchara 1992) meet1ng 

IV Planmng matnces 

Results of the planrung matnces are presented on pages to The headmg of each table 
mdicates the overaJI objectlve for the next three years ActiVItles are grouped under the 
mtenned1ary results they are helpmg to aclueve AJiocatlon of responslbliltles and pnonty 
rankmg for actiV!tles proposed was done differently by d1fferent groups Sorne md1cated 
collaboratmg mstltutlon( s) wlule other d1d not P md1cate the pnonty of the act1V1ty where 1 
= lugh and 3 = 1ow The number m bracket m the last colunm md1cates pnonty rankmg 
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Rev1ewed Problem Trees 
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Y 1eld losses due to fungal d1seases m 
general 
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Y1eld loss from Angular Leaf Spot 
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Y1eld losses dueto anthracnose are h~gh 
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Yteld losses dueto anthracnose are htgh 
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Root rots and vascular wllts cause yteld loss 
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Root rots and vascular wilts cause 
YJ•Id loss 
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Y1eld IS lost because of rust 
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New Problem Trees 
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Y 1eld loss due to 
flowy leaf spot 
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IPM slralegles not 
fully Developed 
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Self-Evaluanon charts 

D•sease 1 Ob]ecnve 1 Result Page 

Fungal d1seases m general 

ObJect•ve F To reduce yJeld losses dueto fungal diseases m general 
Result Fl Appropnate cultural pract1ces to control diseases developed 
Result F2 Strategy to mamtam/ mcrease genetlc divers1ty m beans elaborated 
Result F3 Ava!lable res1stance fully utlhzed m breedmg programmes 
Result F4 Pan Afuca collaborauon m res1stance breedmg fully explmted 

An~lar Leaf Spot 

Object•ve 1 To reduce y¡eld losses dueto angular leafspot 
Result 11 Suffie~ent res1stant vanetles 
Result 12 Appropnate cultural pract1ces developed 

Anthracnose 

ObJective e To reduce y¡eld losses dueto anthracnose 
Result et Farmers grow anthracnose res1stant vanetJes 
Result e2 Integrated control measure are avadable 
Result e3 Farmers use clean seed 
Result e4 Farmers use recommended cultural practlces 
Result es Research on anthracnose m Afuca IS adequate 

Ascochyta 

Ob_JectJve P To reduce yJeld loss due to Ascochyta m the lughlands 
Result Pl Res1stant cultJVars developed 
Result P2 Clean seed avadable 
Result P3 Reduced secondary spread and carry over 

Root Rots, Macrophomma and FusariUm Wdt 

ObJectJve R To reduce YJeld loss dueto Root rots Macrophomma and Fusanum wdt 
Result Rl Adopt10n of the known effectJve cultural pract1ces 
Result R2 InformatJon on the effect of different cultural pracuces on 
management ofRR, VW and MACR avadable 
Result R3 Integrated methods for RR, VW and MACR ement avadable 
Result R4 Adapted vaneues res1stant to RR, VW and MACR ava!lable 
Result R5 Vanetles combmmg reSJstance to RR or VW With tolerance to poor 
sml fertdlty_ and bean stem maggot avadable 
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Rust 
Objectlve U To reduce YJeld losses due to rust below the level of econorruc 
1mportance 

Result Ul Decreased rebanee on pest1C1des m snap bean product10n 
Result U2 Use of cost effecuve control measures 
Result U3 Farmers use res1stant vanet1es 
Result U4 Decrease field moculum 
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r 
Ob )Jedive F T d eldl o re uce YJ• os ses d ueto fu al di nl!l seases ID 2ener al 

ActJvtty CountJy 1 Pnonty (1 -
lnstJtutJon htgh, 3 = low) 

Result A_ppropnate cultural _pracúces to control dlseases developed 
F 1 1 lncrease contact and tram farmers and extenston staff on d!agnosts 
and management of d!seases 
F 1 2 Develop and d!stnbute extenston matenals (posters leaflets or 
booklets) 

F 1 3 Complement cultural control wtth other control strateg~es 
F 1 4 Encourage wtder fanner-extens10n partictpattOn m sub proJecl 
research 
Fl5 Conduct surveys to determme mnovattve and/or trad!ttonal 

_llracttces to manage dlseases 

Result Stratefn' to maiDt&ID /IDcrease l!enetJc dlverstty ID beans elaborated 
F 1 6 lmttate long term stud!es ( 10 yr ) to assess changes m mtxture 
components under fanner s condltJons 
F 1 7 In collaboratJon wtth other d!sctplmes venty other sociOlogtcal and 
agrononuc concepts for composmg nuxtures 
Fl 8 Encourage fanner partlctpatton m stud!es to constttute or 
mcorporate components m nuxtures for dtsease control 
F 1 9 Contmue to collect nattonal germplasm and conserve m 
centraltzed gene banks 
F 1 1 O lncrease the number and dtverstty of breed!ng lmes that are 
acceptable to consumers 

F 1 11 Study market preferences for seed types 

Result Avmlable reststance fully utJhzed ID breediDI! programs 
F 1 2 Develop and test new methods for short and long term conservatJon 
of fungal cultures 
F 1 13 Avatl the latest vers10ns of stattsttcal packages and organtze 
trammg on stattsbcal analysts of d!sease screenmg data 
F 1 14 Utthze estabhshed nursenes m the network and local landraces 
m developmg durable reststance 
F 1 15 Uttltze avatlable sources of reststance m the regton and at ClA T 
and standard!ze breed!ng proeedures to develop multJple d!sease reststant 
vaneues 

F 1 16 Determme pathogentc vanat10n of unportant dlsease pathogens 
Fl 17 Conduct stud!es on the d!stnbut10n yteld loss b10logy and 
control of floury leaf spot 

Result Pan Afnca collaboratton on reststance breedlng_ ful~ly explo•ted 

F 1 19 Estabhsh a network on snap_ bean research 
F 1 20 Estabhsh a pan Afuca forum for evaluatton and apprrusal of 
reg10nal sub pro]ects 
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F 1 21 Produce a catalogue of known sources of reststance 
F 1 22 Encourage germplasm evaluattons usmg arufictaliDoculatton or 
at hotspots 

F 1 23 Encourage oeer revtew of sub oro1ects even vear 

F 1 24 lnvolve more resource persons m Steermg Commtttee meettngs 
F 1 25 lntegrate determmatton of pathogemc dtversttv wtth evaluatton of 
dtsease nursenes 
F 1 26 lmttate sub proJect plarmiDg ID ID-country workshops and 
reg10nal workshops 

F 1 27 Comptle avatlable IDformatton to develojl race m~~ps 

o bjecbve 1 T ed or eldl uceyu f osses rom An u1 Le rs Ol!l ar a spot 
ActlVltv Country 1 Pnonty (1 -

lnstttuttons htgh 3 = low) 

Result Suffiaent reststant vanebes develcmed 
11 1 Encourage exchange of research resuJts among network sctentlsts 
through vtstts meetiDgs and pubhcauons 

11 2 Conduct mhentance studtes 
11 3 Develop acceptable large seeded ALS reststant vaneues muJttply 
and dtstnbute seed of the vaneues to farmers 

11 4 Encourage breedtng for wtde adaptatton 
IJ 5 Multtply dtstnbute and use CIA T dtfferenttals to determme 

_ll8thogen dtversttv 
11 6 Complete charactenzat10n of pathogen dtverstty ID countnes not 
done 

IJ 7 Conserve representattve tsoJates of the ALS pathogen ID duphcates 
JI 8 Encourage use of arbfictaliDoculatton wtth charactenzed tsolates 
representtng extsttng pathogen dtverstty 

JI 9 Conduct genettc studtes to tdenttfY host reststance genes 

Results Appropnate cultural pracbces developed 
11 10 lnvesttgate use of mformal seed muJttphcatton and seed 
dtstnbutton charmels m the productton and use of clean seed 

JI 11 Conduct research on cultural control jlfacttces 
11 12 Hold meettngs field days and estabhsh on farm research to 
strengthen researcher-extenston fanner hnkages 
1 J J3 Conduct studtes m sorne countnes m the use of mtXtures m ALS 
control 

1 1 14 Exchange seed of restStant componentslhnes among collaborators 
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Ob•ecbveC To reduce Vleld loss dueto Anthracnose 

r 

Act1v11) 
Country 1 Pnonty 
lnstltutwn 

l=h•gh 3 = 
low 

Result Farmers grow anthracnose res1stant vanetles 

C 1 1 Complete evaluatlon of avrulable germplasm m most countnes 1 

C 1 2 Make res•stant germplasm avaliable to breeders 1 

C 1 3 lnclude res1stant germplasm m PADN and evaluate m all 1 
collaboratmg countnes 

C 1 4 Develop race maps m each country 1 

C 1 5 Multlply and distnbute seed of differentlal cultwars 3 

C 1 6 Complete race studies of anthracnose pathogen m Eth10p1a 1 
Tanzama and m1t1ate surular studies m other countnes 

C 1 7 F ac1htate poten ti al can di dates to undertake thes1s research 2 

C 1 8 GJVe more pnonty to res•stance breeding 2 

C 1 9 Complete ongomg y¡eld loss studies (Ethwp•a Tanzan1a) 1 

e 1 1 o Generate IDformatlon on y¡eld loss ID anthracnose prone 2 
countnes 

C 1 11 Compare survey data WJth results from y¡eld loss studies m 1 
few farms and make extrapolatlons 

C 1 12 Complete ongoiDg anthracnose surveys m all countnes 2 

Results Integrated control methods avaliable Farmers use recommended cultural pracbces Farmers 
use clean seed 

C 1 13 Gwe more attentlon to lntegrated Dlsease Management (lDM) 1 
ID all countnes 

C 1 14 Document mformatlon on practlcal IDM components so that 1 
they are access1ble to potentlal users 

C 1 15 Teach and encourage farmers to select and use clean seed for 2 
plantmg 

Result Research on antbracnose m Afnca 1s adequate 

e 1 16 Develop and use techmques and facilities for short and long 2 
term storage of anthracnose pathogen cultures 

C 1 1 7 Develop an Afrtcan bean researcher newsletter for exchange of 1 
mformallon 

C 1 18 Appomt pathologists m countnes haviDg none 1 
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C 1 19 Complete race studles of anthracnose pathogen and exchange 1 
results 

C 1 20 Screen for muluple dlsease res1stance m all countnes 2 

o bJecúve P To red uce }'leld losses due to ascocbyta m tbe l:ligblands 

ActlVIty Country 1 Pnonty 
lnslltutwn (1 =h•gh 3 = 

low) 

Results Res1stant cultlvars developed Oean seed avadable 

PI 1 E\aluate sources ofres1stance to ascochyta agamst other maJor 2 
d1seases 

P 1 2 Pay attenllon to ascochyta screenmg m countnes where 11 may 2 
not be a maJor <hsease 

P 1 3 Conduct trammg on ascochyta research methods 3 

P 1 4 Share WJth other countnes mformallon generated m lead 1 
countnes 

P 1 5 ln111ate appropnate and complementary studles m collaboratmg 2 
countnes where ascochyta 1s 11Dportant 

P 1 6 Develop cul!lvars res1stant to ascochyta and make seed of the 1 
cul!lvars avadable to other researchers and farmers 

Result Reduced secondary spread and carry over 

P 1 7 Conllnue to •den!lcy appropnate IDM components and 1 
packages 

Ob IJectlve R T ed or eldl d uce }'lj oss ueto R R AshS oot ots ty tem bl h d F 1g1 tan usanum Wl 1 t 

ActlVItv Country 1 Pnonty (1 = 
lnsUtullon h1gh 3 = low) 

Result Known effeetlve cultural praetlces adopted 

R 1 1 Prepare and use pubhcallons m dlssemma!lon of effecuve CIAT 1 
cultural management technologtes 

R 1 2 Strengthen research extens1on farmer lntkages KE UG RW 3 

R 1 3 Tram extens1on workers and farmers on effecuve cultural KE UG RW 2 
management pracuces 

Result Informatlon on the effects of dlfferent cultural praetlces on IDM of RR, VW and MACR 
avadable 

Rl 4 Study the effects of sml amendments on VW and MACR AH! KE RW UG 1 
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RI 5 Conduct studtes on the long temt effect of s01l amendtnents on KE RW UG AH! 1 
VW MACR and RR 

R 1 6 Evaluate other locally avadable s01l amendtnents AH! KE UG RW 1 

RI 7 Detenrune croppmg sequences and therr effects on RR & VW AH! KE UG 3 
andMACR RW 

R 1 8 Evaluate cultural praclices and therr effects wben apphed m do 1 
combmalion 

Result Adapted vanebes resJstant to RR, VW and MACR avadable 

RI 9 Screen more germplasm ongmatmg from dtfferent geograph1cal KE RW UG SU 1 
sources BU ZR 

R 1 10 Conduct pathogen dtvers1ty studtes on the fusanum wdt KE UG RW ZR, 2 
pathogen BU 

RI 11 Estabhsh further 1f chmbers are more resiSIImt to RR, VW and KE RW UG 2 
MACR than bush beans 

Rl 12 Conlinue unprovement oflocal vanetles m RW KE and UG RW KE UG 1 
and extended th1s to cover other countnes 

R 1 13 Conduct more on farm evaluations of non 1 gene resisiimt UG RW KE 2 
cultivars 

RI 14 Conduct more on farm tnals ofboth large and small seeded KE UG RW 1 2 
res1s1Imt culuvars 

RI 15 Use a multidtsciplmary approach to evaluate mteract1ons ET TZ KE RW 2 
between s01l fertihty RR, VW MACR and bean stem maggot 

R 1 16 Conduct formal surveys to develop dtsease maps KE ZR,UG TZ 2 
ET 

R 1 17 ldentity SI tes for evaluatmg res1s1Imce of germplasm agamst 2 
RR, VW and MACR 

Result Researchers tramed and collaborabon 1rnproved 

Rl 18 Conduct fonnal trammg on diagnosis and research CIAT 1 
methodology 

R 1 19 Strengthen eXIsling regmnal collaborauve hnks and deve1op CIAT NPs 2 
new ones With SCienusts m other areas 

R 1 20 Estabhsh unporlimce of these dtseases and create awareness m CIAT NPs 2 
other areas 
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~JI ve o Ob ecU U T red tbel d uce osses ue to rus 1 el OW ecODOIDIC tmportance ev 

ActJVJty CounUy/ Pnonty(l = 
lnstttuuon lugh 3 = low) 

Result Farmers use reststant vaneUes 

U 1 1 Develop muluple dtsease resiSiant cu!Uvars MD KE TZ,SA 1 

U 1 2 Conduct research on durable reststance ET KESA 1 

Ul 3 Evaluate and exchange results ofthe Rust Reg¡onal NursCJY KE MD ET SA 1 

U 1 4 Charactenze pathogen dtverstty of the rust pathogen m the ALL 1 
reg10n 

U 1 5 Momtor populauon shtfts of prevalent races over Ume ET MD 2 

U 1 6 Momtor long dtstance dispersa! and rust 101grauon 

Result Use of cost effecUve control measures (food beans) 

U 1 7 Establtsh qualttauve and quanUtative yteld losses MD KE ZW 2 

U 1 8 Develop yteld loss models and valtdate them under wtder ET MD KE TZ, 2 
enwonrnents SA 

U 1 9 Produce extenston leaflets on rust management KE ET MD 1 

Result Decrease lield moculum 

U 1 1 O Conduct research on mtegraung IDM components ET MD 1 

Ul 11 Compile avatlable IDM components ET MD 2 

Result Decrease rebanee on pesttades m snap bean production 

Ul 12 Develop IDM strateg¡es to control rust on snap beans KEZW 3 

U 1 13 Study eptdermology of rust on snap beans KE ZW 2 

Result General 

Ul 14 Tram techmcal personnel on rust research methods ALL 2 

U 1 15 Strengthen contacts wtth NRI and other advanced lalts ALL 3 

U 1 16 lmUate rust sub projects m SADC SA.ZW TZ 1 
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PUBLICATIONS OF THE NETWORK ON Bl AN RESEARCH IN AFRICA 

Workshop Senes 

No 1 

No 2 

No 3 

No 4 

No 5 

No 6 

No 7 

No 8 

No 9 

No 10 

No 11 

No 12 

No 13 

No 14 

No 15 

No 16 

No 17 

ProceediDg ofthe Bean Fly Workshop Arusha lanzarua 16 20 November 1986 

ProceediDg of a Workshop on Bean Research m Eastern Afnca Mukono Uganda 22 25 June 
1986 

ProceediDg of a Workshop on S01l FertJhty Research for Bean Cropp1Dg Systems ID Afnca. AddJs 
Ababa Etluop1a, 5 9 September 1988 

ProceedJng of a Workshop on Bean Vanetal lmprovement ID Afnca. Maseru Lesotho 30 
January 2 February 1989 

Actes du Tro•s•eme Senunatre RegiOnal sur l Amehorauon du Hancol daos la Reg10n des 
Grands Lacs K1gah Rwanda 18 21 Novembre 1987 

Proceedmgs of F1rst SADCC Reg~onal Bean Research Workshop Mbabane Swaz¡land, 4 7 
Oclober 1989 

Proceedmgs of Second Workshop on Bean Research m Eastern Afnca Nrurob• 5 8 March 1990 

Actes de 1 Ateher sur la Fnrnuon B10log~que d Azote du Hancot en Afnque Rubona, Rwanda, 
27 29 October 1988 

Acles du Qualneme Sem1natre RegiOnal sur 1 AmehoraUon du Hancot daos la Reg~on des 
Grands Lacs Bukavu Za1re 21 25 Novembre 1988 

ProceedJng of a Workshop on Nauonal Research Planrung for Bean ProducUon m Uganda, 
Kampala Uganda 28 January 1 February 1991 

ProceedJng of the F1rst Meetmg of the Pan Afncan Worlung Group on Bean Entomology 
Nauob1 Kenya 6 9 August 1989 

Progress ID Improvemenl of Common Bean m Eastern and Southern Afnca ProceedJngs of the 
Nmth SUA/CRSP and Second SADCC/CIAT Bean Research Workshop Morogoro Tanzarua, 
17 22 September 1990 

ProceedJng of a Workmg Group MeeiiDg on V1rus D1seases of Beans and Cowpea m Afnca 
Kampala, Uganda, January 17 21 1990 

ProceediDg of the Fust Meetmg of the SADCCJCIAT Worlung Group on Drought m Beans 
Harare Z1mbabwe May 9 11 1988 

ProceedJng of the Fmt Pan Afncan Worlung Group Meeung on Anthracnose of Beans Ambo 
Eth10p1a, February 17 23 1991 

Acles du Cmqmeme SemiDaJre Reg1onal sur 1 Amel!oraUon du Hancot daos la Reg~on des 
Grands Lacs BUJUillbura, BurundJ 13 18 Novembre 1989 

Actes du S1x1eme Senunatre Reg10nal sur 1 Amel!orauon du Hancot daos la Reg10n des Grands 
lacs 21 25 Janv1er 1991 
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No 18 

No 19 

No 20 

No 21 

No 22 

No 23 

No 24 

No 25 

No 26 

No 27 

No 28 

No 29 

No 30 

No 31 

No 32 

No 33 

No 34 

No 35 

No 36 

No 37 

Acles de la Conference sur le Lancemenl des Vaneles la Producuon el la Dastnbutaon de 
Semames de Hancot dans la Regaon des Grands Lacs Goma Zaare 2 4 Novembre 1989 

Recommendalaons of Workmg Groups on Croppmg Syslems and Sotl Fertthty Research for Bean 
Produclton Systems Naaroba Kenya 12 14 February 1990 1 

Proceedmg of Farsl Afncan Bean Palhology Workshop K.Jgala Rwanda 14 16 November 1987 

Sotl Feruhty Research for Maaze and Bean Produc\lon Systems of the Eastem Afnca Hlghlands 
Proceedmgs ofa Workmg Group Meeung Thtka Kenya 1-4 Seplember 1992 

Acles de 1 Aleher sur les Strategaes de Seleclaon Vanetale dans la Regaon des Grands Lacs 
Kagah Rwanda 17 20 Janvaer 1991 

Proceedang of lhe Pan Afncan Palhology Workmg Group Meelmg Thaka 1 Kenya 26 30 May 
1992 

Proceedmg of a Bean Research Planmng m Tanzama Uyole Research Centre 18 24 May 1992 

Second Meelmg of ú1e Pan Afncan Workmg Group on Bean Enlomology Harare 19 22 
Seplember 1993 

Bean hnprovemenl for Low Feruhty Soals m Afnca Proceedmgs of a Workmg Group Meeung 
Kampala Uganda 23 26 May 1994 

Thard SADC/CIAT Bean Research Workshop Mbabane Swazaland 5 7 October 1992 

Proceedmgs of Tlurd Multadascaphnary Workshop on Bean Research m Easlem Afnca Thtka 
Kenya 19 22 Apnl 1993 

SADC Workmg Group Meelmg of Bean Breeders Lalongwe Malawa 26 29 Seplember 1994 

Regaonal Planmng of lhe Bean Research Network m Southem Afnca Mangocha Malawa 6 8 
March 1991 

Fourth SADC Regaonal Bean Research Workshop Potchefstroom Soulh Afnca 2 4 October 
1995 

Altemauve Approaches lo Bean Seed Productaon and Dastnbuuon m Eastem and Southem 
Afnca Proceedmgs ofa Workmg Group Meelmg Kampala Uganda 10-13 October 1994 

Eastem Afnca Workmg Group Meeung on Bean Breedmg Kampala Uganda, 30 May 1994 

Pan Afnca Workmg Group on Baclenal and Varal Daseases of Bean Kampala Uganda 13 16 
June 1994 1 

Senunaare Regaonal Restreml du RESAPAC tenu a Bukavu du 25 au 27 Jany¡er 1995 

VIII Semanaare Regaonal du RESAPAC tenu a Mukono Uganda, du 5 au 8 Novembre 1995 

Second Pan Afnca Workmg Group on Fungal Daseases of Bean Kakamega Kenya 5 8 June 
1995 
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Occas1onal Pubhcat1ons Senes 

No 1 

No 2 

No 3A 

No 3B 

No 4 

No 5 

No 6 

No 7 

No 8 

No 9 

No 10 

No 11 

No 12 

No 13 

No 14 

No 15 

No 16 

No 17 

No 18 

Agromyz~d Pests of Trop1cal Food Legumes a B1bhography 

CIA T Trammg m Afnca 

Fust Afncan Bean Y1eld and Adaptauon Nursery (AFBY AN 1) Part 1 Perfonnance m 
IndiVIdual Envuonments 

Fust Afncan Bean Y1eld and Adaptabon Nursery (AFBY AN 1) Part JI Perfonnance across 
Envuonments 

Assessment of Y •eld Loss caused by B10Uc Stress on Beans m Afnca 

Interpretauon of Follar Nutnent Aualys1s m Bean the D1agnos1s and Recommendauon 
Integrated System 

The Banana Bean lntercroppmg System m Kagera Reg~on of Tanzarua Results of a D1agnosuc 
Survey 

Bean S le m Maggot Research Methods A T rammg Course al BuJumbura Burundl 1 8 
November 1991 

On Farm Slorage Losses lo Bean Brucluds and Farmers Control Straleg1es A Travelhng 
Workshop m Eastem and Southem Afnca 

A Trammg Manual for Bean Research 

Bean Gennplasm Conservauon based on Seed D1ymg Wlth S1hca Gel and Low Mmsture Storage 

Afncan Bean Producuon Envuonments The1r Defiruuon, Charactensucs and Constramts 

Intenslfymg Product10n among Smallholder Fanners The lmpact of Improved Chmbmg Beans 
mRwanda 

Analys•s of Bean Seed Channels m the Great Lakes Reg~on South Klvu Zrure Southem 
R wanda. and Select Bean Growmg Zones of Bunmdl 

Second Afncan Bean Y1eld and Adaptabon Nursery (AFBY AN 11) 

Enhancmg Small Fann Seed Systems Pnnc1ples denved from Bean Research m the Great Lakes 
Reg10n L Sperhng U Sche1degger and R Buru¡ hara 30p 

Les recherches muluenvuonmentales sur hancots elfectuees au Rwanda de 1985 a 1990 P 
Nyabyenda 

Pmnt de la recbercbe muluenvlronmentale sur hancot au Rwanda JUSQU en 1993 P Nyabyenda 

Synthese des rapports prehnnna•res et defimllfs des sous proJels de recherche reg~oual du 
RESAPAC pour 1994 1995 P Nyabyenda 
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No 19 

No 20 

No 21 

No 22 

No 23 

No 24 

Repnnt Senes 

No 1 

No 2 

No 3 

No 4 

No 5 

No 6 

No 7 

No 8 

No 9 

An lnvesllgatiOn of Alternauve Bean Seed Marketing Channels ID U ganda S Dav1d S Kasoz1 
and C Wortmann 

The lnd1genous ChmbiDg Bean System ID Mbale D1stnct of Uganda w1th Emphas1s on the 
Adopt10n of New Vanelles and Genet1c D1versuy M Hoogend1]k and S Dav1d 

D1ssenuna11on and Adopllon of New Technolo¡o A Rev1ew of Expenences ID Bean Research ID 

Eastem and Central Afnca 1992 1996 S Dav1d 

Snap Bean Seed ProductiOn and D1ssem1Dallon Channels ID Kenya M Kamau 

A Survey on lnsect Pests and Fanners Control Measures on Snap Beans ID Kmnyaga D1stnct 
Kenya J H Ndentu J J Anyango and J K O Ampofo 

Soc10-economlc survey of three bean growmg areas of Malaw1 J Scott and M Ma1dem 

Comrnon beans ID Afnca and thelf constramts D J Allen M Dessert P Trutmann and J Voss 
P 9 31 ID H F Schwartz and M A Pastor Corrales (eds) Bean Producllon Problems ID the 
Trop1cs 2nd Ed CIA T Cah Colomb1a 1989 

lnsects and other pests ID Afnca A K Karel and A Autnque P 455 504 m 1 H F Schwartz and 
1 

M A Pastor Corrales (eds) Bean Producuon Problems ID the Trop1cs 2nd Ed CIAT Cah 
Colomb1a 1989 

D1agnos1s and correct10n of sml nutnent problems of common bean (Phaseo/us vulgar~s) ID the 
Usambara Mountams of Tanzama J B Sm1thson O T Ed¡e and K E G11ler J Agnc Se• 
120233 240 1993 

1 

Banana and bean mtercropp1Dg research factms affectmg bean y1eld and land use effic•ency 
C S Wortmann T Sengooba and S Kyamanywa Expl Agnc 28 287 294 1992 and 
The banana bean Jntercropp1Dg system bean genotype X cropp1Dg system mteractJons e S 
WortJnann and T Sengooba F1eld Crops Research 31 19 25 1993 

Contnbut10n of bean morphologJcal charactensucs to weed suppress10n C S Worunann Agron 
J 85(4) 840 843 1993 

The dynanucs of adopt10n dJstnbutJOn and mortahty of bean vanet•es among small fanners m 
Rwanda L Sperhng and M E LoeviDsohn Agnc Systems 41 441-453 1993 1 

Bean s•eviDg a poss•ble control measure for the dned bean beetles Acanthosceildes obtectus 
(Say)(Coleroptera Brucludae) M S Nahdy J Stored Prod Res 30 65 69 1994 and 
An add1llonal character for sexmg the adults of the dned bean beetle Acanthosceildes obtectus 
(Say)(Coleroptera Brucludae) M S Nahdy J Stored Prod Res 30 61-63 1994 

Crotalar~a ochroleuca as a green manure crop ID Uganda C S Wortmann M lsabuye and S 
Musa Afncan Crop Sc~ence J 2 55-61 1994 

Retlunkmg the farmer s role ID plant breediDg local bean experts and on stat10n selecuon ID 

Rwanda L Sperhng M E LoeviDsohn and B Ntabomvura Expl Agnc 29 509 519 1993 
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No 10 

No 11 

No !la 

No !lb 

No llc 

No lid 

No lle 

No llf 

No llg 

No 12 

No 13 

No 14 

No 15 

No !Sa 

ToXJc concentrauons of 1ron and manganese ID leaves of Phaseo/us vulgariS L growiDg on 
freely-draiDed smls of pH 6 5 ID Northem Tanz.uua K E G11ler F Anu¡ee S J Brodnck, S P 
McGralh C Muslu O T Ed¡e and J B Snnlhson Connnurucauons ID Sml Sc1ence and Plan! 
Analys•s 23 (15&16) 1663 1669 1992 

Overconnng bean producuon constraiDts ID the Great Lakes reg10n of Afnca mtegratmg pest 
management strateg¡es Wllh geneuc dlvers1ty of tradlUonal vanetaJ m1xtures A set of the 
followmg seven pubbcatwns 

The 1mpact of palhogens and arlhropod pests on connnon bean producUon ID R wanda P 
Truunann and Graf W lntemaUonal Journal ofPest Management 39(3) 328 333 1993 

Management of connnon bean d1seases by farmers m lhe central Afncan lughlands P Truunann 
J Voss and J Fauhead Intemat10nal Journal ofPest Management 39(3) 334 342 1993 

Local knowledge and farmer percept10ns of bean dlseases m lhe central Afncan h1ghlands P 
Trutmann J Voss and J Frurhead Agnculture and Human Values Vol 13 1996 

01sease control and s•nall mu!Uphcauon plots 1mprove seed quahty and small farro dry bean 
y¡elds m Central Afnca P Truunann and E Kay¡tare Journal of Apphed Seed Producuon 9 36 
40 1991 

Managmg angular leaf spot on common bean m Afnca by supplemenUng fanner m•xtures Wllh 
res1stant vaneues M M PyndJI and P Trutmann Plan! 01sease 76 1144 1147 1992 

Parual replacement of local common bean nnxtures by h1gh y•eldmg angular leaf spot res1stant 
vaneues to conserve local geneuc d1vefSlty whlle mcreasmg y1eld P Trutmann and M M 
Pynd¡1 Annals of Apphed 810logy 125 45 52 IJ94 

Seed treatments mcrease y1eld of fanner vanetal field bean mixtures m the central Afncan 
h1ghlands through muluple d1sease and beanfly control P Trutmann K B Paul and O 
Clshahayo Crop Protect10n 1992 458-464 

A F Op1o J M Ten and O J Allen 1993 Studles on seed transmlSSIOn of Xanthomonas 
campestns pv phaseob m common beans m Ugru1da Afr Crop Sc1ence J 1(1) 59-<;7 and 
A F Op10 O J Allen and J M Ten 1996 Palhogemc vanauon m Xanthomonas campeslrls 
pv phaseo/1 the causal agent of connnon bactenal bhght m Phaseo/us beans Plant Palhology 
45 1126 1133 

O Z Mukoko N W Galwey and O J Allen 1 )95 Oevelopmg cu!Uvars of the common bean 
(Phaseolus vulgariS L ) for southem Afnca bean common mosa1c VIruS res1stance consumer 
preferences and agronom1c requuements F1eld Crops Research 40 165 177 and 
O Z Mukoko and N W Galwey 1995 Breedmg lhe common bean (Phaseo/us vulgans L ) for 
res•stance to bean common mosa1c VIrus altemauves to backcrossmg EuphyUca 82 91 104 

C S Wortmann HE Gndley and S M Musaana 1996 Seed y1eld and stab•hty of bean 
mulllhne F1eld Crops Research 46 153 159 

Sml fert1hty 1nanagement ID bean product10n systems m Afnca A set of three pubbcatwns 

C S Wortmann L Lunze V A Ochwoh and J Lynch 1995 Bean 1mprovement for low fert1hty 
smls m Afnca Afncan Crop Sc1ence Joumal Vol 3 (4) 469-477 
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e S Wortmann H F Schruer and A W Munulu 1996 Esumauon of the feruhzer response of 
matze and bean mtercroppmg usmg sole crop re -ponse equatwns Afncan erop Scaence Journal 
Vol 4 (1) 51 55 

P Drechsel B Mutwewmgabo F Hagedom and e S Wonmarm 1996 Soal and fohar 
phosphorus detemunallon m Rwanda procedures and mterpretauon Afncan erop Scaence 
Journal Vol 4 (2) 167 175 
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