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ommon bean Pha eolu vulgari L. i the prim ry ur o di tar prot in in 

R~ anda. limbing bean are important r inten ificd pr du ti n du to their high 

pr du ti it) (3- old of the bu h typ ) and adaptation under th a ute car it f 

ulti able land ndirion in Rv anda. !lowe er. th 

culti ars: mu ano G2333 , uninkingi 685) and 

omm r ial limbing b an 

gwinurar· C9/1-2 lack d 

multiple re i tanc to major oil-borne and foliar fungal di e e like, P 1thium root r t, 

Fu. arium wilt, angular leaf pot and anthra no e· and/or market-pr fl rred red-m ttled 

or red eed-typ . Fu ·arium' ilt rF. oxy. •porumf p. pha. eoli in panicular cau ed the 

abandonment of muban culti ar that was the m t p pularl ad pted (0\er %) 

among the farmer in Rv anda. 

The obj eli es ofthi tudy v ere ther fore to: 

i) Determine the nature of inheritance of r istance again t Fu. arlum "' ilt di ea e in 

climbing bean , and 

11 elect high ielding climbing bean line that combined multipl r si tance again t 

angular I af p t, anthra no e and root rots ' ith the marketable red or red-m ttl d 

eed-types. 

To a hie e the fir t objecti e, t' o ur e of rc i tance to Fu arium " ill: 85 

and Flora ' ere crossed to the su eptible culti ar, 2333, in ingle and ba kcr 

arrangement. he parent , progenie of 1, F2 and the back ro e were e aluated fi r 

Fusarium " ilt reaction at a hot- pot rccning site in Runyin a I ation in Rwanda. 

The trial ' a replicated in a glas hou at abete field tation u ing potted terile il. 

Injured root tip of 10 a old eedling v ere inoculated Fu arium i olate (FOP-R\\2) 

at a con tration of l 06 conidia mr1
• Th erit of Fusarium wilt a rated at 2 day 

after inoculati n u ing the l T cale o I - 9: where I - 3 repre nt resi tant. 4 -

intermediate and 7- 9 i u c ptible reaction . 

The hi- quare anal i (p<S% pro ed g dne of fit into the Mendelian 

egregation : the F, back ross to the re i tant parent and the •2 progenie from the 

donor paren were all re i tant. All the F2 of the su ceptible and resistant par n 

egregated in the ratio of 3 re i tan(: I u ceptible, hile the ba kcro pro genie t the 

u eptible parent gregated in the ratio of I re i tant: I su c ptibl . B applying the 
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prop d b earse t at (I against Fusarium 

itt\: as 9 .7%. h r re, th inhcritanc fthe re i tan e I u ptibilit> t Fu·arium 

will i onditi ned b a major dominant g ne that i hi hi) heritable. It i thu 

a hie able b backcro ele tion. 

By ob rving and re-i olati n of th path gen fr m infi t d as ul r f 

th lo' er tem at 2 nd 5 da)' after in ulation, the rate f erti at ·pread f the 

pathogen ' as found to be 4 time ptible than in the rc i tant plan . 

Damaged tap roots of ·orne su c ptibl plan de cl ped nc\ c ondary ad entiti u 

roo on the h pocotyl . This implie that there i tance mechani m to Furarium ilt i 

related v ith pre ence of certain natural or indu ed ph) i al or hemical barri r in lh 

re i tant plan . Tolerance i a hie ed through formation of compen at r r t in 

some su c ptible plant . 

To attain th ec nd objecti e multiple-parent cro e v ere made to reate ele en 

heterogam tic (for re i tan e and eed ty ) populations. Th 1 2 plant familie and 

tho e of sub quent generation v ere 

epiphytotic condition at Gikongoro (r t rot ), t ndezi r t rot anthracn e). 

Rwerere (anthracno e) and Rub na (angular leaf pot ite in rotation. Pedigree ' as 

u ed to sele t re i tantline at each ite, u ing the I T rating cale of I - 9. 

At F7 the 66 line that had a ceptable ield , di ease r i tance and eed t pe 

attributes \ ith 8 parental. lo at and impro ed chc k v ere planted for advanced 

r plicated ield trial at Rwerere (2300 m I and Rubona (1700 mast) I R re car h 

tat ions. 

OV re ealed igniticant inrera ti n and differ nee in yield and 

maturity p ds per plant, pod load· and sec mas and size within and a ro the ite (p 

< % with higher mean ob erved at Rv erer . Thirt -three elite line (F ) that had the 

mo t marketable red or red-mottled eed t p s be ide high yi ld rang of 2.5 - 4.5 ton 

ha·'or IOlo/oto 141%oftheimpro ed h k andmultiplere i tancetoatlea t2 fthc 

3 di ease were elected. Th y offer the opportunit for release to farmers and to 

replace old climbing ean culti ar in R anda in near-future. 
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l.OI R 

1.1 Di ta ry imp f b n 

Th c mm n bean (Phaveolu' \Uigari L. : 2n = 2x - 22). at lied fl d, 

field. haricot. dry. kidn , French, nap r Ph olu bean . th m t important 

edible put e in the world Deb uck, 199 . ll i th lc ding tapl after m iz in 

and ntral rica REC , 19 5. In ria. ab ut milli n he tar fbean are 

culti ated annually with production of2 milli n ton ( hri pc I e/ a/., 2 3 form r 

than 100 million con umer : mo tl there urce-po r rural and I ' tom dium in m 

earner in urban area . 

In Rv anda. b an are eaten cooked dry or fre h grain; green leave or p d 

nearl all in Rwanda. hey on titute 8 % fthe put e and 65% ftotal plant and of 

the carce and e, pen i e animal ource f protein diets (Londh no, 1980, p rling el 

a/ 1992· T 2007). B an aJ o c ntribute generou amount of nerg (32%): 

and of micronutrients; ir n, zin and itamin A and B that pr mote normal human 

bod and ogniti e ean are parti ularl rucial 

complement in dail diet f the rural r ourc -p r 

that make about 91% of the countr ' p pulation. ue to their di er ified nutriti nal 

content and pr dominant protein supply in Rwandan die , b an are regarded as a near­

p rfect food ( I T. 1995 . and a the meat for the or perling eta/, 1992). 

1.2 Produ ti n and demand fi r bean in R anda 

urrentl . bean are int n i ely ulti at d on 320 00 ha. or ab ut 30% f the arable 

land. Annual producti n averaged about 232.000 t n b twe n 19 0 and 2006 Fig. I . 

On-farm produ ti ity 800 kg ha·' i lo~ and onl fi e time I than the i ld 

p tential of cl imbing bean realised on r earch tati n . hough p r apita 

f b an i one r the high t in a t m and mral frica. R anda 

imports a out 60. of additi nat grain annually from th neighb ring 

ountrie in rd r to me t the additional internal con umer demand of I 50.000 t nne 

Ferri eta/, 2002 . hi is partly used by elevat d per capita con umption of SO - 60 

kg, one of the highe tin the world (about 3 time higher than frica' a erage). 
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Ferri et a/ 20 2) and th 

double to a ut 30 0 ton b the ear 2 2 . if th urr nt I \\ tr nd 

d n't impr 
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Fig I. Quantity of bean produ ed in Ro,: anda Mnuall> bet\ een I 80 and 2 6 
ource: FA TAT, 2007) 

1.3 limbing bean and their importao in Rwanda 

Morphologically, the common an i cia ified b gro' h habit into the d terminate 

bu h and the indeterminate climbing typ . Until re entl , impro ed lim ing bean 

\\-ere onfined to the higher altitude z ne , b y nd 1700 m I, but th are 

e tending to the lo er altitude zones. heir rate of ad ption b the farmer has teadil 

increase rom und r -% in 19 to 65% ( fuga et a/. 2005: Mu oni et a/. 200 I . 

he indetcrminat m rphol gy and ar hitecture f the climbing bean are po iti 

iated "ith th high yi ld p tential f 3 to - t ha' 1 (three- fold the ield of the u h 

beans and to better toleran e to bioti tre es than the bu h bean ( perling et a/., 

1992). 

The higher pr ducti ity allow inten ified pr duction of bean that in tum a e 

land on which complementary tarch cr p and eg table are gro>v n (Vo et a/, 
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1) hil th ir ta ge d m turil) 'th 1 ad in and 

con umption of lea nd grain and en ur di r ifi d nutriti n nd impr d 

h h ld fi d uppl> through ut a gr \ in_ n. fh high r pr du tivit f 

climbing b an ha at induced R\ and f rmer ur) 

to in t into planting f: gr ' in and regenerating -fi ing tre like Leu a na. 

Calliandra . bonia and om gras 

ard r in order to o t in stake that in addition pr t t the 

idue impro e oil fi rtility, uppl ment animal f1 d and pr id 

u oni et a/, 2001 ). 

1.4. onstraint of lim bing bean produ tioo in R' anda 

and ann 

ion, th ir 

king en rg · 

Th constrain of b an production ar bioti , a iotic and ocio-ec nomic. The 

di ase : angular I af pot (Phaeoi ariopsis gri eo/a . root r t cau ed b compte.· of 

oil path gen particular! P lhium, Fu arium and Rhi= Ionia p ie . and 

anthracno e ( olletotri um lindemuthiunum) are lh most imp rtant fungal di a e in 

th high ' t and cool altitud (o er 1700 masl v her limbing bean are mo t 

adapted (Wortmann, 1998). Th cau e annual yield to of 219 575 t n, equi alent to 

89 million in Rv anda that a count for 52% of the total grain i ld to s attribut d 

to all the bioti and abiotic tre e (Trutmann eta/., 1 93 · W rtmann era/, 1998). 

The lack of varietie that ha e the ppropriat market d-types lead to lo or 

p r adoption of the arietie among th farmer . irrespe ti e of ha ing high i ld . 

his in turn contribut to the I produ ti ity. f the 9 maj r market eta e , nearl 

all the comm rcial bean culti ar in Eastern Afri a are mo p pular red-mottled r red-

ceded (e.g. rugezi RWR 1312 I G 2, L 6, amungu 90 K20. g inurar 

and yamungu 85). B ide th ir ulinar attribut . the fitch pr mium on urban 

markets. H e er the are large! · of th bu h l p and th proportion of the high 

iclding clim ing typ is er in ignific nt Kimani eta/ 200 ). 

Angular leaf p l, anthra no e P thium root r t and Fu ·arium ' ilt di ease ma 

b controlled b eed treatment. good cultural practice , u e f re i tant arietie and 

oil fertility impro ment ( lien et of., 19 6; 1990: uruchara eta/., 19 2, Trutmann 1 

a/., 1993 . While chemical contr I i th m t efTe ti e, the fungicid are expen i e, 
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and often not readily a ailabl t there ur c rf< nn . Be id thi th h mi L 

are d trim ntal to th I ng t nn tabilit~ and u tain bilil 

em and o the en ir nm nt rie 1 a/ .. 200 I . 

Fall \\ and crop r tation ar m re fea i lc. but ar le t pra ti d arable land i 

dimini hed in Rwanda 0.7 ha p r hou hold ( hri pc l 1 a/. 2003). h u • of 

di ease re i tant cult i ar i th re ore m 

hold r fanner . Duet the holi ti and yn 

the arne en ironment Kirkb el a/ , I 

fe ibl t the mall-

m plant h tin 

are 

e en more de irable than ingle re i tant n Kimani eta/., 2 0 . 

1. tatem nt of the pr blcm 

The comm rcial c limbing bean culti ars: muban 23 3). uninkingi 68 ) and 

g\i inurare (59/1-2 that were released in R\ anda b came u c ptibl to rampant and 

de astating il-bome and foliar fungal di ase : angular I a t. P thium root r L 

Fusarium " ilt and/or anthracno e, whi h r duced th ir ield in farmer ' fie lds. h y 

lacked the mo t market-preferred red-mottled r r d d-typ • thus contributing little 

to the farmer · inc me. The chance their wider adaptation and adoption and 

commercialization w re greatl reduced. 

Fu arium \ i It (F. OX}' •p rom f. :p. pho. eo h) in particular au ed the 

abandonment of Umubano, wh ich was the most p pularly ad pled (ov r 80%) b the 

farmers in Rwanda. There i a kno-. ledge gap about the genetic and the inheritan e of 

there i tance aga in t th lo al train of the disea in Rv anda and ea rn Africa. hi 

complicate the trateg of impro ement or breeding nd deployment material that are 

re i tant again t th di eas in R-.: anda and e t m Afri a. wh r the di eas 

pre alent. he u e f multiple di ease rc i tant culti ar with marketable e d traits i 

more likel to benefit farme as it lo\! er production co t maximize ield and 

income earning opp rtunities. 

1.6 Objectives and b pothe e f the tud 

The general objecti e of the tud wast id ntiJy uperior climbing bean line that v ill 

sub equently assi t fanner to increase can producti it and incomes. 
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The pecifi bj cti e ofthe tud) were: 

1. To det rmin nature ofinheritan eo in climbing b• n . 

2. o ele t high ielding climbing ean line that ombinc mullipl rc i tan c 

again angular leaf pot, anthracn e, P 'lhmm root r nd Fu arium \! ilt \\ith red or 

red-mottled market grain type fr m egre ating p pulation . 

The folio' ing h pothe wer made: 

I. Re i tance again I Fu ariwn' ilt in climbing bean impl inh riled. 

-· Genetic ariabilit and sele table r ombinan for r i an e again t angular leaf 

spot, anthracno e, P thium root rots. Fu. ·arium ' ilt and. or marketabl e d type e i t 

among the d eloped ele en comple. or imple climbing bean breeding pulation . 
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2.1 ricrio of c mm o an 

Pha. eolu b an 2n=2x=22) atin merica. a ut 7. 0 to 

10, 0 year a o. Th progenitor v a wild I"\ ining ine. Pha ·eo/u ''ulga/i var 

abori ineu [Burk] Baudet ( hri el et ol .. -003: 1991. Th ere 

introduced into Africa b the ur pean nd rab e. pi rer and trade fi m Brazil and 

outh m Ande in th 16th to 17th centuri . Th genu h two 

major gene po I , Me oameri an and And an. Dome tical d in the middle Ameri a 

exico. El al ado, o ta Rica . the I i mall eeded (< 

2Sg/IOO eeds) v hile the medium and large e ded ndean g nc p ol (>2Sg/100 eed 

w r domesticated in the Andean region Peru. hile and rg ntina (0 uck eta/ .. 

1991 ). There i great d i ersity in both th e oamerican and ndean genotype in 

R\\anda. Climbing and u h bean mixtur with multiple gen type 3 to 27 . n rmall ' 

gro n by th farmers in Rwanda atte t to thi . orne landra , con id red extinct in 

th Latin American c nter of origin e i t in the untry. Rwanda i con idered an 

important cc ndar center of bean di ersit lien t a/., 19 ; perling. 2 00 . 

2.2 B tan and morph I gy f ommoo b an 

The common bean plant ha a tap root y tern that d velop econdar and tertiar 

roots that are often nodulated. he aerial, cylindrical, ub-glabr u or pu e cent t m i 

gre n. purple or pink in color. It has a ra erne infl rescencc, ' hich i terminal and 

auxiliary in the determinate and indetenninate t m , re p ti el . The flov r i 

bilaterall ymmetrical, enclo d by gr en bractcole \i hi I immatur '. he r lla 

con its of a tandard, two '"'ing and an ymmetri aJ keel, whi h heathe a uperior 

gynoecium with hair t le and androe ium of five partiall fu ed and one fre tam n. 

The olor of corolla part. u uall green, hite pink or purple. are hara teri ti fthe 

bean arietie an ch onohoven et al, 1991 . h fruit i a pod and dehi e hen 

dry. Placentation is marginal. The color and brillian : and lhe round. o al, pheri al 

or kidney hape of the eed -. ell as the structure of th hilum and mi rop.le di er 

among vari tie . h eed is non-endo p rmic. G rmination i epigeal Debouck e / a/. , 
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19 8 . Primar) lea are imple ntirc mar in . ''hi I th ndal') lea c arc 

compound trifoliate '' ith reticula I en tt n. L an h margin . The re 

born on groo ed p and ra hi . ' hi h are pul inated. tipulaL d and glabr u 

(D bouck et a/., 19 

2.3 Bi chemical comp iti nand Ia iii • tion f mm n n 

At I I% moi ture cont nt. the dr pul e h J 7-30% pr tein en ' ith me e entia I 

ulphur-amino acid (methionin . cysteine and ly ine). Th dry ed I o c ntain 

57.8% complex ugar J .6% fat, iron (ab ut 34-89 ppm zin ut 21- 4 ppm 

(4%) and g nerous amount of folic a id (Pur glo c. 1966: raham, I 96 . rc h 

lea e are rich in iron and vitamin A. Higher content of mi r nutrient in seed and 

lea e in certain bean arietie uch g' inurar • ofta. aharagi o a ha n 

rep rted (Kimani et.al, 2006; Mamiro eta/, 2006). 

Phaseolus vulgari L. i a dico I donou I guminou plant. The legumin u 

famil (Leguminosae include J 5 edibl pul uch as ybean (G/' ine max L.) 

Merr pigeon pea ( ajanu cajan L , cov pea (Vigna angui ulata L.) Walp, of' hi h 

Pha. eolu ulgari i the mo t important ~ orldwid . The famil) al in lud th 

fi ing specie uch a e ·bania, a/liadra and Leucaena pecies that ar e on mi all 

important in agrofore try, and pro i ion of the taking ' d f climbing bca . 

Phaseolus genu has several pecies. hey include four culti at d relati e : P. 

coccineu , P. pol anthu , P. lunatus and P. a utifoliu · Hidalgo eta/., 19 6 . 

The pre nee of the qua lity protein , pha eolin globulin 1), in th ir eed c at i 

characteri tic of tbi genu . Ph colin ' 'protein i a ociat d ' ith th mall e ded, 

Me omerican gene p I, while types ' and ' · ar comm ne t among th m ium 

and large eeded Andean gen p ols ( in h et a/ .. 1991: 19 ). The ndean g ne p ol 

al o tends to ha e larger lea e than th oameri an gene p I . 

2.3.1 Determinat bu h and iod termioat clirnbin gr wth habit 

In broad term , b an are cl ified b the determinate bu h and the indeterminate 

climbing type . The bush bean (Type J lla. fib and llla) ha e shorter erect t m of 

30 to 50 internode and bran he that produce terminal repr ducti e bud . Th y Jack 
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the abilit} to limb. T p lib and lila pJ nt tennin t int h rt uid nd ar mi-

detenn inate and are r f1 rred to mi lim bing. 1 p I ar • full) dcterminat . Th 

bu h bean t nd to ha e yn hr niz d earl · maturity f 70 t 

thi an in to 120 to 190 day in ler limate of 1 

D ert, 1991 . CO\ 1h ha 

ield 

da · in R ~ anda, but 

' p tcnti l 

n the hand tru climbing bean ype llf . IVa nd TVb de elop clear 

tenninal eg tati e m ri tern at 00\ erin , '' hile inn r on lat ral 

bud . hey ha e longer, I nder and weak r tern ith fe\ er intern de 2 to 30 and 

bran hes that term in at into guid . ' hi h c nfer the abili t'' ine al ng supp rt or 

take . Thu , the are at o referr d to a p lc b an . he T p IVb plant t nd to climb 

at earlier (fir t trifoliate I at) tage and yp llib tend to no, er 

clo er to the ground. he climbing bean grow o er 2 m tall when taked· other i e 

their growth is prostrate. Their growth nd d elopment i u uall 

orne stage flo ering pod fonnation and filling as v ell a maturation tage ur 

imultaneousl . 

2.4 d antage of climbing b an· over u h p 

The t\l ining hca y branching, multiple tat raJ inOor en e y tern and nhanced pod­

load (up to I 0 seed per pod) of climbing bean are me of the urvival relic 

chara teristi of the progenitor f the mmon an. a ' ild l\ inin0 in . Pha. · olus 

vulgari var. aborigineu [Burk] Baudct hrispeel et a/., 2003; 

Th e relics r late to the higher i ld potential of climbing bean o er the bu h type. 

Th clear gr v th and canop o e gr und create unfa rable mi r limate for 

di ase and weed de el pment that make climbing bean more tol rant to bi ti 

m re rational u e of land, th inten ifi ti n 

of climbing b an pr duction r du e co f Ia rand fertilizer per unit land in e the 

a ailabilit and appli ation of ertilizer i IO\\ 1.3% of the optimum rat Kell eta/, 

2002 Gahak~ a, 20 6 . 

The higher yield potential and staggered harve t compen te for the relati el late 

malurity. compared to the bu h t pe . ab ut 75 to 130 da in R\i anda. on equent l 
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climbing b n are repla in th bu h ty • n t onl in R\ nda but al 

pr ding rom R'' anda t th r hi h p t ntial ar in ub- ah r n fri with an 

a r a e of m re than I 0,0 0 h tare . limbing culti ar 

that have a rare c mbinati n of high • i ld and rly maturit m \en m r 

popular am ng farmer raf et a/. 19 I . 

2.5 r win environm o and practice f clim bin bea n 

In R\! anda. climbing bean ha e been gro\ n in po ke o northern highland f 

Ruhengeri and i en i ince the were d me tical d 300 t 400 year · ago ( lien eta/ , 

1990· 1989 . Th y repre ent one of the old t bean based cr pping y t m in fri a 

The do better under " et, cool and fi rtile conditi ns of high altitude ar between 

1400 m and 2300 m abo e ea I vel, with mean annual rainfall of 1000 mm to 2 0 

mm able I . ln R\! anda thee condition ar fulfilled in ab ut 70% of the land area, 

compri ing of northern we tern uthem and part of · a tern Pr inc . de uat 

rainfall supply is the mo critical limiting ecologi al fa t r for gr wth f climbing 

beans(Ta le 1). 

Table 1. 

Zone 
Impala 

Lake Ki u hor 

Lave Lands 

ummit 

Buberuka 

entral Plateau 

urce: ) byendn.. 19 

1460 - 1900 11-0 - 1300 

1600 - 2500 130 - 16 Volcanic 

19 0 - 250 1300 - 2000 Humica id 

1900 - 2300 1100 - 1300 Lat riti 

15 0 - 1900 1100 - 1300 
ilTerenl humic 

Climbing bean are mo tly gro' n in monoculture e peciall at high r altitude 

(2000-2300 rnasl). he are al o int rcropp d -. ith banana maize, and orghum. R Ia 

cropping aft r maiz to provid ake i al 0 common. hey are grO\! n in two m uor 

season : ( eptember - January and B (February - Jul . An otT- ea n C (Ma -

August) is u uall planted in mar hy land. eed broadcasting is more omm n than ro 

planting. A a compensatory mechani m (I r plant lo s during and after germinati n. 
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eed rat i high an ariabl , ranging n -50,0 

in pur tands on ri h soil . mmend d rat f 

200.000 alent to a ut 40 70 g I h d d of 

impro d arietie u oni t al, 200 I \\ceding i d ne nc rar I t\ ·i c, in a 

eason as maturing plant hoke w ed . 

hemical fertilizer and pra ar r rely. if at II. ppli d. nimal and f; nn ·ard 

manure i the main urces of il ferti lizati n, but i al limit d a aila ilit duet 

mall animal population in th ir ean gr v in • zon R\ anda. all ' and cr p rotation 

are limited by land hortage about 87.3% farm rs own le than I. h tare per 

household (Mugabo er a/, 2005 . Man fanners at o plant loca l arietie as the Ia k 

a ce to impro ed arieties. e e con ervati e pra tice fa r o currence f b an 

disea e and insect pe and lo of oil fertility that re ult in un ta le bean ield . 

2.6 Gen tics of lim bing gro\ tb habit 

The common bean i highly cleistogam u (over 90%). Arti 1cial out r ing 

feasible' ithin ra of a cultigen. Howe er. chance for incompatibility incr a e to a 

p ak v ith cro e tween th Me oam rican and Andean cuhigcn · the cultigen and 

their econdary and tertiary gene pool \ ild relati e ebouk er a/., 199 1 ingh •t a/., 

1991) and other w rker ob r ed that the indeterminate climbing ability i d minant 

to determinate bu h growth habit. ingle compl tely d minant gen c ntrolled 

growth habit. Th re v as coupling-ph e linkage b twc n d terminate and earl 

flov ering and a more di tant c upling-ph e linking indeterminac , late flowering and 

bea pod- load and high yield). 

2.7 limbing b an improv ment in R anda 

Traditionally climbing bean ha e b en grown in Rwanda in c their dome ti ati n 

three to four centurie ago Debouck et al. 1988). ov e er. de ad of r earch on 

climbing beans in Rwanda ince the 1970s attain d imp rtant re ul in ariet 

impro ement and agronomi management f climbing beans. 
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2 .. 1 D elopment of th fi n f lim in 

the In tutit de gron miqu 

1970 • and th am rtan e and rele an 

n\ari ti 

R t1 dg d in the I 

R'' nda 

nd 

am 

apparent, re ear h \! a initiated to reen and imp -.e I . t3 an aricti 

from neighb ring ongo and anda. as w II a nd · ur p '' r al 

introduced. Th I cal c llection and th inlrodu d line ' re e aluated for yi ld, 

di ease toleran e and or gen raJ adaptation in n- ation and in n-farm multi­

location trials for se raJ year in a c rdan e to th generaliz d el tion ch m 

shown in Fig.2. The b t o erall performer in thi rc pe t were am ng the carlic t 

climbing b an arietie that were released to the farmer in R" anda ( rable 2 . The 

table also indi ate the rigin o the arne arietie . h ir yield p tential ranged fr m 3 

to 3.5 ton per hectare. e. cept ajamarica that pr duced up to - ton per he tare 

yabyenda, 1980). A more upcrior line were bred in the I 0 , the culti ar were 

repla ed or imply di appeared into fanner · mixtur , e ccpt ajamarica that i till 

prominent! grown to date. on of th arietie released t thi time ' ere from a 

cro ing program. 

Table 2. arne and origin of the fir t generation clim ing bean arietie in R\l anda 

i enyi 6. Rwerere 14. 

runyumba 3. runyumba 12, runyumba I 

Wulma 8, 10 

Ba o 

Amarilo-our 

abre a rame 

abyeoda. 19 0 

rig in 

Rv anda 

DR ngo 

ganda 

ng Ia 

Belgium 

Peru 

2.7.2 Relea of econd oeoeratioo ofimpr ved climber 

From early in the 1980 to the current p riod r R and CI lntemati nal enter for 

Tropical Agri ulture) inten ifi d collaborati e breeding and di eminati n acti itie of 
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climbing bean in R\! anda. an up ri r \ari tie th t rep! II the rlier 

one were rei fi d and di 

198 and I 90 \V r th arietie : muban 2333 . uninkin i 

59/ 1-2). Flora de ayo and Pu Ia, and nyi 2 bi . Th 

CIA e ept gwinurar and Gi n i 2 bi ·, \! hich \\< re I al lie ti n . 

They had a high ield potenti I of . to 4.5 tlh able , r 2 0 to 300% higher 

and better to! ranee to di ease . than th impro d bu h typ and th I he k 

ab enda, 199 1 ). They lher for became mor p pular am ng fanner than the bu h 

type and the local climbers ( p rling. I 3: o lley e1 al. 19 1). The e varieti 

were aggre si ely di eminated to the fanner such that b I 0 the adoption f th 

climbing bean in R\ anda had reached 42% (from below 5% in 1980. he land area 

und r the impro ed climbing bean "as 33,000 he tare or ab ut 17% of the total bean 

area. he econ mic benefits from e tra harvest tran lated inl 12.5 milli n of 

additional nati nal income annu lly ( perling el a/, 1992 . 

2.7.3 Recently rete ed climbin b an ari tie 

Bre ding and election continued after the brief int rruption b the v ar and gen ide of 

1994, resulting in the third generation of impro ed climbing culti ar . The in luded: 

Akezakarigura AB 19 Mamesa 2331 ). A yin ana R WV 24 . 0 c >Ia a, 

' iramata 82 and Karera CAB 28 . among othe 

Compared to the pr ious varietie CAB 19 navy" hite 2331 (yellow eeded) old 

2 to 3 time higher on the urban mark ( rri ct. al 2002. Rubyogo. 2 03 . 

RW 524, the fi r t cali ma' climb r (n t a true red-mottled. fetched imilar pr mium 

price (Rub ogo, 2003 . The imp rtant old and current impro d climbing ean arietie 

used b the farmers in Rv anda are ho\ n in able 3 (Mu oni et of, 200 I; 2006). 

2. I AR bean breeding ch m 

Farmer participatory approache are largel applied in br cding and election o the 

rei ed climbing an arietie . Thi " as reflected in th adaptation and quick 
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adoption of many f the ari ti in Rw nda and in th p rt · o ntraJ and 

frica \! here th 

uced nur rom the P RA 

region (Pan frica Bean Re r h llian e) or . Br ding material ar al o 

generated from local cro e . h y are e luat d for toleran c to pri rit)' pe ts and 

di ease , abiotic tres e . adaptabilit in diffi rent a ro-ecol ical z ne · ( Z) and 

nd-users· preference . Preliminary (P · • interm diate (l and ad anced yi ld 

triaJs ( YT) \! ere onducted n tation. Both th on- tati n and the on- farm 

multilocation trial (M are r pli ated and the te t ·ntrie in luded a I cal farme ' 

mixture and an impro ed ariety as chec . The are ondu ted during th two main 

rainy ea ons each ear. 

The PY is an ob rvation nur ery fi r e aluation of a defined con traint or t of 

con traints such a resi tance to di ease . he entrie u ually range b h een -oo and 

l 000 line . The e are planted for a singl eason in unreplicated trial of single ro' . 

They are reduced to about 50 entrie that are fed into the IY . which. after further 

electi n. generate about23 line that went into the YT. 

The IYT and A Y are replicated trial laid in randomiz d mpl te blo k de ign 

and balanced lattice re p~tivel . The pi t ize ar fi ur 4-m r ws \! ith 0.5 m and 0.1 

m bet\! een rm and hill respecti ely. and 2 eed planted in ea h hill. Th YT 

selection produced fe\! er elite line that are evaluated in 2 phase of multi! alion 

trials on-farm. The experimental plots are fe\ ·er but larger (5 rO\.\ of 5 m-1 ngth) in 

this case. The mo t promi ing line 

recommended as pr -r l I T, 

season each ear. 

under the multi! cation evaluati n are 

YT and MLT trial are done o er two 

13 



Variety 

M.A. H.A . 

90 112 4. 
99 118 4.-

pink 94 II 4. 
edium ello\J 94 II .0 (I d a h 

Large z bra 88 Ill .0 (I d ,ca h 
Large r d 85 112 .0 od 

arge r d 9 .5 (I d. ca h 
Large z bra 91 4. ti d, a h 

makwamire arge z bra 91 4.0 (I d, a h 
mall r d 90 4. d. a h 

• mall -. hite 4. h 
Medium \! hit 4.5 
Large red 7 4.0 

ar ra mall ' hite 4.0 
Bincz za arge red 120 4.5 a h 

tun zer I arg red II 40 a h 
M dium I 0 4.5 [I d. a h 

12 4.0 fl od. a h 

L g nd: *=third g n ration r lc 9 . • = ata not a ailabl r ariety n 1 adapt d t the mid r high allitud • /One 
ab enda, I I and Mu oni, _QOI) 
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Th d lin ar th n t d in m n m r nd th 

Rand th 

Th rit ri at th vari 

abioti tre ig ur. maturit} durati 

qualiti and g neral adaptabilit and a ceptabilit) 

ig._ . he c ' I ta e b t\\ n 3 and 7 y ars ig. 2). 

RW 2 , R I 7, R 

u ed thr u h 

m ~ r bi 11 nd 

d-t p . ulin I) 

th t come r m 

take 

Ionge r while election fi m Joe I landra and intr ucti n take 

into the pip line. Thi i the I R r d lin 

before th b and unifi rm, ''hi h i apr - nditi n for the entry 

into th general reeding hem of the two 

R tation o Ru na and R v erere u d fi r primal) e aluati n f lim ing an . 

Table 4. Main on- tati n reening ite fi r limbing can arieti in R" anda 

tat ion Location ltitude Rainfall 
{m Q {mm} 

Rubona outh 16 0 1171 ngular leaf 
t 

Rwer rc orth 23 0 1166 15.6 5.2 nthracn e 

our e: Ruterana Kamen 

2.9 L k of multi pi c o traiot r ·i tao mong climbin an 

All the ne" and the ld ari ti ex lied prin ipall in high ield ad anlage. 

irre ti e of mark t rain attri ute . 1 here " a r ult mi. ed of 

adaptati n and ad pti n at indi idual riet b au e of Ia k of om ined 

multiple re i an and preferr d ·e d-t . Vuninkingi light r d . 

unde irable in th market preferr d b farmer fi r i g 

(for a h . The r er e v tru B 19. 8 2 and 

CAB 28. The rcd-mottl d limbing gen t)p 5) most preferr d fl r b th 

dome ti con umpti n and in market v · re compl t I Ia king am ng the r lea ed 

ari ti . 



PY 
(2-3 

ite ) - - - - - - - - - - - - - - - - - - -·- - - - - - - - -

• 

• 

• 
• 

aturit durati n 

ecd-t pe I m rkct 

prefi r n c 

• Yield tcntial 

• Tol ranee to I ' 

fertilit 

• daptati n to · Z 

• Culinary trai 

il 

• A ccptabilit b u r 

• Pre-relea (1-3 arietie ) 

• Relea e I ariet ) 

• ed multiplication 

• ariel di u ion to arme 

Fig. 2. eneralized participator breeding hem folio" ed by I AR an Program 

Legend: PYT - Preliminary yield trial; I 
ield trial· ML - Multil ation trial 

- In term diate > i ld trial; YT - d an ed 

Less attention. t o. was gi n to br eding and ele tion arieric that ' ere 

tot rant to a broader range ofbi tic and/or abioti tre e per ·e. om fth p pular 

arietie (mo tl \ ith r d eed-type v ere u eptible to maj r di e in ne zone 
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oftheir intr du ti n \\h r th 'ere n t t ted. h 

typi al . ample. 

2.1 limbing ao ulti'\-ar 

eo mu an , 2333. i a 

mubuno mbin d th high t ield potential '' ilh the r r 

earline and g d culinar)' trai . It had r d d type, ked a t and ''a in 

both grain and leaf getable di he . It had a broad r i tan 

( ollerotrichum lindemuthianum) a de astating di e e in the ool and humid z n 

where limbing bean are be t adapted. The culti ar ' as the mo t popular. with th 

adoption rate peaking o r 80% in northern Rv anda (Graf 1991 ). Thi " mor than 

four tim higher th adoption rate of it contemporar culti ar 92 . 

oliO\ ing an utbreak of Fusarium' ilt. cau ed b • F.oxy porum/ p . pha eoli in 

th late I 80 , Umubano became u ceptible to the disease. rop failure of 50-I 00% 

was r corded on many farms in R' anda and in the neighb ring astern DR ongo, 

' here the ariety had been introduced as Aliya Graf. 1991). B mid-1990 , Umubano 

a totally aband ned b mo t farmer in Rwanda. When the culti ar w artifi iall 

inoculated with Fu •arium oxysporum f p pha eoli train, FOP-RWI in R\ anda, 

u ceptibility w confirmed by a e ere reaction with highe t cor o on a r 1 

cale of 1-9. 

2.11 doption and impact f climbing bean in R\ anda 

ccording to the re ults of adoption and impact as c ment tudi m Rv anda 

( perling et a/. 1992 p rling 1995), the o erall rate of adoption of climbing ean 

m r ed from under -% in earl 19 Os to 42% and 4 7% in 1992 and 199 . 

re pe ti el . It is currently e timated at 65% (Mugabo et.a/200- . The ad ption ranged 

b twe n 47% and 90% ' ithin t\ o of the four pro ince ' ith fa ourabl gro' ing 

en ironment . or here r earch and de elopment project ' ere mo t a ti e ( I 

1992: ugabo et.al, 200-). The adoption rate ofimpro ed limbing bean techno! gie 

v as independent f' ealth and gender tatus of the farmers. A a re ult of incre d 

bean producti ity that v ere realized in Rwanda, the farmers \i ere earning e tra income 
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equi al nt to dollar 12. million annu lh int u tion th 

impro d climbing bean perlin eta/., I ->· 
Th harp ri in th ad ption o limbing b an in R'< anda and their urrent 

In a dire t expan ion in ' e tern Ken a and 

con equ n e of the root rot 

lo al and impro d bu h germpl m 

that rely alta ked and damag d 

mall h lder armer d p nd 

more on ho t r i tance a they rarel u c chemical nd ultural ption to 

combat th fungal di e e , to' hich the limbing bean ar• m re tolerant. 

2.12 Di ea of climbing bean 

The mo t notable di ea c of climbing bean are angular leaf pot, and r t r t cau ed 

by compte of oil pathogen and bean mmon mo i 1ru (B nthracno e, 

asco hyta light A co h Ia phaseolonuu and halo blight P udomonas phaseolicofa) 

are imp rtant in higher altitude ov r 1800 m ab c ea le el), ' hile common 

bacterial blight (Xanthomonas phaseoll imp rtant at tower altitude . In R' anda. root 

ro , anthra no e. and angular leaf p t. come top in term of damag 

general, in luding the climbing type. 

bean in 

2.12.1 ti I gy epid mi 

and aotbracoo 

and mpt matolo fro t rot angular leaf p t 

and Pylllium root rot 

Th bean root-rot di eas are ecologically important in rica and Latin America n 

mall infi rtile farm , \\hi b are inten i I cropped ' ithout fallow. rotati n, and ' ith 

little u e of inpu d ritu et af., 1997 . 

u arium ell \i are cau ed b Fusarium ox 'POrum ch ie ht f. :p. pha ·eoli 

Kendri k and nynder. It pr due h aline. non- eptate chlymad por measuring 6 

to I - x 2 to 4~ and ma ro onidia, \i hi h are elongate and curved with thr e septates. 

The thi k- ailed hlymad pore urvi e for long in th oil and spread the di ease ia 

oiled eed or crop re idue Mutitu 1989). The fungu innict necroti rowning of 

the x I m. early up\! ard chlorosi , epina ty and defoliation leading to unting. ' ilting 

and death of plant i infe tion i ere lien eta/., 1996 . 



Th pathogen i pr alent in uth meri a. nit d m ri a. ,., here 

25% to -o% crop damage has be n reported gg 1 a/., 200 • nd in fri a ( bawi 

e1 a/,19 0: Ru uku et a/ 1997). \ here th 55 ... 0 l annual los ( \ Ortmann ct a I. I 

significant. Fu arium wilt is wide- pread in R\ and and i mo t rampant in th 

southern pro ince of Butare. ik ngor and angugu Ru uku el a/, 1997). It · 

in iden e and/ r e erit) is a entuated b dry oil , il c mpa ti n, infertile and 

poorl drained oil · p or cultural practice and high oil pl f f 7-8 (Wickliffe et a/, 

2000). h can al be pread through infe ted cd. 

P thium infection cause pre-em rgence rotting of 

epidermal ti ue of oung root and the hy cot) I r gi n b 

cds. he corte and 

me water aked and 

re ulling in damping o . Bean plant that urvive arc tunted. chlorotic and/or wilt d. 

The roots of di cased mature plant are di olored. dimini h d and their le lignified 

fibrous rootlet are deca ed ( ba\ i et a/, 1990). he di e e is cau ed by Pythium 

species. P.ultimum, P. •alphingophorum and P.torulo ·um are the comm nest. ' hilc 

P.ultimum var. ultimum is the mo virul nt in astern frica (Buruchara eta/., 2 03). 

Its e ual tage is th porangium, which pr duce Oagellated motile z o pore , b 

which the pathogen is pread. 

Depending on the pecie , high oil moisture and oil pJl (around 7.5)· and cool 

to warm temp rature of 15° to 30° , fa r the di tributi n of Pythium pathogen . 

The infecti c zoo pore may urvi e for 7 da in field oil, while P. ultimum ur i ed 

for 2 years in air dry oil at -I o ( ch\\artz et a/ . 1980 . It i contagiou thr ugh 

infe ted debri , oil , and rain run-offs or plashe , r contaminated farm tool and 

animals (Aba' i et a/, 1990). P thium root rot i the most important in the den cl 

populated and v et r gions of frica. In Rv anda, it a count for 42.6% fall the r at­

rot pathogens. It cau e 40-60% crop lo (Buruchara et a/1992) but 100% crop failure 

was reported under cool soil temperatur of 16° - 20° il moi ture 

folio" ing hea rain at planting and se dling stage Pastor- rrale , 19 0: Ru uku e1 

a/1997 . 
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2.12.1.2 n uJar leaf p t 

The c u al a ent of angular f p t (Pha 01 aripo i gri li ola ( a rr.) i 

di tributed widel in rth and meri and in fri a. It i pre\alent in an 

gTO\\ing en ir nm n I to \\arm at 16-2 ° ( ptimal 2 ± 2 ). 

p rulation and di mination ar fa orcd )' alternating rain humid. dr and " ind 

\ eather \ agara. 1996: Buruchara, I 983 ). run gal p rc are d tran mined. he re 

aJso di eminated ia harve t re idual cr p, rain pi he and air currcn . 1 he p rc 

rna} ur i e as I ng as I 40 to 500 day in th oil chwartz. 19 I . 

P.griseola attac ' lo\ er urface of plant lea e pr ducing large u uall 

concentric dark brown le ion n primaf) leave and mallcr angular one ( pot ). 

defined b ein r enule on the trifoliate leave v hich are urround d b 

halo . hi u uall lead to premature d foliation . h ne r tic bro\ n I ion are 

ob erved on other aeriaJ plant part particular! on p d . h ·eed in id the p d · are 

infected and become blemi hed at maturil ( lien. 19 7; lien el a/, I 96). The\ h le 

plant or complete crop ma peri h when field infe tati n i e ere. 

Reported lo es attributed t angular leaf pot range from 40% in rgentina. 5 % 

in V i cons in and Mexic ( art rato 200 I). 80% in olombia chwartz et a/, I 79) : 

60% in Ethiopia and 70% in Brazil. It is the mo l damaging bi tic con traint in Rwanda 

and in frica v here it cau e an c timatcd annual of 384.000 t per ear, and 

281.000 t in ea tern Africa ortmann et al. 1998). 

P.gri eo/a xhibit broad pathogenicit due to omatic mutation and c ual 

recombination (het rokario i and para uali m which c mplicate re i tance 

breeding due to gene-for-gene ph nomenon. onsiderable progre in characteriz ti n 

and virulence typing of the American and frican i late h been made. Dif erent 

races v ere as ociated ' ithin bean gen p and gc graphical region ndean- atin 

American, Andean-Am rica fr -And an Me oam rican r Me oam rican- Latin 

America) (Buruchara eta/. 2001; artrat 2 01). llo'> e er. me Molecular marker 

for there istance gene , identified in cult ar Me 54 and 474 ha e been applied 

and exploited in marker assi ed election breeding IAT, 2003). The inheritance of 

re i tance again t angular leaf sp t i monogenic and dominant (Mulindv a 19 O· 
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amayanja et al 20 2. Ho\\ r, in h. (I 91 re n d a r hem j 

respon ible for the contr I of its re i tan . 

2.12.1.3 nthracno 

Cau d b the fungu ollet tri hum lindemuthianum & agn) hrib, 

anthra nos i ubiquitou in all bcan-gr v in ar a in th I r pic and ub-Tr pic . 

High humidity (92% and ool temperature of 14-2 ° optim I 17-2 ° fa r i 

infe tion and de elopm nt but i limited b} t mperature abo 30° 

a/. 200 I: ch\ artz et a/., 1986 . nthra n e i the mo t imp rtanl bean pathogen in 

the ''et and cool to warm cenrral frican highland ab enda eta/. I 0 . Planting 

infected seed on nutri nt defi i nt oil and poor cultural practi e common am ng 

ub i ence p or fanners exacerbat the di e utitu eta/, ti 

conditions prevail economic field lo of I 00% i comm n. he di ea e reduce 

production by 247,000 tin eastern frica annual! (Wortmann tal. I 9 . 

. /indemuthianum onidia are pread through infe ted ced, rain , '" ind, ontact 

' ith infected plants and contaminated human and animal bodie Past r- rralle et a/. 

1996). he symptoms of the di ea e include dark-red to bla 

ein • cotyledon petiol , branches, em and p d . The le i n on bigger ein and 

pods de elop into unken canker and the d eloping eed in ide p d are at o 

infected and blemi hed up n maturity (Pa tor- orrale eta/. I 0 . 

The anthracnose pathogen i highl ariable. Virulence tc t using e oamcrican 

and ndean i olates b M' angi ( 1986 in Ken a Bashir 2 00) in thiopia Kell 

(200 I) in M ico. h mazella eta/ (200 I in Panama, Brazil and others on firmed the 

ariabi lity of . lind muthianwn, a v II as om source f its re i tance. The 

prole tion again t the .lindemuthianum i c nferred b single oncal et al.2 I) 

to v ral dominant maj r gene coded as o-1 to o- . Th gcn are pre ent either in 

Me american or Andean g nome (Thomazella. 2 OJ . Ho' er, rand m amplifi d 

p lymorphic D RAPD) mole ular marker for the C. lindemuthianum re i tan e 

gene in -4 (OA I A 13 and o-S 83 ha e been haracterized. 

Markers for the gene o-1. -2 and - pre ent in other ulti ars ha e al been 

found. Potential xi for the application of marker-assi ted election in impr ing 
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breeding efficien 

al., 2001 . 

ung et al. . J 97: ell) t 

2.13 ootrol trate2ie f r t r t an ul. r I af pot and anth racno di a 

lnt grated cultural practice that impro ed it draina e. aerati n nd ferti lity. 

planting clean d, fallov . rotation, rouging and di ·p I o cr p re idu dju ting of 

ov ing date and prop r handling of farm implements ar c ntrol ling Lh 

root and foliar di ease . The application of gr en m nure uch a a/licm Ira, esbania 

or Tithonia :pp, with red comp t or arm ard manure FYM ; and th u c of 

inorganic fertilizer like urea or diamm nium pho phate were u e full} employed in 

farmer • fie ld in R' anda and v c tern Ken a w r effi cti e in the control of r t r t 

(Buruchara et a/, 1992: t yula et a/. 199 . u oni. 1999 . Planting of a mi. turc of 

cultivar and upplementing landrace mixuters v. ith re i tant arietie tabilized and 

impro ed yi ld (Pyndji eta/, 1992; Trutmann eta/. I 93. 1994). 

hemical seed dre ing v ith b nomyl endo ulphan or thiram pro ides temporary 

protection to root di ea e during carl grmvth tage ut the damag i r alized I ter 

the root sy tern is e tabli hed. hemical foliar pra -. ith benom I 1.0 g/liter} 

thiophanate (2.0 glliter) or zincb 2.4 g/litcr) ' ere the m t effecti e option of 

managing angular leaf pot ( chv artz et a/. 1978). Biologi at control through u e of 

saprophytic fungi has al o been rep rted fo r P thium p ie (Allen eta/., I 96; bawi 

et a!., 1990}. Antagoni tic apropbyte Bacillu. spp and A ·p rgillus nige11 ffer 

potential to controlling Fu arium wilt. Ho\: ever the trat gy ha not been idcl 

adopted utilu et a/., 1989). 

Ho e er. the chemical are e pen i e and hard ly avai lable, making thi opti n 

the least (if at all) applied b the re urce-poor bean farm r . The hemical ha e 

negati e impa ts on the en ironment and long term su taina ili ty of the r pping 

s tern . The ultural practices are not appli d du to land limitation or tra lab ur 

and co t . 

The u of r islant cuhi ar i the m important and practical ornponent of the 

integrated management approach. It i the least demanding and mo l fea ible t the 

mall-holder farmers lien et a! .. 1996). he u e of plant h t that e s multiple 
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re i tan e to di e es i ' n m r d ira le man. di ea tta J... and damage the 

imani et al .. 2 

2.14 Plant h t and urc f rc i tan fi r r t r t an ular I af p t and 
anthraco e 

Buruchara et al ( 1992 and Buruchara and am a ho full rcencd and 

identified line v ith high le el 

includ d rugezi, RWR 719, M 80 

1092 (bu h) and the limbers: Vuninkingi 

gwinurare (59/1-2) and Puebla. 

again 

15. 13-49-

in R\\anda. I h 

LB-4 -89A. R R 

68 -). mu ano ( 2333), Fl ra d 

mong the most u ful source of re i tance again t angu Jar I af pol that are u ed 

in breeding programmes include: Me 54. M R I. M R 2 and 1047 . The culti ar 

010474 was inc mpatible \: ith all 13 irulent i olate from frica v hile e: 54 

offered re i tance to all, but 2 an Andean and a Me america race in frica 

(Buruchara et al. 2000· ahuku el a/, 2002 . 

More durable re i tance agai nst anthracn e 11 a <i' hie ed through the 

combination of the ndean o-1 and the esoMOcrican. -4. o-5 gene Kell , 

2001).PerryMarrov.~aboon ndean) 2333( mubano, 2338. Ll308 8136 

and TV e oamerican ar among the b tential donor 14 r anthra no ere i tance 

(Kell , 2001 . The gene , o-4. o-5 and o-7 pre ent in mu ano 2333) and o-6 

in AB 136 offer broad- pectrum resi tan e to kn \\ n race of . lindemuthianum 

-. orld\ ide. Umubano ( 2333 i the be t donor of re i tanc to both e oameri an 

and ndean c mmercial culti ar (Thomnzella el a/, 200 I ; Kelly 20 t· Goncla e -

idigal er al. 200 1). 

Most of the identi tied ource are wide I u cd b the fanners and ha e re t red 

bean production in pre i u I r t-rot de tated pa of Rv anda and \ e tern Ken a. 

Other areal used in regional br eding program . e p cia ll tho who e markers 

gene ha e en mapped) for th impro emcnt of u pti le mmer ial bean 

culti ar (Buruchara el a/1999· Mu oni el a/, 1999· onia el a/, 200 I) 
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2.15 lnh ritanc 

inheritance of re i tan e to I al i olat f Fu arium ' ilt i n t under ,to d. ·ing a 

Brazilian nd orth American i late Fu anum wilL. Rib ir t al.. I 77 and 

1979) identified t\\ g ne Fop I (dominant) and Fop 2 in ompl·tcl) dominant that 

confer re i tance again the i late . r 

about th mod f inheritan of FL ·amun u ing fri an and 

particular! Rwandan ariant f th di ea make un rtain th ding and 

deplo ment trat g) for re i tan e again t th di e in th region. While the 

continued u e of mubano a a ur e of anthra no e i de irablc. it u eptibilit to 

Fu arium wilt limit i u efuln a a our e parent and in c mmer ial pr duction 

until Lhe genetics of r istanc again t Fu arium "ilt are ull) e tabli h d. 

2.16 d market Ia es nd nd u r market pr fer nc 

Grain of the comm n bean ha different colors. hape and ize market cl e or 

eed-t p ) that ha different commer ial, agronomical and ethn -cultural alue 

among the different world ommunitie oy t et al.. 1991 ). Farme , trader . 

proces or and con umer ha e pecial preference of th different ed-type . h re 

are 9 major market clas e in Africa. h e includ mall white r na bean, large 

\ hite , small red , red kidne • red mottled, ugar . • llow tan and carioca (Kimani 

eta/. 2000).While the small eeded <2 g/100 eed ) bean are ften preferred for 

better ield \1 ithin the same bu h or climbing plant t p (De uck, 1986 , !h large 

seed d (> 40g/l 0 eeds) are m re marketed in frica (Wortmann eta/., I 98). The 

red-mottled and the red market clas e ar the rno t n micall important in Africa. 

The a count for 42% of the t tal dry grain produ ti n ( ortrnann eta/. 1998; Kirnani 

et a/., 2000). But all the red-mottled and nearl all the red- eeded comrncr-ial bean 

culti ar in astern Africa ar of the bu h t pe ' ith I ' cr p tential ield . I lcnce the 

need to incorporate the large red and r d mottled ed marketable trai into the high 

yielding climbing beans. 

2.1 ultiple con traint and market led breeding ·trate 

All th new and the old arieti e celled prin ipally in high yield ad antage, but \! ere 

deficient in term of market qualitie . They were Je pia tic in adaptabilit due to poor 
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di ease multiple) re i tancc am ng other adapti\ defi icn . The uccc · in 

adoption ofthe ari tie at farm lev I was thu mi. ed . 

nder the market-1 d breeding trat g initiated by the and ntral fri a 

Bean Re ear h etwork · BR )) in _ 0, th · d 'el pm nt of improved high 

yielding climbing bean arietie that ombin d multiple rc i lance again t major 

diseas ' ith u er-preferred red-mottled r red ded grain t~ p wa pri riti/Cd. h 

-. as meant to con olidate the food ecurity from higher on-farm produ ti it thr ugh 

disease control) and the generations of in orne from increa d comm rciaJizati n of 

tbe surplus bean produce ( ingh et al. 1998). The trateg -. a the o erriding basi for 

condu ling the current ud. in R'>'anda. 
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H p R HR 

3. \1 H 

3.1 D t rminati n of inh rita o e of re i tan agai n t F lt urium' ill 

mad for th iob rit nee tud · 

Vuninkingi (G6 5 and ·lora "' er u d a 

f p.ph eoli. mubano (G2333 ' as 

f rc i tan e I f .ox sporum 

par nt. able 5 gi c th 

characteri tic of tb parent that wer u ed in 

( mubano x uninkingi), ( mu ano x I ra and 

Pair-\\ i e f 

the gre n hou e at Ka t Field tation, ni cr it of bi. The F1 e ·d of 

(Umubano Vuninkingi) and muban x Flora ~ har c ted eparatel . It was 

di ided into thre ets. ne et w kept ide, whit 

the reen hou and the plant were elfcd to produc F2 populati n. The third I t '' 

planted and ~ a u ed to the 

(Umubano and to the two re i tant paren Vuninkingi and lora. he 

(Vuninkingi x Flora) "' a planted to rai e 2 prog ni . fabl 

eros e made fl r this tud . 

Table 5. haract ristic o the u ceptibl 2333 and donor parents u ed in the 
eros e for the tudy of inheritanc of Fu arium' ill in climbing bean (T pe I 

Parent d type 

A nth 

mubano R 

uninkingi 5 mall r d R R R 99 118 

Flora de Fl ra R R R 94 118 

eed of 

Yield 
kg/ha) 

0 

4.5 0 

0 

nth 
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abl tud) inh ritan to u · rium ~ ih 

Umubano ( x 
( mubano x Flora 

mubano Flora) 1 

mubano 
·lora 

mubano 1 

uninkin i B 1R 

Fr and ·2 

B I 

B IR 

iog techniqu and d baodlin 

The plant \l er grov n in 30 em diam ter lay po , filled ' ith a mi ture of tcrilized 

loam oil and manure at a ratio of 5: I. Three plant ere gr wn in ach p t, v ith the 

female plants pia ed adja ent to th male parent . r '' r made n igorou and 

disease-free plant that had turgid and plump floral part . in the morning or c ening 

v hen the eather condition in the gre nhou ' ere cool ui hand, 1956: T mpl et 

a/. 1998). ro e wer made aft r opening and ema ulating ung n er bud the 

female plants. U ing ethanol-steriliz d forcep, the ke I and petal ofth y ung female 

bud were slit op n b u ing a pair f forcep and the immature anth r ' ere rem ed 

before the internal elf pollination had occurred. 

After fre h t rilizati n of the forcep th mature anther head fr m the n v er 

of male paren ' ere ripp d tran ferred and bru h d to th ed stigma of the 

fre hly opened young flower bud of the female plant . Pollinated flO\ cr v ere tagged 

and labelled to indicate th pedigree and date of pollination. en to fifie n no, er of 

the female plant were p llinated and th re t ' er pnmed. i-amm nium pho phate 

fertili r (0.314 gram per pot v applied at planting and the plant \ ere well \ at red 

each morning and e ening until the plant v ere mature. Dr p d from the r p ctive 

crosse v ere harve ted cparatel and hand-thre hed . 111eir e d \! bulked, un-dried, 

sorted, packaged and kept under I and air-dry conditions. 

3.1.3 va luati o of Fu ·arium wilt reacti n amon pr eni 

The parents, 1 and F2 and their backcro progcnie ''ere e aluated for re istance 

again t Fu arium ill in an epiphytoti field and with artificial ino uJati n in a 
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re nh u . he bj ti '' gre ati n 

patt m und r natural and h · fi ld tn I' 

re ombinan ft r a r n mi hara t ri ti in th gr g ting pulati n . 

3.1.3.1 aluati n und r fi ld nditi n 

The ite that \: le t d for the fi ld aluation f 11 anum v.ih re i. tan '' in 

Runyin a I ation o Butar pr in in R\\anda. Run in a li · t\\ n latitude 2 

30' and 30° 00' and longitude 2° ' and 2° 0' "ithin th m id-altitud IL at 17 

rna I. It h a im at rain all f I I mm to 12 mm ' nnuall ; and mean 

l mperature range f 18° l 20° f 5 t 

Run in a i a hi t rica! and p r nnial i k- pot, whi h h en u d t ully 

cr n an line for re i tanc again Fu ·arium "itt. n th earlie t alta k of 

muban urr d her . 

ifi health eed of a h the par nt . mu no and uninkingi; and the 

fth 2 " ere ampled fr m th 

original d bu lk. The wer di id d equall and planted in t\ o r pli ation oft"\ o 

ro" s p r r plicate. pacin \: as I 0 em within ro'' and 0 em 

' as pta d in each hill. Planting w done l\\O \\CC a er the n to rain o a to 

uppre the de pm nt f oth r it rne fung I path g n • parti ularl P •thium 

pe ie . Thi at allo\: cd drier pell that fa or the d el pm nt Fu ·arium v ill 

pathogen utitu, 198 . 

Data ' as r corded 

and bran h . and intern 

u ing th 

and7 -

of ea h p pulati 

packag in Mi r 

ore cal 

n per cntage v i I ted plant • 

I bro' ning of tern and r 

age (R 

of I - : \\h r I - 3 i 

7). he mean and 

. cel20 . 

hlor I and tunting of liage 

of indi idual pi nt at 

rated 

-6 m rate I r i tant 

ariance 

f Ex el mputer 

h maturity durati n btained · recording the time b h n germin tion 

V 0 and maturity R 8 f -o% fth plant in ea h ntry. ne-fifth of the plant " er 

am pled in ea h r v and their t tal num r f pod ' as aver d and wa re rd d 
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th mean numb r of p d 

per pod in ea h entr) v 

r plant fl r ea h th 

mpl f I 0 mple 

of20 plan of h par nt r pr geny. In rder to 

of th par ntal and the pr gen line . ample of I 

timat nd c mp Jl the d ize 

eed r m a h pul ti n \\ere 

w igh d and r rded to the near t on -t nth o a gram u ing artorw.\ I 

baJance. 

3.1.3.2 valuati n f Fusarium" itt in r nh u 

The par nt and all th ir progeni wer plant d in a compl tel rand mized bl k 

de ign with two r pi icati n . ti p of 2 entim ter 

diameter in previou I autocla d and 80% and oil (20% mixture Plat Ia). 

(Buruchara and amach , 1999 . Thr gram of di-amonium pho phate fertilil ·r per 

pot' ere applied. Plants were \: ater d. he young edling wer thinned to - ig rou 

plants per pot to achie e the final plant p pulation f25 for ar n and 1, 125 r 2 

and 100 plants for th ba kcro e . ~ atering continued on dail 

duration of the experiment. 

3.1.3.3 I olation and culturing of •.oxy porumf. p. pita eo/i pore 

o isolate the Fu arium " ilt pathogen. a ut I em long em egmen of in ted 

Umubano plan in Rwanda ' er cut clo c to the h ot I. Th \ ere wash d under 

tap ater, chopped. p led and plit open u ing a named and ethan 1- terilized 

blade and for ep under a lamina n v h d arrangement. c infl t d br ' n a cular 

tis ue-. a teased into mall r p rtion . The ' ere t rilized in 2% odium h)pochl lite 

aH I 2) solution for 2 minut , rin ed tv ice in di tilled 'at r. and dried u ing 

teril blotting paper. 

Fi e portion of infected ti uc v er then tran ferred nt terile p tato de. tro e 

agar PDA that \: as in ulate '"ith lrept m in ulphat at 0.4 gram per litre in 

p tri di he. Th plate w re incu ated at 24 ° for fl ur da . P rtion of the preading 

colonic from th plant rtion w r th n transferred onto tap "at r agar W ) and 

wer furher in ubated. 
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ln rder t obtain pur ultur in e mi r er 

identified from the preading c I n} n a tri di h in 4 

magnification by help f F. o porom J p. pha oli id nt1fi ati n key and map . 

Using a ter micro pe, ingle. g nninatin 

macroc nidia were identified (Plate I in th growin col n n tap water agar A). 

They w r i olated and transferr d nto fr h tat de tJ; agar P A /strept m cin 

plated p tri di hes by h lp f sterilized wire I p ntaining teril water film. Th 

were incubated f4 r 14 day at 24 ° ft r in ulum preparati n Plate 2). 

Plate 2. lony of Fusarium wilt i olat 
red and top (pink i w on th medium 



3.1.3.4Prpratio fin ulum f u rium,ilti 

T vent milliliter di tilled v at r \\a add d to 

gent! u ing urv d nd of a t rile glass r . Th 

a epticall trained through a doubl Ia er chee 

nd it ur _ ·ropp d 

\\a centrifuged at 50 0 re olution per minute for I minute · and th re p II t 

rin ed twic in di tilled' ater. he pell tv then unifi rml mix d \\ith 0 milliliter 

of distilled ' ater. The initial r u pension \ a dilut d further to a final 

concentration containing 106 conidia per milliliter v 

haemocytometer. 

d tennincd u ing a 

The method of inoculating r t a a light m difi ali n of the ro t~dip and 

tran planting technique m del pra ticed by Ribeir •1 a/ I 79) and Buru ham et.al 

(1999. The young root and root hair of intact v 11-water d ten-da old cedling 

were crack-injured b inc mplete uprooting of th cedling. ip of lat raJ r t hair 

r und the loose hypocotyl ' ere . po ed and injured u ing nev cape! blades. went 

milliliter of the uniform I 06 conidia per milliliter u pen i n v as poured ar und the 

plant o a to flood the ro t region within tw centimeter radiu of the h poe tyl . The 

inoculated plant were firmly e ur d ba k into th il. 1i minimiLed plant hock 

as iated v ith tran planting large numb r of eed1ing . atering of the plant wa 

resumed 24 hour after ino u1ati n. he it moi turc regim as maintained at field 

capacity throughout Mutitu eL a/, 1989 . he pot were upplied "ith 3 gram per 

millimeter of fertilizer PK 17:17: 17) at an interval f7 day . 

In asse ing Fu arium "itt reacti n am ng inocul ted prog nie , th app aran e of 

chloro is, wilting, and ne r is of lea e bran h or t m fall the plan (Plate 3. 4 

and 5) \ ere m nitored dail and lh final di rating ' a done after 2 da 

(Buru hara and am a ho, 1999 . Random ample of 20 plant from each egregating 

populati n v ere uprooted, wa h d b er d for abo c ground mpt m . and then plit 

open with a cape! blade. he e. t rnal and internal inten it of the bro\ n 

di colouration \1 a ob erv d and i mru imum up\\ard pread along the · tern e sel 
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rom th h): 

u ing a 

t) I \\a m ured (Plate 6 and 7}. h di c e e m nt ' a d n 

erit} ore ale of I - , wher : 

i) I - 3 rcpre ents re i tant reaction ' ith no mor than l 0% f total foliage b ing 

chloritic or wilted and n or light ular br wning; 

ii) 4 - 6 tand for intermediate rea ti n II% - -o% foliar hloro i and ' ihing '' ith 

light t lightl ular di olouration); and the cor of 

111 7 - 9 repre enting more than % t I 00% 

foliar >~Ito'" in g. "i lting. d fol iati n. er to er) e ere di olourntion or complete 

death ofth plant an hoonho en and Pa tor-Corral , I 87 . 

Th mea uremcnt of the ertical pread of the pathogen along ith ob ervation of 

ext mal ymptom .,: repeated after 55 da u ing th arne procedure a e' ith the 

remaining plant populati n. The relati e mo,ement (or rat of pread) of lh pathogen 

among lhe respecti e r i tant and u ptible parent . ' ell a their pr genie \\a 

obtained b dividing the highe t ob r cd mean di ea e mo ement in a h generation 

b) the least among them. 

Re-i solation of pathogen from damaged vascular ti ue wa done b> taking thirty 

sample of the longitudinal ections of the xylem from ea h population (Plate 17 and 

18). The \ ere terilized in odium hypochlorite 

asepticall fi ed on fre hi) prepar d PO plated petri di he and left to incubate at 

room temperature (22 ° to 24 ° ) or 4 days. The crti al progre i n of Fusarium 

wilt in ide the ylem .,: a e timated by mea uring interval of the pinki h growth of th 

re-i olatcd pathogen on the media/ ) tern interface (Ribeiro eta/, 1979; Buruchara et.al. 

1999) Plate 9). 

The mean and ariance of e erit of each population ~ deL rmined b) 

Micro oft Excel 2003 computer package. The egregation ratio of re i tant to 

susceptible plants in ea h population ' calculated. 

The hi- quare analy i '"a performed u ing the parental lin , the 1• _ and the t\ o 

et of the ba kcro progenies to determine the g odne -of-fit to th hypothe ized 

Mendelian egregation ratio by u ing the formula: 

X1 = L [{ 
E 
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where • i the fr quen ) di tribution of g gation among th re 

0 and are ob rved and e. pe ted f indi\ idual plan f different 

pro nie that ·howed re i lant r u · ptible Fusarium wilt r a lion. nd 0.5 i Lh 

correcti n factor for d gree of freedom of lc than 2. The c mputed L tal X1 for a h 

popul lion " a compared lo th tabulated alue at I degree of fre d m (0 and 

probability le el P0 o1 0~ , o to determin th lc el of ignifican 

1 he en ironmental arian e ) wa computed y u ing the mcth d 

re ommended by Kearse et a/ ( 1996). b obtaining the rati f the t tal urn f the 

squares ( ) to c mbined degree of fre dom (Of) f the parental homozygou line , 

u ing the formulae: 

= _ 2
- .F.= _X2- fiXi~ and 

n 

where X= indi idual di ease sc rc; .F.= orrection factor· n - total num er of plant 

e aluated in ea h parent. Broad •n heritability (H2b ) wa c timated fr m th alue 

of computed V E and ariance of the F2 populations a ~ llow : 

Vp = c+Ve· or, Vc = p- Ve,and. H2b = VG / ( c+ Ye, 

where Vp is phenotypic ariancc given b there pcctive varian e ofth F2 prog nie · 

VG is the genetic component of th arianc ; Ye i the ariance due to en ironmental 

factors: and H2 is the broad en h ritabilil) ofthe re i tanl trait. 
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Plate 4 . eneraJ vie fa section reeoh 
R and foliar yell wing ymptom u ceptible 

after rt:ificial in ulati n with F. oxy porumf sp. ph 
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3.2 I cti n f multi pi d' 
an. 

3.2.1 hoic of par nt , cr 

and mark tabl grain typ · in climbin 

made and 

ommercial clim ing an culti ar mubano. uninkingi. and _ '' inurare \\Cr u d 

as maternal par nt . Th ir im rtant chara tcri ti and tho e f the don r parent are 

ho" n in Tabl 

Th bean 80 M/ 15, rugeli, R WR I 12 I. g\ inurar , nd 

mu ano pr id d the de irable red-mottled or red eed oat c lour . 

ingle. thr c-\' ay and double cr s e that w re made t nstitute th ele n 

population and their code are ho\\ n in a le 9 b lo\ . a le I 0 on th other hand 

how the de ir d O'ai incorporat d int the re pecti e populati n . 

Pair-wi e cro ' ·ere made und r greenhou e conditi ns at f R-Rub na 

during 2000 and 2 OOB. The me cro ing. plant and seed management te hnique 

as de cribed in section 3.1.2 ' ere applied. 

Mature , hybrid ed ''as harve t d from health pod . The e d from ea h 

cro were bulked. Thirt seed \:ere lccted random! from each p pulation bulk. 

Th y ''ere planted at Ru na field tation in ingle r ' ' ith 20 em -o-cm intra and 

inter-row spacing at the rate of one cd per hill. Parental materials were included 

bet\ een adjacent row of the 1 plan . lndi idual plants within each p pulation that 

' ere vigor u and had a disease e erity rating of le than 3 n the I core cole 

of I - 9 for angular leaf pot and' ere at the ame lim resi tanl or tolerant to bean ru t 

and common bacterial blight two pre alent di e at Rubona}' ere sele ted. The f 12 

d ri ed eed of the lc ted plan in ea h population \'ere bulked and u ed as ource 

o progen} ele tion in the sub equ nt generation . 

In sub equent lection four se f thirty cc ' er ampled from the bulked 

F1 2 deri ed eed of the lect d plan in each pulation. h y were planted and 

creened at pre iou ly chara terized di ca epiphytotic itc at Rubona angular leaf 

s t), Rwerere anthracnose). ikongoro (root ro ) and tendezi root ro and 

anthracno e) able 7 . They \' ere planted in two r w u ing the sam pacing plant 

pa ing arrangement as for F 1 plants. 

lndi idual plan that wer r i tant, \' ith a se erit rating of I - 3 on a CIA ale 

of J - 9. against the re pective target d di eases at each site \' re selected \ ithin and 

flA1ftOB1 UNI~ m 
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be£\\ en ro' ' . he m thod of ing r t rot damage i d ribed in Lion 3.1.1.5. 

and angular leaf t -. as ba_ d n th per ent ar~ of 

the t tal urfa that w n roti r wilt d foil '" : 

i) l - 3 repre en re i tant rea ti n .,.ith no more than 10% oft tal folia c n roti 

ii 4 - 6 tand · (; r intermediate rea Lion \\lith II%- 50% foliar necr ti 

iii) 7 - 9 r pr enting u ceptible rea ti n manife ted b m re than 0% to I 00% 

necrotic an hoonho en and Pa tor- orra le , 1987 . 

u eptible plan were di arded. The eed f indi idual plant lection " as 

bulked and advan ed familie ' ithin p pulation in the ub quent :!Jt F2 6 deri ed 

generation . 

At the 2..3 and 2 4 deri ed generation , ' hen segregation into seed lour 

started, all the plant that had red-mottled. red seed or ariou had of th e colour 

were elected, if the were rated a re i tant or tolerant to the angular leaf pot, 

anthracno e. or P ·thium and Fusarium r t r t . lndi idual plan ''ith ther seed type 

such as black or cream were al o sele ted if th y hm: ed high le cl of di eases 

re i Lance {I- 3) and high ield t ntial. 

Table 7. haracteri tic of four hot 
rotation in R-. ·anda and the main di 

ite Altitude Rainfall 
{mast) mm) on traint 

Rubona 1650 I 171 angular leaf 
pot 

R" erere 2300 1 166 15.6 Anthracno e Moderate orthern 

tendezi 1600 I 170 Ro t r ts and ery high We tern 
anthracno 

Gikongoro 2300 110 17 Root rot ery high uthem 
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able 8. Lh eigh1 par ntal lin u d l g n rate bn; ding p pulati n 

enotype Growth ize A nth AL Yi ld 
ha it m (t/ha) 

gwinurarc (59-1/2) IVA red larg R R 3.5 

mubamo (G2333) IVA red mall R R 4.5 

Vunikingi ( 685) IV red smal l R R R 4.5 

M 0 M/ 15 II red mottled medium R R R R 2. 

rugczi ll red m nled medium R R R R 2.-

RV R II 1 .. 1 red m ttled larg R R 1.5 

Mex 54 lll pink large R 2.5 

Puebla IVA cram larg R R R R 4.0 

nfirm d r 
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Table 9. Br ding populati n -. ith d ir d multipl trai 

mubano 

uninkingi 
rugezi 

( mubano 
uninkingi 

mubano 
( mubano 

X 

X 

X 

Mex54 
x ex -4 

Puebla 
x Urugezi 1 

rugezi F1 

uninkingi 
x Vuninkingi F1 , 

muban . 
R\ Rl3121 

Me. 54 
mubano 

mubano 

"inur r ) 1 

R-R -1 
R-R~ -2 
R-R \\­
R-R -4 
R-R -
R-R\'-'-6 
R-R -7 
R-R -8 
R-RW-9 
R-R -10 
R-R -II 

Table 10. e d colour and dise trait combination in II p pul ti n n tituted fr m implc 
and multiple parent eros es at I R Rubona ation. 

Population 

MMCRW- 1 
tMCR~ -2 
MCR'i -3 

MMCRW -4 
MMCRW -5 
\.fMCR'i -6 

CR\! -7 
MMCR\! -8 
MMCRW -9 

CR\! -10 
MM R'i -II 

ed colour 
Red Red 

motlled 
+ 
+ 

+ + 
+ + 

+ 

+ 
+ + 
+ + 

+ 

+ 
+ 

+ 
+ 

After each sel tion c cle t ea h ite, thirty 

plant bul \' ere evaluated in rotati n for ther target di 

pot until all the F24 progenie ere e aluated forth 

+ 

+ 

+ 
+ 
+ 

ample fr m each of th indi idual 

in mplementary di ase ·h t 

ingh el. a/, I 98) ( ·ig 

2). Th same pedigr e s lection procedur wa u ed in all the ub equent 

u ceptibl local ari ty Local mixture) an a local impr ed ari t were u d a checks at 

ea h hot- pot ite. 

At the 25 generation th elected indi idual plant familie from the four ite in ea h 

of the populations were gro .. n at Rubona nd R'> er re in an o ervatory unrcpli ated trial 

with ingle ro\' s of 3 m each. urther el tion for r d and red-monied d t pe plant 
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'igour and yi Jd \ as d ne. h yield pol nti I f the I n al ul ted in 

kglha. 

3.2.2 amio of replicat d ·eld trials of lc ted lin 

i>.ty- ix mo t promi ing ad an ed line that had red-m ul ·d, r d r other d t> e that 

combined di ease re i tance or t lerance t 2 or all th di angular leaf p l. 

anthracno e and/or r lect d fr m the 2 s and F2 6 progenic f th II 

population . They wer c d nam d u ing the I R Bean Pr gram n men laturc climbing 

bean varietie of thre letter-code f ' R wv· followed b) ~ ur-digit number. tarting "ith 

2-72 and ending with 2864' (Table 25). 21line v er aluated in a P~" liminar i ld trial 

at R' erere and Rubona Re earch tation . 

Th e. periment v a laid out in a rand miz d compl tc bl ck de ign R 8 with t\ o 

replications. h entry \\as SO\ n in four 4-meter ro\: pi t ith a pa ing 20 m v ithin and 

0 em between row . o seed v ere pia ed in ea h hill. II the nine par ntal mat rial \\Cr 

included among the ele ted line a checks. his ga e a t tal of 75 entri in each r plical . 

Data \WS collected on the rate of gennination. flov ering and maturit durati n 50% of 

plants). The di ea e erity of anthracn and angular leaf p t rat d de cribcd 

above. Root rot severit v a e timated b 

the plant to at maturit (Buruchara. 1992). 

erving ro t mple and rom the percentage f 

1 he h o inner row were am pled and u d to c timate th mean numb r f pod per 

plant and e ds per p d at maturity tage. h ~ were harvc t d, \! eighed and u ed to e timate 

the plot yield in gram which wa conv rtcd to ield in kilogram p r h ctare kg!ha . Th 

seed color and size of the different entrie ere ob r d. d ize a c timated by 

weighing amples of un-dried I 0 eeds on artoriu ele lr ni balan c. 

Anal is of ariance v as p rformed T tali tical pa kage 

(2003) to detennin mean ariance, I ignificant dif~ renee and c ffici nt of ariati n 

both \ ilhin and aero the t'i o ite . Th re ul of the tc t line were ompared " ith the 

check parent . The mo t promi ing high yielding di e · r i ant and red r r d mottled 

traits were identified. 
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1200? B I 
\ F21 ed 

Rub na 
I R 

station 

Ru na 1 AR ti n 

Ru na I R tali n ed in rea 

Rubona I 

R pli ated Yi ld Trial at Rw rere and Rub na I R 
tati n 

Fig 3. Rotational ele tion scheme for multipl r istan to angular leaf pot, anthracno e 
and root rot at different epiphyt tic ite . 
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3.2.3 rtificial fan ul r I af p t a nd u arium ilt 

3.2.3.1 Plant p pulation u d nd in ulum p r P• r t ion r P. •ri\ ola 

The plant progenie of 1 and F2 fr m implc c 

Yuninkingi) x Mex 54, muban 

1 fr m three-\ ·a) [ mubano 

uninkingi] and d ublc r s ·c 

mubano Mex 54 x mu an uninldn i and ( mu an uninking1) 

(Yuninkingi x Me 54)] , 1 and . 1 ( 

gri eo/a i olate 31 :33) in a gre n h u 

ulated '" ith a irul nt P. 

on the IAT se erity sea l of 1- "ere el d 

sample of re i rant line " ere then planted in th field t Run in a 

e aluation again Fusarium wilt re i lance. he prog nic that wer r th angular 

leaf pot and Fusarium" ilt" ere identified. 

The P.gri ola i olate 31 :33 u d ' pre\iou I) rated high!) p th genic to m t 

Andean and Me ame rican g ne p I , but a incompatibl to c>. • ' hi h wa u cd a 

donor parent of angular leaf pot (\; agara, -0 4 . he i late \\ obtain d from the 

D partment of Plant ci nee and r p Pr tection I b ratory llection r rve at th 

Uni er ity of airobi. 

Tap water agar (TW ) and an leaf de tr eagar BLD media' ere used to i late 

and and prepare ingle p re i olate of the P.gri eo/a de crib d b W gara (J 99 ). 

sterile gla s slide carrying a drop o t rile v ater' as pi do r a \ hite tile wa hed in 70% 

alcohol. plate containing old ulture f P.gri e Ia wa 

di e ting micro cop and a rna f fungal porulati n wa d and 

moi tened fi ne needle P. griseola conidia were tran err d ont th ' atcr dropl t n the 

micro opic slide and stirred ' ith a terile ''ire I p. The arne wir lo p w u d to tran fer 

a film of the pore u pen ion onto W plate by treal..ing gentl) 

on i urface. The inoculated TW plat were incubated at 19 ° - 21 °C for 2 da . 
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nninating pore plat \\ id ntifi db) ·n ing und r m und 

mi ro ope. mall lab the media aiT} ing ingle germinating 

h lp of terile apel blade. The v.er tran nd 

incu ated at 2 I 0 
- 2 ° in darkn fi r 14 da) \\ agara fbe 

m ther ingle p re culture ' r multipli d ulturing nt afre h nd were r -

in ubated for I 4 days. 

About 20 milliliter of di till d water , .. a added t th B plate nt ining th 14-

day old culture . The urface wa rabbled g ntl u ing the edg of a t ril mi ro pi 

slid until a dark suspen ion of the conidia was fanned . I h n \\ pti all 

strained through a doubl layer of chee ecloth into a akcr of \i ater. It a tirred until a 

uniform mixture ,. as obtain d. Th concentration of the u pen ion wa! then adju t d to 2 x 

106 pores per milliliter u ing a haemocytometer after dilution\ ith di tilled a'H ·r. 

3.2.3.2 creeoing aaaio t Fu orium wiJt and an ular leaf p 

The creening and as e ment of r action again Fusarium ilt a don at Run inya itc 

( ection 3. I) while it was done in the reenhou e in f angular leaf t. In the latter 

c e, fifty seed of the 1 Umubano x. e. 54) plant pr genie 2 0 eed of th F2 and 1 

( mubano · M X 54) and 100 e d of each of F1 ( mubano Vuninkingi Mex 54, 1 

( mubano x uninkingi} x uninkingi, F1 ( mubano . uninkingi x f-. 

54) and F 1 mubano x MEX 5 ) mu ano , uninkingi) r \ ere 

mpled. ifty eed o a h of the parental mat rial uninkingi) 

were included as chc - . The were plant d in 20 cm-diamet r pia ti p containing 

pre iously autocla ed clay-loam il after it\ as left out r 30 da a to all \ the c ling 

and restoration of mi r bial a ti ity (re-naturing). Th trial \i a laid out in randomi1 d 

complete de ign with rno replicat . The p t ere\ atcrcd to fi ld capa it dail 

After 21 da s. th primary imple and th fi t trifoliate lea e of th dling w re 

prayed with the u pen ion of the inoculum ontaining 2 . I 06 f th irulent i · late (31 :33) 

of P. griseola. until the whole leave were wet-dripping b u ing a half litre Sa g n atomizer. 

Th inoculation wa done earl in the morning when the mata \\ere op n. The lover 

urface of the lea e were mo tly targeted. he floor of the recn h u e wa nooded v ith 

water e ery morning and e ening to maintain high humidit . Th v arm ab ut 24 ° and 
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high humid en ironment was maint in d ) r infor ing th wall '' ith tran parent 

plastic h eting linin in id th 

Th de elopmenl of angular leaf pot }mptom n le v " m nitored d il}. he 

a ment crity \ a mad during th third '"cck (14th t 21 t da ) fier the 

in ulati n (Wagara. . Th, per entag of lh total I at rea th indi idual plant that 

was o ered b> the typical int r- ein p and I ion e timatcd vi ually. Th • alu 

obtain d v ere used tandard I r c le f I - an 

hooho en and Pa tor- orrale • 19 7 . .In thi ale, a . rc of I= no b rved ymptom ; 

le than I 0% of leaf area affect d b le i n = 3; 25% f th leaf area affe ted - 5; 50% of 

leaf area am ted= 7: and more than 75% of th leaf ar a co ered b lc i n = 9. re · of I 

to 3 repre ented a re i ant reacti n· 4 to 6 intermediate reacti n, ' hile 7 to ,. as for 

usceptible di ease reaction (Plate 15). 

All the plants that\ ere re i tant again t angular I af p t from th diff; r nt p pulation 

' ere selected. Their eed was bulk d. ample of the d v re obtained and th v ere u ed 

in the field periment for the . election f tho e among them that er re i tant again t 

Fusarium v ilt at th ame tim . he as e m nt for Fu ·arium wilt re i t.ance in the field \\8 

carried out a described under e ti n 3.1.3.1. 

eed samples of line that v er re i tant against angular I af p t ere then planted in 

the field at the Runyin a hot- p t ite ( ection 3. J.l) for th e aluati n again t th Fu arium 

wilt re i lance. Tv o hundred and fifty eed of the F2 ( mubano · Mcx -4) plant pr geni 

and of the 3 (Umubano x Mex 4) and 100 ed of ea h of 3 mubano Vuninkingi) x 

uninkingi, Mex 54) and F3 mubano -4) x ( mubano uninkingi) r 

planted in 2 replicate . One hundred eed of muban , Vuninkingi and Me 54 ,. er 

included in the planting arrangemcn a hecks. Th a ment of 1-u rium " ilt reaction 

' as done u ing the 1 T cale a de cribe under se tion .1.1. 
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Plate 5. tunting, yellowing and wilting symptom of Fusarium ilt ob rved on u ceptible 
plants in creenhou eat Kabete after artificial in ulation with F. oxy p rum f. p pha eoli 
i olate 

Plates 6 and 7. xtemal hyp otyl damag left) and internal v cular penetration and 
di colouration (right on u ceptible plan due to F.o>.y :porum f p. phaseoli insid 
creenhou eat Kab te field tati n. 
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-U lob ritance of r ·i t nee to u arium \\ilt in limbing b an 

ellowin of lea e , tuntin and \ iltin n u cptibl plnn 

while other remained igorou .,.._ ith light gr · n or gre 'n folia e and 5). lhe 

yello\ . ilted or stunted plant had brown di. ol uration f the h n .. ith light to 

deep bro\! n Je ion and canker that e po orte. of the hy nd on tap r 

(Plate 6. 7 and 8 . Th igorou green pi n on the other h nd had er) light uperfi ial 

di eolouration of lhe h pocot I and health Plate ). In all the e , the 

brown di coloration r lesion ery rarel n ti d be nd the il l and I el thr ughout 

the eight ' eeks f the di ease aluation. 

Howe er, hen the lower tem o amplcd plant were di e ted after 4 " eck of 

inoculation, the brown di coloration of differ nt int nsity \ a er ed in ide the plant . The 

mean pread of lhe brov n di colouration along the . lem ranged tween 2 and 4 em in 

Vuninkingi and Flora paren , the 1 and ba k ro prog nic to re i tant parents a ,. ell as 

among the 068- ' lora F2 progenie . The mo ment ofth pathog n vas greate tin 2333 

the ba kcros (02333 G685) 2333 and ( 2333 lora) 2333. and r nged b tween 4 

em to 8 em. imilar trend in the movem nt f the pathogen wa ob crved 8 week a er 

inoculation, but the range had increased fr m 2- 4 em to 6.2 - 12 m and fr m 4 - 8 em to I 2 

- 24 m among th 2 categoric of plan r lively. 

The su ceptible eulti ar 2333 re rd d the highe t infection into the va ular ti ue 

b the pathogen into the ·ylem after the 4 and 8 week I 0 and 24 em re pecti el ). hi as 

about 4 time more or faster) than the pread of the path gen in id lhe ti ue of the 

resi tant G685 and lora par nl ( able I I and igure 4 and 5 . 

V hen the ut tern ection were pi ed on th ea t extra t mcdiam. pathogen grew 

along the discoloured portion of the secti n . The re-i ol ti n fth p th gcn oc urr d along 

the entire length of the section in the ample of 233 and other u cptible plant Plate 9). 

The palhogen ' a reco ered at 2 - 3 em from the ba e of the em in ction of r i tant 

parents. G68- and lora. o growth on the media plate" a n ticed al ng the em e<:tion of 

th non-inoculated control plant meaning the brov ning \i ere au ed b infe tali n of 

Fu arium wilt pathogen in th inoculated plants. orne of the 

de eloped some econdary ad entitiou r Plate 9) 
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Plate 9. (a) Vertical spread f Fu arium wilt in resistant (R u ceptibl and intcnnediate 
re i tant Int · b) th re-i olati n of Fusarium will path gcn fr m infect d tern p rti n in 
a including c ntrol on agar plate and c h ing ec ndary l de el pmenl after 

damage of primary r by Fu arium wilt in a creen h u e at Kab te 
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bl II. V rti al pr d fFu arium \ ill into a ular ti u at 28 and 5 da s aft r inoculati n ( I)\ ith Fusarium sporumf.\p plwsea/1 
i · lat in r cnhou t Ka t 

ro De cription of pathogen spr ad 

Vertical movem nt 28 DAl 3.2 
.. 3( X 685 (Rz Verti al mo ement 5 DAI 7 

Longe t: hortc mo ement 55 D 1 I I. 
Verti al mo ment 28 DAI 28 4 7 2.2 
Verti al mo emcnt 2 DAI II 21 

I ra R1) Longe t 
I. ., 2 . 
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p r nt or cr 

Fig.4. Mean length of vertical penetration in em of Fu ·arium ox porumjsp. pha ·eoli int 
xylem of different generation of 2333 x 685 cr s at 28 and -6 day afier inoculati n 
(DAI in creenhou eat Kab te. B = Ba kcro to u ptible parent. B R = Back r to 
resistant parent) 

4.1.1 Overall Fu. arium wilt a hi- quar • una I i 

All plant of G233 " ere su eptibl \ ith the e erity r ranging between 7 and 9. v ith a 

mean of 8. 7. The plant of th donor parent , 685 and Flora and a lithe F 1 progenie ho'> ed 

re i tant reaction cores between 1 and 3. b ut three-quarter of the F2 rogeni s of both 

ro \ ere re i tant and ne-quarter \ e backcro progeni f 2333 

egregated in the ratio of I: I r the re i tant and u eptible rcacti n. The ba kcro of 

both donor paren were signifi anti rc i tantt F1rarium itt Table 12 and 14 ; Anne I}. 

The mean e erity core of the F 1 o 2333 G68 and of 2333 . Flora \ er 2.2 and 

2.8 re pecti el . he were ery close to the mean se erity c re of the donor parent of 1.6 

and 2.3 respectively. within the resi ant di a e rity bracket. Th c erity core fthe F2 

progenies ranged etween I and 9, v ith a mean of 3.9 and 4.0 re pe ti I . The v ere higher 
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but lo er to the m an erit) r acti n of lh and mu h lo\\cr than th · m an 

of the usceptible par nt (8. 7 I). 

re i t nt nd . u ptiblc 

parents th ir F1 as well as 2 pr genie of ( I ), m ning the c 

Flora) (7. I and of b th backcro e to th su c ptibl p rcnL 

Table 12. umber of re i tant or usceptible plant or pr geni 
\\ith Fusarium' ill i olate in a creenhou · at abete. 

Population 

Parent 02333 P , 0 32 

Parent 068- (P2) 3 0 

F,(P, · P2) 9 0 

F2(P1 X P2) I 62 

Back co P, 89 I 

Backcro p2 177 I 

0685 x Flora F2 40 0 

Parent 2333 P1 0 32 

Parent Flora (P2 40 0 

FI(P , x P2) 40 0 

F2(P, X P_) 193 67 

Backcross P1 86 94 

Backcross P2 17 5 

Flora . G 685 (F2) 40 0 

Total 1151 36 

(7. ) 2 33 . 

I able I ). 

cr artifi ial in ulati n 

Total 

32 

39 

256 

180 

178 

4 

32 
40 
40 

260 

180 

180 

40 

The egregati n pattern for re i tance among the parental line and the different 

progenies is depicted in Figur 4 b I w. \! h n the 2 analysi ''a perfonned. it confinned 

segregation of the •2 into the Mendelian 3 rc i tant: I u ccptible. Th backer to the 

u eptible parent was in agre ment ' ith the I re i tant: I u c plible. Thi was true for both 

the G2333 x G685 and 02333 lora cro e (Table I and I 5). 
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abl 13. umb r of plant. am ng paren and rh ir pr genie h wing 1hc Fu arium \ ilt e crit re I t 9 in r nh u c at Kab t . 

r (I - 9) 
-- ---

Generation 2 3 4 5 6 7 9 Mean Vari n 
-

G23 P,) 0 0 0 0 0 24 .7 0.426 

G68 (P2) 20 12 6 0 0 0 0 0 0 1.6 0.56 

F1 P1 P2) 10 II I 0 0 0 0 0 2.2 .7 

a P, P2) 20 75 9 0 3 2 53 3. 7.7 

P, 24 27 0 0 24 24 40 . I 9.9 

p2 32 58 87 0 0 0 0 0 2. .7 

F2(6 2 0 0 0 0 0 0 1.9 0.174 

2 P, 0 0 0 0 0 0 2 8.7 0.-

Fl ra P, 14 18 0 0 0 0 0 0 0 

··< I. P.:! ) 2 0 0 0 0 0 o. 
F2(l1 p2 16 67 110 0 0 0 4.0 7 1 .. 7 

P, 14 47 _s ..., 15 24 0 5 10 I 
_, ,_ 

0 2 0 2.2 6 

d I ra x 6 ) 2 2 9 0 0 0 0 0 



u 
c 
Ill 

10 

~ 8 
> ... 
0 

e a 
0 
u 

(/) 

: 4 
Ill 
CD ., 
0 

2 

0 
PS PR F1 F2 BCS 

Parent or progeny 

BCR F2 R x R 

• Otsease score 
• vanance 

ig. 5. ean di ea e ore and arian e am ng ceptibl par nt P ). r i tant (PR . Fl. 2 
abd backcross progenies (B I Rand 2 f r i tant par nt among 2333 x I ra and 

02333 x 0685 cr e after artifi ial inoculation" ith Fu ·ariw11 ox porum/ p.pha eolt in 
scr enhou e at Kabete 

Table 14. Chi- quare analy i for 2333, 685. their I ·2 and back ro progenie from th 
egregation ob rved in scr enh u e 

I ulated 

2333 (PI) 32 0: I 

685 p2 38 38:0 I : 0 

F1 2333 X 0685 39 9:0 I : 

F ( 2333 X 685 256 194:62 3: I 0.0468 .80 0.90 

(G 2333 0 685) X P, 1 0 9 : I I: I 0.00 4 0 - 0.95 

( 2333 0 685) p2 178 177 : I I: 0 

F2 lora . 068-) 40 40:0 I: 0 
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Tab I I . Chi- quare anal 'Si for - 33. 1 pr: nl in 
reenhou e triaJ for egregation fre i tan 

ultivar or cro 

G 2333 (P 1) 32 

Flora (P2) 40 40:0 I: 0 

F1 (G 2333 x Flora 40 40: I: 0 

2 (G 2333 x Flora 260 193 : 67 3: 1 0.046 0. 0.90 

(G 2333 Flora X P, 180 86; 94 1: 1 0.272 0. 0 - 0.70 

(G 2333 x Flora X P2 180 175: 5 I: 0 

F2 (Flora x G685 40 40:0 I: 0 

4.1.2 Di ea e reaction and hi- quare anal i for fi ld trial 

The mean e erity rating \i as highest in th u ceptible parent. 233 ( c rc of 8. 7) and it 

backcross progen i 6.4). It ' a lowe t in 68~ and am ng the r, pr g n .7). The 

ariances were least among the n n-segregaling parent 2333 and 68 , and the uniform! 

non-segregating F1 progen (0. 782, 1.08 and 1.062 r pecti el . It was high in the 

backcross of G2333 and the 2 progenie 7.3 and 2.4 re pecti el ) ( i ). The mean erit 

cores of the F 1 pr geny were clo er to the e crity cor f the resi tant par nt Fig 6). 

Chi- quare anal is howed no ignificant differ nee betwe n th b er ed and the 

theoretical segregation ratio of 3 re i ant: 1 u eptible among the h pr genie . II the F, 

and the backcro progenies to th re i ant parent 685) \ ere re i tant. imilarl there 

were no significant differenc rneen Lh b erved nd th expe ted cgregation rati of I 

re istant: 1 su ptible among the ba kcr s prog nic to th u eptib1e parent. 2333 

(Tables 16). 

53 



140 

120 

100 

I eo 
i 
: 60 
z 

20 

0 
1 2 3 4 5 6 7 8 9 10 

ot.e•e MVerlty SCON 

F2 

F1 

P1 S 
P1 R 

Fig.6. umber of plants showing differ nt Fusarium v itt rea ti n am ng th parental lines 
2333 and G685 the F1 and F2 progenie in the field e aluati n trial at Runyinya, Rwanda 

Table 16. Chi- quare analy i {i r the cr between muban and unikingi. their " 2 and 
backcross progeny following natura l infection by Fu arium o pomm pv pha eoli at 
Runyinya, Rwanda 

ross/Line 

97 9 :I 

Vuninkingi 6 5 p 2 47 47 I: 0 

2333 X 685 F, 33 31 2 I : 0 

( 2333 X 6 5 F2 25 67 3: I 0.341 .50- 0. 70 

(G 2333 X G 6 5 xP, 94 4 51 I: I 0.522 0.30- 0.50 

2333 X 6 5 X P 2 10 II I :0 
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4.1.3 H ritabjJjty f Ft ariw11 itt r i tan 

Th h ritability of Fu arium ~ ilt re i an \\ e tim 1 d at 

inoculation e periment for both f lh cr 

under the reenhou e e. p rim nt. The br 

99.8% und r the fi ld creening experim nt in ol 

the heritabilit for r i tance to Fusarium "'ill r gi en in 1 a I 17. 

,o und ·r th artili ·i I 

nd Fl ra 

htl) high r. at 

. · tim tc ·of 

Table 17. nal i of ariance and heritability ofre i tan again t fu rium "ilt fr m 
ob rved di ease everity score in reenh u e and in th 

ource Of 

•G2333 X G685 

G2333 31 13.22 

G685 37 20.84 

Total 1147 34.06 

•G2333 · Flora 

G2333 31 8.875 

Flora ... 23.50 _, 

Total 1209 32.375 

.. G2333 G685 

G2333 96 76 

G68 46 

Total 4416 81 

4.1.4 lnberitancc of agronomic traits 

4.1.4.1 Flower and ed trait 

0.462 

0.563 7.766 

0.02 7 

0.28 

0.603 7.127 

0 .. 268 

0.792 

0.10 2.373 

0.0183 

field trial. 

llzb• II (Ot0) 

7.736 0.0297 0.996 9.6 

7.100 0.02 0.99 99.6 

2.3 - 0.01 3 0.998 9. 

The flov ers of both paren , 2333 and 

progenie inherit d the white n wer of th 

85 ' ere ' hit . II their 1, F2 and b kcr e 

he eed of 

the u ceptible par nt, G2333 were red, ~ hile tho of the re i tant parent, G6 " ere light 

red. All the F 1 plan were red ceded, lik th e of th rc ipi nt parent. Ho e er, all the F2 

pr genie had light red eed f the d n r parent type. he me pale red c I ur v as 

predominant among the plan of the ba cr progenie . negligible ra tion oftheir eed 

had the red colour f G2333 le than 0.1% able I ). 

Both parent v ere mall e ded, with I 00 ed "'eight f 21.1 g and 2J.6 g in c of 

G2333 and G685 re pecti el . he seed fthe F1 progenic v ere mall in iz 24.4 g per 100 



ed but bigger than for eith r par nt. H v e\ r, the m an ·d \\ci ht th 1 pi nt -. a 

3 .3 g in the medium size categ ry ju t a it '' pr genic of I he 

u eptible parent 32.7 g per I 00 eed ) and f th rc i Lam parent ( 0. g per I 0 ccd ) 

(Fig. 7). 

able 18. Flov 
pro genie 

parcnta I lin , f 1• • 2 and b kcr 

(P •. p2 ft 
(Pt X P2)F2 

B Pt 
B P2R 

white 
\ hite 
v hite 
white 

paler d 
red 

40.--------------------------------------------, 
35 

01 
.= 25 
J 
'i 20 
QJ ., 
g 15 +----
.... 

10 

5 

0+-----~~---~------~--------------------~ 
G2333 S F1 F2 BC1S 

Parent or progeny 

Fig 7. eed size of parental line . 1 2 and backer 
Run inya. Rv anda measured as v eight of 1 0 eed 

BC1R G685R 

4.1.4.2 De elopmeot of gu ide a nd dura tio n to flo' ring od maturit 

Seed we1ght I 

The formation of guides or t ndril took 21 and 30 day in 2 33 and G6 p r n 

re pectively. Th mean durati n for guid formation " a 26 da [I r lh F1 and 3 da for 

the F2 progenie . The duration of flo, ering v a harte t in 2333 and longest in 6 5 (49 

and -3 day re pecti el . It wa intermediate among Ft 0 da and 2 progenie (51 da ) 
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. t 87 day , 23 \l as th earli to mature. \\hile \\() fthc g up. 

progen} matured after 88 da \ hile th 2 pr ' n) attain d m turit) m 

100 
90 
80 
70 

en 
>- 60 (U 
'0 .... 50 0 

ci 40 z 
30 
20 
10 
0 

G2333 F1 F2 G685 

Parent or progeny 

Fig 8. Mean duration in guide formation. 0 \ ering and maturit 
F2 progenie ob erved in the fi ld e periment at Run in a, R'> anda. 

•Guides 
OFiowenng 

•Maturity 

85 and th ir F~. 

4.2 el ction of marketable line with multiple di ea c r • ·· tance in carl g nerati n 

4.2.1 election for multipl di as mark t and yield trait among earl ' 

e rotic and chloritic mptom differ nt in e erity, n ned 

among th plant in all gregating p pulati n at ea h f the cpiphyt 

R~ erer t ndezi Gikongoro and Rubona Plate I 0). iffcr nt numb f r i tant lin , 

' ere lected at each site in the earl generation able I 9). In lh fourth cycle of Jc ti n 

(F24), 475 line with multiple re i tanc to anthracno c. angular leaf L and the r ot r t 

disease were elected aero Je 20). The u pti le check had di ea e evcrity 

rating of 9 at the three ite at e ery cy le of lecti n. nl plant ith di e e erit 

rating of I - 4 on the l T ale of I - 9 ' ere elected. The di ease lc ti n pre ur '' 

consi tently high at Gikongoro, yangugu and Rubon . but v a mod rate at Rwerer . hi 

' a hov n by high lo f plant stand at the e ites (Plate I I . 
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Plate I 0. cerotic and hi r ti ympt m f anthra n 
spot c o rved on usceptible plants at th epiphytotic 
Rubona respecti ely. 

Plate II . Lo of plant tand due t high di ease pre ure b erved at l ndezi due to 
anthracn (Jla and at ikongoro du t r t ro II ) during e aluati n of egregating 
population for resi tance again the di 
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l (Rub na), anthracn c lh ·r rc/ yangugu. 

F• 

Rwcrcre Rwer re Cyangugu Rwcrcre 

39 16 0 74 37 0 

IM R~ -2 42 9 12 30 37 5 12 

IM R~ - 3 r 3 23 21 0 10 0 0 

MM R'i -4 8 22 II 12 22 21 24 _I 22 4" 7 

MM R~ - 17 21 26 28 40 31 24 2 0 

MM RW- 2 24 7 6 19 16 7 2 3 () 5 0 

1M RW-7 8 3 21 22 2 0 II 0 () 

I I RW- 10 13 7 21 7 2 0 0 8 

MM R\\ -9 2 9 10 0 12 19 .. 0 0 

MM RW-10 22 2 22 7 0 0 0 6 0 0 

26 20 4 6 17 7 18 II 0 Ill 0 II 

lotul 2 229 102 109 206 161 211 168 86 101 9 7 



Population r of multi pi 

MM RW-1 12 1 

MM RW-2 74 
M CRW-3 10 

CRW-4 ,_ 

MMCRW-5 7 

MMCRW-6 

MMCRW-7 I 1 

MMCRW-8 

MMCRW-9 

M RW-10 6 

MMCRW-11 

Total 475 

2 population segregated for with red~ red-m ttl d. pink. purple, tan. ' hite or 

black colours of mall medium or larg ize .. Among the ·2 s plant familic that were 

elected populati n MMCRW-1 MM RW-3, MM RW- and MM RW-9 pr duced 

the largest numb rs f the red and I or r d-mottled seed typ able 21 . The generated 

a total of 37 and 45 r d-mottled and r d eeded line P pectivel , or 36% f all the 

elections by seed typ at this tage. II the red and rcd-m ttl d e d f th lected 

plan were medjum r large in ize. 

Forty of th 45 ( 9%) red-m ttl d or red eded line ab e combined multiple 

re i Lances se erity c re of 1 - 3) again t anthra no • angular leaf p t and r trots. 

f the remaining 5 lines, 2 wer resi tant to anthracn and angular leaf p t and 

tolerant ( e eri ty re of 4 - 6) to angular leaf spot. 
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Table 21. umber of s le ted line am ng 11 ulation that \Cr • r • red-m ulcd r f 
oth r market seed typ s t F g neration 

Population 

Red-mottl d tal 

MMCRW-l 10 49 

CRW-2 0 l 7 

MMCRW-3 6 4 II 

MMCRW-4 7 6 13 
MMCRW-5 0 s 43 4 

MMCRW-6 0 2 I 

MMCRW-7 0 4 37 

MMCR -8 10 0 6 16 
MMCRW-9 6 0 7 13 
MMCRW-10 0 0 

MMCRW-1 1 0 0 4 4 

Total 37 45 146 22 

4.2.2 Yield, pods per plant and maturi duration f • rl generation 

nder early yield testin of F2.5 populati n at Rub na and R\) rere th high t yielding 

populations wer MM RW-3and M RW-6 at R cr re: and MM RW-5 and 

CRW-8 at Rub na. The had m an yi Ids of .2 and 2.3 ton ha-1
, r p cti el . 

. Populations MM RW-1 MMCRW-3 MMCRW-6, R -8, and RW-11 

were the best yielding at Rwerere. Th ir a erage yield r nged from 2.4 t .2 t n ha·1 

.The highest yielding p pulation at Rub na were MM RW-1, MM RW-2 MMCRW-

8. M CRW-10 and CR -11. Th ir ield ranged etw en 2.2 to 2.3 t n ha-1 .Th 

populations MM RW-1 , MM RW-11 and IM R - ere high yielding at both 

Rwerere and Rub na it s. The mean ield were high r at Rw rer than at Rubona 

(Table 22) 

The a erag number of pod per plant ari d r m 3 in p pulati n M RW-3 to 

98 in population R -6 \<' ith a mean number of 4 p . The number of eeds per 

pod also varied fr m 6 in population M R W -11 t 10 rains among MM R W -4 and 

MMCRW-lO populations with a mean f6 grains. h population that had the high 
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number of p ds per plant r d per p d wer n t n 

(fable 21 . 

The mean maturi duration ' as al 1 ng rat Rw r re than at Ru n ite. Th 

mean duration ranged between 99 t 107 da at Rub na and 97 and 117 day at 

Rwerere. The earliest populations wer MM RW-4 and M R\! -5 ' hilc th late t 

maturing populations w re M R -7 nd RW-1 at nd Ru na. 

limbing an r 'Nth re pecti ely (Table 21 ). I the p pulati n produ ed pi t 

habit irre p ctive ofha ing orne paren f the bush typ · . 

Table 22. Mean grain i ld. durati n t maturi . p d pi nt-1 and eed p -
1 of a 

random ample of 50% of s lines from 11 f population gr wn at Rw rere and Ru na 
I AR tations 

o. 
of line 

MCRW-1 49 2400 220 42 

1MCRW-2 7 2000 2300 101 118 35 7 

MMCRW-3 l 1 3200 16 0 102 100 7 

MMCRW-4 13 1600 19 0 101 97 47 10 

MMCRW-5 48 2500 23 0 117 7 

MMCRW-6 10 3200 I 00 101 97 98 8 

MCRW-7 37 1900 1700 100 123 49 7 

MM RW-8 16 3000 23 0 102 104 49 10 

MMCRW-9 13 1400 20 0 103 105 46 7 

MMCRW-10 2100 2 0 107 114 53 10 

MMCRW-11 4 2500 2200 I 6 116 42 6 

lean 22 2345 1973 102 10 49 8 

4.2.3 election from advanced lin · in r plicated i ld tria l 

By the F6 generati n. 66 of th line fi r multiple re istancc w re al o 

h mogeneous in term of seed typ and agron mi traits. The V analy i 

revealed significant difference Poo t>O.o among re ul f th ir yield. flow ring and 

maturity durations eed size 100 ed weight ed per p and p ds per plant. 
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Th following ctions describe there ul . ' hich ar al umm nz d t th r in able 

23 - 31. The re ul ts of th analy is of ari n of the data c lie t d fr m th 'e traits 

are pre ented in Annex 5 . 

4.2.3.1 Flowering and maturity duration of. d\•anc d lin 

There were highly significant differenc s r duration to 50% n \) erin and m turity 

{Annex 5.2 and 5.3 . In g n ral lines flow r d earlj rat u na than at R~erere with 

means of 45 and 56 days at th respecti e ites. The fl wering durati n rang d t\\i! n 

38 to 49 day and 52 - 64 day . Two red eeded lin f1 \! cred earlie t. were RW 

2573 (38 days) and R WV 2575 42 da at Rub na site. The arne lin · were among th 

early flowering lines within -s days) at Rwerere sit . The red-m ttled lin RWV 2 9 

was the earliest to flower at Rubona sit (41 day . The th r r d-m ttled tine : RW 

2698 RWV 2698 RWV 2698 RWV 2679 RWV 2680 RWV 2673, RW 2686 lso 

flowered r lati ely early at Rubona, taking 43 da s ( able 25 - 2 }. 

There were significant differences in duration to maturity Anne - in rend d to 

mature earHer at Rubona 86 days) than at Rwerere (I 00 day . The earlie t lines matur d 

in 80 da s at Rubona and 95 days Rwer re. The lat t lin t ok 95 d at Rubona and 

107 da s at Rv erere. Early maturing r d- eded line in luded R 2616 80 day , 

RWV 2573 RWV 2606 82 days) and RWV 2575 and R 2580 which matured after 

83 day at Rubona. Tb same line al matur dearly at Rwer re (9 da ) 

2575 ' hich matured in 103 days. n th otb r hand. I t 14 f th r d mottled lin 

matured earl at Rubona r R erere r both. 

They took le than 85 day at Rubona and Jess than I day at Rv.erere tation. e 

line RWV 2678 RWV 2681 and R V 2701 w r m tured earlie t, within 2 and 

97days at Rubona and Rwer re re pecti ely(Tabl _5 - 2 . 
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~.2.3.2 umb r of pods p r plant and ed p r p d m ng d\ n d lin 

There were ignificant differ nces in the m an num r p d ithin and 

aero s sites Annex 5.4 and 5.5 . How er. th m an p d num r per plant wa lightly 

high rat Rwerer than at Rub na. The high t number 

33 26 and 20 at Rubona for R WV 2670 R V 2692 and R 

line are red-mottled. b numb r of eed per p d ranged b 'tween 4 and 10 at b th it '. 

Th mean number of s ds p r pod was 6 at both ite . w nt eight lin · had m r th n 

6 eeds per p d at Rubona site. Th number f the a an cd lin s th t had more than 6 

eeds per p d as 35 at Rwerere station able 25 - 2 ). 

4.2.3.3 election for eed colour and ize 

All the 66 new ad anced lin s were either red-mottle red. purple and pink. cream r 

black seeded. There were 30 red-mottled line and 13 r d eded. T\i nt -three lin had 

purple cream or black se . Population RW-1 gen rat d th high t number fth 

red and red-mottled mark t eed types (70% among the ne line Table 2 : Anne 

Of the 43 marketable red eeded and red-mottled line 42 

40 g per 1 00 eeds) or medium (25 - 40 g per 100 eed . The repr 

all the new lin s tbat \1 ere large or medium ded able 24 ). P pulati n 

contributed th bulk of the 70% of the large seeded r d and red-mottl d 

1 0 2 
4 0 0 4 

MMCRW-4 ] 0 0 I 
MMCRW-5 I 0 2 0 3 6 
MMCR -6 0 0 4 0 0 4 
MM RW-7 0 0 I 4 
MMCRW-8 0 0 0 0 
MMCR -9 0 4 0 0 0 4 

-10 0 0 I 2 
-1 l 0 0 0 0 0 

Total 13 30 12 4 7 66 
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Table 24. Distribution of ed lZ among di 
population 

I 00 eed weight Rd Red-m 

8 

Mdium ?-_) Og 4 14 

mall(< 25 g 1 0 

Total 13 3 

4.2.3.4 Yield potential of advanced lin 

r nt grain 

I 

9 

2 

12 

f different d m rk t type 

0 

k t I 

7 

4 

7 6 

The differences in yield a ro th tw \l r high! ignificant • t P = I % le I 

Annex -.1 . 0 eral_4 the mean yield at R\,erer of _564 g ha"1 a higher than th 

mean ield at Rubona 2036 kg ba·1 • rain yield aricd fr m l 0 0 kg ha'1 t 2 kg 

ha'1 at Rubona and from 20 0 kg ba·' t 3000 kg ha"1 at R r re. cnteen ntrie at 

Rv.'erere and 9 at Rubona exce ded a yi ld f 000 kg ha"1 

Thirty-fi e about 53% oftb n lin had a ' i ld r ng betw n _ 0 - 40 kg 

per ha at Rubona. They ex eded the m an ield of their par nts. I al nd impr ed 

checks. Th number of new lin s that urpa d the mean yi 1 of th par nt at Rwer r 

was 60 (about 91 %). Howe er, onl 30 f th m abut 46% pr du cd higher i Jd than 

the local and impro ed checks 2663 kg ha '1) at Rw rere. h ir ield ranged etwe n 

3000 kg ha -I to more than 4000 kg ha - I . 

.t.2.3.5 i ld of marketable red and r d-mottl d d p 

The mean yield of then w r d seeded lin \!a 2232 kg ha- 1 at Rub n and 2771 kg ha'1 

Rwerere. Th mean yi ld f th red-m 

2-21 kg ha"1 at Rw rer ites. The 

e d d lin wa 241 kg h -1 at Ru n and 

higher than the mean i ld alu f th 

parents of the checks at b th ites and fi r tb r market eta elc t d abl _5. ig ). 
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.t.2.3.6 eao yield of other mark t d ·p 

At th Rubona site, the mean of the purpl 

kg ha-1
• 13 5 kg ha- 1 and 1771 kg ha-1 

an th Ja k cd ·d lm wcr 1421 

mean 

·ield of the parental lines and of check ari tic , exc pl fi r lack ccd d lin· Fi • 

At Rw rere th purple and blacks d ~d lines m an 27 kg ha·' n _ T' kg lm-1) 

urpas d ti1e mean yi ld of th parents and o the che k . · h mean icld f th ream 

seeded 2306 kg ha·' was high r than the parental mean but I r Lh n that 

at the same site (Fig. 9 

3000 -.--~----------------., 

2500 
!0 

:E 2000 
0) 
~ 

c 1500 
"0 

Q) 1000 >-

Market class 

o Rubona 

• Rwerere I 

Fig 9. Mean ield f the diffi rent mark t lass sam n n w line and ch k rieti n 
the replicated yield trial at Rub na and R w r re ite 
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Tabl 25. Day t fl "er, maturit , p d ptant- 1
• ed p d- 1

, 10 - c~d ma , grain 
r d-m ttled climbing bean lin lect fr m I I p pulati n and e aluat d at tw 

Population 
Vari ty 

MMCRW-9 RW 2639 

MMCRW-4 RWV2670 

MMCRW-1 RWV2673 

MMCRW-9 RW 2675 

MM RW-9 RWV2676 

MMCRW-9 RW 2677 

MM RW-1 

MCRV -1 

MM RW-1 

MMCRW-1 

M R\ -1 

M RW-1 

M RW-1 

MM RW-1 

M RW-1 

M RW-

MM RW-1 

RW 267 

RWV2679 

RW 2680 

RW 2681 

R\ -687 

R\\ 2691 

RW 269-

Days 
no\ r 

to Days to Pods per 
mature plant 

eed-type 

100 
Rub* Rwe Rub R' e Rub Rwe Rub Rwe seed Seed color 

46 

46 

42 

7 

43 

48 

46 

42 

42 

4 

49 

4 

42 

44 

46 

.J 

54 

59 

58 

59 

61 

51 

55 

5 

9 

89 97 12 

90 tOO 33 

85 98 12 

84 101 18 

89 101 15 

9 

82 

87 

83 

83 

84 

90 

86 

98 

97 

99 

99 

97 

97 

101 

9 

9 

20 

16 

19 

14 

104 7 

97 I 

80 97 18 

II 

26 

7 97 

92 9 

10 

19 

22 

10 

9 

14 

15 

12 

14 

II 

14 

13 

13 

17 

10 

16 

9 

7 

5 

6 

7 

6 

7 

6 

7 

6 

5 

7 

6 

8 

6 

6 

8 

6 

6 

6 

7 

8 

6 

7 

mas 

36 

33 

49 

34 

36 

44 

45 

4' 

44 

4 

46 

4 

26 

42 

3 

28 

Red-mottled 

Red-mottled 

Red-mottled 

Red-mottled 

Red-mottled 

Red-mottled 

R d-m nled 

Red-monied 

R d-m ttled 

Red-mottled 

Red-m ut d 

Red-m ttl d 

Red-m ttl d 

Red-m ttl d 

R d-m ttled 

Rcd-m ttled 

Red-mottled 

r~ and grain yield f 3 new 

Yield Kg/HA) 

Antb AL Root Rub Rwe Mean 
rot 

5 

6 

4 

2 

J 

6 

4 

6 

4 

4 

4 

6 

6 

4 

6 

6 

4 

4 

6 

6 

2675 1950 2313 

3845 2125 2985 

1655 2225 1940 

1720 I 0 I 5 

36 0 2 50 000 

1980 267 2 28 

222 222 222 

1970 212 ~3 

2440 - 0 2 20 

070 2 75 2 7 

020 I 0 2 10 

127 .247 2 7~ 

I 8 2 -

~7 0 2 I 

19. ~ 

·02 

I -0 2650 22 

~03 . 5 2 0 

66 _ .. 0 0 
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MM RW-1 RW 269 49 59 82 95 12 14 

M RW-7 RW 2694 46 86 101 17 12 

MM RW-7 RWV2695 46 62 81 102 17 14 

MM RW-1 RWV2697 45 59 92 106 14 LO 

MM RW-3 RWV269 42 54 91 107 II 14 

MMCRW-1 RW 2699 41 54 82 101 14 15 

MM RW-1 RW 2701 44 83 97 II II 

MM RW-3 RWV2702 4 5 89 7 14 18 

MM RW- RWV2708 46 61 90 107 17 L l 

MM RW-1 RWV2763 44 9 89 97 8 12 

MMCR -I RW 49 89 107 13 16 

MMCRV -1 R\ 2709 48 9 3 10- 12 8 

M I RW-1 RW 271 • 44 57 92 104 17 

P. rent 9/1-2 4 86 97 15 8 

P r nl 4 91 99 8 

P rem 68 46 5 91 10 16 10 

L I mi ·ture 6 4 99 7 L 

Parent M . 46 9 91 99 9 13 

Par>nt R~ Rl3l2 46 82 102 12 13 
Parent m 80 MilS 42 55 2 101 1- 13 

Parent rugc1i 4 97 16 
'he ·J. (Rub) < ,\BI .t 5 

61 106 19 



5 7 4 Red-mottled 4 244S 1725 2085 

7 7 29 R d-rnotlled 3 3 2 2220 3100 2660 

5 6 29 Red-m ttl d 2 4 4 3005 3025 3015 

6 7 37 Red-mottled 4 4 2625 3400 3013 

7 6 42 Red-mottled 4 4 2565 2275 2420 

7 6 46 Red-mottled 4 4 2595 2625 2610 

5 5 51 Red-mottl d 4 4 2210 2375 22 3 

5 5 47 Red-mottled 3 4 20 0 2150 209 

7 9 29 Red-mottl d 6 4 277 3250 3013 

5 7 28 Red-mottled 5 6 1280 2525 I 03 

7 35 Red-mottled 6 4 1410 2875 2143 

7 7 35 Red-moll led 5 4 13 .. 7 196 

8 8 41 Red-monied 6 2 2700 2 7 2 

6 7 47 Red 3 'l 90 307 ., .. 
9 21 Red 6 4 I 3 2300 1911! 

10 9 2 R d 2 2390 2 2. 24~ 

6 5 32 mi lure 6 6 1 0 2. 50 177 

6 6 36 Pink 92 .:! 162 

6 r mottle 4 16 10 0 I~ 

5 ~7 Rcd!m ulcd 2 I 00 131 . I 5 

40 Rcdm ttl d 4 70 9C\ IUO 

27 \'.hate 6 , 0 

6 1-5 
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Table_ . ays t t1 cr, maturity, p ds planl- 1
, seed p -

1
, l 00-. eed mas , grain I ur, di ca rc and grain yi ld r 1 new red 

limbing bean lin s etc t d r m II populati n and evaluated at lw lo Lion .. 

Popu1 tion Variety Days to Day to Pods per eed-type Yi ld (Kg/Ha) 
flower matur plant 

Rub* Rwe• Rub Rwe Rub Rwe Rub eed color A nth AL Root Rub R~ e Mean 
s.wt rot 

MM RW-1 RWV2572 47 87 10 10 II 10 6 46 Red 3 4 173 4175 2955 

MM R\1 -1 RWV2573 38 55 82 99 18 14 5 6 40 Red 4 2 3310 3475 3393 

M RW-1 RW 2575 42 55 83 103 15 10 5 6 42 R d 4 2 2690 292 280 

MM R ·I RWV2576 4 57 82 97 12 16 6 5 50 Red 5 4 2190 2775 24 

MM RW-1 RWV2577 45 5 85 97 13 20 6 7 42 R d 6 4 2 7 2600 2. 

MM 'RW-1 RWV2580 46 53 3 97 12 12 5 39 R d 3 5 19 0 - ~8 

MM R~ -1 RWV2581 4 53 5 97 1- 5 6 52 Red 4 309 0 30·18 

1M R~ ·I RWV-594 .$5 52 101 I, 13 10 6 49 Red 4 .j .,, -· 297 26 

MM 'RW-1 R - 99 4 .j 91 99 II II 6 6 51 Red 4 2 25.0 270 2 

MM RW-1 RWV2600 47 5 7 10 14 t; 6 29 R d 7 _9 175 18 t; 

MM 'RW-1 RWV2606 -17 82 99 12 18 6 6 51 Red 2610 ... J 0 2·1 0 

MM RW-1 RWV261 45 57 9 9 9 12 7 22 Red 4 6 995 1700 I ·Ill 

MM RW-5 RWV2616 .$7 59 0 99 7 13 5 6 27 R'--d .j 10 5 217 1620 
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Parent 59/ 1-2 46 55 86 97 15 

p, rent 2333 45 55 9 8 

Par nt G 85 46 58 91 103 16 

Check cal mi ture 46 53 84 99 7 

Par nl M 54 46 59 91 99 9 

Parent RWRI312 46 56 82 102 12 

Parent cam 80 C .t2 5 82 101 12 

Parent ruge.ti 44 55 85 97 16 

Chc k (Rub) B19 46 8 

h ck (R\ e) 2331 61 106 



8 6 7 47 Red 5 3 2 0 3075 2883 

15 8 9 21 Red 4 I 3 2 0 191 

10 10 9 28 Red 6 2 2390 2525 2458 

12 6 5 32 mixture 6 6 100 2550 1778 

13 6 6 6 Pink 2 4 2 2325 1625 

13 6 5 46 r/rnottle 4 16 5 10 0 1353 

13 4 37 Red/mottle 3 2 1800 1315 1558 

5 4 40 r/mottle 4 I 70 9 0 1410 

7 27 white 6 2 0 

19 y ll0\1 3 1175 

=angular I 
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Tab I 27. ay t t1 w r, maturil , p d pl. nt- 1
, ed p d- 1

, I 00- ced ma , grain c re and gr in yi ld f 12 n w 
pink and purpl' I im t d fr m I I p pulati n and aluat d at t 

P pul tion Day to Day to Pods per eed-type Yi ld (Kg/lla) 

Vari ty flower mature plant 

100-
Rub* R' • Rub Rwe Rub Rwe Rub Rwe eed eed color A nth AL Root Rub Rwe Mean 

m rot 

46 59 0 97 14 II 6 7 43 Pink 3 4 1870 2190 2030 

MM RW-6 RW 2715 46 55 80 103 II 5 8 29 Pink 2 6 10 2 50 1730 

MM RV -6 RWV2716 44 52 8 98 7 15 7 30 Pink 4 6 1200 3475 2338 

MM RW-6 RWV2734 46 57 82 98 It 14 7 7 2 Pink 4 IS 0 11 234 

MM RW-1 RWV2844 47 57 9 104 9 4 8 purple 4 2 1005 -37 16 0 

MM RW-6 RWV2776 42 86 10 14 7 31 Pink 5 4 1960 302 2 9 

MM RW-1 R\ 2632 49 5 7 99 I I 24 7 7 36 Pink 4 4 143 2600 .. or 

M 1 RW-1 RW 26·L 47 91 101 30 purple 4 6 134 
__ 7 

10 

t t RW-10 R\\ 26 4 46 5 101 14 13 9 0 Pink 19 7. 2 0 

MM R -10 RW 26 - 42 6~ 101 16 7 28 Pink 1~ .. 5 2~0 ~' 8 

MM RW- RWV2664 48 4 106 9 16 8 29 Pink 6 132 2 25 IQ25 

MM RW-5 R\ 2788 41 5 81 104 6 12 6 7 4 purpl 975 2 ... 7 16 ... 

Parent 59/ 1-2 46 5 6 97 15 8 6 7 .t1 Red 5 l 26 07 :! 
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Parent 2 33 4 

Parent 8 6 58 91 16 

h ck a1 mi ture 46 53 4 9 7 

Parent M 4 46 9 9 

Parent RWRI 12 46 6 82 102 12 

Parent m 2 2 101 12 

Par nt ru zi 44 5 97 16 

h 1.. (Ru ) 819 6 8 

Ch k (R'" ) 2 I 

• I ub u na, I nth = 



15 9 21 Red 6 1535 23 I I 

10 10 9 28 Red 6 2 2 90 2525 2458 

12 6 5 32 mi ture 6 6 1005 2550 1778 

13 6 6 36 Pink 2 4 925 2325 162 

13 6 5 46 Red/mottle 5 4 1.655 1050 I 53 

13 4 5 37 Red/mottle 3 2 1800 131 1558 

IS 5 4 40 r/mottle 4 1870 950 1410 

7 27 white 8 6 2 0 

19 6 yellow 4 3 2775 



flo or and grain yi ld f II OC\i 

Yield (kg ha-1
) 

Days to Day to Pod per e d per eed-type Dis ase or 
flower matur · plant pod 

ariely 
100-
eed 

Rub• Rwe• Rub R' e Rub Rwe Rub Rwe mass eed color A nth* AL • Root Rub R' e Mean 
(g) r t 

MM RW-1 RV 2813 47 55 7 106 15 12 6 7 39 ream 5 4 1300 2500 1900 

M RW-1 RW 2814 46 7 7 102 7 10 7 6 36 ream 4 4 1615 2500 2058 

MM RW-1 RWV2828 48 57 83 99 9 13 4 ream 3 6 1035 207 I 55 

MM RW-2 RWV2837 47 61 89 104 II 17 7 7 26 Cream 7 1 QS .LO 1873 

MM RW- RWV2 40 47 55 82 104 II 14 5 8 26 Bl ck 6 6 ., 7. 7 0 063 

MM R -10 RWV2777 46 5 9 106 16 13 6 6 Bla k 4 14 0 I 7 

MM RW-7 RW 2851 46 57 2 100 II 14 7 7 2 Bla k I 95 975 233 

r1 RW- RWV2 2 42 90 10 8 14 6 34 Bla k 3 11 0 - '>50 2220 

MM R -I RW 2772 4 6 104 10 II 6 6 1t 81 k 6 1-*00 2U5 ~ 

M1 RW-. R 28 6 46 60 92 103 II 7 2 81 k .t 3 :! 0. . 0 

MM RW-1 RW 2864 4 5 4 101 6 17 7 7 ~4 Black 6 16:'. • 00 

Parent 9/ 1-2 46 5 6 97 15 8 6 7 7 Red .:.690 \07 2 
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Par m 233 45 5 91 99 8 

Parent 685 46 58 91 103 16 

he k Lo at mixture 46 53 84 99 7 

Par nl M 54 46 59 91 99 9 

Parent RWRI312 46 6 82 102 12 

Parent com 80 15 42 5 2 101 12 

Par nt rugezi 44 5 8 97 16 

heck Rub) 819 46 8 5 

he k (R~ e) G2331 61 106 



15 8 9 2 1 Red 6 1535 2 I I 

10 10 9 28 Red 6 2 239 2 25 2458 

12 6 32 mixture 6 6 1005 2 50 1778 

13 6 6 6 Pink 2 4 925 2325 1625 

13 6 5 46 r/mottle 4 165 1050 1353 

13 4 37 r d/motll 3 2 I 0 I 15 1558 

15 5 4 40 r/moule 4 1870 9 0 1410 

7 27 \ hite 8 6 2350 

19 6 ellO\ 4 .. 77 

= angular I a~ p t 
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Plat 12. Replicated yield trials of 66 n lin , 7 paren and 2 chec t 1' R Rwerere research 
tation with below a Jate and early maturity I in among them. 

Plate 13. A late maturing line at Rwere Plate 14. arly maturing line at Rwerere 
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and check gr wn at 

4.2.3. 7 Marketable eed type muJtiple dis a e resi t oc and bj b yielding line 

There were 13 and 11 red or red m ttled advanced lin that exceeded the yi ld f 

impro ed check AB 19 at Rub na 25 0 kg ha -t and 2331 at Rwerere (27 ha -

1 at Rubona and Rwerere ite . ight f these e ceed d the yield of the che th 

ites (Table 29 . The same mark table and high yi !ding lin had multipl re i tan 

against the angular leaf spot, r t r and anthracn with di rity rating f I -

4 on the IAT cale of 1-9. 

Table 29. Distribution of high yieJdjng c limbing bean lin with multiple di 

resi tance at Rubona and R wer re. 

Market class 
Rubona Rubona and R werere 

Red 5 4 

Red-mottled 5 4 

Purpl 0 

Cream 
Black 3 

Total 14 
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The multiple r i tant and tol rant bla ded lin \\er ell r off in yi ld t R\\ rere. 

while the cream and purpl yi lded p rly at b th it . 

Th highe t yielding and multiple re istant n v lim ing b n line. R \! _572 

4175 kg/ha and R WV 2682 730 kglha cam from p pulati n RW-1. ' hilc 

RWV 2676 (3650 kglha came from R '\ -9. P pulati n ntributed 

the highe t numb r of the nev multiple di a re i tant and t lerant nd mark table high 

) ielding climbing bean lines. It wa fi II w d by populati n M R -7 and R W-

5 (Tabl 30). 

Table 30 Distribution of multipl di ea 
bean lines among different populati n 

Population 
M CRW-1 
MMCRW-2 1 
MM RW -3 0 
MMCRW-4 0 
MMCRW -5 1 
MMCRW -6 0 
MMCRW -7 2 
MMCRW-8 0 
MMCRW -9 1 
MMCRW -10 0 
MMCR -11 0 

resi tant or tol rant nd high ielding climbing 
aluated at Rub na and R er re ite 

Rwerere 

9 6 
0 

0 0 
2 
0 
3 2 
0 
0 0 
1 
0 0 -----------------------------------Total 14 15 

Tables 31 32 and 33 below gi e lh d tail of lh name , i ld (% cr check ) and 

di ea es reaction of th obtain d r d, red motlled, purpl , Ia k and cream lin s am ng 

th eleven populations within and acr the two ites f Rw 'rerc and Rub na. 
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Tabl "'l. Yield ad antag of new marketa 1 lim bin e n line \\ith mullipl j ea e 
re i tance o er commercial ch cks at Ru na 

eed colour Population Variety 

Red MMCRW-1 RWV 2573 4 2 
RWV2575 4 2 12 
RWV2581 4 I I 

RWV 2599 4 2 107 
RWV2606 4 4 111 

Red-mottle MMCRW- RWV2676 4 3 155 
MMCRW-1 RWV2680 3 4 I 

RWV 2681 4 4 I 
RWV 2682 3 4 158 
RWV2697 4 4 10 

MMCR -2 RWV2698 4 4 11 
MMCR -7 RWV2694 4 2 129 

RWV2695 4 112 

Bla k MMCR\l -5 RWV2856 3 4 102 

able 32. Yield ad antage of new mark table climbing bean lin with multiple disea e 
resistance over commercial checks at R' erere. 

eed colour Populati n Variet 

Red MMCRW-1 RWV 2572 151 
RWV2573 125 
RWV 2575 2 105 
RWV 2581 4 3 108 
RWV 2594 4 107 
RWV 25 9 2 100 

Red-mottles MM RW-1 RW 26 0 3 115 
R~ 26 1 4 101 
RWV2 97 4 4 122 

MM RW-7 RWV2 4 4 2 Ill 
RWV 26 5 4 4 109 

Purples M R -10 R 2654 4 4 134 

Black RW-7 R~ 2851 4 107 
RW-5 RW 2852 3 4 106 
RW-5 RWV2 56 3 4 I 18 

7 



Table 33. Yiel ad antage of n ""' mark table limbing bean lin \ ith muhipl · di \: 

re i tan 0 r commercial ch cks at R \: er r and Ru n . 

eed Population Variety erity v r 
colour 

A nth AL na Rw r rc 

Red MM RW-l RWV2573 I 4 2 125 
2575 4 105 
25 I 4 3 I I 10 
2599 4 2 10 

Red- MM RW-1 R 2680 3 4 103 115 
mottle RWV2697 4 4 10 122 

MMCRW-7 RWV2694 4 2 12 Ill 

RWV2695 4 112 109 

Bla k RW-5 RV V 2856 3 4 I 2 118 

4.2.4 lection of resistance again t angular leaf p t and u ·arium "ilt 

fter 14 days of inoculation n cr tic int r- ein p 

observed n the leaf lamina of th plant progenies. ln u 

f diffl rent magnitude w re 

inoculated lea e occurred. Tn ulat d lea e of r si tant plant had maller surfa e area 

tami hed or of damaged tis ue. Plate II shows the r a ti n f different inoculat d plant 

lea e , and ho the w re cd t rat the reacti n. nn , 

re istant lines that combined r i tanc for both angul r I a 

the num r of 

They were 185 altogether. Annex 4 h ws the reaction f the u ceptible and re i tant 

parent to th disea es at th Ka ete and Run inya trial it 54 was re i tant t 

both angular leaf spot and Fu arium wilt, while Umu an 2 3 cxpre ed usc ptiblc 

reaction against Fu arium ilt and intermediate r a ti n l an ular leaf p t. Vuninkingi 

(G6 5 was resistant to Fu arium wilt and intennediat t angular leaf sp t. The 

following plates sho the rating f the anguJar leaf reacti n in the ere nh u 

valuation at Kabete. 

7 



f 4-

Plate 15. 
at 

80 



c F 

5.0 DI 

S.llnheritance of re i tance again t Fu arium ilt 

Th investigation into the brown di c 1 rati n of the r t y t m. the h) p tyl and th 

xylem and the re-isolati n orroboraL d th Jlo,,in . \ ·iltin an or 

death symptoms and a ilitated bett r de' lopmcnt in tc ·t plant ·. 

Thi a important in i w of the fact that, the ell " ing ·ympt m w r" nfin d t the 

lower foliage of the plant xcept in ca wh r th plan were wilted r d ad 

completely. It also ruled out the po ibilit that the 11 wing or d ath ympt m w rc 

due to low or other nutritional di ord r . 

Th ascular and xtemal dama ymptoms pr du ed b th path gcn arium 

ox :porum f sp. pha eoli was mor apparent in th i tant plant . 

There vas a close correlation between thee ternal yell wing and wilting mpt m and 

the internal mo em nt and de truction the aseular ti uc f the ampled plants. The 

re ulls uggested that external sympt m can be relied up n t as e the everity f 

Fu arium ox porum f :p. pha e li without nece rily r ning l the d tructi e 

sampling \' hen the r ar ideal. 

Th higher rate of p n tration o . ox ;pomm f p. ph 

of the su ceptible plant ( 2333 compar d to the 

0685) ugge ted pre nee or formati n f orne ob t I 

surface of the plant or in id th 

of .F. ox porum f 
during and after the infi etion. 

oli int the \3 ular ti ue 

uch a 

on th 

d wn multipli ation 

th re i tant plan 

When Rib iro and Haged m 1979 cut em Iran er e t interval of 

em. -6 em and 6-9 em aft r 30 day in ulati n an in ubated th m n plated media, 

they wer able t re-i olate F. ox porum f :p. pha · oli from - %. 0% and 0% 

infection of the in culated and r ist nt plant re p ti ·Jy. The pr p rtion f infected 



plants was much higher at 100% 95% and 5% along th 

of lh sus eptible par nt . 

n int rv I m a 

Re ult of this tudy are consist nt with th e f uru h ra and m 

While the upward coloni ation of the a ular ti ue . •. ox porum . . \p. phu oli \ a 

0% in ca e of the r sistant culti ar G 5 th path gen \ a re vered in all 1 0% f 

the sampled su ceptibl 2333) plant at a 0 em interval after - da J in ·ut ti n. 

The e results led to th plausibl a sumption that th gain ·t the 

pathogen was expr s ed by a restricti n f the gr wth and I r uti n of 

th pathogen into th ascular ti sue f inoculated plant . It wa ugg~.: t d that the 

formation of mechanical or chemical barrier oclusi n and fungi t ti 

in ide the xylem from the initial point of th pen tration f th path gen a th po ibl 

reason for the slow spread of the pathog n in susceptibl 

·.1.2 eneration mean and ariance f the F 1 2 and backcro p pulali n 

The ob erved generation m ans of diseas e erity c nfinncd that 

ery susceptible to infection by F oxy porum f p. pha ·eoli. In c ntr t, 

.7) was 

and I ra 

showed resistant reactions score les than 3.0 both in th fi ld trial and und r artifi ial 

inoculation with the F ox porum f p. phaseoli i olat . Th r ult c1 

the e erity rating that was obser ed by uru hara and rna h ( 19 9 , \ ith a e ·erit 

rate of9 for G2333 1.3 and 2.6 for 6 5 and Flora rc p ti ely. 

The mean di ea e e rity rat f the F 1 prog nie in the creenh u e trial 

and 2.8 for the G2333 685 and 2333 x Flora cr howing th t the 1 inh rited 

th Fu arium wilt r i tance trait of th d n r parent . H \1 er. in th a c f the field 

trial the mean dis a rating of the re i tant parent and f th gr gating pr geni 

were slightly higher than the corresp nding alue · in the re nl1ou trial. lt i p ible 

that the stunting. y 11 wing r v.riltin symptom wer n t du Fu ·arium wilt 

infestation alone as the other soil-b m r ot rot path gen u h as Pythium peci and 

F. so/ani that pr due similar s mptoms may h v nhanced erity under field 

conditions. 
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Therefore. while the erity rating o 5 and the 1 pr 2.2 und r 

ndtti n 

5) va hi •h r 

artifi ial inoculati n, th ir di ea e 

respectively. imilarl . the di ea 

in th field at 4.4 c mpared to 3. c nditi n ·. 

5.1.3 Heritability of re i tance to Fu arimn wilt trait 

The observed high heritability alu f near! 100% i a urth r pr f that the r\! i tan 

against Fu arium wilt is inherited qualitati el rath r than uantitati 1)'. l e. pre i n i 

least affected by the urrounding , a alu · of th n ir omental 

ariance VEofn arly 0 and high gen tic arianc a 

.1.4 Major dominant gene ioferenc 

The resul of thi study suggest that th inberitanc f re i tan again t Fu arium -. ill 

disease i determined by a major d minant gen . Thi i be aus th X1 pr ability 

values indicate that there were no significant difference 

expected segregation ratios of r i tant: su ceptible plant . 

85 and o 233 

tween the b rv th· 

agreement f F2 

egr gati n in the generation progenies of (02333 x 

expect d ratio of 3 resi tant: 1 

among the 1 backcross progeni 

le. n th ther h nd, the 

same 023 3 .• - x 2333 and _ 33 x 

Flora) x G2333 was 1 resi tant: 1 gregation of th 

F1 (02333 x 0685) x 0685 and of F1 023 3 were in 

agreement with th expected Mendelian ratio of 1 re i tant: I u ceptible. 

Howe er the agreement with lh xp ct d M nd I ian ·gregati n rati 

evident in the cas of th fi ld e aluation trial of th 1 pr g nie (3 r i tant: I 

susceptible · backcro s to u pti 1 par nt pr genic (I rc ·i tant: I u cepti and t 

the re i tant parent lre i tant: 0 u eptible) of the origin 2333 hi c uld 

be attributed t the more variabl fi ld te ting c uch a ino ulum I ad in lhe 

oil. AJI th 2 progenies of th ·I ra 685 (r i tant d n r paren ) \>\-ere fi und t be 

highly re i tant to the Fu arium wilt attack with a m an rit) · r f 2.0. It 
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compared closely with th r i tant rea ti n that was r ilh r o th p rent . 

Th re ult ugge ted pr fa ingl alleli pair o \\here 

re i tance gene i completely minant t 

Ribeiro and Haged m 1 imilar rcsi tant: I 

u ceptible among the F2 gen rati n pr genie and of I re i tant: I u ptibl m ng th 

B 1 of susceptible and l re i tant: 0 1 t th rc ·i tant p r >nt. rhe 

had ino ulated the progenie r i d fr m cro s f th re i tanl p rent 

Pintado and Earl allatin with th u eptible bush culti ar. luc akc 274 274 

with a Brazilian pathogenic i late F. ox :porum . 

ingle completely dominant g n , Fop 1 and it rece allel Fop I 

nat d a 

being th 

allele that confer the re i tance or u ptibility to F ox porum p. pha ·eoli ttack in 

Pha eolu beans. 

The . howe er, ob erv d a modified monohybrid gregati n pattern f I 

resistant:2 interm cliate: 1 ptible am n th eptibl x 

resi tant par nts when th in cuJation wa repeated b u ing th rth mcri an race f 

the same pathogen. Thi sugge ted the pre ence of anoth r r i tant g n : the c ded a 

Fop 2, that was inc mplet 1 d minant to it r ce i ca ll l , Fop 2. 

Considering the lo e imilarity of the le el of di a in itcment in th arne 

cultivars (02333, 6 • and I ra caus d b th curr nt Rwanda i lat (d ·i nated as 

FOP-RW2 and F P-RWJ that "a u ed b Buru hara and 

pos ible that the two i lat are ph i logically th arne. It i al 

i olates (FOP-RWJ and F P-Rr 2) a l o belong t the arne ph}' i 

the outhem American i late tudied by Ribeiro nd I lag d m (I 

ibl th R' anda 

upported further by th fa t that the 3 cultivar : 233 6 5 and I ra that wer u ed 

under the current tudy were intr due d from outh m merica. Thi p int t the Ukel 

possibility of c - luti n b l\ een the outh m rican F. ox.porum j p. pha eoli 

pathogen and th g notyp . 

Thus, subje t t allelic te t using both of par ntal mat rial from th current 

and Rebeiro et al' trial, th re ul of thi study ugge t that th same compl tel 
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d minant gene Fop 1 and i r 11 I Fop 1 ar in\' hcd m th 

th re istance and sus eptibilit t th R""andan i P-RW and rOP-

RWJ) of Fu arium ox porumj p. pha oli in th climbing an 

.l.S inberitance of agron mi tra it 

. 1.~.1 eed and flo, er colour 

expected, the 02333 x 6 5 1 plan and tho m ub qu nt gen •rati n · inherited 

the white flower colour of b th paren . It i difficult to m k an pi u ibl in 

about the inheritance of th f1 wer c lour sin e b th ha th arne v hit 

phenotype. On th th r hand. th olour ~ as more lik I b qualitati e trait. 

controlled by major gene . as wa rved in th pion er 

not affected by the en ironm ntal hanges o er two generati n . lik 

traits. 

\"' re 

The intens r d colour and maLl ize of G2333 fern I arent w c n picuously 

dominant in all the 1 hybrid gen r ti n. regardles f th th r par nL I ra r 68 . (it 

was impossible to di tingui h etwe n the parent and th F·1 until after planting). Thi 

uggested that red e d col ur i d minant over pink 

cannot be ruled ut xenia ffe t . H we r. there w n 

egregation of seed c 1 ur am ng the 2 eed and f th 

ur. II we er, maternal effect 

rvable pauem 

though there wa mor tend nc t th pal 11ed f 6 5 and Flora 

parent with only a n gligibl pr p rtion of the F2 ed ha ing Lh r d and hin · lour 

of 02333. In th ab en e of a cl ar M ndelian gregati n patt m, and a 

others the inheritance f cd col ur i of th quantitati n ture and rna be ntr lied 

b allelic and n n all lie int ra tj n between oligog n ami lygcn and invol ing 

some modifier gen efli cts. 

!though th d ize, a e timated from the I eed rna wa int rm diate of 

their parents it w eed f th 5 cr were 

larger than that f th ir parent . Thi ugge ted tr n gre i e gene interactions 

rved gr gation for eed size am n th pr nie . 
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~.l. .2 Duration t flowerio and maturi durati n 

Th int rm diate f1 wering and maturi t durati n f th r 1 h) bri 't\\CCD th lat nd 

th earl maturing par nts agre with litcratur ari u author. that m t trait f 

agr n mic int r such as maturity and n ' ering du I gcni 11 inh rttt!d. 

controll d b additi 

h culti ar 0685 was th I t t. ~hile _33 .. t t m tur . Th 

da re pe thcly durati n to maturity for th tw ulti ar wer 

ab nda 1991 although R unyinya it li 

Thi i m t li kely attribut d t th late planting time th t in idcd with \! arm r nd 

drier weather· and uggesting further th maturity trait i p I genic in 

b th en ironment. 

.2.1 Re i taoce to di ea e at art 

The larg number of 475 line i 

attributable to the fact that 

e, i ted among a ll th p pulat i n . h 

4 ontribut d 75% of tb 

di as resistanc 

m ttled seed type 

Th high numb r f I 

r · tao and m rk tabl b o lin 

en rati 

ted for multipl 

rth reitan 

rl gen rati n i · 

t th di 

-1 an MM RW­

i tant lin , meaning gr at r aria ilit [! r the 

pulations. It par n that 

und r th 

th F4 generation i relat d w ith the unu uall low anthra n · • ·ele ti n pr ur lh twa 

c n i L ntly ob erved at thi 

n the other hand, th c mparativ I mall r num r f I t d plant famili , 

e ·pecially at the rc ure f r t r t and 

angular leaf spot angugu . an u na ite . 



Although th erity rating at a h tag of f pi nt pr cnic 

u ce i e generati n v as tring nt b ed on ' rit_ 

an xampl am ng th 'cnty rating 

nd angular leaf p t ranged fr m 3 - 6 \! ith a m de 4. 

rating of 2 or 3 am ng the r s i tant h k par nt . 

different di eas was continu d en at th ad an d may 

have contributed to re istance of th lected line . Thi i c. pc ·t d in 'i " f th 

multiple allele that w re in ol d e pe iall · among th p put ti n that w r • d rived 

from the multipl par nt eros 

Howe er, the marked r du tion in th number f lc t dad an d line · in man 

populations w al o influenc d y difficultie a the n ity r 

combining oth r agr nomic and mark t attri ute vig r. pt bl 

maturity yi ld , and grain ize and fl -

3) in a singl genotyp s. Thi partly xplain " hy 

good in many of the e attribut wa the m t uccc ful pr cnit r in t rm num r 

of elect d new c limbing bean lin . 

5.2.2 el cti n for marketa I ·p 

While th r d s eded plant am fr m near!} 11 th pulati n 1rr tiv f 

the parental urce the r d-m ttl d ded plan pulati n in whi h 

at least one of th parents was r d-m ttled. 

0 M I 15 w nor f r d-m ttl d 

seed c at olor p pulation 

with the oth r adapt d and d 

R -1. MM R - and t -4 in mp ri n 

zi and \\'R I 12 I \\hi h ntri ut d 

RV - and the red m ttled grain type in p put tions 1M R~ -7, M 

MM RW-9. In ad anced I cti n , the AM 8 M I l cr maintain d I rg r 

contributi n f th red-mont d d at color 77%). 
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The p pulati n CR -4 muban x "" '- 'nc' Y' 

le effi cti becau th ir r d-m ttled 

growth habit f the tw don r ty 11 

Overall, th p pulation R -1 in 

ucce ful on tributor of th two de ira 

Th 

\1 I - R \\. R I 12 1 \ · 

rd th d t rminat 

ain 1 

m t 

f r d and r d-m ttl d 

and ad anc d pr g nies " ere t th t II par nt wer 

or tan or ari u had s of th w " r, it wh t \\ 

appearan e of th 

MMCRW-7 and MM R W-10 when n n 

probably du t c m p l mentary g n a ti n. 

Thi could b due to h r ditary facto 

landrac r intr duced lin 

gene efii ct c uld be in acti n a w ll. 

line with I preferred grain typ . u h a bla k w r 

R\\ .• 

paren ar eith r 

and m difi r 

f th tud m 

r th ir ex pti n I 

t ntial. 

5.2.3 i ld and market p t nti l and di a r i tan f n ' lin 

Th high r yi ld of early an ad an d pulation that \! · 

with artier b rvations, that climbing beans are m rc 

altitud yabyenda I I ; 

an lin e that perf< rm d b 

more pia tic and performing uall 

d limbing 

ab · nda. I· 

n w climbing bean lines fall within thi ac epta 

had high r yie ld than that 

CAB 19 an 23331 at Ru 

climbing bean ·ceeded th yi ld .5 t nlha xpc te 

d 

agr ' · 

th l w rc 

inh rent 

ntial ield 

). 

f the n w d I ped 

an . 



n ·idcring th t lh • 

fertiliz r r pr ) . rn 
k nd the 

p rti ularl 

nd th 

.2. ifaturity durati n of ne~ climbing a n lin 

ob erved b yabyenda 1991 , and b a/ (2 

floweri ng and maturity duration f limbing b an ari ti in re 

, lhe m ·an ield ·, 

d with ltitud . rh 

same trends ha e n ob erved in th urr nt tud , ' h r by fl w ring. m turit and 

m than at Ru 

Although th re \i ere orne lin . the m turit du 

m 

u maturity data th • limbing 

bean arietie at Rub na and Rw r r r arch tati n . 

Hove er, th study ucce d d t identify 14 ne\i m r eta le r d-m ttl d lim ing 

bean lines that h short r m turity durati n of 5 da t Rubona and I than I 0 

days at Rwer r muJtipl di e rc i tant red-m ttl d lin : R\ 

2678 RWV 26 1 nd RWV 2701 th t matured earli t, within 2 and 7d y at Ru na 

and Rwer re, re p ti el wer in p rti ular id ntifi th tudy . 

. 2.6 ultipl r i tance a ain t an ular I af p t and Fusarium ' ilt 

e study ucc ded in obtaining a large number clim ing an lin that ar 

recombinant r anguJar leaf p t and Fu arium wilt r ·i ·tance am ng th 5 tud 

populations. lt of x 4 t an ular I af pot rna anja. 

2002 . It al pr d to be r i tant ain t Fusarium v ilt. lik th tter kn v n re i tant 

source, Yuninkingi Buruchara an amach . I 
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6.0 CO L 

HAP 

A D 

Th inh ritance stud found out that the r i tanc gainst Fusarium ox •<,porum f.\p 

pha eoli the cau al ag nt of Fu arium wilt yellow 10 lim ing an i a qualitati c 

trait. It i conditioned by a major dominant g n . Thi v 

between the observed and exp cted M nd lian egregati f 

susceptible among all the F2 pr genies: and of 1 r i tant: 1 ·u eptibl am n 1 the 

backcross F 1 to the sus ptible parent. Th improvem nt of r again t th di ·e ·e 

can therefore b achie ed through backer in meth d f ti n. 

The uniform non-segregation r sistant reaction am ng the Fz of th urce 

parents confirm the re istance again t Fu. arium wilt is conditioned ne gene. The 

calculated broad sense heritability of 99.6% infer that the r i an e tr it i hi hi 

h ritable and it confirm further the qualitati nature th resi ·t n c tr it. lhe 

dominance gen action was mor prominent than additi e a the F1 pr gcni rea t d 

clo est to th donor parents oth r than th u ceptible parent in t nn erity 

scores. 

The inheritance of seed size among pr genie \! a found t be tran. gre si\' abo e 

the mean size of the parents, ugge ting er-dominan e due t c mpl menta additi c 

aU lie gen interacti n. Flow ring and m turity durati ns v ere intermediate l"' en th 

parents implying the traits are c ntrolled b additi 

pread f fu arium wilt Because of the observ d low ntry. m 

pathogen in ide the ascular tis ues phl em nd xyl m f r i tant plant ; th 

mechani rn f resistance again certain natural 

or induced restricti physical r chemi l barri r L th p th gen Ul ide r in id lh 

re istant plants. Tolerance i achieved thr ugh fi rmation f c mpen at ry adventitiou 

root in su ceptible plants a they wer tyl f damaged tap r t of 

orne su c ptible plan but n n on th r istant n . 
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In the econd study it was found out that multiple p rent r -

creating climbing b an populations that w r rughl ari bit' fi r r 

multiple di ease re istance: angular leaf sp t, anthr 

w·r u ut in 

mbin ti n [i r 

P rhium and 

Fu arium wilt) seed colour and se d size , inc a number of line with vano 

recombinations to the same traits wer electable. f the s le ted n w d an d lim ing 

bean line . twenty nine were muJtipl di ease re i tant and high ) ielding. with ) i ld 

potentials ranging from 101 to 141% of th yields f impr d chc k ·. They were al 

potentially adaptable to high and I or mid altjtude zones in Rwanda. went)- ur of Lh 

climbing bean lines combined th multiple re istan e and high •ield ith the de ired 

more marketable large red or red mottled grain types. 

The varieties: RWV 2572 RWV 2682 and RWV 267 

out tanding for high yield multiple djsease resistan and marketable eed tr i , while 

the new climbing bean line RWV 6878 RWV 2681 and RWV 27 1 wer ted r 

earl maturity besides multiple dis ase re i tance, high yield potential and marketable 

grain types. 

One of the bu h parents, AM 80 ful d n r of th 

most preferred red mottled grain type. The cuhi ar gwinurare c ntributed th gr at t 

number of the larg red seed types. This was b cau the p ulation that had n or b th 

source parent(s like R W -1 , generated tbe greate t num r of Lh red r red m ttled 

lines. The cultivar MEX 54 Vuninkingi and ra w r g d · urce f rc i tan· 

against angular leaf spot and Fu ari-um wilt as h wn by elect d lines 

resistance to the two diseas s after the artificial in ulati n , with i I te 

and in th field creening trial . Th e culti ar r utin ly u ed a 

m irung the 

the di ea 

our e f 

choice for the marketabl red-mottled and large r d e d at col ur and f re i tan e 

against the diseas s in br eding program . 

The indeterminate climbing gr wth habit as c mpletel d minant the 

d terminate bush type as no progerue o th bush t pe w r in aJI p pulati n 

even though bush beans wer used as source parent in th nin of the ele en p pulati n 

that ere studied. Th r fore bu h b an ma be u ed don rs f de ira I trai t 
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comm rcial climbing bean types ithout an fi ar of I ing th yield nd th r a 

ad antage ofthe climbers due to the dominanc f1i c . 

From both studie it is recommend d that: 

1. lmpro ment of susc ptible comm rcial culti r uch a mu an [! r 

resistance again t Fusarium wilt rna be initiat d nd a hiev d b b ~cro 

breeding and election trategy. 

u. Further ork could be done to e tab[j h an alid m 1 cui r m rkcr [! r 

the gene resistance again t Fu ·arium wilt in ean . 

iii. Furth r work c uld be don to e tabli h fully th nature f the m h ni m of 

resistance in climbing bean . 

1 • All th 29 ne\ multipl di ea r istant and marketabl limbing an lin 

are evaluated in many agro-ec logical z nc und r multi! ali n nd armer 

participatory aluation for id r adapta ility and a epta ilit and ntu I 

release to farmers . 

Marker as i t d election should be u ed simultaneou I to c nfirm the 
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E I. umber ofr i tant or su eptible plant 
m ulation with F. oxy porum f. p.phas li i late in 

Population Rei 

(PI) 0 16 0 16 0 2 

685 (P2) 20 0 0 " 

r 1( P1 x P2) 19 0 20 0 9 9 

1·2 PI X P2) 96 30 9 )_ I 4 62 256 

B PI 47 43 42 4 9 I 0 

B p2 87 90 0 177 17 

6 5xFiora _o 0 20 0 40 40 

2 33 P1) 0 16 0 16 0 2 32 

I ra (P2) 20 0 20 0 40 4 

l(PI X P2) 20 0 20 0 40 4 

F2(PI X P2) 1 0 30 93 37 67 2 0 

B PI 52 38 34 56 94 0 

86 4 89 1 175 5 
685 20 0 20 0 40 

587 178 564 206 1151 
770 765 15 5 

r design d for artificial reening of r i tancc t P. gri e Ia and F. 
o. y p rum f.sp. pha li 

mubano x V uninkingi 
1 x mubano x X 5 
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3. urn r of n w climb in bean lin '' ith mbtn d 
angular leaf p l and Fu arium v.ilt r i tan e a tcr artifi ia1 
(angular leaf p t and field I ti n at Run. in. a fu rium ''ill) 

ine 

2 22 

(G 2333 x Mex 54) F3 225 7 

[(Umubano x M 54 1X 100 29 
(Umuban x Vuninkingi I) 3 

[(Umuban x Vununkingi) I X 95 20 
( Umubano M X 54 F 1] 3 

Total re istant I 5 

X 4. umber of ind i idual plant among tb check par nt that h w re i tant and 
non-resistant r actions again t anguJar leaf spot after artificial in ulalion at Kabete and 

usarium wilt aft r fi ld aluati n at Runyinya hot p t ite. 

Parental line 
Germinated 

ME 54 Fusarium wilt 50 
Angular leaf 50 

mubano u arium wilt 97 97 
ngular leaf pot 50 II 39 

Vunink.ingi 47 4 I 
50 22 2 

146 

61 

75 
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6.1 ariat : i ld 

urn of 
variati n m quare quar "' r ti 

I II 544408 1154 4 

74 74403389 I OS 51 o.o-9 
ite 21929440 2192944 <.001 

Variety • 74 62216185. 1.14•• 0.255 

ite 
Re idua1 149 110314142 740 

Total - 9 2 0407564 
Man yi ld 23 
L D 5% 196.3 

(%) 16.4 

6.2 ariate: Flowerin 

ource Df Probability 

Replication 

Variety 7 1037.09 14.01 1.21• 0.163 

ite 1 9 7.87 9987. 7 .07* .. <.001 

Variety • it 74 36.38 8.60 0.74 0.923 

Re idual .I 1 7_4.30 11.57 

Total 299 13442. 4 

Mean 55 
L D 5% 4.7 
CV(%) 6.7 
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1 turit. dur· ti n 

arian e Pr b bility 

14 _62.99 ·L.O 
299 2 60. 9 
9 
. I 

7 

... plant - t 

of 
ratio 
4.06 
1. 2* 0.44-

ite 3.48** 0.064 
ariety - .""9 0.9 • 0.532 
ite 

Re idual 149 4 19.19 2 .99 
I otal - 9 8837. 8 

ean L. 
L 0 5%) 7.5 
v (%) 41. 

6. rain pod-1 

of 
ratio 
0.79 
1.47** 0. 2 
8.80*** 0.0 4 
1.04* 0.412 

it 
Re idual 14 361.0 0 2.423 
Total 834.3 7 

Jean 6 
L 5%) 2.1 

Q_{_% 25.1 
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