
sB 
32} 
·P:tbt 

PROCEEDINGS OF 

~ /'--
, ' ( / (_ 

t" " ....... 

U ,1 r t 

2 1 úL 

THIRD MULTJDISCIPLINARY WORKSHOP 
ON BEAN RESEARCH IN EASTERN AFRICA 

<-, 

~ '" ~ " 
' ~ " ~ Ed1ted by J 8 Sm1thson 

THIKA, KENY A 
19-22 Apnl 1993 

CIA T Afncan W orkshop Senes No 28 

Workshop orgamzers R' A Kukby CIAT 
S T Kanyag1a, KARI 



Correct CJtatJon 

J B Smlthson (Ed) Proceedmgs of Tiurd Mulhd!sclphnary Workshop on Bean Research m 
Eastem Afnca, Th1ka, Kenya, 19 22 Apnl 1993 Network on Bean Researth m Afnca 
Workshop Senes No 28 CIAT Kampala, Uganda 



PREFACE 

Tlus volume ts the proceedmgs of the thtrd workshop lo report revtew and plan rcscarch on bcans 
m eastem Afnca camed out by nattonal programmes that are members of the Eastem Afnca Bean 
Researeh Network (EABRN) estabhshed m assoctalton wtth the CIA T Regmnal Programme on Beans 
m Eastem Afnca The evolutton of the EABRN ts reflected m the changes that have occurred m the 
nature and stze of the workshops The first (held m Mukono m Uganda m June 1986) revtewed the 
pnnctpal constramts lobean produclton m eastem Afnca and the research accomphshed lo solve these 
problems and attempted to tdenttfy the mam future researeh needs of the regton Thtrty five 
parttctpants (more than half of them from Uganda whtch supports probably the oldest estabhshcd bean 
researeh programme m Afnca) from four countnes m the regmn presented 24 papers In the second 
workshop m the senes (m Natrobt m Mareh 1990) emphasts was on presentalton of thc research that 
had been camed out durmg the mtervenmg four years and notably on revtewmg work on the sub 
projecls recetvmg funds from the regtonal programme A total of 53 parttctpants from seven countnes 
m the regton presented 47 papers etght of whtch concemed regtonal collaborattve sub projects 

In the curren! workshop three years on 62 parttctpants (see Parttctpants Ltst on pages 365 367) 
presented 44 researeh papers They agam mclude progress reports on the much mcreased number of 
regtonal sub projects supported by the EABRN dunng the past three years Other papers were selected 
compettbvely on the basts of abstracts otherwtse the contnbutmns would have been too many lo 
dtscuss m the lime avatlable Dtscusstons of papers were held al the end of each sesston and finally 
problem focused workmg groups brought together mulb-dtsctphnary groups of more expenenced 
researehers and development staff lo tdenttfy pnonttes for future researeh 

An essenbal feature of these workshops has been the parttctpabon of nattonal staff from the Great 
Lakes and SADC Regmnal ProJecls and personnel of assoctated mtemattonal organwtltons because 
ti ts obvtous that researeh m one regton wtll be relevan! to ecologtcally stmtlar envtronments m all 
three regtons Exchange of mformatton wtll help to reduce duphcabon and enable more effictent use 
of researeh resoun:es factltlated by parbctpabon of EABRN staff also m rcgmnal and spectaltst 
workshops m the other regtons Dunng the past mne years nearly 30 workshops regtonal and 
spectaltst have been orgamzed m the three Afncan regtonal proJects and thetr proceedmgs pubhshed 
(see Lts' of Pubhcattons pages 368 371 of thts volume) In addtlton there are the Occasmnal 
Pubhcattons Senes whtch mcludes mtemal reports on toptcs of general mterest and the Repnnt 
Senes whtch compnses repnnts from sctenltfic JOumals of papers wnUen by network staff Together 
these senes represen! a constderable body of mformatton on the constramts to bean productton m 
Afnca and the researeh conducted to seek pracbcal soluttons to them 

Fundmg for the researeh descnbed here ts provtded by the Umted States Agency for lntemattonal 
Development the Canadtan lntematmnal Development Agency (CIDA) the Swtss Agency for 
Development and Cooperatton and governments of all concemed natmnal programmes 

lnformatton on the networks and captes of all pubhcattons m ay be obtatned from 

Pan Afncan Coordmator CIAT Kawanda Agncultural Researeh lnstttute PO Box 624 7 Kampala 
Uganda 

Regmnal Coordmator SADC/CIA T Regtonal Programme on Beans for Southem Afnca Sehan 
Agncultural Researeh Centre PO Box 2704 Arusha Tanzanta 
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SESSION L OPENING SESSION 

WELCOME ADDRESS 

Tesbome Gmna 

Cbmrman, Steenng Comm1ttee, Reg10nal Programme on Beans m Eastern Afnca 

Mrs Mary Wabule Ass•stant Drrector (Horllculture) representiRg the Drrector KARI Dr Cyrus G 
Ndmtu CIA T Pan Afncan CoordiRator Dr Roger A K1rkby Orgaruzers 0JstiRguished Guests 
Parllcipants Colleagues 

It IS a great pleasure to welcome you to Tluka, Kenya for this Multi-disciphnary Workshop on Bean 
Research IR Eastem Afnca The workshop IS the tlurd of Its kiRd As you m ay remember the first 
regional workshop was held IR Mukono Uganda IR 1986 concentraiiRg on regiOnal sub project 
proposals on the diseases and pests considered to be maJor biotic production constramts to common 
bean IR eastem Afnca The second regional workshop was held IR N811'0bi Kenya IR 1990 when 
emphasis was slufted to agronomic and economic constraiRts More recently attenllon has centred on 
bean dissemiRIÚIOn problems 

The Eastem Afnca Bean Network has also orgaruzed tours workiRg group meetiRgs and workshops 
IR respective discipiiRes The regional steermg committee approved the hostiRg of this workshop as 
an appropnate forum to exchange expenences and Ideas among bean researchers of dlfferent 
chsciphnes Withm and outside the reg10n with a view to enhanciRg the development of tlus Importan! 
commodity and to benefit small bean farmers who are confronted with numerous productiOn problems 

Ulllmately the workshop IS expected to produce recommendallons wh1ch wiii signúicantly contnbute 
to the drrecllon of and pnonbes for future bean research activiiies IR the region 

We are grateful to the Govemment of Kenya and KARI for allowiRg the Workshop to be held at this 
venue and to the CIA T regional bean network for fmancial and techrucél support 

Fmally It IS m.y great pleasun: to request the Director of KARI Dr Cyrus Ndmtu to address 
Parllcipants and officially open the Workshop 

Thank you very much 
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EVOLUTION OF THE EASTERN AFRICA BEAN RESEARCH NETWORK AND 

OBJECTIVES OF THE WORKSHOP 

~~ o > 
RA"Ktrkby 

CIAT, Dar es Salaam, Tanza01a 

THE NETWORK 

The pnnctpal bean produciDg countnes of thts reg10n are Kcnya (Afnca s largest producer) Uganda 
and Etluopta Stgmficant amounls of beans are also produced ID Madagascar and Sudan and the crop 
ts unportant to consumers ID Somalta and Mauntms the latter country currenlly makiDg efTorts 
through research to become self suffictenl Maunllus and Tanzama are JOIDIDg the Network thts year 
Tanzama wtshes to take advantage of the agroecologtcal stmtlanttes of tls northem producmg arcas 
wtth adjacenl EABRN countnes whtle conlmumg tls mem berslup of our stsler network ID the SADe 
regton Maunttus has expenences to ofTer ID cane bean 1Dtercropp1Dg Although Somalta has ceased 
to be acllve m bean research the other countnes menlloned here logether wtth eiAT make up the 
memberslup of the Eastem Afnca Bean Research Network (EABRN) 

The base locatton for much of eiAT s sctenttfic acllvtlles contiDues to be Kawanda m Uganda bul 
support to the regton ID the fields of entomology pathology and soctal sctence ts drawn from eJA T s 
team s located m Arusha m T artzanta and Rubo na m R wanda 

The regtonal coordmator who acls also as eiA T s pan Afncan coordmator ts currently based m Dar 
es Salaam m Tartzanta We are grateful lo the two donors to EABRN acllvtltes for thetr support the 
eanadtan lntemallonal Development Agency (eiDA) and the Umted States Agency for lnlemallonal 
Development (USAID) 

EABRN'S PLANNING FRAMEWORK 

ActlVlttes are plarmed by the Network s Steenng eommtttee (SC) Lpst year the Se developed a 
plarmmg framework for EABRN whtch ts now bemg apphed m selectmg actiVIIles for the annual 
work plan and budget The Network s goal was expressed as lo tmprove food secunty and 
avadabthty for small farmers to tmprove farmers mcomes and to mercase protem avwlabthty for low 
mcome groups m member countnes by bwldmg on prevtous achtevemenls to tmprove bean 
producllvtty and develop sustwnable teehnology that ts adopled by produecrs 

Objecbves and strategtes (Table 1) are each addressed by mtended actlVlttes whtch can be found m 
the se S 1992 Mmutes avwlable from natiOnal coordmators and ID research hbranes 

By the bme of our last multtdtsctplmary workshop m 1990 the number of sub proJecls had mcreased 
to mne stx on pest and dtsease problems and three on agronomtc constrwnls However the focus was 
sllll on genehc soluttons mcludmg drought toleranec and btologtcal mtrogen fixabon For EABRN s 
curren! financtal year (1992/93) the se approved 26 sub projecls selected from among 19 projecls 
that had submttted proposals for conlmuatton as well as 20 new proposals Wtth no mercase m funds 
tlus has meant not only more compeblton bul also leaner and meaner projecls thal should gtve 
greater value for the funds entrosted lo the Network by our donors Fundmg levels lo sub proJecls 
acbve for four or five years were reduced and relabvely small sums (aboul US$1 000 each) were 
approved for a tnal one year penod for severa! new sub proJecls The average fundmg level ts now 
US$2,340 per armum 
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Table 1 EABRN s plannmg framework objecllves and strateg1cs 

ObjectJve 

1 Strengthen and 
sustam natJonal 
research programmes 

2 1m pro ve the 
sustamab1hty of 
the Network 

3 Reduce bmt1c 
constramts to 
bean productmn 

4 lm pro ve croppmg 
systems that 
mclude beans 

5 lncrease market 
potent1al of beans 

6 lmprove transfer 
of technology 

Strategy 

lnstJtutmnal•se and refine natlonal research plannmg 
Ass1st NARS to sustam or mercase resource allocahon to bean rcsearch 
lncrease effectJveness of nahonal research 

lncrease the role of NARS m network management 
Encourage natmnal government and donor financ1al support to NARS and the 
Network 
lncrease effectiVe collaboratmn w1thm the Network 
Extend collaborahon among bean networks 

Develop h1gh y1eldmg res1stant vanehcs 
Mamtam and enhance germplasm d1vers1ty on farms and m NARS 
Dev1se other solut1ons to bmt•c constramts 

lncrease produchv1ty of croppmg systems m relahvcly h1gh potcnhal arcas 
Contnbute to sustam croppmg systems produchv1ty m frag1le envuonmcnts 

Address consumer preferences for beans 
Reduce post harvest losses 
lmprove export opportumhes 

lncrease farmers part1c1patmn m research 
lmprove nahonal hnks between extensmn serv1ces and research mshtuhons 
Accelerate technology transfer through 1mproved seed systems 
Encourage mter and mtra network technology transfer 

Top1cs have d1vers1fied m lme w1th reg1onal pnonhes The Network s portfoho now mcludes sub 
projCCts on vanetal tolerance to severa! s01l constramts mtegrated pest management (IPM) m1mmum 
ullage farmer parllc1patory research on sod management and non formal seed d1ssemmahon channels 
(fable 2) 
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Table 2 EABRN sub pro¡ect research m 1992/93 

Area of research 

V anety development and d1sease res1stance 
lntegrated pest and d1sease management 
Genellc tolerance lo sod constramts 
Integrated crop and s01l management 
Soc1al sc•ence 1ssues 

Total 

A PAN AFRICAN PERSPECTIVE 

Number of 
sub pro¡ects 

9 
4 
6 
4 
3 

26 

Percentage 
of budget 

39 
21 
18 
12 
10 

100 

Our s1ster network m the Great Lakes Reg1on (GLR) of Central Afnca known as RESAPAC from 
11s French acronym contmues to be of considerable ass1stance lo EABRN Rwanda has been a useful 
source of vanelles for ne1ghbours that share 1ts envrronment th•s enabled Uganda to make qwck 
releases al a tune when 11s own nat1onal programme was sllll m a rebwldmg phase More strateg•cally 
analyses of bean producllon problems and research opportumlles m the GLR charactensed by the 
lughest average land pressure and per cap1ta consumpt1on of beans m Afnca offer Eastem Afnca 
some pomters lo our own future To a cons1derable extent what they face today we should be ready 
lo confront tomorrow and at least some of the of the potenllal technolog•es w1th wh1ch to do tlus are 
hkely to be sun1lar 

The mtroduct•on of clunbmg beans to double y1eld potenllal m !hose lughland areas w1th adequate 
ramfall 1s currently the most notable example of tlus technology borrowmg The five new vanelles 
of clunbers that proved most successful m Rwanda are currently the sub¡ect of farmer testmg m 
Uganda There 1s untapped potenllal for GLR nursenes of bush beans to be evaluated m south west 
Uganda and north west T anzama Bean product1on problems assoc1ated w1th dechrung s01l fert1hty are 
hkely to become ever more unportant m our reg1on and the SC s planrung framework recogruses the 
need for more attenllon to crop/sod management research m EABRN 

SURVEY OF NETWORK MEMBER SCIENTISTS 

Late m 1992 the 95 bean sc•enllsls m EABRN member countnes who appeared on the Network s 
madmg hst were sent a quest10nnaue The survey had three purposes The first two were to sohc1t 
feedback from members on aspecls of the Network that they had found part1cularly useful and those 
lo wluch more attenllon should be g1ven A tlurd purpose was lo obtam basehne mformat10n on 
sc•enllsts pubhcat1ons records that could be useful m future evaluat10n of Network performance m 
sllmulatmg sc•enllfic acluevements 

PartJapaUoo ID tbe Network 

Rephes were rece1ved from 45 sc•ent1sls (4 7%) about half of them bemg very acllve m the network 
through a reg•onal sub pro¡ect oras a member ofthe SC Network act•v•lles menlloned as havmg been 
parllcularly useful were spread across the curren! range of acllvllles (Table 3) Those most frequently 
hsted were collaborallve research and sub pro¡ecls trrurung workshops mformat10n and pubhcat1ons 
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Access to gemplasm adv1ce from CIAT sclcnllsts and momtonng tours wcrc also 1mportant lo many 
sc1enllsts 

Table 3 Bencfits of EABRN part1c1pallon that havc bcen most valued by natwnal sc1cnllsts 

Nature of Numbcr of 
collaborat1on rcspondcnts 

Access to bean gcrmplasm 9 
Research collaborat10n 15 
Workshops 16 
Momtonng tours 7 
lnformatwn/publlcallons 16 
Trwmng 18 
Techmcal adv1ce 7 
Research fundmg 13 
Fundmg for equrpment 2 

Other 2 
None 6 

Sorne of the s1x respondents who md1cated no actlvlty from wh1ch thcy felt thcy had dcnvcd 
s1gruficant benefit no longer work acllvely on beans Howevcr two bean sc1enllsts cla1mcd to havc 
httle knowledge of the Network m at least one case duc to be1ng locatcd al a stallon 1solated from 
the nallonal coordmatmg centre 

Part1c1pants' suggest1ons for future d1recllons 

Many construcllve suggesllons were madc Several respondcnts wantcd to sce mcreascd attcnllon bcmg 
g1ven to research on SOC1o-econom1c 1ssues (on farm rcscarch cxtenswn lmks adopt10n stud1es bean 
ullhsat1on and new research on bean marketmg) and to IPM (mcludmg d1scases) Contmuallon ofpost 
graduate trwnmg rece1ved w1de support and part1c1pat10n of research ass1stants m reg1onal VISIIS was 
suggested More adv1ce followup and feedback from CIAT on research and cspec1ally sub projccts 
would be apprec1ated and more use m1ght be made of local resource persons for these purposes 
Effic1ency could be enhanced by mcreasmg the number of sub projecls 

Rather fewer suggesllons were made concemmg techmcal arcas that could recc1ve less emphas1s but 
these tended lo be too general and w1dely scattered among essent1al d1sc1phnes lo be vcry uscful m 
pnonty setllng A v1ew was expressed that nallonal coordmatmg centres should start to recc1vc less 
network support than outlymg stallons 

PubhcatJons by Network memben 

The total number of bean related pubhcatwns reported from the start of these sc1enllsts careers was 
213 (Table 4) However the average of 4 7 pubhcatwns per sCICDh&t masks a w1de range m md1v1dual 
performance (O 24 pubhcallons) w1th 66% of respondents reportmg from 1 to 6 pubhcallons each lf 
we d1scount reports of an annual or natJonal projecl nature and unpubhshed theses (thc cons1stency 
wtth wluch these "requrred reports were mcluded m respondents returns 1s open lo doubt) the 
average drops from 4 7 lo 2 7 pubhcallons per sc1ent1Sl 
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Table 4 Bean research pubhcallons by Network member sctenllsts 

Kmd of 
pubhcatton 

Intemallonal JOumalslbook chapters 
Local or regtonal Jomals mcludmg BlC 
CIAT/Network workshop proceedmgs 
Other workshop proceedmgs 
Postgraduate theses 
N allonal and other reports 

Total 

Number of 
pubhcallons 

7 
34 
49 
32 

7 
84 

213 

Almost half (45%) of repondents etther had not yet started the1r research careers or were workmg on 
another crop pnor to 1986 when the acttvtlles of the Reg10nal Bean Programme began As would be 
expected those workmg on beans longest have a htgher average of 6 O pubhcattons Interestmgly 
however by thts measure the rate of output of the group that JOmed bean research after 1986 ts greater 
than that of the group that was already workmg on beans at that tune (O 84 and O 71 pubhcallons per 
annum) 

Almost one quarter of all pubhcallons appeared m proceedmgs of workshops organtsed and pubhshed 
by EABRN/CIA T Tlus network actlVlty appears to be meetmg a need and to have stunulated 
pubhcatton EABRN also pays subscnpllon charges to the Bean lmprovement Cooperallve (BIC) for 
the regton s pnnctpal research stallons wluch m ay have contnbuted to the mcreasmg number of 
pubhcallons reported for thts outlet 

The shortage of mtemat10nally pubhshed work ts both a concem and a potenttally cnttcal basehne 
stallsllc for NARS and for the Network A smgle sctenllst accounted for four of the 7 pubhcatlons m 
thts categoryl Severa! respondents suggested the Network offer asststance m tlus area and 1 am pleased 
that the se recently set astde funds to meet sctenttsts page charges for bean papers pubhshed bv 
mtemattonal JOumals 

SUSTAINING THE NETWORK 

CIA T auns to complete the tnstttullonallSallon of thts and other reg10nal bean networks by the mtd 
1990s so as to leave sctentúic coordmatJon and fmanctal management wtth mslltuttons of the regtons 
Tlus objecllve ts one of the reasons for the emphasts bemg gtven to the establishment of effecllve 
management systems and to the encouragement of local leaderslup 

In the early years of the Network CIA T staff organtsed and facthtated tts acttvtlles but spent 
constderably less tune m support through research Wlule much of tlus work ts sttll necessary the 
more expenenced sub proJect leaders are startJng to take on regtonal roles orgarusmg travelhng 
workshops and tr8llllll8 and advtsmg weaker nahonal programmes Among those that have recetved 
peer recogruhon as regtonal sctentúic leaders spectal mentton mtght be made of the Ethtoptan rust 
sub project leader s travel to Madagascar where he asststed local sctenttsts m the destgn of rust 
research there 
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Thts aspecl of reg10nal collaborauon 1s of part1cular mleresl lo NARS d1reclors of research A newly 
msUtuled EABRN D1rec1ors eomm1ttee mel lasl year for the fJrsl tJme and agreed m pnnc1ple thal 
EABRN should recrwl a coordmator from the reg1on lo lake over network respons1b1h11es from e !A T 
Exaclly how and when tlus w11l happen has nol been dec1ded yel and the d1rec1ors wdl be followmg 
the expenence of RESAPAe whose dJreclors are currenlly seekmg appropnale mslltullonal 
arrangements 

OBJECTIVES OF TRIS WORKSHOP 

Thts workshop 1s the thml multJ-dlsc1phnary workshop lo be held by th1s reg1onal Network followmg 
those of 1987 and 1990 In lme w1th the currenl emphas1s of the se upon sub proJecls as the 
Network s core the pnnc1pal obJecUves are lo share mformallon on theu lechrucal progress and lo 
obtam comments from a peer group eonsequenlly the Se expects each sub proJecl leader lo make 
a presentat10n here 
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t. 7 OCl 

SESSION D. GENETIC IMPROVEMENT 

BEAN BREEDING STRATEGY IN ETHIOPIA 

Tesbome G1rma and DereJe Negatu 

InstJtute of Agnc:nltural Researc:b, Nazretb, Etb1op1a 

ABSTRACT 

Etlnop1a s bean producmg areas can be broadly class1fied mto four agroecolog•cal zones 
dúfenng m altltude ramfall and soJI The zones also dúfer m producbon systems and 
constramts and purpose of growmg beans In the past vanetal 1mprovement was centrally 
coordmated from Nazreth Research Center (NRC) at Melkassa and the spec1fic needs of zonal 
centers rece1ved httle attentlon A decentrahzed evaluabon system of vanety tnals for 
germplasm advancement has been estabhshed to 1dent1fy new vanet1es and reqwres an 
effic1ent zonal programme Conboued release of unproved !mes 1s dependen\ on the 
establishment of strong crossmg programmes at NRC and zonal centres 

INTRODUCTION 

In the past m developmg 1mproved bean vanettes the Nat1onal Bean Program tesled advanced hnes 
across several envii'Onments diVerse m altttude ramfall sod and produc11on syslem w1th the behef 
that combmed res1stance lo productton lun•ttng faclors can mercase the adapt1ve range and general 
performance of culttvars m dúferenl growmg conch11ons (Amare Abebe and Hade Kefene 1989) 
Several 1mproved vanettes were released bul the strategy 1gnored the specúic needs of each zone and 
m ay have rejected culttvars appropnate lo specúic productton syslems 

Because of large dúferences m consumer preference and specúictty of adaptatton lo chmaltc 
conchttons and croppmg systems a smgle genotype wdl nol be swled lo all bean growmg 
envii'Onments (Smgh 1991) Thus m a Nattonal Strategy Plannmg Workshop held m 1990 ti was 
dectded lo adopl a decentraltzed breedmg approach for bean tmprovemenl lo gtve more raptd genettc 
progress through mcreased local seleclton pressure the use of two seasons per year (m e astero and 
southern parts of the country) for testtng and populatlon advancemenl and unproved profess10nal 
mcenttves 

Thts paper descnbes the classúicatton of bean growmg areas of Ethtopta mio broad agroecologtcal 
zones and Iughltghts the strategtes followed for vanetal 1mprovemen1 

AGROECOLOGICAL ZONATION 

Ethtopta s bean producmg areas can be broadly classtfied mio four major agroecologtcal zones These 
are the central eastem southern and westem zones grouped accordmg lo altttude ramfall sod 
produetton system and geograpluc locatlon (Table 1) Mosl productton constramts are specúic though 
some such as local vanettes Wlth low potenttal yteld and suscepttbdtty lo pests and dtseases and 
brucluds m stored beans are common to all zones 
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Table 1 A broad classúicatJon of bean produciDg zones of Etluop1a 

---- --- -
Zone Alutude RaiDfall So JI Product1on Purpose 
(masl) system 

------
Central 1500 low/ low monocrop 

1900 med1um NP siDgle season cash 
(med1um) labour scarce 

Eastem 1700 low/ eros10n 1Dtercropp1Dg of food 
2200 med1um lowNP sorghum/mwze & 

(lugh) two seasons cash 
land scarce 

Southem 1500 med1um/ low two seasons 
1900 lugh N,P land scarce food 

(med1um) 
Westem 1000 lughl heavy bush and food 

1700 very lugh chmbers mmze 
(low) 1Diercropp1Dg 

potenllal 
labour and draft 
power constraJDts 

--- -----
(Source NatJonal Strategy Plannmg Workshop 1990) 

Central Zoae 

The maJD bean produciDg area 1s ID the 10ft V alley where fanners grow mostly wlute pea bean types 
as cash crops Coloured beans are also grown for local consumpllon Beans are grown as monocrops 
and have a short growmg season so aclueve rap1d growth compete well WJth weeds and av01d 
c:ompellllon WJth other crops for labour Producllon 1s IDcreasiDg ID the 10ft V alley because current 
rwnfall pattems swt beans and the area under the crop c:ons1derably IDcreases when the onset of rmns 
1s delayed The crop plays an unportant part ID fanners nsk avers1on strategy (Alehgne Kefyalew 
1990) 

Eutera Zoae 

The Eastem Zone c:ompnses a sec:ond m111or bean produciDg reg10n of Etluop1a Beans are 
IDtercropped WJth sorghum and mwze (about 95% of all sorghum m the eastem lughlands 1s 
IDtercropped WJth beans) so shade tolerance and early matunty are 1mportant 

Beans are grown because of therr low mo1sture reqwrement and therr potenllal as a catch crop ID case 
of fadure of maJOr cereal crops (Siumehs M/Hawanat el al 1990) The culttvars and mixtures planted 
for food and cash dlffer but wlute and red beans are preferred Bush types are preferred to clunbmg 
types to facd1tate leaf stnpp1Dg ID mtercropped sorghum and also for therr earliDess 
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Southem Zone 

The Southem Zone mcludes S1damo Gamo Goffa and part of Bale There are two raiDy seasons In 
the flfSt season (March Apnl) fanners grow beans mtercropped w1th m8lze and m the second season 
(July/August) beans are grown m monocrop Red and wlute beans are preferred and mostly used for 
home consumpt1on (Getahun Degu and Yesh• Cluche 1989) In some areas double cropp1Dg w1th 
bean has developed ID response to land scarc1ty Bean stem maggots and weeds are the m8ln bean 
producllon constr8lnts ID the zone 

Westem Zone 

The Westem Zone mcludes the Welega, Illubabor and Gojam admiDlslrallve reg10ns Small fanners 
grow beariS of vanous growth hab1ts (chmbiDg or bush) gr8ln s1zes (small or large) and gr8ln colours 
(red whlle black or m1xed) Chmbmg beans are grown along fences and also IDtercropped w1th m8lze 
on small plots around homesteads bush types are grown as monocrops In the Bako area, beans are 
rarely mtercropped w1th m8lze as th1s pracllce creates IDConveruence m m8lze weedmg However 
such problems can be resolved by broadcastmg bean seed al the lime of ox culllvat1on (Gemechu 
Gedeno 1990) In the Illubabor area most fanners pract1ce IDiercroppmg of beans w1th m8lze rather 
than sole cropp1Dg (Kassahun Seyoum el al 1989) Most produce 1s for home consumpt1on Small 
quanllt•es of fresh and dry beans are sold m local markets 

Gojam espec1ally Pawe settlement area •s a lowland envuonment wluch has a long UD!modal r8lny 
season of about five months Beans are IDtercropped w1th m8lze ID a hm1ted area by local fanners ID 
Pawe mostly for home consumpllon In the Westem Zone lack of 1mproved bean culllvars angular 
leaf spot web bhght and bean stem maggots are the maJor producllon constr8lnls 

STRATEGIES FOR VARIETAL IMPROVEMENT 

Beans are grown under vaned env•ronmental cond•llons and producllon systems varyiDg ID growth 
hab1t seed s1ze and matunty Seed s1ze growth hab1t and matunty are mtnns1c charactensllcs and are 
largely respons1ble for dlfferences ID y1eld potent1al of bean culllvars Such y1eld dlfferences were 
observed ID our vanety tnals at severa! research s1tes ID dlfferent zonc:s (Tables 2 and 3) Therefore 
11 would be erroneous to thiDk of the same y1eld potenllal for all bean types or the same y1eld target 
for spectfic bean types across all growmg envuonments (SIDgh 1991) 

Table 2 Mean seed y1elds (kglha) ID Nallonal Vanety Tnals 1990 

Type of tnal Alemaya Awassa Bako Junma Melkassa 

Wh1te pea bean 1991 I078 1993 3527 2024 
Drfferent color 2466 931 2145 3539 1803 
Large seed bean 2299 Il87 1224 2779 2294 

(Source lAR 1990) 

The pnncrple of orgaruziDg vanetal 1mprovement on a zonal bas1s was accepted first w1th food bean 
types to be followed at a later date w1th the wh1te pea bean types for cons•deratwns of cost 
effect1veness as well as the need for produciDg standard wh1te pea beans for export Th1s suggests the 
need for a temporary nat10nal approach to wlute pea bean unprovement wluch should be m81nl81ned 
untll the zonal approach 1s firmly m place w1th food bean types 
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Tab1e 3 Seed y•e1ds (kg/ha) of random1y se1ecled vanehes from Pre Na11onal Vanety Tnals m 1990 

Vanety A1emaya Awassa Bako J1mma Me1kassa 

Mex1can 142 2156 1057 763 1816 2061 
PAC 19 1688 1127 1408 2070 2388 
PAN 175 1542 1060 1493 2305 2058 
G 11233 1180 1582 1992 3066 1963 
TY 3396 1 2652 1060 2008 3633 2316 
A 182 1748 1235 1544 2891 1676 
ICA Lmea 64 2486 1149 1230 3203 2682 
Brown Speckled 1794 536 978 2246 1863 
Red Wo1wla 981 722 1312 2480 1760 

(Source lAR 1990) 

In consultahon w1th zonal breeders the coordmalor/breeder al the coordmalmg cenler lakes the 
necessary whallve lo mtroduce new germplasm and 1den11fy genotypes appropnale lo each zone Th1s 
helps lo av01d duphcahon m mtroduchons and lo follow quaranlme regulal10ns wh1ch reqwre 
laboratory and field mspechon before d1stnbu11on 

After quaranlme mspec110n and seed mul11phcahon mtroduced malenals are senl s•mu11aneously lo 
each of the four rones m the form of Nursery I and each zone •den11fies 11s own entnes for subsequenl 
stages of evalua11on m zonal tnals as shown m F1gure 1 

F1gure 1 Evaluahon scheme for vanelal 1mprovemenl on zonal bas1s 

CENTRAL EASTERN SOUTHERN WESTERN 
(Melkassa) (A1emaya) (Awassa! Areka) (Pawe/Bako/ 

J1mma) 

Nursery I NI NI NI 

Zonal Nursery 11 ZNII ZN 11 ZN 11 

Zonal V anety Tnal ZVT ZVT ZVT 

< N ahonal V anety T nals > 

On Farm Tnal OFT OFT OFT 

(Source Natlonal Planmng Workshop 1990) 

The decentrahzed approach does nol 1mply thal zonal centres cannol requesl tnals/hnes from other 
rones Ü they feel the need for the1r zone A Nahonal Vanety Tnal can be formulaled by the 
contnbuhon of ehle advanced culhvars from all rones for companson across env1ronmen1s 
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• 

Advantage should be taken of the comparabve strengths and pnonues of several centres The 
effictency of each centre m every zone ts enhanced by sharmg dats and tnals holdmg annual 
meebngs and character unprovement acltvtlles such as pest and dtsease reststance and tolerance to low 
sod femhty 

Though mtroducllon of estabhshed lmes from other sources (CIA T and other nallonal programmes) 
wtll conbnue segregabng populauons from crosses made locally and abroad wdl assume a greater role 
m vanetal unprovement by strengthenmg the CXIsúng crossmg programme al NRC and estabhshmg 
new programmes at zonal centres 

Pawe (Westem Zone) and Awassa (Southem Zone) Research Centers started to formulate theu own 
zonal vanety tnals from mtroduced matenals from the NRC several years ago The Nallonal Program 
1s trymg to strengthen theu capabdtly further and the remammg centers are gradually movmg towards 
the same goal lt tS hoped that tlus approach wtll promote the better use of genellc matenals and the 
subsequent release of more culllvars m respecllve zones 
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SCREENING BEANS (Phaseolus vulgaru L) FOR ADAPTATION TO THE 
COOL SEMI ARID HIGHLANDS OF EASTERN AFRICA 

W K Rono 

Kenya Agncultural Researcb lnst1tute, 
Nabonal Drylaud Famung Researcb Centre KatumaUJ, 

Mac:bakos, Kenya 

ABSTRACT 

Two bean nursenes were evaluated for adaptahon to cool semi and highland cond1hons at 
Matanya m Nanyulu (1800 masl) dunng the first (March May) and second (Octoher January) 
croppmg seasons of 1992 The locatoon receoves 250 350 mm raJnfall per season and has a 
mean daoly temperature of 18 6"C Mean mmomurn temperatures vary hetween 9 5 and 14 C 
The ObJecllve os lo odenllfy hean hnes whoch are early m matunty hogh yoeldmg and adapted 
to cool serm and condthons In the wann medtum clunate (WMC) nursery 40 mtroduchons 
were screened m the first season and 16 m the second season The maJonty of the 
mtroducllons flowered and matured later than the local checks MweLI MoJa (Kat mm) GLP 
2 and 3334 However AFR 393 AFR 390 AFR 404 AND 737 RWR 159 AFR 398 CAL 
103 and DRK 24 were early Matunty penods were generally earher durmg the firsl season 
Of the 20 mtroducllons m the cool medourn chmate (CMC) nursery only 1 AS 245 flowered 
and matured early and yoelded consoslently (1201 and 1461 kglha durmg the lwo seasons 
respecllvely) In both nursenes days lo flower and days lo malunly were negallvely correlaled 
wtth yoeld wlule days lo maluroty was posollvely correlated woth seed weoghl and pods per 
plan! woth yoeld 

INTRODUCTION 

Dty beans (Phaseolus vulgans L) are known lo have WJde adaplal1on lo chmale Although they are 
preferably adapted to lugh allttudes ID the trop1cs and lo lemperale zoues they are also cul11vated ID 
hum1d and sem1 and trop1cs and ID cold chmate reg10ns (CIAT 1991) These reg1ons have h1gh 
rauúall or the crop 1s culltvated under 1mga1ton The maJonty of farmers ID easlem Afnca culllvale 
theu crops under rauúed condotJons W1th the rap1d expans1on of populat1on ID hoghland med1um 
potenltal reg1ons there 1s a tremendous mercase m pressure Tlus has led lo an IDflux of young" or 
starltng fanners IDto both low and h1gh allltude sem1 and reg10ns of\en bnngiDg bean vanelles thal 
are unadapted to these cond11J0ns V anous methods have been used or recommended by bean workers 
for sereenmg for cold lolerance (D1ckson and Boellger 1984 HolluboWJcz, 1986) bul field screeniDg 
JS probably sltll an effecllve method for 1den1Jfy1Dg smlable liDes Although sorne vanelles have been 
developed for hol low albtude sem1 and areas (Mu1gBJ and Rono 1990) hm11ed atteniJOn has been 
g~ven to the cool sem1 and lughlands of eastem Afnca 

Tbe mam objecllve of the study was lo 1den1tfy beans suotable for cult1vat1on ID the cool sem1 and 
areas of eastem Afnca These culltvars should be early ID matunly h1gh y1eld1Dg and of appropnate 
secd s1zes and colours 
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MATERIALS ANO METHOOS 

Two types of nursery warm me(bum clunate (WMC) and cool med1um chmate (CMC) were sown 
m rephcated plots at Matanya, Nanyul" (1800 mas!) dunng the fust (March May) and second 
(October November) croppmg seasons of 1992 at a spacmg of 45 x 20 cm In the WMC Nursery 40 
mtroducbons and three local checks (MweZI MoJa (Kat mm) GLP 2 and 3334) were sown m the first 
season and 36 !mes w1th two checks m the second season In the CMC Nursery 20 mtroduct1ons and 
the same three checks were sown m the fust season and 16 !mes m the second season 

The followmg agronom1c charactensllcs were est1mated from net plots of 368m2 m the first season 
and 1 28m 2 m the second season 

a) days to emergence from plantmg 
b) days to flowenng (50%) 
e) days to matunty (50%) 
d) number of pods per plant 
e) num ber of seeds per pod 
1) we1ght of 100 seeds (g) and 
g) seed y1eld (kg/ha) 

Statlst1cal analyses were peñormed usmg MST A TC 

RESULTS ANO OISCUSSION 

Warm Me(bum Chmate (WMC) Nursery 

The limes to emergence were greater (between 12 and 14 days) dunng the first season (Table 1) than 
dunng the second season (7 10 days) (Table 2) probably due to cooler sml temperatures m March 

Days to flowenng were s1m1lar between seasons In the first season e1ght mtroducllons (AFR 393 
AFR 390 AFR 404 ANO 737 RWR 159 AFR 398 CAL 104 and DRK 24) were s1m1lar m 
flowermg tune to the checks but the other mtroduct10ns were much later Durmg the second season 
AFR 393 CAL 104 and DRK 24 were later flowenng but severa! of the the remammg mtroduct1ons 
were early Matunty penods vaned between 74 and 89 days m the first season and 89 and 1 15 days 
m the second DRK 24 matured later among the early flowenng Imes LRK 21 was early m matunty 
dunng the fust season and RWR 352 dunng the second season although both flowered late 

In both seasons there was cons1derable vanat10n among entnes m pods per plant (2 O 16 3 and 7 3 
19 O) seeds per pod (2 O 52 and 2 2 5O) and we1ght of 100 seeds (28 O 55 O and 48 O 83 3 g) Pods 
per plan! and seed we1ght vaned between seasons but seeds per pod were unaffected Except for LRK 
21 the early to flower and mature !mes y1elded s1m1lar to or better than the checks (897 1992 kg/ha) 
m the fust season R WR 159 was the earhest mtroduct10n and best y1elder Dunng the second season 
the earher matunng !mes peñormed sun1larly to the later matunng lmes AFR 377 was the heav1est 
y1elder (3987 kg/ha) The better average y1elds dunng the season were attnbuted to the prolonged 
ramy penod 
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Table 1 Phenologtcal and agronomtc characlensltcs of WMC beans Nanyukt long rwns 1992 

Days lo Days lo Oays lo Pods/ Seeds/ Wl /100 Ytelds 
Entnes emerge flower mature planl pod seeds (g) (kg/ha) 

--- ---
MweZl MoJa 12 41 76 43 3 1 40 o 421 
AFR 445 12 50 86 75 26 43 o 410 
AFR 368 12 53 86 42 33 31 o 481 
AFR 393 12 41 74 86 36 42 o 897 
AFR 451 12 50 86 87 29 36 o 576 
AFR 760 12 56 86 68 42 41 o 688 
AFR 761 12 57 81 70 30 38 o 563 
LRK 21 12 54 75 43 43 35 o 446 
AFR 371 12 78 86 94 3 7 28 o 655 
AND 774 12 50 88 49 43 31 o 628 
AND 182 13 50 86 10 o 3 8 38 o 769 
RWR 352 13 47 80 10 7 36 40 o 1122 
AFR 723 14 47 78 20 35 30 o 465 
AND 765 14 49 84 58 3 5 41 o 772 
AND 766 12 47 84 80 28 41 o 777 
AFR 461 13 47 81 78 42 38 o 940 
AFR 463 13 49 84 97 20 40 o 1025 
AND 715 13 52 89 88 34 35 o 1258 
AND 733 14 47 86 99 36 37 5 889 
AND 739 14 50 85 83 3 7 38 o 919 
ANO 740 13 47 84 92 44 31 o 769 
AND 749 12 55 83 76 36 38 o 701 
AND 759 13 50 83 97 43 40 5 989 
AND 770 14 47 83 1 o 1 42 42 o 1565 
CAL 85 12 50 84 76 36 35 o 978 
AFR 346 12 54 88 10 5 34 43 o 1253 
AFR 373 14 50 86 10 6 52 43 o 1663 
AND 735 14 50 81 11 2 30 38 o 630 
AND 736 14 50 81 15 8 30 40 o 1546 
ANO 763 12 53 85 66 30 35 o 1158 
CAL 103 12 50 76 10 8 36 41 o 1090 
AFR 377 13 49 83 16 3 36 42 o 1764 
AFR 390 13 44 81 92 3 5 41 o 1380 
AFR 404 12 44 80 11 8 39 40 o 1650 
AND 737 13 44 81 95 35 45 o 1025 
AND 750 13 50 83 90 36 43 o 1245 
CAL 89 13 47 81 14 6 32 40 o 1780 
RWR 159 12 41 81 14 2 34 47 o 1992 
AFR 398 12 46 76 JO 3 3 1 49 o 1557 
CAL 104 12 44 76 12 8 42 41 o 1842 
ORK 24 12 44 78 14 8 3 1 55 o 1435 
3334 12 46 76 10 4 3 5 43 o 1372 
GLP 2 12 44 75 10 2 30 48 o 11 o 1 
Means 12 7 49 2 82 o ·~ ~Aí.:'-¿:..~ 1050 
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Table 2 Phenolog•cal and agronom1c charactensllcs of warm med1um chmate beans at Nanyul<J 
dunng short rams 1992 

Days Days Days We1ght/ Gram 
to to to Pods/ Seeds/ 100 y1elds 

Entnes emerge flower mature plant pod seeds (g) (kglha) 

AFR 368 7 49 lOO 12 5 34 48 o 1698 
AFR 393 8 51 93 19 o 35 51 4 3425 
AFR 451 8 48 98 17 4 30 57 3 2094 
AFR 761 9 41 115 11 1 22 56 o 1109 
AFR 371 8 41 102 13 3 34 517 1977 
AND 774 8 48 112 14 5 46 52 o 3125 
AND 192 9 41 92 17 6 33 58 7 3301 
RWR 352 9 46 94 16 8 34 54 8 3156 
AND 765 9 50 96 15 2 3 1 54 o 2044 
AND 766 9 47 106 14 2 3 1 60 o 2266 
AFR 461 10 49 107 137 38 54 7 2966 
AFR 463 8 49 100 10 8 33 53 7 2128 
AFR 715 8 56 113 10 o 26 59 6 1534 
AND 733 9 48 106 14 9 33 56 3 2885 
AND 739 9 44 106 137 42 58 3 2516 
AND 740 9 45 94 14 5 50 58 o 2953 
AND 749 9 58 113 15 40 66 3 1482 
AND 159 9 49 106 94 40 59 8 2659 
AND 770 9 47 104 14 2 3 8 53 7 2935 
CAL 85 9 51 110 90 40 50 7 2065 
AFR 346 10 52 115 11 3 39 61 3 2932 
AFR 373 8 49 100 137 36 74 7 3471 
AND 735 9 48 113 12 o 50 59 7 2185 
AND 736 9 48 102 129 32 54 3 2146 
AND 763 9 48 98 13 7 39 52 3 1065 
CAL 103 9 48 96 73 32 59 o 1245 
AFR 377 10 45 97 15 o 35 63 8 3987 
AFR 390 8 44 101 15 6 4 1 59 7 2732 
AFR 404 8 43 101 15 3 35 63 3 2482 
AND 737 8 45 92 10 7 32 67 5 2232 
AND 750 8 51 115 96 3 1 66 o 1589 
CAL 89 10 45 110 92 28 59 3 1719 
RWR 159 10 44 94 17 3 33 59 3 2896 
AFR 398 8 44 92 13 1 3 1 65 8 2651 
CAL 104 8 49 104 12 6 44 59 o 2872 
DRK 24 9 47 108 10 6 29 83 3 2737 
MweZJ Moja 8 39 89 12 3 36 61 8 3155 
GLP 2 8 42 92 14 6 3 1 66 3 3219 

LSD (P<O 05) 1 1 2 1 40 43 1 2 77 1205 
CV% 74 27 24 20 2 20 6 8 1 30 2 
------ - - ---
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Cool Mecbum Cbmate (CMC) Nursery 

Oays to emergence vaned between 8 and 14 10 the first season {Table 3) and 7 and 10 days 10 the 
second season (Table 4) sun1lar lo the WMC nursery The maJonty of entnes were late 10 tlowenng 
and matunty Although days lo tlower were s1m1lar between seasons most l10es matured earher dunng 
the frrst season Only LAS 245 cons•stently tlowered and matured earher and y•elded better 10 both 
seasons Although OBN 67 was the best y1elder dunng the first season 11 was very susceptible lo 
CBB ALS and anthracnose 

Table 3 Phenolog1cal and agronom1c charactensllcs of cool med1wn chmate beans al Nanyul" dunng 
the long ra10s 1992 

Oays Oays Oays We1ght/ Gra10 
lo to lO Pods/ Seeds/ 100 y1elds 

Entnes emerge tlower malllre plant pod seeds (g) (kglha) 

----
GLP 2 12 46 74 70 3 2 49 S 497 
ANO 790 8 46 76 83 54 22 S 788 
OBN 42 10 45 76 10 8 43 23 S 832 
OBN 48 12 62 95 85 3 S 31 o 717 
OBN 67 11 58 89 82 37 19 S 2511 
OBN 70 12 59 98 70 38 230 266 
ANO 814 13 63 99 86 39 41 S 796 
ANO 815 14 63 98 54 26 41 o 462 
ANO 817 13 63 98 95 3 8 32 o 552 
ANO 822 13 57 74 76 38 35 o 644 
LAS 281 14 57 102 
LAS 319 13 61 100 50 2 S 29 o 220 
ANO 824 13 57 94 75 3 8 35 5 919 
LAS 294 14 51 94 70 3 5 33 o 470 
LAS 295 14 61 94 82 4 1 36 o 476 
LAS 315 12 so 81 8 S 43 22 o 1196 
LAS 328 13 51 86 84 42 34 o 1106 
LAS 259 13 51 91 63 32 43 o 734 
AFR 410 14 57 88 72 36 38 o 880 
AFR 411 14 60 68 S 1 26 43 S 1375 
LAS 245 14 41 78 72 36 34 S 1201 
3334 12 46 75 8 5 42 46 o 1669 
MweZI MoJa 12 41 73 75 3 8 43 S 1576 

Means 12 6 54 2 86 S 76 37 34 4 904 
- -----
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Tab1e 4 Pheno1og•cal and agronom1c characlensllcs of coo1 medmm chmale beans al Nanyul" 
dunng the short rams 1992 

---- -----
Oays Oays Oays We1ght/ Gram 

lo lo lo Pods/ Seeds/ 100 y•e1ds 
Entnes emerge flower mature p1anl pod seeds(g) (kg/ha) 

ANO 790 7 50 99 19 3 47 31 2 3464 
OBN 42 10 49 98 18 o 36 27 3 1966 
OBN 48 10 62 134 50 3 1 34 7 1148 
ANO 814 9 59 136 42 24 58 3 1156 
ANO 815 9 60 132 4 1 23 46 o 294 
ANO 817 9 57 138 97 36 48 7 1787 
ANO 822 7 57 133 78 3 1 60 7 1581 
LAS 319 9 66 141 10 5 34 45 3 1167 
ANO 824 10 58 141 60 29 56 5 763 
LAS 295 8 58 145 98 37 57 3 1474 
LAS 315 8 51 102 205 o 39 27 7 2396 
LAS 328 8 51 103 90 3 8 41 3 872 
LAS 259 8 55 136 60 36 52 o 948 
AFR 410 8 59 120 12 2 34 59 7 2242 
AFR 411 7 59 145 84 36 62 o 888 
LAS 245 7 42 88 13 9 36 43 o 1466 
MweZI MoJa 8 39 79 14 1 36 59 8 2216 
GLP 2 8 41 83 138 32 61 6 2349 

LSO (P<O 05) O 9 09 33 55 1 4 47 408 
CV% 60 1 o 1 6 32 3 24 4 58 36 3 
- -----

Oays to flower and days lo matunty were negattve1y corre1ated w1th y•e1d ID both WMC and CMC 
nursenes Tlus IS expected ID arcas where the growiDg penad 1s short 1Dd1cai1Dg thal earhness ID 
flowermg and matunty are unportanl for adap1a11on Oays lo matunty were better corre1aled w1th y•e1d 
than days lo flower S un dar results have been reported by Wlule and SIDgh ( 1991) 

Tab1e 5 Corre1attons among days lo flower days lo matunty pods/p1anl seed we1gh1 and graiD y•e1d 
ID 36 warm medmm c1unale (WMC) and 16 coo1 mechum c1unale (CMC) beans Nanyul" 

short rams 1992 

-- --
Characler com biDatton WMC CMC 

Oays to flower vs graiD y•e1d o 16 o 32* 
Oays lo matunty vs graiD y•e1d o 25* o 43** 
Oays lo matunty vs seed we1ghl o 07 o 68** 
Pods/p1anl vs gram y•e1d o 55** o 76** 
Seed we1gh1 vs gram y•e1d o 20* o 33* 

----
• •• denotes s•gruficantly cWJerenl from zero al P< O 05 and O O 1 respec11ve1y 
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Pods per plant was posttJvely (P<O 01) correlated w•th yteld m both WMC (O 55) and CMC (O 76) 
nursenes mdtcatmg the unportance of pod number m detennmmg y1eld In the CMC Nursery seed 
siZC was posttJvely (P<O O 1) correlated wtth days to matunty (O 68) and negatiVely (P<O O 1) correlated 
Wlth y1eld mdtcatmg selectton for medtwn seed s•ze In contrast the same agronomtc charactensttcs 
were postl1vely and stgruficantly (P<O 05) correlated m the WMC Nursery 

These results mdtcate the need for further study of promtsmg hnes whtch have potenhal for culhvat10n 
m the sem1 and lughlands of eastem Afnca 
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SNAP BEAN BREEDING IN KENY A 

J K Kamau S G S Mu1ga• and S M Wacbmn 

Kenya Agncultural Researcb Inst•tute, 
Nat1onal Horbcultural Researcb Inst•tute Th1ka Kenya 

ABSTRACT 

Nmc crosses were made m 1988 bctween Monel and food beans adapted to Kenyan cond1tlons 
and reststant lo rust angular leaf spot and anthracnolic Thc donor parents were also more 
vtgorous and ytelded better than Monel A pedtgree sclechon procedure was apphed to thc 
segregatmg progemes Selechon was mamly focused on re.;;tstancc lo rust and angular leaf spot 
whdc at the same hme retammg the favourable agronom1c characters of Monel Most lmes 
m the crosses coded 10 SN 1 6 1 O SN 1 4 and 1 O SN 1 5 showcd h•gh degrees of res1stance 
lo rust angular leaf spot and anthracnose (rahngs<3) and relamed most of the favourable 
characters of Monel Most of these lmes werc also of acccptable pod shape cro-;s sechon 
colour and laste (ratmgs<4) and are expected to retam thesc good tratls m more advanccd 
generattons At F 8 sorne of the hnes m the abo ve crosscc; werc stlll segregatmg for growth 
habtt necessttatmg smgle plant selectlon for another two gencrahons to stabth7e the charactcr 

INTRODUCTION 

Snap beans are culhvated m dlfferent chmahc 7.ones al varymg allltudes and under a vanety of 
management prachces m the developmg world The1r pods dlffer m s•ze shape laste and colour 
(rangmg from wh1te to black) among and w1thm countnes The common denommator 1s that snap 
beans are mvanably produced by small fanners as a h1gh mput h1gh-output market onented crop 
close to urban centres (Henry and Janssen 1992) 

A cup servmg of green snap beans contnbutes very s•gmficantly (11%) to V•tamm A reqUJremcnts 
and can be a moderate contnbutor of nboflavm (7 55%) th1amm (9%) calcmm (6 9%) and 1ron 
(6 7%) lt also contnbutes excephonally well to ascorb1c ac•d reqUJrements (60%) Levels of macm 
protem and phosphorous contnbuted are 1ess than 5% of requuements and the calone contnbuhon 1s 
less than 2% (Kelley and Scott 1992) 

Snap bean product1on m developmg countnes •s est1m ated al 4-4 5 m 1lhon metnc tonnes Lahn 
Amenca produces 250 300 thousand tonnes Afnca produces 40 thousand tonnes the M1ddle East and 
northern Afnca produce 60 thousand tonnes wh•le total As1an snap bean product1on JS 3 6 -4 mllhon 
tons lughly b1ased towards the Chma share of 3 3 5 m•lhon tonnes 

ProductJon of snap beans m Kenya has cxpanded rap•d1y m recent years In 1986 four thousand 
hectares of snap beans were grown but by 1989 the arca had mcreased to ten thousand ha lt •s 
grown m arcas receiVIng 500 1500 mm of ramfall per annum at an alhtude of 2000 masl (Anon 
1989) lmgahon 1s however requ1red m the dner areas and for off season product1on Snap beans are 
grown on a w1de range of s01ls although deep well-dramed loam solls g1ve the best results The 
vanehes commonly grown m Kenya and other Afncan countnes are exclus•vely of European ongm 
Most of them are not adapted to the chmat•c cond1hons of the trop1cs and th1s resu1ts m 1ow yJC1ds 
and h1gh produchon costs 
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D1sease and msect control are maJor financ1al and labour constramts The most IDlportant producllon 
reducmg d1seases are rust anthracnose root rots and vanous bhghts The maJOr snap bean msect pests 
are bean stem maggots wlutefly leaf mmer pod borer apluds and m1tes (Henry and Janssen 1992) 
To generate the potent1ally h1gh returns on mvesllnents the crop reqwres large amounts of fert1hzen 
and pest1c1des In add11lon 1mgat1on has been shown to have a s1gruficantly pos111ve effect on 
product1on m several countnes (Erkal el al 1989 Franc1sco and Dommgo 1988) Ferllhzen and 
pest1c1des conslltute 13 53% of total productlon costs m developmg countnes 

The object1ves of th1s study were to 

1dent1fy genes for res1stance to rust Uromyces phaseoll 

2 hybnd1ze the donor parents w1th Monel so as to transfer the genes for res1stance and 

3 evaluate segregallng progerues for res1stance to rust Uromyces phaseol1 

MATERIALS AND METHODS 

Some 90 snap bean hnes were grown at Th1ka (Samuru s1te) m the long rams of 1991 The lmes 
were denved by crossmg Monel Wlth cookmg beans shoWlng a lugh degree of res1stance to rust 
angular leaf spot and bean common mos81c vU11s The ped1gree breedmg method was apphed to the 
segregallng progemes 

The hnes were sown m three rows of 1 O m length The spacmg between the rows was 50 cm and 
that between plants Wlthm a row was 1 O cm DAP was added at plantmg at the rate of 200 kg/ha 
Paths of 1 5 m were left between crosses The lmes were evaluated for res1stance to rust angular leaf 
spot days to 50% flowenng v1gour of growth and growth hab1t At 20 and 35 days from plantmg 
bean leaves mfected Wlth rust were spread among the bean hnes to mercase the pathogen moculum 
level Smgle plants shoWlng a lugh degree of res1stance to bean rust and angular leaf spot and 
v1gorous growth were selected Dunng selectlon the snap bean cultivar Monel wluch IS the most 
commonly cult1vated snap bean cultivar m Kenya, was used as a control 

A total of 374 smgle plants were selected from mne of the 90 hnes and sown m smgle rows at Tluka 
(Mahutl s1te) m July 1991 usmg the same plantmg procedures and selectlon entena 493 smgle plants 
were selected for further evaluatlon the followmg season In add1t1on to the above parameters pod 
shape laste colour and length were recorded The hnes were sown at Thlka (Mahull s1te) m February 
1992 usmg the plantmg and rust moculatlon procedures descnbed above 142 smgle plants were 
selected and sown at Tluka (Mahutl s1te) m the short rams of 1992 93 The lmes were evaluated for 
res1stance to rust angular leaf spot v1gour growth hab1t and pod laste cross secllon colour length 
and number Plantmg and rust moculat1on procedures were as descnbed earher 

D1sease ratmgs 

The mne category d1sease seventy scale descnbed by Schoonhoven el al (1981) was used as a 
measure of the degree of mfectlon by both rust and angular leaf spot 1 = no v 1 s 1 b 1 e d 1 se as e 
symptoms 3 = approx1mately 5 10% of leaf area mfected 5 = approx1mately 20 30% of leaf area 
mfected 7 = approx1mately 40 60% of leaf area mfected and 9 = more than 80% of leaf area 
mfected 
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Agronom•c cbaracter ratmgs 

Pod cross secllon 1 3 = round1sh 4 6 = oval 7 9 flatt1sh 

Pod taste 1 3 = sweeter than Monel 4 6 = hke Monel 7 9 = b1tter laste 

V1gour 1 3 = less v1gorous than Monel 4 6 = as v1gorous as Monel 7 9 more v1gorous than Monel 

RESULTS AND DISCUSSION 

The 374 smgle plants selected from the 90 bean !mes sown m Apnl 1991 combmed a h1gh degree 
of res1stance to rust and angular leaf spot (d•sease ratmg <3) "'th v1gourous growth Most smgle 
plants selected had detenn mate growth hab1t wh1ch favours case of handhng dunng weedmg 
controlhng d1seases and pests and harvestmg Most selected !mes reached 50% flowenng at the same 
lime as Monel The selected smgle plants also y1elded better than Monel wh1ch together w1th the1r 
better v1gour could have been due to heteros1s between the hybnd1zed parents ansmg from the1r 
d1vergent genellc backgrounds Sorne of the selected !mes had an md1stmct chmbmg hab1t md1catmg 
that the genes controlhng th1s character had mtennedJate effects and were therefore quant•tat1ve 

The 493 selected smgle plants sown at Tluka (Mahull s1te) m February 1992 for further evaluallon 
showed a h1gh degree of reSJStance to rust and angular leaf spot (d1sease ratmg<3) Th1s was yet an 
md1callon that genes for res1stance were bemg passed on to the progemes w1th progress1ve select10n 
The v1gour of the selected !mes was s1m1lar to Monel wh1ch was an md1cat1on of decreasmg h' bnd 
v1gour w1th mcreasmg homozygos1ty Most selected !mes were of detenn mate growth hab1t w1th sorne 
!mes showmg undeveloped chmbmg hab1ts 

The pods of most selected were round1sh m cross secllon wh1ch 1s a character assoc1ated w1th the 
snappmg hab1t of fresh snap beans A few plants had oval pod cross secllons and none had a flatt1sh 
pod cross sect10n Th1s was an md1callon that the round1sh snappmg hab1t of Monel was mamtwned 
through select10n Most selected !mes had strwght pods (ratmgs 1 3) of acceptable length s1m1lar to 
Monel Most of them had a sweet sugansh laste hke that of Monel (ratmgs 1 5) Plants w1th bltler 
pods were not selected 

Most of the 142 smgle plants evaluated at Th1ka (Mahut1 s1te) m the short rwns of 1992 93 showed 
a h1gh degree of reSJStance to rust and angular leaf spot (ratmgs <3) (Table 1) Th1s was a further 
md1callon that genes for res1stance were bemg passed down the progemes The v1gour of the selected 
!mes was hke that of Monel further confJrmallon that the favourable growth characters of Monel \\ere 
bemg mwntwned Sorne selected !mes d1d not have a un1fonn detennmate growth hab1t md1catmg 
that they were sllll segregatmg for growth hab1t and reqwred further smgle plant selecllon so as to 
stab1hze th1s growth hab1t The pod cross secllon laste colour and length of the selected lmes were 
qwte suDJlar to those of Monel Th1s was agwn an md1cat1on that the genes detennmmg these 
favourable characters were bemg fixed over generallons 
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Table 1 Agronom1c charactelli and d1sease ratmgs of 142 snap bean hnes evaluated al Th1ka (Mahut1 
s1te) m the short rams of 1992 93 

Fam1ly 

Monel 
IOSTI 4 

IOSNI 5 

B 

D1sease 
ratmgs 

Agronom1c 
characten¡ Pod charactenstJcs 

Lme Rust ALS GH VIG XSEC TAST COL LNGTH NO 

4 
TI 2 
T3 2 
Tl9 2 
T25 2 
T26 3 
T31 3 
T27 3 
T28 3 
A5 1 
All 2 
A20 2 
A29 2 
A30 
A31 
A35 
A45 2 
A57 
A 59 
A60 
A61 
A62 2 
A71 2 
Al8 
A42 
B2 4 
Bl5 3 
BIS 3 
B20 2 
B23 2 
B24 3 
B30 2 
B31 2 
B34 2 
B35 2 
B36 3 
B37 3 
B50 3 
B57 3 
B59 3 
B64 3 
B68 3 

2 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
3 
3 
2 
3 
2 
2 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 

D 
D 
D 
D 
D 
D 
D 
D 
D 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

23 

3 
3 
3 
3 
4 
4 
3 
4 
3 
7 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
7 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 

6 
4 
4 
4 
8 
3 
8 
8 
3 
8 
7 
4 
8 
6 
6 
4 
8 
6 
6 
6 
4 
4 
8 
4 
8 
6 
4 
4 
4 
4 
7 
7 
4 
7 
3 
8 
8 
7 
8 
4 
7 
4 

3 
3 
4 
3 
4 
4 
3 
4 
3 
3 
7 
3 
4 
3 
4 
4 
4 
7 
4 
4 
3 
4 
7 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
4 
7 
4 
4 
7 
7 
7 
7 
7 
4 
3 
4 
8 
8 
4 
4 
8 
4 
8 
8 
9 
9 
5 
9 
3 
5 
3 
3 
3 
3 
3 
7 
3 
3 
3 
3 
3 
3 
3 
3 
3 

18 
19 
17 
13 
15 
14 
12 
18 
14 
14 
17 
15 
19 
17 
20 
15 
22 
26 
25 
16 
27 
15 
19 
17 
19 
13 
21 
15 
12 
19 
19 
14 
22 
15 
15 
16 
14 
19 
16 
14 
13 
16 



Table 1 (contmued) 

Dtsease 
ratmgs 

Agronomtc 
characters Pod charactensttcs 

Fanuly Lme Rust ALS GH VIG XSEC TAST COL LNGTH NO 

IOSNI 4 

IOSNI 6 

875 3 
877 3 
879 3 
881 3 
882 2 
884 3 
889 2 
890 2 
896 3 
8103 3 
8104 2 
8107 2 
8108 3 
8110 3 
8117 3 
8118 3 
8127 2 
8128 2 
8135 2 
8137 2 
8143 2 
C2 3 
C3 2 
C4 2 
C8 2 
C9 2 
Cl3 2 
CI7 2 
C21 
C25 
C28 
C33 1 
02 1 
05 2 
08 1 
DI 1 2 
012 
021 1 
025 2 
026 
029 
033 
037 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

3 
3 
3 
3 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
4 
3 
3 
3 
7 
3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
4 
3 
3 
4 
3 
3 
4 
4 
4 
3 

4 
7 
4 
4 
4 
4 
4 
7 
7 
4 
4 
7 
4 
3 
3 
4 
4 
6 
4 
4 
7 
6 
8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
4 
3 
4 
3 
3 
4 
4 
3 
4 

4 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
4 
4 
7 
3 
3 
3 
3 
3 
3 
3 
8 
8 
8 
8 
8 
4 
8 
8 
8 
8 
8 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 

6 
4 
3 
3 
2 
3 
2 
2 
3 
3 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
2 
1 
2 
1 
1 
2 

17 
20 
15 
14 
15 
17 
18 
17 
22 
13 
21 
1 1 
14 
22 
16 
18 
17 
15 
19 
14 
17 
12 
18 
14 
22 
18 
22 
20 
12 
14 
14 
14 
15 
32 
16 
20 
32 
28 
14 
15 
12 
13 
17 



Table 1 (contmued) 

Otsease 
ratmgs 

Agronomtc 
characters Pod charactensttcs 

Fmmly Lme Rust ALS GH VIG XSEC T AST COL LNGTH NO 

3XI4 

26SN3 1 

9X20 

G 

26SN3 3 

20XIO 

K 
e 

045 3 
046 2 
048 1 
054 2 
E3 1 
ES 2 
El4 2 
El8 1 
E20 2 
E29 2 
E30 3 
E34 2 
E36 1 
F9 2 
F22 
F23 2 
F26 
F27 
F28 1 
F29 3 
F30 1 
F31 
F33 
G2 3 
Gl6 2 
Gl7 3 
G21 3 
G23 
G28 2 
G29 3 
G30 3 
G31 2 
G32 2 
G34 3 
H3 2 
H7 2 
Hl7 2 
H27 4 
H32 4 
J2 2 
JI 2 
K3 3 
Cl 3 

2 
2 
3 
2 
2 
2 
2 
2 
3 
3 
2 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
3 
3 
2 
2 
2 
2 
2 
3 
2 
1 
1 
2 
3 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
D 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
ID 
O 
O 
O 
ID 
O 
O 
O 
O 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

25 

3 
4 
4 
4 
5 
3 
3 
3 
5 
3 
3 
7 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
4 
3 
3 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 
4 
6 
4 
4 
4 
6 

3 
3 
3 
3 
3 
3 
4 
4 
3 
4 
3 
4 
3 
3 
3 
3 
3 
4 
3 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 

3 
2 
1 
2 
1 
2 
2 

2 
2 
3 
2 
1 
2 
1 
2 

1 
3 
1 
1 
1 
3 
2 
3 
3 

2 
3 
3 
2 
2 
3 
2 
2 
2 
4 
4 
2 
2 
3 
2 

17 
15 
20 
47 
18 
24 
14 
20 
15 
20 
18 
17 
22 
18 
22 
20 
18 
22 
28 
24 
32 
28 
24 
16 
20 
22 
18 
20 
17 
18 
15 
14 
14 
16 
18 
16 
21 
14 
12 
14 
19 
25 
14 



Table 1 (contmued) 

Dtsease Agronomtc 
ratmgs characters Pod charactensttcs 

Famtly Lme Rust ALS GH VIG XSEC TAST COL LNGTH NO 

C2 3 3 D 3 3 6 3 3 15 
C3 3 3 D 3 5 6 3 3 17 
C4 3 2 D 3 3 4 3 3 24 
C5 2 2 D 4 3 6 4 2 17 
C7 2 2 D 5 3 4 4 2 25 
es 2 2 D 4 3 4 3 2 22 
C9 2 3 D 4 3 6 3 2 14 
C10 2 2 D 4 3 6 9 2 15 
Cll 2 2 D 4 3 6 3 2 20 
Cl2 2 2 D 4 3 6 3 2 30 
Cl3 2 2 D 3 3 6 4 2 15 
C14 2 2 D 3 3 6 3 2 20 

Dtsease ratmgs ALS = angular leaf spot agronomtc characters GH = growth habtt D = determmate 
ID = mdetermmate VIG = vtgour pod charactensttcs XSEC = cross sectton TAST = taste COL 
= colour LNGTH = length NO = number 
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2 7 llCT 1998 
HETEROSIS ANO COMBINING ABILITY FOR YIELO ANO OTHER QUANTITATIVE 

CHARACTERS IN HARICOT BEAN Phaseolus vulgarlS L 

Melaku Ayele 

Instttute of Agncultural Researcb Nazretb Etb10p1a 

ABSTRACT 

1 1ght hancot bcan vanehcs wcre crossed m all possible combmahons cxcludmg rcciprocals 
and thc 28 F1 hybnd• and theu parents •own m a RCBD at Naaeth Rescarch Center IR 

1 cbruary 1992 General comhmmg abthty ((rCA) vananccs were stgmficant for all characters 
cxcLpt sccd y1cld pcr plant wh1le c;pcclfic combmmg ab1hty (M .... A) vananccs wcrc sigmficant 
for days to flowenng days to matunty and numbcr of sccds pcr pod mdJcahng tht.. 
1mportance of both addJtJvc and non addlhVC s'-'ne achon GCA vananccs were largcr than 
._,CA vanances for all charactcrs suggestmg that add1hvc typc genl. actlon was preponderant 
and that sclechon o;hould rcsult m the Improvcmt.nt of yu..ld and othcr tra1ts of cconomic 
1mportance lli\ r 1198 and 1 x R1co 23 werc good combmcrs for thc y1cld components pods 
per plan! •ccd• per plan! and sceds per pod wh1lc Bi\T 338 IC i\ 176 and Canoca cxh1b1ted 
SJgmfJcantly m .. gahvc GCA t..ffc ... cts for cookmg hmc suggcstmg that they are good combmcrs 
for rap1d cookmg 

INTROOUCTION 

Rescarch on hancot bcan 1mprovcment m Ethmpta was scant and uncoordmated unhl 1972 whcn a 
pulse research programme on vanetal tmprovement and crop management was m11lated al Naneth 
Research Stat1on w1th mrun emphasts on hancot bean dunng the early years The programme has so 
far depended on evaluat1on of mtroducltons and local collectmns and severa! wh1te and coloured 
seeded vanehes have been released (lmru Assefa 1985 Amare Abebe and Hrule Kefene 1989) 
However attempts lo 1dent1ry vanet1es wtth good y1eld polenhal stable res1stance to ma¡or d1seases 
and pests and acceptable seed type and qual1ty were not successful 

The selectmn of pro m 1smg genotypes from a d1verse genehc base and subsequent ut1hzatton for 
hybndt7.atmn 1s one of the strateg1es for 1mprovmg the produchv1ty of common bean Combmmg 
abthty analysts 1s a powerful tool lo 1denhfy the best combmers wh1ch may be hybndu.ed lo expl01t 
heterosiS and select des~rable crosses for further expl01tahon lt 1s also useful lo eluc1date the nature 
of gene actmn 

Combmmg ab1hty stud1es conducted w1th common bean md1cate that both addthve and non add1t1ve 
gene achon are 1mportant m the mhentance of sced y1eld y1eld components and architectural tra1ts 
(CIAT 1987 Foolad and Bassm 1983 Smgh and Srum 1982 1983 Vrud el al 1985) and that 
add1t1ve gene acllon 1s more 1mportant than non add111ve gene actmn for most trruts (CIA T 1984 
N1enhms and Smgh 1983 1986 1988 Smgh and Srum 1982 1983 Va1d el al 1985 Wass1m1 
1985 Wass1m1 el al 1986) On the contrary non add1t1ve gene acllon (Foolad and Bassm 1983 
Navale and Palll 1982 Smgh and Srum 1983) and dommance effects (Chung and Stevenson 1973 
Coyne 1968) are 1mportant for sorne tratls mcludmg seed yteld 
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In th1s study an attempt has been made to gather IDformallon on the ab1hty of e1ght potent1ally h1gh 
y1eld1Dg culllvars of hancot beans lo transm1t genellc matenal lo hybnd combiDallons and lo 
determiDe the type of gene acllon IDvolved ID the IDhentance of y1eld and 1ts components 

MATERIALS AND METHODS 

The expenment was camed out al Nazreth Research Center lnslltute of Agncultural Research E1ght 
culllvars of hancot bean (P vu/gans L) (Ex R1co 23 BAT 338 IC MeXIcan 142 BAT 1198 Black 
DeSSie Negro Mecentral A 176 and Canoca) were crossed ID a complete d1allel excludiDg rec1procals 
ID February and July 1991 The 28 F1 hybnds and the1r parents were sown on 11 February 1992 
under 1mga11on The tnal was lwd out ID a random•zed complete block des•gn Wlth four rephcallons 
Each plot was a siDgle row 2 m long and the d1stance between rows was O 6 m The spaciDg between 
plants w1thm the row was 20 cm 

The numbers of days lo flowenng and matunty and cookiDg limes were recorded on whole plots wh1le 
plan! he1ght numbers of pods and seeds per plan! number of seeds per pod 100 seed we1ght and seed 
y1eld per plan! were determiDed as averages of the m1ddle s1x plants per plot CombiDIDg abil•ty 
analys•s was performed accordiDg to GnffiDg s Model 1 method 2 (Gnffing 1956) 

RESULTS AND DISCUSSION 

There were s•gn•ficant d1fferences among entnes for all characters except seed y1eld (Table 1) The 
heav1est seed y1eld (26 9 g/plant) was produced by BAT 1198 x Canoca and the leas! (15 2 g) from 
A 176 The bes! parental y1eld was recorded for BA T 1198 wh1ch nmked seventeenth among entnes 

Table 1 Genotype and general (GCA) and spec1fic combiDIDg ab1hty (SCA) mean squares GCA SCA 
rallos standard errors means LSDs and coeffic•ents of vanallon (CV) for d1fferent 
characters ID e1ght paren! d1allel cross of hancot bean al Melkassa ID 1992 

Mean squares 
Char GCA/ LSD cv 
acter Genotypes GCA SCA SCA Error Mean P<O 01 % 

DF 11 66 36 29 5 50 66 1 22 40 7 2 05 27 
DM 17 24 34 87 12 83 27 6 10 729 4 58 34 
PH 24 39 45 01 19 24 23 10 73 35 6 6 08 92 
ppp 83 48 279 89 34 38 8 1 30 32 25 4 10 18 1 7 
SPP 1450 25 3916 99 833 56 47 788 31 107 8 52 08 26 1 
SPO o 88 2 08 o 59 3 5 o 27 43 097 12 3 
SW 20 04 81 08 4 78 17 o 3 03 18 6 3 23 94 
yp 35 72 47 87 2 68 1 5 31 29 19 8 28 2 
CT 27 54 98 67 915 10 1 6 17 23 o 46 10 7 

DF = days lo flowenng DM = days lo matunty PH = plan! he1ght (cm) PPP = pods/plant SPP = 
seeds/plant SPO = seeds/pod SW = we•ght/100 seeds (g) YP = y1eld per plan! (g) CT = cookiDg t1me 
(miDutes) 
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Mean squares for general combmmg ab1hty (GCA) were s1gmficant at P:SO 01 for all trBits measured 
except seed y1eld per plant (Table 1) Spec1fic combmmg ab1hty (SCA) was s1gmficant at P:SO O 1 for days 
to flowenng and at P:SO 05 for days to matunty and number of seeds per pod Th1s 1mphes that for 
characters 5uch as days to flowenng and matunty and num ber of 5eed5 per pod both add1ttve and non 
add1t1ve type5 of gene actton are 1mportant though add1ttve gene actton predommated The lack of 
51gmficant SCA vanance5 m mo5t characters 5ugge5ted that non add1ttve gene actton was ummportant 
Tlu5 re5ult 15 m contras! to earher fmdmg5 m wh1ch both GCA and SCA mean 5quare5 were 51gmficant 
for y1eld and y1eld component5 (CIAT 1984 1987 Ramalho el al 1988 Smgh and S81m 1982 1983 
Y81d el al 1985) In the pre5ent 5tudy both GCA and SCA vanance5 were 51gmficant for number of 
5eeds per pod However Foolad and Bassm (1983) found GCA and SCA both non 51gmficant for th15 
lr81t The 51gmficant add11tve gene actton for cookmg ttme agree5 wtth Wass1m1 (1985) who found h1ghly 
s1gmficant GCA and SCA mean 5quare5 m the F, and F, generattons of crosse5 of e1ght common bean 
genotypes Generally GCA was larger than SCA for all characters 5tud1ed In contras! to Was51m1 s 
results the SCA vanance for cookmg ttme was not 51gmficant m the pre5ent 5tudy 

The rabo of GCA to SCA mean 5quare5 was greater than un1ty for all characters (Table 1) md1cattng that 
thetr mhentance was govemed by add11tve type of gene actton Th15 re5ult 15 m agreement wtth the findmg 
of N1enhws and Smgh (1983 1986) for y1eld y1eld component5 and arch1techtral tr81ts Ramalho el al 
(1988) for seed y1eld Smgh and S81nt (1982) for 5eed y1eld and y1eld components and Was5tm1 (1985) 
for cookmg ttme Stud1e5 mvolvmg the mhenttmce of quantttahve characters m bean have generally 
revealed a predommance of add11tve gene actton For characters of econom1c 1mportance th15 has breedmg 
tmphcattons smce add11tve genettc vanatton can be effect1vely expl01ted by convent1onal ped1gree 
method5 Moreover the performance of parent5 can be used to pred1ct the performance of cro55e5 
(N1enhws and Smgh 1983 1986) Thu5 parent5 that expres5 large GCA effect5 can be cros5ed to 1solate 
htgh y1eldmg segregant5 usmg appropnate 5electton procedures 

Table 2 Esltmate5 of general combmmg ab1hty effects for y1eld and other tr8lt5 m e1ght vanettes of 
hancot bean grown at N azreth 1992 

DF DM PH ppp SPP SPO sw CT 

Genotypes Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA 

Ex Rlco 23 41 5 1 34- 73 8 o 64 37 o o 55 28 9 1 02 1221826°41011 15 5 1 35 24 8 1 11 
BAT 338 IC 41 8 o 24 75 o o 31 35 9 o 81 22 7 2 47 1150 107 5o o 39 16 5 o 85 18 9 1 87 
Mex1can 142 41 5 o 19 75 3 o 16 38 1 o 20 31 4 3 54 121 2 4 20 3 8 o 40 15 5 1 18 24 o 1 14-
BAT 1198 42 8 o 66- 74 5 o 56 34 7 1 18 27 1 2 94 1208142 4 4 006 16 5 o 72 25 2 o 13 
Block Desste 38 o 1 54- 70 3 1 59- 32 ~ 1 77- 23 o o 94 89 o 1 29 3 8 o 15 19 3 o 28 26 9 1 37-
Negro Mecentral 43 o o 79- 77 o o 81 35 9 1 36- 25 8 o 21 98 5 1 28 40 004 17 7 o 13 260 162 
A 176 42 o o 46- 73 8 o 39 36 6 o 11 17 9 3 68- 74 913 57 4 2 006 20 3 1 02 16 5 2 30-
Can oca 42 5 o 91 75 8 1 39- 33 4 o 68 18 8 2 49 85}1452-46 011 22 2 2 93 19 1 1 20 

S E (g,)t o 163 o 365 0485 0814 4 153 0078 o 258 0367 
S E (g, g,) 0247 o 552 o 733 1 231 6 278 o 118 o 390 o 556 

• •• = Esttmates of GCA effects s1gmficantly d1fferent from zero at P:SO 05 and O O 1 levels of 
s1gmficance respecttvely DF = days to flowenng DM = day5 to matunty PH = plant he1ght (cm) 
PPP = number of pods/plant SPP = number of seeds/plant SPO = number of seeds per pod SW = 
we1ght/JOO seeds (g) YP= seed y1eld per plant (g) CT = cookmg time (m mutes) 
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BAT 1198 was a good comblber for lbcreased numbers of pods and seeds per plan! (Table 2) so 1s 
a good paren! for hybndlzat1on programmes auned at •mprovlbg y•eld Slbce these are sorne of the 
pnnc1pal trmts determlblbg seed y1eld BA T 1198 1s a whlte seeded vanety showmg good y1eld 
potent1allb Nallonal Vanety Tnals across severa! locallons and years 

S1gruficant pos111ve GCA effects were exlub1ted by Mex1can 142 for number of pods per plan! and 
by Ex Rico 23 for number of seeds per plant BAT 338 1 C showed negat1ve GCA effects for both 
trmts but only that for number of pods per plan! was s•gn•ficant In the present study none of the 
parents were good comblbers for al! y1eld components S•m•lar results were reported by S1bgh and 
S81Dl (1983) However CIAT (1984) N1enhws and S1bgh (1983 1986) and Vmd el al (1985) found 
culhvars w1th pos111ve GCA effects for y•eld and all 1ts components All wh1te seeded parents showed 
negallve s•gnúicant GCA effects for 100 seed we1ght Parents A 176 and Canoca were good 
comblbers for 100 seed we1ght but had negallve and Slgnúicant GCA effects for number of pods and 
seeds per plan! suggestmg that the use of these vanelles m1ght lead lo a reduct1on lb pods and seeds 
per plant 

Ex Rico 23 Mex~can 142 Black Dess1e and Negro Mecentral were found lo transm11 longer cooklbg 
lime to therr progerues wlule BAT 388 IC A 176 and Canoca had s•gmficant negat1ve GCAs and 
decreased cooklbg lime m therr progemes A 176 showed the leas! cooklbg tlDle and the h1ghest 
negallve GCA for the trmt In the evaluallon of Senayll Yetneberk (1991) A 176 showed the shortest 
mean cooklbg tlDle across locauons among the eleven vanet1es tested mcludlbg MeXIcan 142 and Ex 
Rico 23 Smce cooklbg IIDle •s controlled by addl11ve gene act1on 11 •s poss1ble to cross fast cooklbg 
lmes w1th othCIWise desrrable culllvars and subsequently select for rap1d cooklbg segregants 

Canoca was the lughest contnbutor to lateness lb flowenng and matunty whereas earhness was 
contnbuted by Black Dess•e Ex Rico 23 showed a negat1ve GCA effect for days to flowenng but 
1ts GCA effect for matunty was not s1gruficant Negro Mecentral also showed pos111ve and s1gnúicant 
GCA effects for days to flowenng and matunty suggestlbg that 11 had the ab1hty lo 1mpart lateness 
to •ts progeny S1gmficant pos111ve GCA effects for days to flowenng were exlublted by BA T 1198 
and A 176 Such late matunng vanet1es wdl be swtable for areas w•th long growmg seasons Hybnds 
lbvolvlbg parents w•th negat1ve GCA effects for matunty can be cons1dered for m01sture stress arcas 

1t was hypothenr.ed that 1f SCA mean squares were not s1gnúicant as was the case for most trmts 
lb the present study the bes! performlbg progemes may be produced by comblbmg parents havlbg the 
lughest GCA (Baker 1978) Esllmates of SCA effects for the hybnds are presented lb Table 3 Ex 
Rico 23 comblbed well Wlth Black Dess1e whde Ml42xCar and BDxCar combmed poorly for number 
of seeds per pod The hybnd ER23xBD lbvolved moderate and poor comblbers whereas Ml42xCar 
and BDxCar lbvolved both parents w1th poor GCA effects (Table 2) 

Of all the hybnds only s1x showed s1gruficant negat•ve SCA effects for number of days to flower 
(Table 3) Among !hose hybnds w1th pos11lve SCA effects only three were Slgruficant All except 
one cross lbvolvlbg Ex R1co 23 (ER23xNM) had negat1ve SCA values so flowered earher !han 
expected based on the mean performance of therr parents The SCA effect for days lo matunty was 
s•gruficant and poslllve lb only BDxCar whereas 338xMI42 BDxMN and NMxCar exlub1ted negat1ve 
and s1gruficant SCA values 
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Table 3 Estunates of spe<afic combmmg abthty effects for yteld and other tr111ts m 8 x 8 dtallel cross 
of hancot bean at Nazreth m 1992 

DF DM SPO 

Genotypes Mean SCA Mean SCA Mean SCA 

ER23 X 338 38 3 1 386 700 1 925 47 o 041 
ER23 X Ml42 39 o o 211 720 0400 43 o 302 
ER23 X 1198 39 5 o 561 71 5 1 300 4 1 o 295 
ER23 x BD 35 5 2 361 69 5 1 150 47 o 482 
ER23 X NM 40 3 o 064 74 5 1 450 49 o 467 
ER23 x Al76 38 5 1 361 70 5 1 350 43 o 132 
ER23 x Car 39 3 1 061 74 o o 375 42 o 080 
338 X Ml42 39 3 1 536 70 3 2 475 4 1 o 157 
338 X 1198 41 8 o 114 725 o 625 43 o 407 
338 X BD 38 5 0936 69 o 1 975 48 o 303 
338 X NM 42 3 o 489 73 5 o 125 48 o 088 
338xAI76 42 o 05 74 3 2 075 48 o 099 
338 x Car 43 5 1 614 73 3 o 700 48 o 287 
Ml42 X 1198 41 3 o 039 74 o o 400 38 o 149 
Ml42 x BD 40 3 1 239 73 o 1 550 40 o 253 
Ml42 x NM 40 3 1 086 73 3 o 600 3 8 o 090 
Ml42 X Al76 40 8 o 261 71 3 1 400 42 o 252 
Ml42 x Car 41 o 0461 73 3 1 175 26 1 131 
1198 X BD 39 5 o 361 71 5 o 350 44 o 204 
1198 X NM 42 3 o 064 74 5 o 250 46 o 277 
1198 X Al76 41 3 o 611 71 5 1 550 44 o 048 
1198 x Car 42 3 o 061 770 2 175 45 o 267 
BDxNM 39 5 o 486 69 8 2 350 3 7 o 422 
BD X Al76 41 o 1 339 713 o 350 42 o 065 
BD x Car 41 o o 889 75 5 2 825 34 o 631 
NM X Al76 42 o o 014 725 o 800 45 o 124 
NM x Car 42 o o 436 720 3 075 46 o 384 
Al76 x Car 41 8 o 361 73 3 o 625 4 1 o 095 

CD(S,) 5% o 992 2 217 o 470 
CD(S, S,) 1 4~3 3 247 o 680 
CD(S, S.,) 1 369 3 061 o 649 

DF = days to flowenng DM = days to matunty SPO = Seeds/pod • eshmates of SCA stgntficantly 
dúferent from zero at P~O 05 ER23 = Ex Rtco 23 338 = BA T 338 1 C Ml42 = Mextcan 142 1198 
= BAT 1198 BD = Black Desste NM =Negro Mecentral Al76 =A 176 Car = Canoca 
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HARD TO COOK DEFECTS IN BEANS (Phaseolus vulgaru) INFLUENCE OF 
LOCATIONS AND VARIETIES 

Senaytt Yetneberk 

lnstJtute of Agncultural Researcb, Nazretb, Etbtopta 

ABSTRACT 

A set of 12 vanehes of beans (Pha.Jeolus vulgans L ) was evaluated for cookmg hme al four 
localtons (Awassa Bako Jmuna and NaLreth) The set mcluded four vanettcs of each of three 
groups wh1te pea beans (WPB) d1fferent coloured beans (DCB) and largc seeded beans 
(LSB) The study was conducted to mveshgate the effects of locahons and vanehes on 
cookmg charactenshcs Parameters measured were seed dimensiOns (length breadth and 
th1ckness) seed wetght percent non soakers cookmg hme and sorne chemical charactenshcs 
Cookmg was done usmg the Mattson expenmental bcan cookcr Sced d1menswns vaned 
across locahons Among the WPBs PAN 134 showed the htghest percent non soakers at Bako 
(21 o/) and Junma (25%) Cookmg lime vaned among locahons bemg shorte•t al Na1reth Red 
Wola1ta (DCB) grown al Awassa Bako J1mma and Nazreth cooked m 25 7 23 7 23 7 and 
18 4 mmutes respechvely The w1de range of cookmg t1mes wtthm each bean group allows 
w1der chOJce of vanettes for selectton to complement theu agronomtc ments 

INTRODUCTION 

Gram legumes are 1mportant sources of vegetablc protcm prov1dmg a sJgmficant proport10n of protem 
needs m many parts of the World (S1egel and Fawcetl 1976) The mam problem for the ullhzallon 
of dry beans ts the1r long cookmg lime whtch mercases furthcr on storage espectally m htgh 
temperatures and hum•dtttes (Burr el al 1968) Gloyer (1921) descnbed two types of hardness 
sclerema, a cond111on where the cotyledonary port10n of the seed does not tmb1be water and hard 
shell or IDipenneable seed coat The hard shell character ts partly genet1c (Lebedeff 1943) Removmg 
the seed coat or even scanfYmg allevtates seed coat tmpenneab1hty but no remedy has bcen reported 
for cotyledon tmpenneabthty (Jackson and Vamano Marston 1981) 

Hard bean ts a textura! problem and ts defincd as a fallure of beans lo soften suffictently dunng thc 
nonnal cookmg process (Jones and Boulter 1983) and has been attnbuted lo an mercase m thc 
adhestve properltes of components m thc m1ddle lamella (Bourne 1976) Jones and Boulter (1983) 
reported that such behav1our was due lo reduced 1mbtbttton value and pectm solubthty both of wh1ch 
can cause a reduct10n m cell separatton Agullera and Stemsaptr ( 1985) m the1r stud1es of scannmg 
electron m1crographs demonstrated that hard beans had a tougher mtddle lamella showed no 
separatton between cells when cooked and contamed ungelalmt7.ed starch granules 

Studtes of vanetal and agronom1c mfluences on hard to~ok defects are hmtted Grullon and J1menu 
(1982) mdtcated that cookmg lime of some common bean vanettes was s•gmficantly afTected by 
vanetal charactenst•cs Stram dtfferences of dry beans m thetr genellc potenllal lo respond lo varymg 
envtronments and vanabthty over seasons was reported by Hosfield el al ( 1984) Dungan el al 
(1978) found vanetal dtfferences m hydrat10n propertJcs and cookmg lime of beans S01l cond111ons 
have been tmphcated m hard to~ok defects Paredes Lape7 el al (1989) found that beans from a 
htgh Ca++ stte had longer cookmg ltmes whtch mcreased raptdly on accelerated storage 
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In the past bean breeders have sele<:ted vanet1es prunanly for h1gh y1eld pest and d1sease res•stance 
and acceptable seed colour and flavour The curren! worldw1de dechne of fuel supply md1cates a need 
for attenbon to select10n for qwcker cookmg beans w1th umfonn softness 

OBJECTIVES 

To mvesllgate the effe<:ts of locallons and vanelles on development of hard to-cook defects 

2 To 1dentñy short cookmg vanelles as one of the select10n entena 

MATERIALS AND METHODS 

Two kdogrammes of mature seeds of each of 12 vaneues of bean (Phaseo/us vulgans) were obtamed 
from the Nat1onal Bean Program of Eth10p1a wh1ch 1s supported by Centro lntemallonal de 
Agnculture Tropical (CIA T) bean improvement program The seeds were grown m four locallons 
(Awassa, Bako Jimma and Nazreth) m Eth10p1a and harvested m October 1990 The vanelles covered 
a w1de spe<:trum of seed types s1zes and colour 1 e large seeded beans (LSB) d1fferent coloured 
beans (DCB) and wh1te pea beans (WPB) 

Seed cbmeDSIODS 

The length and breadth were measured of 1 O randomly selected beans placed end to-end (length) or 
s1de by s1de (Width) Tluckness was measured w1th a M1tutoyo m1crometer screw gauge Average 
values were reported 

Seed wetgbt 

The we1ghts of duphcate samples of 100 randomly selected seeds were re<:orded m grammes 
A verages of the two readmgs are reported 

Non soaken 

One hundred randomly selected beans were soaked m a 250 mi beaker m three limeS the1r volume 
of d1sblled water at 27°C for 16 hours The beans were dramed and blotted to remove surface water 
The sample was spread on blottmg paper and non soakers were selected by hand counted and 
expressed as percentages Mean values of duphcate readmgs are reported 

Cooklng bme 

Cookmg lime was detennmed w1th the modlfied Mattson cookmg dev1ce (Mattson 1946) The beans 
were soaked m d•slllled water for 16 hours at 21•c Soaked beans were pos1t10ned m each of the 25 
cylmdncal boles of the cooker so that the p1ercmg llp of a 90 g stamless steel rod was m contact w1th 
the surface of each of the beans The cooker was placed m a 2 1 stamless steel pan contammg 1 1 of 
bodmg water Cookmg was cons1dered complete when the llp of the rod passed through the bean 
Cookmg bme was recorded from immers1on of the cooker m the pan to the lime 50% of the beans 
m the sample were p1erced The means of duphcate observat1ons are reported 
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RESULTS AND DISCUSSION 

Seed pbys•cal cbaractenstJcs 

The phys•cal characlensl•cs of bean gnuns (tluckness breadth length and we•ghl) vaned sJgmficantly 
among vanelles and locallons (P<O 001 excepl for seed breadth wluch was P<O 005) and there were 
s•gn•ficanl locallon x vanety mleracllons (Tables 1-4) These vanallons may be attnbuled to gene11c 
and env•ronmenlal effects 

In general d1fferences among vane11es were much larger than dlfferences among locabons 
D1fferences m seed th•ckness ranged from 4 64 lo 5 42 mm for vane11es and from 4 84 lo 5 16 mm 
for locallons (Table 1) For seed breadth vanety means ranged between 5 38 and 7 21 mm and 
local1on means between 6 23 and 6 40 mm (Table 2) For seed length vanety means were 7 35 13 86 
mm and locallon means 9 89 10 28 mm (Table 3) Seed s1zes were 25 22-42 89 g/100 seeds among 
vane11es and 22 23 25 65 g/100 seeds among locaiJons (Table 4) 

Table 1 Seed 1h1cknesses (mm) of 12 bean vanelles grown al four locallons m Etluop•a m 1990 

Loca11ons 

Vanelles Awassa Bako J1mma Nazreth Means 

A 262 498 5 18 5 20 5 50 5 22 
A 410 4 91 5 37 5 51 5 30 5 29 
Brown Speckled 5 11 5 27 5 07 5 22 5 17 
ICA 15541 5 00 5 52 5 09 5 52 5 28 
A 265 4 64 5 20 5 23 5 23 5 08 
A 445 4 86 5 02 5 49 4 84 5 05 
Roba 1 4 45 4 65 496 4 51 4 64 
Red WolBita 4 46 5 00 4 73 4 86 4 76 
EMP 175 4 64 4 93 4 67 4 81 4 76 
PAN 134 4 83 4 94 5 15 5 08 5 00 
Awashl 5 15 5 43 5 52 5 58 5 42 
Mex1can 142 4 99 5 27 5 21 5 05 513 

Means 4 84 5 15 5 16 5 12 

S E (+) o 24 
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Table 2 Seed breadths (mm) of 12 bean vanelles grown al four locallons m Ethtopta m 1990 

Locattons 

Vanelles Awassa Bako Jtmma Nazreth Means 

A 262 6 85 6 85 7 00 6 65 6 84 
A 410 6 70 7 25 7 65 7 25 7 21 
Brown Speckled 6 85 6 75 7 30 7 10 7 00 
ICA 15541 7 00 7 00 710 6 95 7 01 
A 265 6 35 6 50 6 70 6 65 6 55 
A 445 6 30 6 55 7 00 6 55 6 60 
Roba 1 5 80 5 75 5 65 5 50 5 68 
Red Wol81ta 660 6 25 5 70 5 75 6 08 
EMP 175 5 55 5 25 5 55 5 55 5 48 
PAN 134 5 55 5 80 5 90 5 95 5 80 
Awashl 5 55 5 55 5 75 5 60 5 61 
Mextcan 142 5 25 5 45 5 55 5 25 5 38 

Means 6 23 6 25 6 40 6 23 

SE(+) o 07 

Table 3 Seed lengths (mm) of 12 bean vaneltes grown al four locallons m Ethtopta m 1990 

-----
Localtons 

Vanelles Awassa Bako Jtmma Nazreth Means 

A 262 10 10 10 30 10 00 10 75 10 29 
A 410 10 50 10 30 11 15 11 60 10 88 
Brown Speckled 13 50 13 40 13 40 13 80 13 53 
ICA 15541 13 65 13 60 14 30 13 90 13 86 
A 265 10 40 10 15 10 15 10 65 10 38 
A 445 10 00 10 30 10 70 10 70 10 43 
Roba 1 8 95 8 80 8 90 9 30 8 99 
Red Wo181ta 9 95 10 00 9 60 9 85 9 85 
EMP 175 9 25 8 10 9 05 9 30 893 
PAN 134 8 70 845 8 45 8 80 8 60 
Awashl 7 55 7 80 7 60 7 55 7 63 
Mextcan 142 7 35 7 55 7 30 7 20 7 35 

Means 999 9 89 JO 05 10 28 

SE(+) o 1 
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Table 4 Wetght of 100 seeds (g) of 12 bean vanettes grown at four locattons ID Ethtopta ID 1990 

Locattons 

Vanettes Awassa Bako Jtmma Nazreth Means 

A 262 25 70 26 73 28 55 28 93 27 48 
A410 24 90 32 60 32 84 31 55 30 47 
Brown Speckled 33 40 38 90 34 23 38 80 36 33 
ICA 15541 39 94 43 90 44 72 43 00 42 89 
A 265 19 95 28 25 28 25 28 44 26 22 
A 445 21 87 27 40 28 62 27 07 26 24 
Roba 1 16 15 18 75 19 99 17 77 18 17 
Red Wolatta 19 70 24 96 22 18 20 06 21 73 
EMP 175 16 39 15 05 17 92 18 15 16 88 
PAN 134 18 57 16 97 16 95 18 05 17 64 
Awashl 15 93 18 05 17 23 17 80 17 25 
Mextcan 142 14 20 16 21 15 30 15 17 15 22 

Means 22 23 25 65 25 57 25 40 

SE(+) o 07 

There were no conststent correlattons (not reported) between seed dtmenston charactensttcs and 
cooktng ttme Prevtous studtes have demonstrated an assoctatton between cookiDg ttme and seed 
tluckness ID beans but that seed length breadth wetght and denstty are unrelated to water absorptton 
and cookiDg ttme (Piurke el al 1982 Deshpande 1985) 

Non soaken 

Among vaneltes PAN 134 showed the largest percentage of non soakers most consptcuously at Bako 
(21%) and JIIDma (25%) (Table 5) Thts observatton agrees wtth prevtous work whtch suggests that 
hard shell ts partly heredttary (Moms el al 1950) Gloyer (1932) IDdtcated that adverse condtttons 
folloWtng planttng such as cold ratny weather cause progemes to contatn large percentages of hard 
shelled beans At the ttme of plantiDg 111Dma and Bako had ratnfalls of 215 7 and 287 4 mm and sotl 
temperatures of 23 1 and 23°C at the same sotl depth respecttvely (Table 6) so these two locattons 
had siiDtlar sotl temperatures but dtfferent amounts of ratnfall 
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Table 5 Percentages of non soakmg seeds m 12 bean vaneties grown at four Iocat10ns ID EthiOpia 
ID 1990 

Locallons 

Vaneties Awassa Bako Jimma Nazreth Means 

A 262 70 25 3 5 50 45 
Brown Speckled 80 45 3 5 35 49 
ICA 15541 00 45 2 5 50 30 
A 445 90 00 85 30 5 1 
Roba 1 14 o 30 55 1 o 59 
Red Wolwta 85 00 3 o 1 5 33 
EMP 175 50 130 50 20 63 
PAN 134 15 o 21 o 25 o 40 16 3 
Awashl 1 o 00 80 00 23 
Mexican 142 70 25 25 00 30 

Means 75 5 1 67 25 

SE(+) 08 

Cookmg times 

There were highly sigmficant differences (P<O 001) ID cookiDg times among locallons and vaneties 
Among locallons the shortest cookiDg t1111es were observed at Nazreth (Table 7) Vanetal differences 
ID cookiDg t1111e were reported by Dungan el al (1978) and Moms el al (1950) Sefa Dedeh el al 
(1979) studymg the storage of dry beans concluded that the IDherent susceptibdity of the starch 
granules and proteiD matnx to soften may play an 1111portant role ID degree of softemng dunng 
cookmg Paredes Lapez el al ( 1989) noled long cookmg limes ID common beans grown al a high 
Ca++ Site In the absence of data, il iS not possible to relate cookmg limes ID the present study to soil 
factors The pHs of the sods at Awassa, Bako Jimma and Nazreth were 6 O 57 52 and 7 6 with 
sandy clay sandy clay and sandy clay sod textures respecllvely (Table 6) Nazreth the location 
wluch showed the least cookiDg 11111e had a relallvely high sod pH 

PCMP number 

PCMP number IDdicates the mterplay of phytm pectm calcium and magnesium content of the grwn 
at cellular level (M uller 196 7) It can be calculated from 

Free pectm x (Ca+l/2 Mg) 
PhytiD 

PCMP numbers and cookiDg times for vanety PAN 134 at the four locallons are shown ID Table 8 
Its PCMP number was greatest al J1111ma and Bako and smallest at Nazreth (Table 8) There was a 
posillve relallonslup between PCMP number and cookiDg lime 
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Table 6 Ramfall and sod textures pHs and temperatures for the four locattons where the 12 bean 
vaneties were grown m 1990 

----
Sod textures %' SOII 

Ramfall' -- --- SOII tem peratures 
Locahons (mm) Sand Sdt Clay pH ("C)' 

Awassa 146 so 00 3S 00 IS 00 60 23 1 
Bako 287 27 2S 26 1S 46 00 S7 21 7 
Junma 216 3.5 00 33 1S 31 2S 52 21 o 
Nazreth 127 37 50 33 75 28 75 76 23 o 

---- -- ---
1 ramfall (July 1990) from lAR Agrometereologtcal Servtce Dtvtston Nazreth 2 sod data from 
lAR S01l and Plant Analysts Sechon Holeta ' at 1 O cm depth 

Table 7 Cookmg tunes (mmutes) of 12 bean vanettes grown at four locattons m Ethtopta m 1990 

- ----
Locattons 

Vanehes Awassa Bako Junma Nazreth Means 

A 262 24 75 26 80 16 78 14 48 20 70 
Brown Speckled 28 68 29 62 20 62 18 10 24 17 
!CA ISS41 24 76 21 7S 17 38 1S 22 19 78 
A 26S 22 22 2610 24 7S IS 22 22 07 
A 445 23 IS 2S68 30 10 IS 08 23 so 
Roba 1 17 88 20 6S 13 10 12 38 16 00 
Red Wo181ta 2S69 23 68 23 68 18 42 22 87 
EMP 17S 24 18 2S80 30 08 12 12 23 os 
PAN 134 17 00 29 6S 31 S2 14 18 23 09 
Awashl 26 88 21 30 20 88 13 80 20 72 
Mextcan 142 27 28 18 42 20 22 IS88 204S 

Means 23 86 24 so 22 6S 14 99 

SE(+) o 27 
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Table 8 Cookmg tunes and PCMP numbers of bean vanety PAN 134 grown at four locat•ons ID 

Eth10p1a ID 1990 

CookiDg limes PCMP 
Locat1ons (miDutes) numbers 

Awassa 17 00 24 4 
Bako 29 65 29 7 
JJmma 31 52 29 4 
Nazreth 14 18 16 1 
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BREEDING FOR RESISTANCE TO NECROSIS INDUCING STRAINS OF 
BEAN COMMON MOSAIC VIRUS 
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~ e 
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CIAT Kawanda Agncultural Researcb lnstttute Kampala, Uganda 

ABSTRACT 

Bean common mosatc vtrus (BCMV) ts secd transmttted and the mo~t tmportant vtrus dtsease 
of beans m Afnca A breedmg programme was 1mhated m 1990 m Uganda lo develop lmes 
wtth reststance to the necrohc strams that prcdommatt .. on the Afncan Contment Selechon and 
multtslte yteld teshng of selechons denved from mtroduced populahons and hnc~ has 
ulenhfied res1stant matenal dtffenng for seed st7e and growth habtl wtlh seed ytelds 
markedly exceedmg the released culhvars '>mall seeded hnes exhtbtted the heav1est yteld and 
therr adoptlon could stgntficantly contnbute to mcrcased produchon Genotype x envtronment 
mteracllons for seed yteld were frequent m the multtsttc ytcld tnals A breakdown of these 
mteracttons suggested that cross over or quahtahvc mterachons predommated and mdtcated 
means lo refine yteld teshng strateg1es 

INTRODUCTION 

Bean common mosruc vtrus (BCMV) IS a seed transm11ted d1sease and the most 1mportant v1rus 
d1sease of beans IR Afnca Although oflen sporad1c 1ts prevalence dependiRg on the presence of the 
aph1d vector 11 can cause severe crop loss rangmg from 35 to 98% (Galve~ 1980) 

Ten pathogemc1ty strruns have been 1dentdied w1th res1stance cond11loned by a dom IRant necroSIS 
1 gene a non specdic recess1ve gene (be u) and three strrun spec1fic recess1ve genes (bcl bc2 and 
bc3) (DnJfhout 1978) The domiRant 1 gene prevents the establishment of a chromc system1c IRfecllon 
(mosruc) by any of the known strruns of BCMV and has been routiRely mcorporated mto many 
breediRg IIRes al CIAT However mfechon of plants carryiRg the 1 gene w1th the temperature 
msens1bve BCMV strruns NL3 NLS and NL8 result m a hypersens1hve reacllon resultmg IR system1c 
necrosts or the so called 'black root symptom leadiRg to early death Recen! surveys show thal the 
necrobc stram NL3 predomiRales IR eastem central and southem Afnca thus hrn1I1Rg the usefulness 
IR Afnca of the many breedmg hnes from CIA T carrymg the 1 gene 

Of the recess1ve genes bc3 alone confers 1mmumty lo all strruns of BCMV and has been mcorporated 
al CIA T IRio a range of breediRg hnes mrunly targeted for consumers m LatiR A menea In 1990 a 
breedmg programme was 1Rl11ated IR Uganda to develop a range of hnes carryiRg th1s gene w•th seed 
charactenst•cs acceptable to consumers IR Afnca uhhzmg homozygous breedmg hnes and segregatmg 
populal1ons from CIA T 
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MATERIALS AND METHODS 

After screemng and yteld evaluatton of 122 mtroducttons from CIA T tn second season 1990 (90a) 
supenor !mes were passed to the nattonal breedtng programme for nattonal testtng and three of these 
!mes were selected for pre release tn 1993 Seventy four small seeded mdetenntnate ltnes from a 
"econd mtroductton tn the first season 1992 (92a) were yteld tested tn two prehmmary (tntemattonal) 
yteld tnals (PIBR 1 and 2) tn 92b at three sttes the term BR refemng to tnals testtng black root 
reststant !mes 

Ftgure 1 outhnes the selectton scheme apphed to segregattng populattons tn Uganda between 90a and 
93a to develop well adapted BCMV black root reststant !mes Selectton of symptomless (no mosatc 
or black root) smgle plants commences m early generattons usually the F2 wtth the populattons 
grown wtth tnfector rows ata hot spot for NL3 After suntlar screentng symptomless F, (smgle plant) 
progemes are bulked wtth the resultmg !mes undergomg a further generatton of screentng before 
potenttally reststant ltnes are tested tn multtstte yteld tnals Arttfictal screentng ts used to help 
ehmtnate suscepttble smgle plants/progemes and lmes 

Ftgure 1 Selectton for BCMV black root reststance tn segregatmg populattons tn Uganda from 1990a 
to l993a 

- ------
Season PHASE 1 

90a 1 F, SP 3 F, SP 19 F, SP 

1 1 1 

90b 153 F, SPP 494 F, SPP 1234 F, SPP PHASE 2 

1 1 1 

9la 18 F, 310 F, 399 F, 43 F, SP 

1 1 1 1 

PBR 1 1 

9lb 16 F, 1 166 F, 237 F, 2835 F, SPP 

1 1 1 PHASE 3 
IBR -PBR- 1 

92a 6 F, 1 103 F, 182 F, 2399 F, 38 F, SP 

1 1 1 

ABR --IBR- -PBR- 1 

92b 6 F, 1 39 F, 40 F7 405 F, 551 F, 1 

1 1 1 1 
-ABR- -IBR- 1 

93a Dtstnbutton to 21 F, 103 F, 2325 F, 
nattonal programmes tn pp 

Uganda Rwanda PBR 
Malawt Tanzanta (POP BULK)1 

-- -----
SP = segregatmg populatton SPP = smgle plant progeny genotypes m succeedtng generattons 

referred to as !mes PBR IBR ABR = prehmmary mtermedtate and advanced BCMV reststance 
tnals 1 PBR of F5 ltnes and F3 SPPs bulked wtthtn populattons 
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Three phases have been IDII1ated In the first phase followmg select1on and testmg 45 F, and F, 
large seeded (LS) and 40 F, small seeded (SS) bush lmes were tested m 92b m advanced (ABR) and 
mtermed1ate (IBR) y1eld tnals respecllvely at five Sltes m 92b Supenor y1eldmg lmes from the IBR 
of 92a are bemg tested by the Ugandan nallonal programme and lmes m the ABR of 92b have been 
d1stnbuted lo nat10nal programmes ID Rwanda Tanzama and Malaw1 

In the second phase 405 F, liDes were y1eld tested w1th a further 55 I F, liDes sbll bemg screened 
wlulst ID the thlrd 2325 F3 progemes have undergone only a f¡rst screeniDg A sample of seed from 
each of the latter F, !mes and F, progemes have been bulked w1th1D populallons for y1eld testmg to 
1den11fy supenor populallons m wluch to concentrate future selecllon and testmg 

AII tnals were Simple latt1ces w1th plot s1zes of three rows of 3 m or four rows of 4 m and between 
and w1thm row spacmgs of O 5 m and O 1 m respecllvely of test lmes plus the followmg controls 

K20 a w1dely grown large seeded (LS) bush culllvar released ID 1968 

CAL 96 a large seeded (LS) bush cultivar released m 1991 w1th a y1eld potenllal around 30% 
greater than K20 

MCM 5001 a small seeded (SS) bush culllvar released ID 1991 w1th a y1eld potenllal around 80% 
greater than K20 

Across s1te anovas were undertaken for s1tes common to tnals grown m 92a and 92b usmg actual and 
transformed (we1ghted by the rec1procal of the error mean square) plot data, accordmg to Johnson 
Robmson and Comstock (1955) S1mple (rp) and rank (rs) correiallons over s1tes were denved from 
the appropnate vanance and covanance terms The term s1gmficant apphes lo a probab1hty leve! equal 
to or less than O 05 

RESULTS ANO DISCUSSION 

Y 1eld 1mprovement 

Genotypes d1ffered Slgmficantly for seed y1eld m all tnals al all s1tes except two for the ABR where 
coeffic1ents of vanat1on were m excess of 40% data from these s1tes were excluded from the mean 
y1eld over s1tes 

The y1elds of 75 51 and 11% of the 159 !mes ID the PIBR 1 and 2 IBR and ABR of 92b 
respecllvely exceeded the mean y1eld over s1tes ofthe control culllvars K20 CAL 96 and MCM 5001 
(Table 1) The SS hnes m the PIBRs and the IBR had the larger mercases over the LS controls K20 
and CAL 96 w1th 43 and 26 lmes respect1vely outy1eldmg these by 50% or more s1x lmes recorded 
double the y1eld of K20 In contras! no y1eld mercase of the 39 and 9 LS lmes over these controls 
exceeded 50% although such lmes are normally cons1dered the more readJiy adopted However due 
to 1ts y1eld potenllal the SS cult1var MCM 500I has proved acceptable to farmers and expans10n of 
the area sown to SS types could s1gnmcantly mercase bean product1on 
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Table 1 Mean y1elds (% of control culllvars) over s1tes of BCMV black root reSIStan! hnes m prehmm31) 
(PIBR) mtermed1ate (IBR) and advanced (ABR) tnals conducted m Uganda m the second season of 1992 

Number of lmes 

PIBR 1/21 ABR IBR All tnals 

K20 CAL MCM K20 CAL MCM K20 CAL MCM K20 CAL MCM 
Y1eld2 96 5001 96 5001 96 5001 96 5001 

<lOO 28 34 67 6 36 45 6 8 30 25 49 89 
lOO 124 8 10 7 28 9 6 JO 8 26 29 15 
125 149 11 14 11 12 12 2 21 16 
150 174 16 13 11 7 17 13 
175 199 8 3 2 3 6 6 
>200 3 3 4 

No hnes/ 
tnal 74 45 40 159 

1 number of s1tes PIBR 1/2 and ABR three IBR five 2 y1eld of control cult1var 100% 

The potenllal for releasmg heav1er y1eldmg BCMV reSIStan! SS culllvars 1s ev1dent w1th 15 lmes m 
the PIBRs and the IBR outy1eldmg MCM 5001 by up to 25% and the best two recordmg mercases 
of 27 and 31% Moreover w1th the F, SS lmes m the IBR denved from F2 smgle plants (F1gure 1) 
explmtat1on of genellc vanat•on through selecllon m supenor y1eldmg Imes m ay ach•eve further y1eld 
mcreases 

The y1eld advances were ach1eved m sp1te of a severe reducllon m genellc vanat10n m the source 
populat10ns dueto only res1stant progemes and )mes bemg promoted To counter thts a d1verse range 
of populahons was screened and the number of genotypes handled max1m1zed w1thm avadable 
resources between 90a and 92b 7041 smgle plant progemes were screened of wh1ch 769 denved 
lmes entered prelunmary y1eld tnals (F1gure 1) Crosses have been IDihated between heavy y•eldmg 
lmes of d1verse ongm to generate arrays of well adapted populallons to seek further y1eld advances 

Y1eld performance over s1tes 

Across s1te analys•s w1th the actual and transformed data for s1tes common to tnals m 92a and 92b 
detected mteract1ons for the same nme tnals whdst the PBR 5 of92a showed an addlllonalmterachon 
w1th the transformed data (Tables 2 and 3) A 'breakdown of these 1 O three way s•te mteract•ons mto 
the1r (three) two way s1te com bmat1ons showed that wh1lst the maJonty of s1mple correlallons between 
lme y1elds were s•gmficant except m one case there was no similar concordance m rankmgs 
suggestmg that cross-over or qual1tat•ve mteracllons (Baker 1988a) predommated For e1ght of the 
1 O tnals no s1gmficant mteracllon occurred for one of the three two way combmallons wh1ch was 
cons•stently Kawandallkulwe for the 92a PBRs and Kawanda/Namulonge (on three out of four 
occas1ons) for the 92b tnals suggestmg poss1ble redundancy m testmg lmes al both s1tes for these two 
com bmallons 
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Table 2 Genotype x envii'Onment parameters for seed yield from breedmg tnals testmg BCMV black 
root resistan! !mes m U ganda m the first season of 1992 

Two way site combmations (2 3 4 5) 
All si tes (2 3) 

Numbers of LSI 
No ofhnes 

Correlation common to 1 O 
LSI heaviest yieldmg 

Tnal Sites Lmes Actual Trsf Sites Actual rp rs over Sites at 

IBR 1 3 49 

IBR 2 3 36 

IBR 3 3 36 

PBR 1 3 49 

PBR 2 3 49 

PBR 3 3 49 

PBR 4 3 36 

PBR 53 25 

O 001 O 001 KAIBK •• ns ns 

ns ns 

o 01 o 01 

KA/NG ••• •• ns 
••• ns 
ns ns 
••• ns 
ns 
• 

ns 
ns 

•• ns 

KA BK NG 
5 3 8 

7 5 9 

7 5 6 

BKING ••• 
KAIBK 
KA/NG 
BKING 
KAIBK ns 
KA/NG •• 
BKING •• ns ns (Total /9 /3 23) 

ns ns KAIBK 
KAIIK 
BKIIK 

O 01 O 001 KAIBK ••• 
KAIIK ns 
BKIIK • 

O 001 O 001 KAIBK ••• 
KAIIK ns 
BKIIK •• 

O 01 O 001 KAIBK ••• 
KA/IK ns 
BKIIK •• 

ns O 001 KAIBK ••• 
KA/IK ns 
BKIIK •• 

••• ns 
••• ns 
••• ns 
••• • 
••• ns 
•••••• 
••• ns 
•• ns 
•• ns 
• ns 
•• ns 
ns ns 
••• ns 
••• ns 
••• os 

KA BK IK 
9 7 6 

7 5 6 

8 6 6 

8 4 5 

JO 8 8 

(Total 42 30 31) 

LSI = signúicance leve! of Jme x SIIe mteraction Trsf = transformed data KA = Kawanda, BK = 
Bukalasa, NG = Nakabango JK = Ikulwe rp/rs = simple and rank correlations for seed yield ns • 
•• ••• non sigruficant and sigruficant at P<O 05 P<O O 1 and P<O 001 respecllvely 

lnteracllons mvolvmg changes m rank order as mdicated m lhis study are those of parllcular 
consequence m selecllon (Baker 1988b) wluch was shown by the vananon between si tes Withm tnals 
m the number oflmes Identúied common to the top 1 O yieldmg over SIIes (Tables 2 and 3) However 
the magrutude of tlus Withm tnal vanallon m Identúicanon/selecnon abiiity dlffered between tnals 
and was matched by that between sites across tnals further emphasismg the complex mterplay 
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between genotypes and envuonments In adchtton ne1ther the absence of sJgnñicant three way 
mteracttons m the IBR 2 and PBR 1 of 92a, nor the fewer s1gnñicant two way mteracttons m other 
tnals was reflected m the s1tes JdenttfYmg more of the 1 O supenor 1mes 

Tab1e 3 Genotype x envuonment parameters for seed y1e1d from breedmg tnals testtng BCMV b1ack 
root res1stant 1mes m Uganda m the second season of 1992 

Two way s1te combmattons (2,3 4 S) 
All SJteS (2 3) 

--------- No oflmes 
Numbers of LSI Corre1atton common to 10 
--- ----- LSI heav1est y1e1chng 

Tnal SJteS Lmes Actual Trsf SJteS Actual rp rs over s1tes at 
------

KA BK NM 
ABR 3 49 o 001 o 001 KAIBK ••• ns ns S S S 

KAINM • ns ns 
BKINM ••• •• ns 

IBR 3 49 o 001 o os KAIBK ••• ••• ns 6 7 S 
KA/N M ns ••• ns 
BKINM ••• ••• ns 

PIBR 1 3 49 o 001 o 01 KA/BK ••• ••• ns 6 7 6 
KA/N M ns ••• ns 
BKINM ••• ••• • 

PIBR 2 3 36 o os o 01 KAIBK •• ••• ns 9 8 7 
KAINM ns ••• ns 
BKINM •• • •• ns 

Total 26 27 23 
----- --- --- -- --

Note 1egend as for T ab1e 3 

A1though the results were obtamed from a re1attvely smal1 samp1e of genotypes and test envuonments 
they 111ustrate that wlu1st the denvatton of stattsttcal parameters re1ated to genotype x envuonment 
mteractton can ass1st m warnmg of mcons1stency m 1me perfonnance careful observatton of the data 
JS reqwred to evaluate theu practtcal effect on se1ectton The extens1on of such stuches over more 
seasons mvo1vmg al1 the SJtes used m nattonal breedmg programmes could help refme testtng 
strateg1es by defmmg homogeneous agrozones that mmun1ze genotype x envuonment mteracttons 
1dentúYmg SJtes that best prechct across s1te perfonnance (ofparttcular JMportance m prehmmary y1e1d 
testtng) and e1~mmatmg s1tes redundant to selectton 
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PROCEDURES FOR HANDLING BEAN GERMPLASM WJTH 
EMPHASJS ON SILICA GEL SEED DRYING 

' ' ?-
M0Fischler 

CIA T Ka .. anda Agrlcultural Research Jnsntute Kampala Uganda 

ABSTRACT 

Preservaban of germplasm collecttons through low temperature storage ts problemahc because 
of power fa1lures and equ•pment breakdown Seed dtymg usmg s1hca gel and long tcrrn 
storage of bean seed were mveshgated In a destccator expenment seeds of two bean culhvars 
were dned for 50 days w1th s1hca gel usmg a gel to seed rallo of 1 2 fhe final mo¡sturc 
content was 6 1 and 6 6% for the two culhvars Dry seeds were stored m recycled glass soda 
bottles sealed wtth wax at 25 C for seven months 1 he seed motslure content remamed 
constan! suggestmg that recycled glass soda bottles can be used as chcap seed storage 
contamers A genmnat.Jon test after storage showed a h1gh gemunatJOn rate of 86 and 98o/ 
for the two culttvars In order to handle larger amounts of seed a drymg facthty usmg s1hca 
gel tn an atr hght PVC drum was developed Fonns for collechng passport and charactert 
zahon data as well as a hst of codes are presented Standardl7ahon of data collechon and 
management procedures ts recommended to ease exchange of mfonnahon 

INTRODUCTION 

The Uganda bean germplasm collecllon 1s currently preservcd at room cond1llons (13 14% secd 
m01sture contenl 25°C) due to madequale low temperature facd•lles Regenerallon of all access10ns 
ts reqwred every two lo three seasons ID order to maiDiam secd v1ab1hty Apart fono the heavy 
worldoad mvolvcd frequenl regenerallon carnes the nsk of genellc dnft 

Dunng the reorgan•zalton of the bean gerrnplasm collecllon the necd was felt lo develop an cffic1ent 
and sunple slorage technology Cool slorage commonly uscd ID gene banks was not cons1dered as 
power supply 1s unrehable and equtpmenl fadure frequenl On the other hand secd longev1ty 1s greatly 
tnfluenecd by motsture conlenl (MC) Hamnglon (1973) reports that each 1% reduciiOn ID secd MC 
doubles seed longevtty Thus when secd MC decreases from 14 lo 7% secd slorage hfe 1s IDCreascd 
127Umes 

The use of sthca gel for secd drymg has been recommendcd espectally for gene banks wh1ch have 
small germplasm collecllons (Cromarty el al 1985 Hanson 1985) Heat dryiDg can cause 
detenoratton of secds For mosl spec1es the lnternauonal Board for Plant Genellc Resources (IBPGR) 
has recommendcd dryiDg lo 3 7% MC (Tao 1985) The v•ab1hty of des1ccatcd secds IS preservcd al 
the recommendcd secd MC provtdcd the secds are rehydratcd pnor to gerrn1na110n (Zhang el al 1989 
Elhs el al 1990) 

Thts study 1nvesllgates the feas1b1hty and techmcal1lles of bean secd drymg usiDg s1hca gel as well 
as seed slorage aspects The objecllves were lo develop 

1) a low cost seed dryiDg technology usiDg s1hca gel and 

u) a low cosl and power IDdependenl m1d term slorage fac1hty usiDg recyclcd glass soda 
bottles 
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Appendices 1 S of this paper present gwdehnes for collecllon charactenzatJon and mamtenance of 
bean germplasm a form for collectmg passport data and descnptor hsts for passport and 
charactenzatJon data 

MATERIALS AND METHODS 

Seed MCs of two bean cultJvars before and after diymg over sihca gel were measured usmg the 
modúied lugh constan! temperature oven method ISTA (1976) The bean cultJvars were Wlute Hancot 
(22 g/100 seed) and Rubona 5 (38 g/100 seed) Two 125 g seed samples of each cultJvar were 
weighed and dned to 6 6 5% MC m a desiccator at 2s•c with a sihca gel seed ratJo of 1 2 SIIIca gel 
Wlth a colour-changmg abiiity was replaced by the same amount of diy Sihca gel when 50 75% of 
the gel had changed colour Seed MC was determmed by weighmg after 10 25 and 50 days Dry 
seeds were placed m recycled glass soda bottles (250 mi) with plastic screw caps sealed Wlth candle 
wax and stored at 25°C Seed MC was morutored by weiglung every month over a penod of seven 
months A germmation test was carned out seven months after bottlmg Forty seeds were exposed to 
room conditlons (25°C 60 90% relative humidity) for 48 hours for rehydratJon pnor to the 
germmation test 

In order to handle larger amounts of seeds an arr tight PVC drum (diameter 45 cm height 75 cm) 
was fitted with a metal cyhndncal gnll m the center (diameter 20 cm) The sihca gel and the seeds 
were contamed m cloth bags with the gel m the cyhnder and the seeds m the drum The sihca gel to 
seed ratiO was 1 2 This arrangement allows for diymg of 16 18 kg of seed The sihca gel was 
replaced after 3 8 and 14 days and then weekly Seed MCs of S samples were determmed weekly 
usmg a DOLE 400 m01sture meter A cost estJmate for the diymg facihty IS given m Table 1 

Table 1 Cost estunate for seed diymg and storage faciiity usmg sihca gel m an au llght PVC drum 

ltem US $ 

PVC drum (120 1) 50 
Fittmg of metal cylmder 20 
Sihca gel (20 kg x US $20) 400 
Bottles (per 1 000 access10ns) 80 

Total 550 

RESULTS AND DISCUSSION 

Desiccator apenment 

Seed MCs of White Hancot and Rubona S fell to 6 1 and 6 6% respecllvely after 50 days of diymg 
over sihca gel wluch was replaced four limes durmg tlus penod The long diymg penod may be due 
to the relatively large seed size the thtck seed coat and the htgh protem content of bean seed More 
frequent replacement of the sihca gel would decrease the diymg penod Zhang (el al 1989) mdtcate 
that 30 34 days are reqwred to diy bean seeds from 14 to 5% MC usmg a siiica gel seed ratio of 1 2 
However seed germmatiOn dropped to 76% after bean seeds were dned m 16 days from 9 to 6 1% 
usmg a sthca gel to seed ratio of 1 2 
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Dcy seeds of Rubona 5 and Wlute Hancot stored for seven months had germmallon rates of 98 and 
86% respecttvely (Table 2) These results confmn fmdmgs of Zhang (el al 1989) who observed no 
stgruficant decrease m germmatJon and vtgour after bean seeds had been stored at 6 3% MC at 1 O 20 
and 4o•c for stx months The germmatJon of seeds kept at seed eqwhbnum motsture content at 25°C 
germmated better than dcy seed The germmatJon of undned seed ts expected to decrease more raptdly 
than that of dcy seed smce detenorallon of undned seed ts faster 

The M C of dcy seed stored m sealed 3lass soda bottles rem amed constan! o ver a penod of seven 
months mdtcatmg that recycled soda bottles are a cheap altemattve to more expenstve storage 
contamers 

Table 2 GermmatJon (%) of two bean culbvars undned and dned wtth stltca gel 
and stored for seven months 

Cui!Jvar Germ ma!Jon rate (%) 

dned undned 

Whtte Hancot 86 98 
Rubona 5 98 100 

Mean 92 99 
---

Seed drymg m a PVC drum 

The 200 accesstons of bean seeds were dned to 6 7% MC dunng a penod of rune weeks It ts 
suggested that the stltca gel JS replaced more frequently m order to reduce dcymg lime Altemattvely 
a gel to seed ratto of 1 1 could be used However the cost wtll be mcreased as sthca gel whtle 
reusable ts the costly componen! of tlus technology (Appendtx 1) 

CONCLUSIONS 

Sthca gel seed dcymg ts an altemallve to other dcymg techmques for germplasm conservatton The 
seed dcymg factltty usmg an arr bght PVC drum ts rela!Jvely cheap easy to manage and power 
mdependent apart from the regeneratJon of the stltca gel A dtsadvantage ts the need for frequent 
replacement of the stltca gel Recycled glass soda bottles proved to be arr ltght ú sealed wtth candle 
wax They are an mexpenstve altemattve to unported seed storage contamers 
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APPENDIX 1 

Gwdehnes for collecllon charactenzat10n and mamtenance of bean germplasm 

Number of seeds collected Sample stze should be at least 100 seeds for pure lmes and 200 500 
seeds for mtxtures accordmg lo the number of components 

Passport data Passport data ts entered on dBase usmg descnptors gtven m Appendtx 5 

Prehmtuary evaluattoo/cbaractenzattoo Forty clean seeds of each newly collected access10n are 
sown for charactenzalton (2 rows x 4 m spacmg O 5 x O 2 m) Charactenzatton ts aa:onlmg ID the 
descnptors gtven m Appendtx 6 The descnptors have been selected from "Phaseolus vulgans 
descnptors" IBPGR 1982 and from the descnptors currently used by CIAT 

Determtoattoo of tbe seed MC Pnor to seed drymg wtth sthca gel the seed MC of 5 samples ts 
determmed usmg the htgh constan! oven method recommended by the Intemallonal Seed Tesllng 
Assoctatton (1ST A) About 4 g of seed ts crushed mto pteces not larger than 4 mm wetghed lo 4 
dectmal places usmg an analyllcal balance and then dned m an oven for 1 hour at I33°C MC ts 
calculated on % wet wetght basts and expressed lo one dectmal place Thts method ts more accurate 
than usmg a motslure meter 

Seed drymg Cleaned seeds are predned m the shade to 13 14% MC wetghed and then dned ID 7"/o 
MC wtth stltca gel m an au ttght PVC drum as outlmed m thts paper 

Determmattoo of drymg time The corree! drymg lime can be predtcted by wetght loss usmg the 
followmg formula 

Fmal seed wetght = lmual seed wetght x (lOO lmllal% MC) 
(lOO Fmal % MC) 

The fmal MC should be 7% 

Storage Dry seeds are stored m sealed contamers (e g soda bottles as descnbed m thts paper) and 
kept m a cool place preferably below 2o•c 

Number of seeds stored IBPGR recommends a mtmmum sample stze of 3 000 seeds for genettcally 
umform accesstons and 4 000 seeds for mtxtures of genotypes For large seeded spectes the sample 
stze can be reduced The sample stze of the Ugandan bean germplasm ts currently 250 500 mi 
(350 1200 seeds) 

Momtonog stored accesstoos A germmallon test usmg 40 seeds should be carned out every year 
Regeneratton ts recommended tf the germmatton rate falls below 85% 

Regeoerattou cycle Regeneratton should be carned out when the seed vtabthty falls below 85% 
Stored at 7% MC regenerat10n should only be necessary every 3 5 years 
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APPENDIX 2 
Steps m handling germplasm 

Collect1on/ 
passport data 

Mult1phcat1on/ 
charactenzat1on 

Seed 
cleanmg 

Seed 
drymg 

Seed 
storage 

1 1 

1 

Momtonng 
1 

Regenerat1on 1 D1stnbut1on 1 

(after Hanson 1985) 
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APPENDIX 3 
Collectlon data sheet for bean germplasm 

Collector's name -------------------------------

2 Collectors sample no ----------------------------

3 Date of collec!lon (monthlyear) -------------------------

4 Country of collect•on -----------------------------

5 Distnct/county ------------------------------

6 Geograph1cal loca!lon of s1te -----:-----cc-----------------­
(vlllage/town or km and drrec!lon from nearest v•llage/town e g H01ma1N) 

7 Lalltude of collectwn s1te -------------------------­
(Degrees and mmutes followed by N or S e g 1030 S) 

8 Long1tude of collecllon s1te -:-:--;:;----;:c----:-===---------------­
(Degrees and mmutes followed by E or W e g 0545 E) 

9 Alt1tude of collect10n s1te ----,----------------------­
(Eievallon above sea leve! m meters) 

1 O Collecllon source ---:--::--::------::-:---:--:----:-----:--:-:-------,:----:--:---­
( 1 =wlld 2=farm land 3-farm store 4-local market 5=commerc•al m 6=mslltute 7=oth ) 

11 Local vernacular name(s) --------------------------­
(mdlcate synonyms ü ex1sllng) 

12 Ethruc group and language --------------------------

13 No of plants sampled (at leas! 5 plants) ,..-,-:-:---:--:--------:-:-.,--:------::-----::--­
(At least 100 seeds for pure lmes and 200 500 seeds for m1xtures should be collected) 

14 Type of sample -:--:---:-------::--:----:----:----:-:--:---:-----:-----:---:---­
( 1 =landrace pure 2=1andrace 1I11Xture 3=bred cult1var pure 4=bred cult m1xture 5=other) 

16 Seed colour ---:------:-:---,------:-:---::--:-----:--=-----:--:-:-:--:------:-::---:----:-­
( 1 =whtte 2=cream be1ge 3=yellow 4=coffee 5=pmk 6=red 7=purple 8-black 9=grey IO=other) 

17 Suscepllb•hty to (3=1ow suscep!lbihly 5=med1Um s 7=h•sh s ) 

a) pests (spec1ty ü known) -------------------------

b) roseases (spec•IY 1f known) -------------------------

c)drought ______________________________________ _ 

d) low soll feruhty ----------------------------

18 Culllva!lon ____ --:----::-----:------:---:-----:------::---:-----:-----:-----
(l=monoculture 2=1IIIxed Wlth maiZe 3=m•xed w1th cassava 4=m•xed w1th other crops) 

19 cnbernotes _________________________________ _ 
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Abbrev 
tatlon 

ACCNO 

CONA 
DATE 
CTRY 

DRCT 
CNTY 
LOCN 

LA TI 
LONG 
AL TI 
SRCE 

NAME 
SYNO 
ETHN 
LANG 
PLNO 
TYPE 

COLO 

PEST 
OSEA 
DGHT 
LSFY 
CULT 

ASIZ 
LREG 
NREG 

APPENDIX 4 

Descnptors used for passport and collecllon data 

Descnpbon and legend 

Accesston number u followed by a number asstgned to each access1on entenng mto the collecbon 
e g ul25 M1xtures are separated mto components and the number of the componen! 1s md1cated w1th 
a dasb (e g u23 1 u23 2 for the two components of m1xture No 23) 
Collector's name of ong1nal sample 
Date of collecbon of ongmal sample(monthlyear e g 0293 = February 1993) 
Country of collected sample Use the three-d1g11 abbrev1ahons defined by UN and IBPGR (see 
FAOIIBPGR Plan! Genet1c Resources Newsl No 49 p 45 48) 
Name of d1stnctlprovmce (frrst geopohbcal subdlVlslOn at the nat10nal leve!) 
Name of county (second geopoht subdlVlSlOn) 
Geograplucallocahon of collechon s1te (V!Ilage/town or kms snd duect1on from nesrest 
town/vlllage) 
Lahtude of collechon s1te (Degrees and ounutes followed by North or South e g 1030S) 
Long1tude of collecbon s1te (Degrees and mmutes followed by West or East e g 0545E) 
Alt1tude Elevahon above sea leve! m meters 
Collecbon source ( 1 =w1ld 2=farm land 3=farm store 4=local market S=commerclalmarket 
6=1DSiltute 7=other) 
Local vernacular name of accesston 
Synonym(s) of local vernacular name 
Ethruc group of donor person ( or ethruc group hvmg m the ares wbere sample was collected) 
Language spoken by ethruc group mdlCated 
Number of plants sampled 
Type of sample (l=landrace pure 2=1andrace m1xture 3=bred culhvar pure 4=bred culbvar rmxture 
S=other) 
Pnrnary seed colour (l=wlute 2=cream be1ge 3=yellow 4=coffee S=pmk 6=red 7=purple 8=black 
9=grey 1 O=other) 
Suscepbb1hty to pests m general Scale 1 9 wbere 3=1ow S=med1um 7=h¡gb suscepllb1hty 
Suscepbbl11ty to d!seases m general (spec1fy 1f knownl) Scale as for pests 
Suscepbb1hty to drought Scale as for pests 
Suscephb1hty lo low so1l ferbhty Scale as for pests 
If under cultlvatton cropped as 1 =monoculture 2=rmxed wtth matze 3=rruxed wtth cassava 
4=rmxed Wlth others 
Access10n s!Ze In g or number of seeds for smaller access1ons (e g 2SOg or 4Ss) 
Date of last regenerahon (year and season e g 19928 = second season m 1992) 
No of times accesston was regenerated smce collechon 
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APPENDIX 5 
Descnptors used for charactenzallon and prehmmary evaluatton of bean germplasm collecllon 

Abbrev 
1atton 

ACCNO 
NAME 
CTRY 
DRCT 
PGH 

FCW 
FCS 
DFF 
DEF 
DPM 
PLH 
NFR 
POP 
PFC 

PCO 

DHA 
PPP 
SPP 
PSC 

SCP 
ssc 
SSH 
SCL 
HSW 
Y lE 
BCM 

CBB 
ALS 
RST 
ASC 
BSM 

Descnphon and legend 

As m passport data file 
Local vemacular name of access10n 
Country of collected sample Use the three d•g•t abbreVJatwns defined by UN and IBPGR 
Name of dJstnct/provmce (frrst geopohhcal subd1V1s10n at the nahonal level) 
Plan! growth hab1t l=bush determmate type 1 2=bush mdetermmate type 11 
3=senu-clrrnber/prostrate mdetermmate type 111 4=clrrnber mdetermmate type IV 
Flower colour of wmgs ( 1 =purple 2=red 3=pmk 4=yellow 5=wh!te 6=green) 
Flower colour of standard (colour codes as FCWI) 
Nurnber of days from emergence to stage where 50% of plants started tlowenng 
Nurnber of days from emergence to stage where 50% of plants ended tlowenng 
Days from emergence to phys¡olog¡cal matunty 
Plan! he1ght (average m cm at matunty from 5 plants measured from cotyledon scar to hp ofplant) 
Nodes on stem to frrst raceme measured at phys10log¡cal matunty 
Pos1hon of poda ( 1 =lugh 2=low 3=evenly d!stnbuted unlform) 
Pod libre content m fully expanded unmature pods (O=strmgless 3=few stnngs 5=rnod stnngy 
7=very stnngy) 
Pod colour at physJOiog¡cal matunty (1 =dark purple 2=red 3=pmk 4=yellow 5=cream 6=brown 7= 
green) 
Days lo harvesl (Number of days from emergence unt1l 90% of poda are dry) 
Number of poda per plan! (Average of 10 plants at harvest) 
Number of seeda per pod (Average number of seeds from one pod taken from 10 plants) 
Pnmary seed colour (1 =wlute 2=cream be1ge 3=yellow 4=coffee 5=pmk 6=red 7=purple 8=black 
9=grey IO=other) 
Seed coat paltern ( 1 =plam 2=rnottled 3=stnped 4=spotted 5=speckled 6=rmged) 
Secondary seed colour (colour of pattem (colours as for PSC) 
Seed shape (l=round 2=ovo¡d 3=cubotd 4=ludney shaped 5=truncate fashgate) 
Seed coallustre (bnlhance l=dull (matt) 2=rned¡um 3=shmy) 
100 seed wetghl (m g lo first declfDBI place at 12 14% seed mmsture content) 
Seed y1eld (g/plot) 
Bean common mosa1c vrrus BCMV (scores 1 9 where O=absent 3=low 5=medlurn 7=1ugh 
suscephb!l!ty) 
Common bactenal bhght (scores as for BCMV) 
Angular leaf spot (scores as for BCMV) 
Rust (scores as for BCMV) 
Ascochyta (scores as for BCMV) 
Bean stem maggots (scores as for BCMV) 
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DISCUSSION SESSION 11 GENETIC IMPROVEMENT 

Cbmr P M K1man1 Rapporteur C S Musb1 

Paper by Tesbome G1rma and DereJe Negatu 

Quesúon Do you have enough breeders to handle the new system? 

Tesbome G1rma Th1s 1s planned and hopefully ID five years t1me 1t w11l be ID place 

Musaana For how many years d1d you evaluate the tnals shown ID F1gure 2? 

Tesbome G1rma Normally a tnal 1s camed on for three years 

Wortmann Could you 1Dd1cate how many entnes go IDto each tnallnursery? 

Tesbome G1rma Nursery 1 contaiDs 500 1000 liDes dependiDg on what was 1Dtroduced The numbers 
are reduced as matenals progress through the dúferent evaluat1on stages 

Sengooba How do you cons1der the costs of the new system? 

Tesbome G1rma Costs have IDcreased but w1th t1me we hope to reduce them 

Paper by Melaku Ayele 

Youngqu1st CombiDmg ab1hty effects for some liDes are spec1fic to tlus particular tnal and m ay not 
be the same ID another tnal of the same matenals 

lúman1 D1d you parttllon the mean square to determme the effects? 

Melaku Ayele Y es that 1s how 1 amved at the effects shown ID the table 

Paper by Senay1t Y etneberk 

Op1o D1d you fiDd any correlat1on between colour and cookiDg lime? 

Senay1t Y etneberk No 

M1bku Hade KnowiDg that our farmers can store beans for some lime d1d you observe any 
vanabthty ID cookiDg tune w1th storab1hty ? 

Senay1t Yetneberk Y es' The Jonger you store beans the longer 1s therr cookiDg nme 

Nahdy D1d you cons1der cookiDg lime? 

Senay1t Y etneberk Y es' But the results 1Dd1cated no relabonsh1p 
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Musaana Are seed s•ze and cookmg time affected by locallon? 

Senay1t Yetneberk Seed s•ze may ddJer Wlth locauon 

Paper by Howard Gndley 

K1rkby S mee th1s 1s the first presentallon by CIA T staff 1 would hke Howard to explam why we 
are domg th•s 

Gndley To prov1de matenals w1th res1stance genes to natlonal programmes 

Buruchara What •s the poss•b•hty of nallonal programmes sendmg advanced breedmg matenals Wlth 
the 1 gene to yo u for protecllon? 

Gndley In pnnc1ple yes but th•s wdl reduce the work that 1 am currently handlmg 

Paper by Marlln F1scbler 

M1t1ku Hade Your expenment has been conducted for seven months do you cons1der tlus short term 
or med1um term storage? 

F1scbler Short term 

Nabdy Are you Iosmg mo1slure contenl as you conlmue w1th the same samples? 

F•scbler 1 don t thmk so 

Tesbome G1rma Do you determme the seed s1hca rat1o? 

F1scbler 1 used 2 1 but wdl try 1 1 

Wortmann What are you proposmg for data management? 

F1scbler 1 am usmg O Base because 1t •s eas1er lo handle 

Senay1t Y etneberk Have you stud1ed the relallonsh•p between mo1slure content and seed v1ab•hty? 

F1scbler 1 haven t done th•s 
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SESSION ID. BREEDING FOR DISEASE AND INSECT RESISTANCE 2 7 lJL. 

INVESTIGATIONS OF COMMON MOSAIC VIRUS IN EASTERN AFRICA 
\ '{- ~ '\... ~/)(' 

T Seugooba D G Walkey D"!J Allen andA Fem1 Lana 

NARO Kawanda Agncultural Researcb Inst1tute Kampala Uganda, 
Horbcultural Researcb lnternat•onal Wellesbourne U K , 

CIAT, Sellan Agncultural Researcb Inst1tute Arusba, Tanzan1a, and 
Sokome Un•vers1ty of Agnculture Morogoro, Tanzan1a 

ABSTRACT 

Over 500 samples of legwmnous plants havc beco collcctcd and proccsscd Based on 
symptom express10n ELISA results and reachons on the dlfTerenhal set BCMV hke 1solates 
have been obtamed from Cau1a hlrJula Centro~ema puhe'rcenJ V1gna vex11lata Crotalarza 
mcarna Senna b1cap3ularu S .sophera and Phaseolus lunatus All 1solates so far Identlfied 
have conformed to the NI 3 stram though w1th sllght d1fferences tn theu reachon on thc 
dJfferentJal set In a host range study tsolates mfected theu parcnt host and scveral other 
weeds but symptom express1on vaned from vtvld mosa1c w1th lcaf curhng to symptomlcss 
Spread from a wdd legume on lo a bean crop was IDdiCated Mud1es of the cffect of BCMV 
on growth and y1eld components was tmhated by moculahng several bean genotypes w1th a 
local field 1solate of BCMV The plant he1ght numbcr of pods per plan! and seeds per pod 
and seed we1ght per plan! decreascd ID IDfected plants The y1eld reducllon and pcrcentagc 
seed transmJssion vaned wtth genotype from less than lOo/o to o ver 40% and from 30% to 
over 80o/o respecttvely Ustng a range of Dnjfbout s tsolatcs on Kanycbwa a local land racc 
NL3 followed by NL6 causcd SlgDificant reduchon ID plan! he1ght and y1eld pcr plan! In a 
field crop loss expenment y1eld loss vaned w1th genotypc rangiDg from 23 to 59% The 
numbcr of pods per plan! and seeds per pod and sced y1eld was negallvely related lo d1sease 
scores of mdiVIdual plants Over 400 genotypcs from 1 O countnes were screencd Under ficld 
condJ.bons most genotypes showed htgh to moderate levels of tnfechon About 5% of the 
genotypcs tested camed the 1 gene 

INTRODUCTION 

Of the b10bc factors that hm1t bean (Phaseo/us vulgans L) producllon Bean Common Mos81c V1rus 
(BCMV) 1s cons1dered the most ub1qu•tous (Morales 1991) BCMV 1s sced borne and seed 
transm•ss•on 1s the most unportant ep1demJOiog1cal factor dctermiDIDg the global d•stnbut10n of the 
d1sease BCMV has ten standard strBIDS (DnJfhout 1978) and res1stanee to these straiDs IS conferred 
by the domiDant 1 gene Bean genotypes Wlth the 1 gene are suseept1ble to black root a d1sastrous 
lethal hypersensJtJve reacllon when challenged w1th necrot1c strBins of BCMV 

Necrobc strams of BCMV have been reported ID the USA Ch1le and Europe but appear to be more 
1111portant ID Afnca (Dav1s el al 1987) Stud1es of BCMV str81n d1stnbutJon ID Afnca has revealed 
that the necrobc strams dommate 10 eastem and southem Afnca w1th the exeepllon of Eth10p1a where 
only non-necrotJc strBIDS have been ulent1fied (Spenee and Walkey 1992) 

Prev10us work of the BCMV sub-project focused on 1dentJficatlon of BCMV strBins on bcans ID the 
n:g~on (Owera, 1989) The present study mvest1gates the occurrenee of BCMV ID the lcgumiDous flora 
m Uganda, the nature of such BCMV wced 1solates and the poss1ble •mphcallons to the ecology of 
the d1sease Crop loss stud1es are also beiDg conducted 
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BCMV LIKE ISOLATES FROM WILD LEGUMINOUS SPECIES 

The obJecUve of th•s study was to IDvesUgate the presence of BCMV necrot•c strams ID wdd legumes 
ID Uganda to prov1de ev1dence whether or not BCMV necrouc strams have an Afncan ongiD 

Matenals and metbods 

Samples of w1ld legwne spec•es showiDg vli11S hke symptoms were collected from vanous parts of 
Uganda Young leaves were placed between mo1st filler papers 10 polythene bags and kept cool The 
samples were IDOculated on Dubbele W1tte 1mmed1ately or WlthiD a few days of collectiOn In some 
cases dry samples were also collected over calc•wn chlonde followiDg the procedure descnbed by 
Spence and Walkey (1992) Plants were IDOculated manually usiDg standard procedures (Morales 
1991) lnoculated plants were kept ID an aph1d proof screenhouse lsolates wluch caused moswc 
symptoms ID Dubble W1tte were tested usiDg monoclonal anllsera Anllserum 197 detects all BCMV 
strwns and other related potyv1111Ses wlule 1 2 detects only the necrot1c strams of BCMV The 1solates 
were further charactensed usiDg Dnjfhout s (1978) dlfferent•al hosts 

Results and diScuss•on 

Over 500 samples were processed lsolates that IDduced moswc symptoms when IDoculated on 
Dubbele W1tte and wluch y•elded pos•t•ve reachons ID ELISA Wlth 1 2 ant1serwn are hsted ID Table 
1 These •solates are •dentlfied as BCMV A serotypes The A serotype 1solates so far tested on 
DnJfhout s dlfferent•als have largely confonned w1th the pathogemc1ty pattem of the NL 3 strwn 
Some •solates wluch gave moswc symptoms w1th Dubbele W1tte and a pos1Uve reacuon w1th 197 but 
not w1th 1 2 anhsera have been further stud1ed USID8 electron m1croscopy dlfferenual bean hosts and 
ID ELISA USID8 bc5 a B serotype speclfic ant1serwn 

Table 1 BCMV necrohc strwns 1denllfied from Wlld legumes ID Uganda 

--- --
lsol 
ate Locat1on Host 197 1 2 Stram 

741 Nakabango Centrosema pubescens Benth + + NL 3 
197 Bukalasa Senna h1rsuta L + + NL 3 
218 NabiDgo Crota/ana spp + + NL 3 
308 Namalere V1gna ve:r~l/ata (L ) A R1ch + + NL 3 
463 Namulonge Crota/ana mcana L + + NL 3 
464 Namulonge Crotalana mcana L + + NT 
496 Bajja Senna b1capsu/ans L + + NT 
533 K•gal1 Senna sophera L + + NT 
473 Bukalasa Senna h1rsuta L + + NT 
574 B1go Phaseolus lunatus L NT + NT 

NT = not tested • Stram determiDed usiDg DnJfhout s d1fferent•al 

Although these •solates have potyv1rus hke rod shaped part1cles most of them were not 1dentlfied as 
BCMV and reqUire further charactensauon So far ID th•s study only BCMV necrollc 1solates (A 
serotypes) have been 1denufied mfecttng altemat1ve legume spec1es Th1s confonos Wlth earher 
observauons that necrollc strwns are the predomiDant types ID eastem Afnca 
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HOST RANGE OF BCMV WEED ISOLATES 

The purpose of th1s study was to detennme 1f weed 1solates would mfect other legummous weeds 
when mtroduced m anually 

Matenals and methods 

Seeds of weed spec1es were obtamed from ILCA and CIA T Seedhngs were ratsed m pots of 25 cm 
top d1ameter at a rate of four seedhngs per pot Ehsa tests at the early seedhng stage usmg 197 and 
1 2 monoclonal anttsera showed no ev1dence of BCMV mfectton Sorne seedlmgs were moculated 
wtth 1solates 197 308 or 458 a local NL 3 1solate from bean Others were not moculated to serve as 
controls The expenment was camed out m an aph1d free (Ciov1s Landes) screenhouse The plants 
were assessed for BCMV symptoms and w1th an ELISA to ascertatn presence of the v1rus 

Results and d1scuss1ou 

The wced spec1es that gave pos1ttve results w1th BCMV weed 1solates are hsted m Table 2 

Table 2 Weed spec1es showmg pos1ttve ELISA react10ns to BCMV 1solates 197 308 and 458 

197 308 458 

Spec1es Symp ELISA Symp ELISA Symp ELISA 

ero/alano spmosa + SS + + 
DesmodlUm mlortum + + + 
D mcmatum + + + 
eanavaba ensiformls S+Mo + S+Mo + mm + 
eenlrosema pubescens + Le + + 
V1gna vex11/ata + M o + + 
Rhynchos1a m1mma + + + 
ero/alano mcarna + M o + mm + 
Macrophlilum /athyrmdes Mo + nt nt M o + 
V1gna rad1ata + + + 
Senna h~rsu/a mm + nt nt nt nt 

= no v1s1ble symptoms SS = shght stuntmg S = stuntmg mm = m1ld mosa1c M o = 
clear mosatc Le = leaf curlmg + = pos1ttve ELISA test nt = not tested 

In general the wced 1solate 308 gave clearer symptoms than 197 and the bean 1Solate gave the least 
symptom express1on 

Of the spec1es hsted m Table 2 R m1mma and V rad1ata have been 1dentúied as poss1ble natural 
hosts of BCMV wlule C ens1Jorm1s and M lathyrmdes have been hsted among the expenmental host 
range (CM 1988) Among the other spec1es hsted e pubscens V vex11/ata e mcarna and S h~rsuta 

have been 1dennfied as natural hosts of BCMV {Spence and Walkey 1992) and should test pos1t1ve 
when moculated amfically e spmosa and the two DesmodlUm spec1es are bemg reported as 
expenmental hosts for the first ttme 
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SPATIAL SPREAD OF BCMV FROM WILD LEGUMES TO BEAN CROPS 

A number of culttvated legumes have been expenmentally demonstrated lo be susceptible lo BCMV 
(Galvez, 1980) The v1rus has also been found to occur naturally m sorne w1ld legumes (Memers 
1978 Sarkar and Kulshreshtha 1978 Spence and Walkey 1992) 

Matenals and metbods 

A random•sed complete block factonal expenment w1th s1x treatments m three rephcates was sown 
at Kawanda Research Stat1on dunng the second season of 1992 The treatments were two bean 
genotypes (Kanyebwa a local land race susceptible to BCMV and Whtte Hancot a local 1 gene 
matenal) and two sources of moculum (Kanyebwa beans and Senna h!Fsuta L a weed spec1es from 
whtch BCMV hke tsolates have been 1solated on several occas10ns) (Spence m press Sengooba el 

al m press) 

The Kanyebwa seeds were obtamed from a BCMV free seed crop from wh1ch any plant showmg the 
dtsease symptoms had been rogued The plots were 1 O x 10 m m s1ze and separated by a buffer zone 
5 m Wtde Four weeks before soWlng the expenmental plots the buffer zones were densely sown w1th 
altemate rows of mwze and soyabean They were sprayed w1th the system•c msechctde Rogor to 
mtmm•ze aph1d movements from them on to the expenmental plots 

A lme so urce moculum pattem was used m the plot layout (Thresh 1976 Fontem 1991) Senna 
hiFsuta seedhngs were transferred to the field at three months of age after moculatton w1th an NL3 
hke weed tsolate at four weeks The same tsolate was used lo moculate the beans whtch were sown 
m the field and moculated when the pnmary leaves were fully expanded 

The expenmental plots were sown when the sources of moculum were well estabhshed When the 
pnmary leaves of the expenmental bean plants were fully expanded (10 days after sowmg) aphtds 
(Aph1s fabae) obtatned from a pure colony reared m a cage were placed on the moculum source plants 
to transm•t the •nfect1on from mfector rows to the plots Dtsease assessment was based on mctdence 

Results aod dtscusstoo 

Two weeks after aphtd tnfestatton of the •nfected source plants BCMV mc1dence was too hght and 
at four weeks 11 was Wtdespread g•vmg no trend At three weeks after mfestat10n 11 was apparent that 
BCMV decreased Wlth mcreasmg d1stance from moculum source (Ftgure 1) RegresstO"l or regress10n 
related analyses are often used m d1sease progress studtes (Fontem 1991 Headnck and Patacky 
1988) Infectton w1th plant pathogens tends to decrease w1th mcreasmg dtstance from foc1 of mfectton 
(Thresh 1976 Maddem and Campbell 1 986) Here the grad•ent of BCMV from S h~rsuta as the 
mfect1on source md1cate that th1s Wlld legume was an effecttve source of the v•rus 

There was a substanltal leve( of •nfect10n m the control plots whtch •n the case of Whtte Hancot was 
not stgruficantly dtfferent from that m the plots Wtth moculum sources Thts mdtcates the presence 
of abundan! moculum outs•de the tnfecttOn sources but at least w1th Kanyebwa the outstde moculum 
dtd not overshadow the effect of the expenmental moculum sources The htgh leve( of mfectton m 
the centres of plots whtch was relattvely un1form m all treatments was probably due to v1ruhferous 
aphtds from outs1de sources overflymg the mwze buffer and ahghtmg on the expenmenlal plots The 
study dtd not detecl dtsease progress Wllh hme poss1bly because the one week t1me mterval between 
record takmg was too long 
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The expenment wtll need repeatmg before concrete conclustons can be made Dunng the repeat the 
followmg changes wtll be made 

the buffer zone wtll be planted wtth mwze alone 

2 Crotalana mcarna wdl be used as the moculum source mstead of S htrsuta as the former 
grows faster and ts more eastly rwsed m large quanttttes m the screenhouse and 

3 dtseases wdl be recorded every four days from 14 days after mtroducmg the aphtds on to 
the mfector rows 

The other mvesttgattons conducted under thts work were 

D screenmg Afncan bean germplasm for reStStance to BCMV 

E study of the effects of BCMV on the growth and yteld components of severa! bean 
genotypes 

F study of the effects of dtfferent strwns of BCMV on the yteld and yteld components of 
beans and 

G esttmat10n of crop loss due lo BCMV m the field 
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CONCLUSIONS 

Thts study of BCMV ts revealmg that BCMV occurs m wtld legume spectes m Uganda but the 
nature of the straiD ID the wtld ts not fully understood The bean types ID farmers fields are 
suscepttble to BCMV whtch can cause heavy losses ID yteld tf not checked 
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ABSTRACT 

Assessment of d1fferent genotypes for y1eld loss due to Phoma (Ascochyta) bhght were done 
In add1hon to Phoma bhght the genotyp1c y1eld response was affected by angular leaf spot 
anthracnose and vanab1hty of weather condll10ns m the d¡fferent seasons Yteld losses of O 
60 /o were recorded The h1ghest y•eld loss occurred when d1sease was severe at pod filhng 
Selechons madc among crosses m F2 1 3 ¡. 4 and later generatJOns were advanced to 
prehmmary y1eld tnals In the mhentance study the reachons of the genotypcs showed 
stgmficant difference<J (P<O 05) but analys1s for combmmg abthty showed s1gmficant 
d1ffercnces only for speclfíc combmmg ab1hty 1mplymg a stgmficant role of non add1tlve 
components m the mhentance of res¡stance m the genotypes assessed More data 1s bemg 
generated for reassessment m order to detect the addltlVe component 

INTRODUCTION 

Thc scvcnty of phoma bhght m any croppmg scason 1s much dependen! on env1ronmental mfluences 
(CIAT 1987 Schwarti and Galvez 1980 Kannruyan el al 1986 Anon 1987) and sporruhc moderate 
to scvcre mc1dents were expenenced m 1991 92 m cool h1gh alhtude zones of Uganda Rwanda and 
Za1rc In Uganda 1solated mc1dents were observed also at low altltude s1tes after unusually h1gh 
rrunfall 

Crop y1cld losses of 41 75 percent have been reported on vanet1es mfected w1th ascochyta (phoma) 
bhght m tnals at Popayan (Schwarti el al 1981) Though d1seases are noted as one of the pnnc•pal 
factors hm1tmg y1eld m Afnca (van Schoonhoven 1980) the y1eld losses mcurred due to d1sease are 
not always quantlfied Esllmat10n of the crop loss assoc1ated w1th a part1cular d1sease reqmres data 
from field cxpenmcnts over severa! seasons (James 1974) Lack of spec1fic fung1c1des and 
mteracllons w1th many fungal bactenal and v1ral d1seases make esllmatlon of y1eld loss due to phoma 
bhght a very dlflicult exerc1se Use of 1sogemc hncs 1s recommended for crop loss stud1es assoc1ated 
w1th sorne d1seases but such an approach 1s mval1d for phoma bhght where res1stance 1s assumed to 
be of a polygemc nature 

Breedmg for res1stance 1s cons1dered a cheap altemat1ve to chem•cal control espec•ally for bean crops 
grown at a subs1stence leve! Res1stance sources are extremely rare m Phaseolus vulgarts of bush 
growth hab1t but sorne res•stance has been 1denllfied among chmbmg beans Smce the res1stance was 
suspected to be of a polygemc nature a recurren! selectlon programme was suggested (CIA T 1987) 
Use of recurren! select10n necessltates the creallon of large and genet•cally vanable panm1chc 
populallons through a senes of crosses wh1ch are then subjected to select10n pressure over severa! 
generat10ns For faster progress vanelles w1th h1gh general combmmg ab1hty (GCA) should be mter 
crossed to accum ulate des1rable al! eles w1thm h1gh y1eldmg genotypes adapted to the reg10n 
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The expenments camed out w1th1D the penod 1991 92 IDcluded crop loss stud1es wmed at quant1fy1Dg 
y•eld loss assoc1ated w1th phoma bhght The effects of severe attacks of phoma bhght at d11Terent 
growth stages was also IDVesllgated to •denllfy the growth stage at wh•ch severe attacks would uúhct 
the heav1est y1eld loss A w1de range of hybnd1zallon lo generate vanallon ID res1stance was 
undertaken and several filial generallons evaluated ID IDOculated field tnals 

MATERIALS AND METHODS 

a) NIDe genotypes were evaluated ID a spht plot des1gn w1th genotypes ID sub plots and three d1sease 
Ievels treatments ID mwn plots D1sease levels were natural ep1dem•c protected plot sprayed w1th 
D1thane M45 at 3 kg/ha al weekly IDiervals from growth stage V, lo phys10log•cal matunty (R8) and 
IDOculated w1th phoma bhght spores al weekly 1Diervals from growth stage V, lo R, Data recorded 
IDcluded d1seases scored on a 1 9 scale and plol y1eld The lnal was conducted al Kachwekano dunng 
Seasons 90B 91A and 9IB 

b) Three vanclles of known reac11on lo phoma bhght namely G 4603 (reSISianl) K 20 (1Diermed•ate) 
and EMP 117 (susceptible) were selected for study of effccts of phoma bhght IDfecllon al d11Terent 
growth stages on y1eld Seven treatments were s•mulated natural ep1dem•c fung•c•dal prolecllon 
from V 4 to R, fung•c•dal protecllon from R6 to R, fung•c•dal pro1ect1on from R, to R, IDOculated 
w1th phoma bhght spores (pbs) at R6 IDOculated w1th pbs at R6 and R, and IDOculated w1th pbs al 
R, R. and R, The tnal was a spht plol des1gn w1th treatmenls m mwn plols and genotypes ID sub 
plots The fung•c•dal control measures were Similar lo the first expenmenl 

e) Vanelles selecled from prev10us AFBY AN entnes representiDg d11Teren1 ongiDs were hybnd1zed 
w1th selected vanet1es w1th res1slanl or 1Diermed1ale reacllons to phoma bhght The donors mamly 
ullhzed were G 4603 BAT 1416 BAT 1569 G 17098 and G 10747 all from prev10us lntemallonal 
Ascochyta Bhghl Nursenes F 1 plants were rwsed ID the field under fung•c•dal protecllon to obl81n 
reasonable numbers of seeds F, F3 F, and F, generallons were grown ID an mfested field at 
Kachwekano IDOculated w1th pbs al R6 and SIDgle planl selec110ns were made ID F, and F, on the 
bas1s of reac11on lo phoma bhght Fam1ly secllons were made among F3 and F, progeny rows for y1eld 
evaluallon ID subsequenl generallons Sorne F, popula110ns were evaluated at Rwerere ID Season 91B 

d) In the mhentance stud1es s1x parents (G 4603 BA T 1416 BA T 1569 K 20 Rushare and Canoca) 
were crossed ID a complete d•allel and the F 1s IDOculaled w1th a spore suspens1on of 1 x 1 O' 
spores/ml The plants were mwntwned under polythene hum1d1ty chambers ID a screenhouse at 
Kachwekano where temperatures ranged between 15 and I8°C wh1le hum•d•ty was on average 75% 
dunng the penod of expenmentat10n (January December 1992) The progress of d1sease seventy on 
IDdlvldual plants was momtored on a percentage bas1s for 14 days The Area Under the D1sease 
Progress Curve (AUDPC) was calculated and used as a measure of the relat1ve delay ID d1sease 
express10n due lo genotyp1c res1s1ance to the d1sease 

RESULTS AND DISCUSSION 

The mean squares from the analyses of vanance of the y>eld data from the first y1eld loss tnal are 
shown ID Table 1 S1gmficant y1eld reduct>ons due 10 treatmenls were detected only ID Season 91B 
In Seasons 90B and 91A d1sease express1on d1d not dúTer among treatments and y>eld Iosses were 
not s1gmficant There were s•gmficant d11Terences among vanety y•elds ID each season and overall and 
there was a s>gmficant S x V IDieracllon The heav.esl y1elds and largest phoma bhght scores were 
observed ID the season w1th the h1ghest r81Dfall 
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The y1elds of the md1v1dual vanehes when protected and the percent reduchons m natural and severe 
mfechon by phoma bhght are shown m Table 2 The y1eld reduct10n 1s also affected by other d1seases 
such as anthracnose and angular leaf spot whose seventy changed under the dlfferent treatments 

Table 1 Mean squares from analys1s of vanance of seed y1elds from d1sease loss tnal m Seasons 908 
91A and 918 

Source of vanahon df 908 91A 918 Combmed 
-- -

Treatments (T) 2 ns ns 626853** 4612361** 
V anet1es (V) 8 888120** 194522** 2333673** 826368** 
TxV 16 ns ns ns ns 
Seasons (S) 2 4746325** 
SxT 4 ns 
SxV 16 512561 .. 
SxTxV 32 ns 

•• s1gruficant at P<O 05 ns = not s1gruficant 

Table 2 Percentage y1eld reduct1ons m nme vanehes under natural and severe phoma bhght mfect1on 

Protected % reduchon 
plot 

Entnes y1eld (g)1 Natural Severe 

Canoca 1205 24 8 31 o 
EMP 117 1348 21 1 35 2 
8AT 1416 1230 22 4 32 7 
G 2316 1498 35 6 31 1 
8AN 6 1040 30 5 31 o 
G 4603 1610 34 4 49 2 
G 17098 1436 34 7 32 8 
8AT 1569 1156 52 o 61 3 
K 20 1584 15 5 41 2 

1 mean of three seasons 

The advantage of resiStanl vanety G 4603 could not be demonstrated as 11s h1gh suscept1b1hty to 
anthracnose drast1cally reduced 1ts y1eld In the second y1eld loss tnal extreme y1eld reduchon 
occurred when d1sease seventy was lugh at R, Though y1elds were reduced 1n all three vanet1es when 
moculated at anthes1s and pod fillmg G 4603 y1elded more than K 20 wh1ch y1elds heav1er under 
fung1c1dal protechon 

In the mhentance study analySIS of vanance of the parents and F 1 data showed Slgnúicanl d1fferences 
(P<O 05) among genotypes However comb1nmg abd1ty analys1s md1cated that only specúic combmg 
abd1ty 1s s1gruficant (P<O 05) m the express1on of phoma bhght res1stance Tlus was mterpreted to 
md1cate non add111ve genehc effects havmg a large mfluence on the express1on of phoma bhght 
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ABSTRACT 

Macrophomma phaseolma coloruzed whole gram nce and scleroha were compared tor the1r 
effechveness as moculants Colom7ed nce was found to be a s1mple and effechve moculant 
The looth p1ck method was adopled for adull planl moculahon for Jls seventy and umformtty 
Ftfty three dry bean acccss10ns from mtroduccd tmproved and local gennplasm were 
evaluated for theu react1ons to M pha.Jeolma m field and greenhouse The greenhouse 
evaluat.J.on compnsed two tnals The first evaluated 27 access10ns m a randomaed complete 
block Wlth four rephcahons and five seeds per rephcale The second lnal cons1sled of 53 
accesstons wtth 3 rephcates and four seeds per rephcate Each access1on was accompamed by 
a control Ofthe 27accessiOns evaluated twtce none were class1fied res1stant (d1sease seventy 
ralmg (DSR) ; 1 3) bul 13 were mlermed1ale (DSR ; 31 6 O) accordmg lo the CIAT 
evaluabon scale of 1 = no VIStble symptoms to 9 = plant dead Fteld evaluabons are sttll m 
progress al the lime of wnlmg Fteld nursenes have been estabhshed al the KARI 
expenmental fanns at Ktboko and Ktbwezt Each access1on ts bemg evaluated m paued rows 
(wtth and w1thout moculahon) m a randomtzed block des1gn w1th three rephcates 

INTRODUCTION 

Charcoal rol JS an 1mportant d1sease of beans m areas where drought stress and h1gh temperatures are 
common The d1sease JS prevalent m many parts of the sem1 and easlem Kenya and northem Sudan 
where dry beans are grown The d1sease has been reported lo be severe m many locallons of thc 
Eastem Provmce of Kenya (Mukunya el al 1983) and m Sudan h1gh mortahty has been reported m 
early sown crops (Ah el al 1988) W1th the except10n of seed treatmenl Wlth benomyl (Benlale) or 
carboxm (V1tavax) wluch helps lo control the d1sease m the early slages of growth ex1slmg control 
measures do not s•gnúicantly reduce d1sease levels Hosl plant res1s1ance Wlth good cultural pracllces 
can be effecllve m conlrolhng th1s d1sease Screenmg for d1sease res1slanl genotypes and lhe 
developmenl of res1stant vanet1es would prov1de seed based technology sullable for the subs1stence 
farmmg systems where mosl dry beans are grown 

The objecbves of the study are to 

(1) 1denbfy rehable field screemng methods for res1s1ance to M phaseo/ma m sem1 and areas 
of easlem Afnca 

(2) 1denbfy bean germplasm Wlth res1stance or lolerance to M phaseolma and 

(3) develop a reg10nal M phaseolma nursery 
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GREENHOUSE ANO JI'IELD INOCULATION METHODS JI'OR M PHASEOLINA 

In the field severe symptoms of chan:oal rol are observed ID beans ID the seedhng stage and 
frequently ID adult plants towards the end of the reproducttve phase Screerung dry bean genotypes 
for reststance to chan:oal rol reqwres an effictenl IDoculatton method ID whtch dtsease escapes are 
av01ded Sotl IDoculabon techruques usmg sclerotta, mycehum and coloruzed whole graiD nce have 
been reported (Ab8WI and Pastor Corrales 1986 Dlungra and SIDclmr 198S) Thts study has the 
obJecbve of tdenllfyiDg an IDoculatton method that ts swtable for screerung dry bean genotypes for 
reststance to M phaseolma ID greenhouse and field 

Matenals and methods 

Isolates of M phaseolma were obtamed from IDfected sorghum mmze and dry bean from chan:oal 
rol bol spots of K.tboko ID Machakos Dtstnct lsluara ID Embu and Martmanb ID Tharaka Nttht Small 
pteces of fibrovascular bundles from field tnfected sorghum and mmze plants were surface stenhzed 
wtth 1% sodtum hypochlonte nnsed ID dtsblled water plated on patato dextrose agar (PDA) and 
IDcubated al 30 C Shces of dry bean llssues tnfected wtth sclerolta and pycrudta were surface 
stenhzed plated on PDA and IDcubated ID suntlar fasluon Pure cultures of M phaseo/ma were eastly 
obtamed from the IDIItal cultures 

An tsolate (lsolate 1 O) from the dry bean from K.tboko was used for greenhouse and field IDoculattan 
of dry beans Coloruzed whole gram nce and sclerolta were used as IDocula 

Coloruzed whole gram nce was prepared by ftrSt autoclaviDg nce (1 1 w v nce seed water) before 
IDOCulabon wtth M phaseolma and then IDcubatmg al 33 C WtthiD 15 days the nce was coloruzed 
by M phaseolma and was used for IDOCulalton ID the greenhouse at the rate of three coloruzed nce 
seeds per bean seed 

Sclerolta were produced by IDoculatlng PDA ID 9 cm petn dtshes and IDCubaltng al 30 C for three 
days long enough for sclerona produclton ID most tsolates (Ciudambaram and Mathur 197S) The 
fungus on PDA was fiDely chopped shaken ID 1% sodtum hypochlonte for S 8 miDutes and washed 
thoroughly ID 12S and 38 mm steves ID tandem Sclerolla were collected from the 38 mm steve and 
the rest dtscarded Sclerolta numbers/ml of suspenston were calculated ustng a gndded nematode 
counltng dtsh and the appropnate dtlullon made up ID dtsltlled water The vtabtltltes of the sclerolla 
were determmed by plabng 100 sclerolla of lsolate 1 O on ten petn dtshes wtth PDA medtum The 
diShes were mcubated at 33•c and germiDabon of the sclerotta was found to be 98% after 48 hours 
Approxtmately 200 300 sclerolta ID 3 mi dtslllled water were ptpetted 1Dio each seed hole al planltng 

The numbers of plants that dtd not emerge and the number that rotted post-emergence were recorded 
The pre-emergence loss was assumed to result from seed rol due lo M phaseo/ma A suscepttble IIDe 
(A 464 from CIA T) was used lo test the effecltveness of IDoculalton The destgn ID both methods was 
a randomued block wtth four rephcabons (4 pots wtth 4 plants/pot for each rephcate) The experunent 
was repeated three ltmes 

ResuiU 

lnoculabon wtth whole gram nce colorused by M phaseolma was more effecltve ID causiDg dtsease 
than moculauon wtth scleroba (Table 1) Coloruzed whole gram nce ts produced more raptdly and 
more eastly than scleroba makiDg tlus method more appropnate for IDoculatton ID both greenhouse 
and field 
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Table 1 Nwnbers of pl811ts of dry be811 susceptible lme A 464 k1lled m three tnals by M phaseo/ma 
moculated as scleroua 811d coloruzed whole gram nce 

--·- --- ----- -----

Inoculwn 

Pre-emergence 
loss 

1 2 3 
----------

Sclerotla o o 2 
Rice 1 3 2 
Control o o o 

LSD (P<005) 

Post-emergence 
rot 

1 2 3 Means 
---- ---- --

4 7 S 60 
5 6 S 73 
o o o o 

2 389 

---

REACfiON OF DRY BEAN GENOTYPES TO M phaseolma IN GREENHOUSE AND FIELD 

Whole gram nce coloruzed by M phaseo/ma 1s effic1ent m causmg charcoal rot m seedlmg 811d adult 
dry beans (AbaWI 811d Pastor Corrales 1986) Screenmg dry beans at the adult stage however reqwres 
mtroductlon of the moculwn at a later stage The toothp1ck moculauon method allows thts 811d 1s also 
a severe 811d uruform method enablmg evaluauon for both d1sease mc1dence 811d seventy (Echavez 
Badel 811d Beaver 1987) 

In tlus study M phaseo/ma-coloruzed whole gram nce was used for testlng seedlmg reactlons to M 
phaseolma m greenhouse 811d field 811d toothp1ck moculauon for adult pl811t reactlon m the field 
lsolate 1 O of M phaseo/ma obtamed from 811 mfected be811 at Klboko was used throughout tlus study 

Matenal and metbods 

Gneaboose tests Two evaluauon tnals were camed out m a greenhouse at K8tllmaru The fmt 
evaluauon tnal was conducted m 1992 811d cons1sted of27local mtroduced 811d unproved genotypes 
The second tnal was camed out m 1993 811d compnsed S3 genotypes mcludmg entnes from the fmt 
tnal The moculauon procedure CODS1sted of placmg three coloruzed whole gram nce seeds m contact 
Wlth each be811 seed 811d covenng WJth 4-S cm stenhzed soli In the fmt tnal each genotype was 
sown m four rephcauons Wlth five seeds per rephcate (12 cm d1ameter pot) The second tnal was 
sown m three rephcauons WJth four seeds per rephcate (10 cm d1ameter pot) In both tnals there was 
811 urunoculated control for each genotype evaluated 

Ihsease seventy mtlngs (DSR) were recorded 14 days after moculauon usmg the CIA T evaluauon 
scale of 1 = no v1s1ble symptoms lo 9 = al! stem tlssues 811d tlp affected pl811ts dead 

F1eld tests F1eld tests of dry bean genotypes for res1stance to M phaseolma are now m progress at 
the c:harcoal rot hot spots of Klboko 811d KlbweZI The first tnals were pl811ted on 1 S February 1993 
at Klboko 811d 16 February 1993 at KlbweZI The tnals wluch mvolve 53 ac:cess1ons are arr811ged 
m randomJzed block des1gns WJth three rephc:atlons Each plot cons1sts of two rows 3 m long Thlrty 
seeds were sown m each row One row was moculated Wlth nce seeds coloruzed by M phaseolma 
at a rate of 2 3 coloruzed nce seeds per be811 seed The second row was urunoculated Plantlng 
furrows were opened m811ually 811d 120 kglha of NPK 18 46 O fertli1zer was apphed m1xed Wlth 1 25 
kglha carbofur811 (Furad811) for msect control The tnal 1s mamtamed accordmg to commerc1al 
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producbon recommendabons mcludmg dtsease and msect control and weedmg and tmgated as 
necesslll)' The numbers of plants emerged or mfected wtth M phaseolma wtll be recorded 3 weeks 
after sowmg and plants SUl'Vlvmg and mfected Wtth M phaseo/ma and seed wetghts WIII be recorded 
at harvest 

A smular tnal was set up at both sttes With the 53 genotypes m paued rows of 2 m long These tnals 
are for the purpose of screenmg the adult bean genotypes usmg the toothptck moculabon method 
Each lme ts sown Wtth 20 seeds per 2 m row One row WIII be moculated and the other left as the 
control The moculum WIII be apphed on toothptcks soaked With stenle potato del<trose agar The 
bean plants Wtll be moculated by mserbng the tnfected toothptck mto the stem JUSI below the 
cotyledonlll)' node Stenle toothptcks WIII be used on the control rows lnoculabon WIII be pracbsed 
30 days after germmabon Dtsease seventy WIII be measured by the number of tnfected nodes and 
mean lengths of dtscoloured stems 

Table 2 Dtsease reacbons (scale 1 9) of dry bean genotypes to M phaseolma m greenhouse tests 
m 1992 and 1993 

Type of 
maten al 

Introdnced ltnes 

lmproved hnes 

Local hnes 

- --
Bean 
genotypes 1992 1993 1993 

---- -----
V 8010 46 53 Spelekendwa 
BAT 1477 67 76 A 286 
EMP 86 66 46 G 8025 
BAT 1297 70 50 G 5201 
A 70 60 40 BAT 798 
A 120 46 30 Aguascaltentes 13 
BAT 1651 53 66 E" Rtco 23 
G 5059 46 60 lCA 15506 
CG/82 24 43 70 Mel<tcan 142 
CG/82-69 30 43 BAT 125 
BAT 1400 33 56 BAT 477 
BAT 1385 47 57 G 2816 
CG/82 79 33 53 G 4830 
V 8025 60 80 A 422 
BAT 1289 57 60 A 410 
A 55 67 66 EMP 105 
BAT 1581 60 87 A 4446 
V 8017 60 47 ANT 338 
BAT 1293 40 57 BAT 338 !C 
A 300 40 76 A 54 
A 247 40 70 PAN 133 
A 464 53 90 KAT X 68 
GLP 1004 30 46 KAT X 16 
KATB2 45 70 KAT X 68 
KATBI 35 50 
KATB9 50 26 

N yayo 
Katumbuka 

---- -----

75 

67 
86 
80 
40 
43 
67 
67 
40 
63 
40 
46 
60 
53 
57 
83 
1 6 
53 
67 
50 
53 
60 
50 
63 
50 

45 
53 



RESULTS 

Greenbouse tests The results of the greenhouse tests are shown m Table 2 BA T 1400 BA T 1293 
CG/82/69 and CG/82/79 among the mtrodueed !mes and GLP 1004 and KAT Bl 1Dtproved !mes 
were most res1stant m the fltSt tnal (d1sease reactlons 4 or less) The most res1stant genotypes m the 
second tnal were A 120 A 70 !CA 15506 EMP 105 BAT 125 and G 5201 among mtrodueed !mes 
KAT 89 an 1D1proved lme and Katumbuka a locallandrace BAT 1477 BAT 1297 BAT 1581 and 
A 55 gave lughly susceptible reactlons (score 6 or more) m both tnals 

F1eld tests F 1eld screenmg 1s stdl m progress 

DISCUSSION 

Macrophomma phaseolma-«~lomzed nce seeds were effectlve m causmg charcoal rol of dry beans 
m both pre and post-emergence stages Tlus fonn of moculum 1s produeed rap1dly and easdy and 1s 
lughly swtable for large seale moculabons The greenhouse evaluatlon succeeded m separatmg 
prom1smg matenals from lughly susceptible genotypes Susceptible genotypes were ev1dent al 
emergence The fltSt md1cabon of suscept1b1hty was poor emergence and dark sunken les1ons on the 
cotyledons of emerged seedhngs Les1ons expanded rap1dly reachmg stem tlssues w1thm 4-6 days and 
kdlmg seedlmgs Wlthm 14 days These observabons agree Wlth those of Pastor Corrales and Abaw1 
(1986) and Gangopadhyay el al (1970) who reported that M phaseolma causes severe dampmg off 
of soybean seedlmgs Wlth plant losses up to 77% The lme A 464 reported susceptible at CIA T 
(Pastor-Corrales and AbaWI 1988) was also susceptible at Katuman1 Some !mes reported res1stant 
at CIA T for example BAT 1297 were found susceptible These fmdmgs suggest dlfferences m 
pathogeruc1ty of the 1solates used or dlffenng reactlons of bean genotypes m dlfferent envll'Onments 
F1eld reactlons bave to be detennmed for companson Wlth reactlons m greenhouse cond1t1ons 
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MANAGEMENT OF BEAN ANTHRACNOSE IN ETHIOPIA 

Q 

Tesfaye B1sb•r 

Plant ProtectJon Researcb Center (PPRC), Ambo, Etb10p1a 

ABSTRACT 

Surveys of ma¡or bean growmg oreas of EthtOpta showed lugh mctdences of dtseases 
mcludmg anthracnose m common bean Etghl roces of anthracnose were dtsltngwshed among 
12 tsolales collecled from 8 oreas m lwo seasons by moculalton on lo 12 dúTerenllal bean 
genotypes Fteld tnals al Ambo m 1992 93 demonstraled yteld Josses due lo anthracnose 
rangmg up lo 41 1% and reducltons m seed stze of up lo 23 9% 

INTRODUCTION 

Common bean (Phaseo/us vulgans L ) ts the most tmportant tradtltonal pulse of lowland areas of 
Etluopta parttcularly the Rtft Valley lt ts a baste componen! of croppmg systems of small farmers 
and of dtets of people of eastem Afnca Average ytelds of peasant farmers are extremely poor 
rangmg between 600 and 800 kglha, due to a combmatton of several constramts among wluch 
dtseases play a ma¡or role (Habtu Assefa and Dere¡e Gorfu 1985) 

Bean anthracnose IDCited by Col/etomchum bndemuthtanum (Sacc & Magn) was not practtcally 
•mportant ID Etluop•a ID past years but a recent outbreak of the dJSease has been confumed by 
1Dtens1ve and extens•ve surveys ID ma¡or bean growmg areas Anthracnose causes heavy bean y1eld 
losses whenever susceptible bean culttvars are grown m locattons WJth cool lo moderate temperature 
and htgh humtdtty or free m01sture (Schwartz and Galvez 1980) Very httle mformatton •• avwlable 
on the eptdemtOlogy and management of the dtsease Tlus paper presents results of surveys race 
Jdenltficatton screeniDg of res1stant vanettes and loss assessment trwls undertaken ID Ethtopta 

MATERIALS ANO METHODS 

Surveys of ma¡or bean groWJDg areas were organtzed and laboralory greenhouse and field 
expenments were conducted al the Plant Protectton Researc:h Center al Ambo m 1990 1992 

Bean antbracnose surveys 

Anthracnose surveys were conducted ID ma¡or bean productton areas ID the Rtft V alley and southem 
Eth10p1a Samples were collected at mtervals of 15 20 km on farmers and stale farm fields 10 15 
sample plants were randomly selected along the d1agonals and were assessed on a 1 9 scale al growth 
stages close to R6 R8 (van Schoonhoven and Pastor Corrales 1987) 

Race •denttficatJon 

Samples ofbean anthracnose were collected from Ambo Nazreth Mo¡o Mek1 Ztway Awassa, Am 
Negele and Areka The tsolates were punfied multtphed and IDOCulated on 12 standard dtfferenttals 
ID both field and greenhouse The reacttons of the dtfferenttals were recorded usiDg a 1 9 scale and 
transformed toa biDary system to 1denttfy races (van Schoonhoven and Pastor Corrales 1987 Barrus 
1918) The reacttons of dtfferenttals were analyzed tn greenhouse and field 
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Greeobouse test F1ve seeds of each dlfierentlal were sown m 1 O cm d1ameter pots kept for 1 O 15 
days m the greenhouse at about 21 30°C Ten-day old seedhngs were moculated Wlth a two week old 
culture of Col/etotnchum /mdemuth1anum at a concentrat10n of 2xl 06 sp/ml (Barros 1918) Each plant 
was evaluated seven days after moculat10n 

F1eld test The tnal was l81d out m a RCBD w•th three rephcatlons The plots were two rows 4 m 
long andO 30m apart The susceptible checks Mextcan 142 Jalesco 33 and CUV 168 14 were sown 
every five entnes D1sease react10ns were assessed on a 1 9 scale before flowermg and at full poddmg 

Loss assessmeot 

The expenment was conducted m the field m a RCBD w1th s1x rephcatlons The susceptible cult1var 
Mex1can 142 was used Mancozeb (O 2%) was apphed as a fohar spray al 7 14 21 and 28 day 
mtervals The plot s1ze was e1ght rows 4 m long and 40 cm apart The four central rows were 
harvested D1seases were recorded on a 1 9 scale on each plot every 2 weeks followmg the first spray 
In add1t1on 16 plants were randomly selected and tagged m each plot for mtens1ve d1sease evaluatlon 
The data collected mcluded numbers of mfected leaflets and pods (total and healthy) d1sease seventy 
Ies10n number y1eld and we1ght of 100 seeds Dlfierences m y1eld were determmed accordmg to FAO 
(1971) 

Screeomg nurser1es 

F1eld expenments were carned out m 1990 and 1992 Each nursery was composed of 100 entnes w1th 
a plot s1ze of two rows 2 m long and 30 cm apart and two rephcates A susceptible cult1var (Mextcan 
142) was sown between and around the rephcatlons 25 days before the test entnes were sown morder 
lo mcrease the moculum pressure Res1stant (Red Wol81ta) mtermed1ate (Biack Dess1e) and 
susceptible (Mex1can 142) checks were sown every ten test entnes All nursenes were exposed lo 
natural mfectlon and some were also moculated w1th m1xed anthracnose populatlons D1sease 
react1ons were evaluated on a 1 9 scale before and after flowenng and al the poddmg stage 

RESULTS AND DISCUSSION 

Surveys 

Severa! d1seases were observed throughout the ma¡or bean growmg reg1ons The most common were 
anthracnose rust common bactenal bhght angular leaf spot floury leaf spot phoma bhght ascohyta 
bhght and halo bhght D1sease mc1dence was very h1gh probably due to lugh ramfall and cool 
weather cond•t•ons The mc1dence of anthracnose was part1cularly severe at Ambo and shght lo 
moderate al Awassa Areka and Debre Ze11 research centres (PPRC 1989 Stewart and Dagnatchew 
Y1rgou 1967) 

In 1990 and 1992 the survey mcluded some lowland areas of the Rtft V al ley and the Southem Zone 
mcludmg lower and m1d altltude areas (1600 2150 masl) of the Westem Reg10n The seventy of 
anthracnose was 34 3% m the R1ft valley 24 2% m the Southem Zone and 32 8% m the Westem 
Zone Rust and CBB were al lower levels The seventy of anthracnose was very lugh m the Rtft 
Valley and moderate m other reg10ns (Table 1) 
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Table 1 lnc1dence and seventy of anthracnose m ma¡or bean growmg reg10ns of Etluop1a, 1990 and 
1992 

Altltude Anthr 
Locallon (mas!) acnose Rust CBB 

R1ft Valley 

Mo¡o 1910 51 o 33 o 310 
Mek1 1690 30 o 34 o 21 o 
Z1way 1600 25 o 35 o 20 o 
Adam1tulu 1690 34 o 29 o 24 o 
Alemaya 2020 30 4 29 o 21 o 

Mean 34 3 32 o 23 7 

Soutbem zone 

Awassa 1740 22 o 20 o 15 o 
Wolwta So do 2010 25 o 35 o 15 o 
Ars• Negele 1930 25 o 23 o 28 o 

Mean 24 2 26 o 19 o 

Westem zone 

Bako 1600 21 o 34 o 20 o 
D1desa 1610 35 o 21 o 20 o 
Metu 28 o 19 o 15 o 
J1mma 2000 45 o 35 o 23 o 
Ambo 2150 35 o 30 o 28 o 

Mean 32 8 27 o 21 o 

A total of 58 •so lates were collected some from expenmental fields where many bean genotypes were 
concentrated Fanners fields were umformly sown w1th the susceptible cult1var Mel<lcan 142 The 
use of seeds from the prev1ous crop for sowmg causes the bwld up of anthracnose moculum through 
aggregallon of host crops m space and lime (Zadoks and Schem 1979) Thus over lime the 
prevalence and seventy of anthracnose have progress1vely mcreased m fanners fields and 
expenmental s1tes poss1bly accompan1ed by an mcrease m the vanab1hty of the pathogen 

Race •dentdicauon 

Races 1 3009 898 and 128 were tentat1vely 1dent1fied dunng the 1990 crop season In 1992 e1ght 
1solates were tested repeatedly on the dlfferent•al vanelles and e1ght other races were 1dentified (Table 
2) 
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Sundar reacttons were observed on MDRK PI 207 262 To and Tu for Bako 1soiates and on PI 207 
262 for Z1way 1soiates for two years In contras! Ambo and Awassa 1soiates showed d1fferent 
react1ons m both years These may be true d1fferent•al react1ons because the 1soiates were conected 
m drlferent years 11 •s also poss1bie that the •solates were heterogenous Tests wdl be repeated at 
CIAT In the fieid a lugh mc1dence of anthracnose occurred at Ambo m 1992 Ofthe I2 d•fferent•al 
cult•vars only M1chelets Comen 49 242 W1dusa and Tu (race 537) were suscept1ble m the fieid 

Table 2 Reactton of drlferenttal vanettes to anthracnose 1soiates conected from maJor bean growmg 
reg10ns of Eth10p1a m 1990 and 1992 

-- -
1990 1992 

Amb Awa Bak Z1w Amb Awa Bak ZIW Are Ada Mek Ale 
----
M•che1ets 1 S S R R s• S R R S R S R 
MDRK 2 R R S R R R S R 
Peny Marrow 4 R R R R S R R R 
Comen 49 2528 R R R R s• R R S 
W1dusa 16 R R R R s• S R S 
Kaboon 32 R R R R R S R S 
MCXJco 222 64 R S S S R S R R 
PI 207 262 128 R S S S R S S S 
To 256 R S S R R S S S 
Tu 512 R S S R s• S S S 
AB 136 1024 R R R R R R R R 
G 2333 2048 R S R R R R R R 

Races 3009 898 128 525 1009 898 
---

Amb =Ambo Awa = Awassa Bak = Bako Z1w = Z1way Are= Areka Ada = Adam1 Tulu 
Ale = Alem Genu 

Loss assessment 

The least mfectton on pods and leaflets occurred w1th the 7 days spray mterval W1th w1der spray 
mtervals the progrcss of the d1sease was also s1gruficant (Table 3) 

Table 3 Number of mfected pods and leaflets/plant 

Spray Recordmgs Infected Infected 
mtervals pods leaflets/ 
(days) 2 3 4 5 6 (%) plot 

7 o 3 8 1 3 22 33 40 26 7 32 
14 o 63 53 47 65 67 48 2 55 
21 o 52 55 52 80 80 56 9 63 
28 o 42 62 67 97 10 3 63 2 80 
Unsprayed 28 68 76 10 3 14 o 19 o 82 6 14 o 
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There were s•gntficant dúferences IR anthracnose reacllons among treatments The most frequent 
sprays cons•stently produced the least d1sease seventy and the largest y•eld Y 1eld losses were 41 1 
27 6 26 O and 22 4% for 7 14 21 and 28 days spray IRtervals respect1vely (Table 4) Losses IR 1000 
seed we1ght were also s1gntficant among the treatments rangiRg between 23 9 and 1 O 4% 

Table 4 Anthracnose scores y1elds and seed s•zes IR D1sease Loss Tnal at Ambo IR 1992 93 

Spray D1sease scores on SIX dates Y1eld Seed we1ght 
IRtervals 
(days) 1st 2nd 3rd 5th 6th 7th kglha % loss g/1 000 % loss 

7 1 2 28 20 27 27 33 1845 41 1 145 239 
14 20 30 33 30 42 42 1502 27 6 131 15 5 
21 1 7 38 35 37 48 50 1469 26 o 126 12 2 
28 23 32 42 48 51 60 1401 224 123 10 4 
Unsprayed 1 3 40 42 47 70 83 1087 110 

Screenmg nunenes 

The results of screeniRg nursenes revealed that 20 entnes exh1blled res1stance (1 3 score) to 
anthracnose These entnes were also res1stant to other fohar d1seases (rust and CBB) and the•r y1elds 
were greater than the y1elds of other entnes (Table 5) The remaiRIRg test matenals were moderately 
and lughly susceptible to anthracnose 

D1sease pressures were very h1gh m the 1990 and 1992 seasons as weather cond11lons were conduc1ve 
to d1sease development 
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Table 5 Dtsease reacttons and ytelds of entnes m anthracnose nursery at Ambo m 1990 1992 

Entnes Anth Rust CBB Y teld (g/plot) 

Cocoala creme 3 7 300 
!muna 2 4 140 
Kaboon 2 6 4 330 
Prmcor 3 3 125 
PVAD 1184 2 4 350 
PVAD 791 2 4 5 425 
ZAA5 2 2 245 
PAD 37 2 240 
A 475 2 4 135 
K2 3 5 100 
A 585 3 6 650 
A 613 3 4 290 
SUG9 2 6 120 
A 193 3 1 250 
Perry Marrow 3 2 3 300 
Ancash 66 2 1 4 395 
DAT 841 3 295 
ACV 46 2 1 215 
PVMX 1659 2 7 350 
Ecuador 1056 3 1 485 
Negro 150 1 3 345 
Mextco 235 1 5 250 
Contanex 1 3 390 
Eth JO 27 3 3 3 259 
Eth 39 2 2 3 305 
Red Wolatta 3 3 4 390 
Black Desste 5 6 2 150 
Mextcan 142 8 5 3 101 
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PERFORMANCE OF ADVANCED GENERATION BEAN LINES 

SELECTED FOR MULTIPLE DISEASE RESISTANCE 
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Department of Crup Sctence Untverstty of Natrobt 
Natrobt Kenya 

ABSTRACT 

Ftfty common bean (Pha.uolus vulgaru L ) hnes were selected from populatlons created from 
crosses among seven parents mcludmg four popular culhvars (GLP 2) GLP 288 (Rosecoco) 
GLP 24 (Canad1an Wonder) and GLP X 92 (Mw1temama!Pmto type) The parents d1ffered m 
reststance to sorne of the most tmportant bean dtseases of eastem Mnca (rust Uromyces 
pha.Jeolt (Rebe) Wmt angular leaf spot Phaeorsartopsu grueola anthracnose Colletotrrchum 
lmdemuthtanum halo bhght P.Jeudomonas syrmgae pv pha.uoltcola bean common mosatc 
VIJ'US (BCMV) and common bhght Xanthomona• campe.tru pv pha.eolr (Sm1th) Dye) yteld 
matunty and seed and morphologtcal charactenshcs Selected lmes from the nearly 
homozygous F 7 F 1 and F, generahons were evaluated al five locatwns between 1989 and 1992 
under both artllictal moculahon and natural eptphytohcs The lmes showed cons1derable 
vanahon m dtsease reactton matunty yteld and seed charactensttcs Ten early (80 85 days) 
20 medturn (86 95 days) and 20 late (> 96 days) matunng lmes wtth ytelda of over 2 t gtam 
ha 1 and supenor to local commerctal culttvars were finally selected These hnes combmed 
reststance to three or more dtseases wtth preferred seed charactensttcs 

INTRODUCTION 

Most bean culttvars currently grown m eastem Afnca are suscepttble to one or more d1seases (Kunam 
el al 1990) When such culhvars are grown m areas where the dtseases are endem1c thetr ytelds are 
dramaltcally reduced (Gndley 1990) Dtsease mctdence and seventy tend to vary among locattons 
and seasons Because of the Wlde range of chmatJc condtttons 11 1s dlflícult to breed culhvars su1ted 
to every regton Culttvars Wlth Wlde adaptabl11ty and wtth res1stance to the m&Jor d1seases can stabthze 
y1elds m a Wlde range of env1ronments Relat1vely hUle work has been done m the reg10n to develop 
bean culltvars Wlth multtple reSJStance In recen! years natJOnal programs have started development 
of bean populaltons Wlth reSJStance to spectfic maJor dtseases such as common bactenal bhght 
(Musaana and Opto 1990) rust (Assefa 1990) phoma bhght (Sengooba and MaJe Kay1wa, 1990) 
and bean common mosmc vtrus (Owera, 1990) for utthzatton m the whole regton CIAT has made 
constderable efforts to 1denhfy and mcorporate reststance mto breedmg lmes wh1ch have been 
dtstnbuted m dtsease nursenes for evalualton by nahonal programmes for res1stance to prevalen! 
pathogens (Gndley 1990) Lmes w1th reststance to common bactena bhght halo bhght and rust from 
such nursenes have been tdenttfied m test s•tes m Uganda Confmned sources of res1stance are 
mtended for uhhzalton m developmg mult1ple reststant cult1vars ICJman• el al (1990) selected several 
F, and F, lmes combmmg reststance to three or more d1seases acceptable seed charactenshcs and 
yteld potenhal from populattons created from a seven paren! dtallel cross The purpose of thts paper 
ts to descnbe the performance of advanced generatton !mes from these selechons w1th respect to 
dtsease reachon yteld and related trmts 
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MATERIALS AND METHODS 

Over two hundred F, and F, !mes selected from nme populat10ns were grown m nme envrronments 
between 1988 and 1992 m Kenya These !mes were denved from crosses among four commerc1al 
cult1vars GLP 2 (Rosecoco) GLP 288 (Rosecoco) GLP 24 (Canad•an Wonder) GLP X 92 
(Mw1temarua) one lme developed through mutation breedmg (M 535) one recently mtroduced wlute 
seeded breedmg lme (L 226 10) and a local black seeded landrace (NB 123) In add•tion 30 advanced 
!mes (M9 and MIO) denved from urad1ated seeds of Canad1an Wonder were mcluded (Kunaru 1988) 
D1sease and y•eld charactenstics of the parental !mes and the1r F 1 to F, generations have been 
prev10usly descnbed (K1maru el al1990) Popular local cultivars (GLP 2 GLP 24 and GLP X 92) 
were used as checks 

The !mes were grown at Kabete dunng the 1988 short ram season and the 1989 and 1990 long rwn 
seasons In 1991 they were grown at Kabete (Nwrob• d1stnct) Tluka (Muranga d1stnct) Manmant• 
(Meru d1stnct) and Rongw (Nakuru d1stnct) durmg the long rwn season and at Kabete and T1gom 
(Klambu d•stnct) dunng the short rwn season They were also grown at Kabete durmg the 1992 long 
rwn season The tnals were arranged m a random•zed complete block des•gn With four repbcates 
Each plot cons1sted of four rows 5 m long Spacmg was 50 cm between rows and 1 O cm w1thm rows 
100 kg ha 1 d1ammomum phosphate (18% N and 45% P,O,) was appbed at planbng Plots were kept 
weed free by hand cultivattOn Seeds harvested each season were used for sowmg m the next season 

Plots were rated for react10ns to rust BCMV angular leaf spot anthracnose and halo bbght pathogens 
From 1988 to 1990 d1sease assessment was based on natural ep1phytotics In 1991 and 1992 the tnals 
were also artlfícially moculated w1th all the five pathogens To ensure that the matenals were 
subjected to a w1de vanety of ex1stmg pathotypes 1solates were gathered from dlfTerent bean growmg 
areas m Kenya The •solates were multipbed separately and m1xed before moculabon Procedures for 
pathogen Jsolation multipbcation and moculation were descnbed prev1ously (KIDlaru el al 1990) 
CBB) was rated only m 1989 1991 and 1992 A 1 9 d1sease seventy scale was used wluch 
corresponds to the 1 5 scale descnbed prev10usly ( 1 2 3 4 and 5 corresponds to 1 3 5 7 and 9 
respectively) (KIDlani el al 1990) D1seases were assessed about 21 days after moculabon (R6) and 
at m1d pod filbng (R8) The larger of the two rabngs was taken as the fmal score Ten randomly 
selected plants m each plot were tagged and assessed for d1sease seventy on leaves (R6 stage) and 
on pods (R8 stage) Susceptible plants and/or !mes and those With other undemable characters were 
d1scarded Grwn y•elds and times to flowenng and matunty was recorded on the mner two rows of 
each plot A random sample of 100 seeds from each plot was used to determme seed s•ze 

Data was analyzed on md1v1dual s•te bas•s to determme 1f they were any s1gmficant genotyp•c 
dlfTerences A combmed analys1s was performed accordmg to procedures outlmed by Gomez and 
Gomez (1984) each locat•on m a particular year and season bemg cons1dered an envrronment 
Genotypes were cons1dered fixed and env1ronments random Protected least s1gmficant dlfferences 
(PLSDs) were used for means separation Matunty groups were analysed separately 

RESUL TS AND DISCUSSION 

AnalySIS of vanance showed that there were s•gmficant d•fferences m matunty d1sease rabng seed 
charactenstics and y1elds among !mes and env1ronments (Table 1 2 and 3) Of the two hundred !mes 
evaluated for mne seasons 50 were finally selected for comb1nmg desrrable seed charactenstics 
d1sease res•stance and y•eld Segregation for vanous characters decreased cons•stently as the matenals 
were advanced from F, generation and had v•rtually ceased by the F 9 and F 10 generabons The selected 
!mes ongmated from 14 of the 36 F 2 populations 
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Table 1 Oays to flowenng and matunty seed types and s1zes d1sease ratmgs and gram y1elds of ten 
early matunng bean lmes and culllvars grown m mne envrronments m 1988 92 

We1ght 01sease ratmgs (means 4 worst seasons) Gram 
Lmes/ Seed of 100 y1elds 
culllvars OFF OM type seeds (g)BCMV HB CBB Anth Rust ALS (kg/ha) 

K1/6A 42 81 RC 518 o 1 5 1 1 35 1 6 54 2158 
K1/9A 40 83 RC 55 6 o 20 1 o 1 9 33 44 2172 
K1/12A/2 45 83 RC 60 4 o 1 5 1 1 2 1 30 45 2484 
K1/13A 111 43 84 RC 521 o 30 1 o 20 21 55 2210 
K1/26B 43 81 RC 60 8 o 20 1 o 36 26 5 1 2721 
K1121A/1 42 83 RC 513 o 1 5 1 o 1 1 1 5 51 2260 
KI5/IAI 42 83 RC 515 o 25 1 o 3 5 40 3 1 2228 
KI5/2A/I 42 83 RC 51 9 o 25 1 1 31 45 48 2310 
KI5/6C 1 44 83 RC 515 o 25 1 1 45 3 8 48 2172 
KI5/7A 42 83 RC 58 5 o 25 1 1 4 1 55 53 2232 
GLP 2 45 81 RC 55 1 41 36 30 26 31 40 1781 
GLP 24 49 96 cw 41 o 45 38 22 49 28 24 1806 
GLP 92 41 91 MW 42 o 69 28 1 o 55 82 4 1 1435 
Mwen Moja 39 85 MM 44 o 32 60 1 o 32 20 51 1372 
LSO (P<O 05) 3 4 3 1 99 1 1 1 2 1 o 23 1 7 23 1079 

OFF = number of days to flowenng OM = number of days lo matunty HB = halo bhght CBB = 
common bactenal bhght Anth = anthracnose ALS = angular leaf spot RC = Rosecoco cw = 
Canad1an Wonder MW = Mw1teman1a MM = Mwen Moja RH = Red Hancot = checks 

Matunty 

The selected lmes were classlfied early med1um and late based on flowenng and matunty data The 
early group matured m 80 85 days and flowered m 40-44 days (Table 1) Med1um matunty )mes 
flowered m 49 52 days and matured m 86 95 days (Table 2) wlule the late group also flowered m 49 
52 days but matured m 96 100 days (Table 3) Times lo flowenng and matunty vaned w1th locat10ns 
and seasons Of the 50 selected lmes ten were early matunng and there were 20 each m the medmm 
and late matunng groups Van Rheenen el al (1984) reported the durat1on of flowenng and matunty 
m four bean culllvars (GLP 24 GLP 92 and GLP 1 004) released through the gram legume project 
and currently grown commerc1ally m Kenya Mwen Moja (GLP 1004) was the earhest flowenng m 
39 days and maturmg m 85 days The new early matunng lmes compare favourably w1th tlus cultivar 
Under the proposed matunty classlficallon of the new bean lmes GLP 2 (Rosecoco) GLP 24 
(Canad1an Wonder) are med1um matunng wh1le GLP 92 (Mw1teman1a) 1s late maturmg Mwen Moja 
falls m the early maturmg category The early matunng cult1vars are recommended for sem1 and and 
med1um ramfall areas where the growmg season 1s short However they also can be grown durmg the 
short ram season m areas w1th b1modal ramfall thus ensunng two crops per year The med1um 
matunty culllvars such as GLP 24 are recommended for med1um ramfall areas only (Van Rheenen 
el al 1984) The later matunng cultiVars such as GLP 92 and some med1um durahon culllvars 
espec1ally GLP 2 are recommended m h1gh ramfall areas In pract1ce these culllvars are often grown 
outs1de the recommended areas due to local vanab1hty m chmahc cond11lons espec1ally the length 
of the growmg season prevalen! d1seases strong preferences for certam seed types and y1eld 
performance The constramts are hkely to be overcome w1th the new Imes wh1ch showed cons1derable 
vanab1hty m seed charactensllcs and d1sease res1stance and Wlde adaptab1hty 
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Table 2 Days to flowenng and matunty seed types and sizes disease ratmgs and gram yields of 20 
medmm matunng bean lmes and culllvars grown m rune enVJronments m 1988 92 

Weight Disease ratmgs Gram 
Lmes/ Seed of 100 yields 
cultivars OFF DM type seeds (g)8CMV H8 C88 Anth Rust ALS (kg/ha) 

Kl/28/1 49 86 cw 43 4 o 35 1 1 49 26 3 1 2555 
K6/68 11 49 90 RC 45 7 o 1 o 1 2 23 4 1 35 2572 
K6/108 51 93 cw 41 6 o 1 5 1 o 1 5 30 29 2367 
K7/68 1 46 86 RC 62 7 o 1 o 1 o 25 2 1 64 2836 
K7/268/l 51 88 RC 42 8 o 20 1 o 27 24 49 2447 
K8/248 51 95 MW 35 9 1 5 26 1 o 26 3 5 55 1947 
K13/IA 11 50 88 cw 46 2 o 27 1 o 3 8 36 32 2610 
K13/98 51 93 MM 53 4 o 1 5 1 1 29 27 26 2372 
Kl5/IA 51 89 MW 35 9 35 2 5 1 o 36 3 5 47 2039 
Kl9/4A 49 88 cw 41 6 o 1 o 1 o 1 9 30 2 5 2626 
Kl9/4C 51 93 MM 53 3 o 1 5 1 o 24 1 7 39 2921 
Kl9/22A 1 51 93 RC 53 3 o 1 o 1 o 1 9 29 27 2754 
K19/38A 49 88 RC 51 1 o 1 1 1 1 2 1 37 28 2660 
K21/46A 11 51 93 cw 49 7 o 26 1 o 23 55 27 2465 
K25/13A 52 88 RC 38 2 1 o 25 1 1 2 1 3 8 36 1808 
K33/38A 51 86 RH 40 7 o 25 1 o 29 22 1 3 1920 
K33/388 51 86 RH 47 1 o 2 5 1 o 35 2 5 2 1 2192 
M262/16 52 90 cw 34 3 o 1 5 1 o 26 24 23 2874 
M355/l 50 88 cw 38 9 o 25 1 1 39 2 1 35 2810 
M355/27 49 93 cw 46 2 o 26 1 o 3 8 1 5 32 2702 
GLP 2 45 87 RC 55 1 47 36 30 26 37 40 1781 
GLP 24 49 96 cw 41 o 45 3 8 22 49 28 24 1806 
GLP 92 41 97 MW 42 o 69 28 1 o 55 82 4 1 1435 
MweZI MoJa 39 85 mm 44 o 32 60 1 o 32 20 57 1372 
LSD (P<O 05) 3 3 22 77 1 1 08 09 1 2 1 6 1 4 1262 9 

Footnotes as for Table 1 

Dise85e reactions 

All the lmes were rated resistan! lo 8CMV except the late matunng Kl5/IA wluch was rated 
mtermediate (Table 3) Most plants susceptible to 8CMV did not flower or produce seed and were 
therefore ehmmated through nal11ral or objectJVe selectiOn Consequently susceptJble plants or !mes 
which were easily Idenllfied decreased considerably m more advanced generallons For the purpose 
of fungal and bactenal disease evaluation grades 1 3 were considered resistan! 4-6 mtermediate and 
7 9 susceptJble All lmes showed lugh levels of resistance to halo bhght (Pseudomonas synngae pv 
phaseohcola) and common bhght (Xanthomonas campesiTIS pv phaseoh (Smith) Oye) except the 
medium matunty K 1128/1 and the late mallmng K3/28/2 which showed an mtermediate reacllon 
Reacllons lo Col/etolrlchum lmdemuth1anum (anthracnose) vaned among selected lmes Among the 
early matunty group K7/27A/l K7/13A III K7/9A and K7/12A/2 were rated resistan! to anthracnose 
All other early matunng lmes showed mtermed1ate levels of res1stance Fourteen medium and 15 late 
matunng lmes were resistan! to anthracnose wtth the rest showtng mtermediate resistance Six 13 and 
11 early medium and late matunty !mes respecllvely were rated resiStan! to rust (Uromyces phaseo/1 
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(Rebe) WIDt) The early matunng liDes K7/6A K7/27A/I the me<hwn matunng lmes KI9/14C and 
the mutatton breediDg denved lme (M355/27) as well as the late matunng K23/19C M335/21 and 
M355/2 showed outstandiDg reststance to rust both under artúíctal IDOculatton and natural eptphytottcs 
Most liDes showed IDtermedtale levels of reStStance to angular leaf spot (Phase01sanops1s gnseolo) 
Only one IIDe (KIS/IAI) was rated reststantlo thts dtsease among the early matunty group (Table 1) 
There were 12 medtwn and 6 late matunng lmes reststant to angular leaf spot The medtum matunty 
IIDe K33/38B showed outstandmg reststance lo angular leaf spot In all cases the lmes showmg htgh 
suscephbthty lo any dtsease were dtscarded dunng the select10n process However remnant seeds of 
liDes showmg outstandmg reststance to parttcular dtsease(s) and or other des .rabie attnbutes were 
relamed for future breediDg work 

The results IDdtcated that the selected lmes have reststance to the maJor dtseases of beans m Kenya 
and lo a large extenl ID eastem Afnca where the same dtseases are prevalen! The check culttvars 
whtch were also used as parents ID crossiDg blocks showed suscepltbthty to vanous dtseases (Ktmanl 
el al 1990 Van Rheenen el al 1984) GLP 2 (Rosecoco) perhaps the most popular bean culuvars 
ID Kenya 1s suscephble lo angular leaf spot and moderately suscepuble lo rust and halo bhght (Tables 
1 2 and 3) but 1s restslant to BCMV and anthracnose Van Rheenen el al (1984) rated Canad1an 
Wonder (GLP 24) as very suscepbble lo rust 1Diermed1ate m reststance to halo bhghl and moderately 
suscepltble to BCMV On the bas1s of tnals conducted between 1974 and 1978 11 was rated reStStant 
to anthracnose and angular leaf spot GLP 92 (Mw¡teman1a) although a good y1eldmg vanety wtth 
wtde adaptahon !S very suscephble to rusl BCMV and anthracnose but restslant lo halo bhght MweZl 
Moja (GLP 1004) a popular bean culltvar ID dner and med1wn ramfall areas 1s suscephble to halo 
bhght and angular leaf spot GLP 288 1s suscephble to rust and angular leaf spot 11 appears that the 
reststance to spectfic dtseases ID the parental culltvars was successfully transferred to the.r progen1es 
and effecbvely selected for ID advanced general1ons For example the reststance to BCMV rust and 
anthracnose ID the early matunng lmes wh1ch were denved from GLP 2 and GLP 288 can be 
attnbuted lo GLP 2 However the 1Diermed1ate ral1ngs of angular leaf spot m ay be due to the fact that 
both parents had moderate to low levels of res1stance to th1s pathogen 11 1s also poss1ble that 
res1stance lo thts d1sease 1s govemed by more than one gene and combmahon of d1fferent alleles from 
the two parents leads to 1mproved restslance as ts ev1dent for KI5/IAI (Table 1) lt ts also clear that 
the selected lmes have better levels of res1stance to most d1seases than the commerc1al cult1vars 
D1sease seventy was generally greater m the wetter seasons 

Seed cbaractenstJcs 

The phys1cal appearance of bean seeds 1s of great ~mportance to traders and consumers For example 
Rosecoco beans wtth large red flecks on cream are attracltve m appearance to many customers and 
usually fetch the htghest pnces m wholesale markets m urban areas m Kenya Recent stud1es (Munene 
1992) showed strong preference for Rosecoco beans m many areas m Kenya Seed charactensbcs were 
therefore cons1dered 1mportant dunng selecbon The four mam commerc1al bean cult1vars d1ffer m 
the.r seed charactensbcs and can classlfíed broadly mto five categones 

Rosecoco type (red flecks on cream) such as GLP 2 and GLP 288 
Canad1an Wonder type (purple) such as GLP 24 
Mwttemarua or P1Dto type (whtte flecks on black) such as GLP 92 
MweZt Moja types (gray1sh wtth wh1te flecks) 
Red Hancot types wtth sohd red colour 
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Table 3 Days to flowenng and matunty seed types and s1zes d1sease ratmgs and gram y1elds of 20 
late matunng bean lmes and culllvars grown m nme env1ronments m 1988 92 

We1ght D1sease ratmgs Gram 
Lmes/ Seed of 100 y1elds 
cult1vars DFF DM type seeds (g)BCMV HB CBB Anth Rust ALS (kglha) 

K/28/2 51 99 CW 40 2 o 36 1 4 2 1 25 26 2783 
Kl3/5B 1 51 98 RC SS 9 o 2 1 1 2 3 1 30 44 2341 
Kl3/26B 51 98 RC 51 8 o 2 1 1 o 28 3 5 54 2436 
K13/26C 50 96 RC 54 9 o 1 6 1 o 26 40 49 2552 
Kl3/27A 51 98 RC 65 1 o 2 1 1 o 1 8 50 44 2734 
Kl3/27A/l 52 97 cw 509 o 2 1 1 1 30 50 49 2560 
K21/24A 50 98 RC 47 2 o 25 1 o 38 42 44 2465 
K21/46A 51 96 cw 45 9 o 25 1 o 2 1 S S 4 1 2725 
K23119C 52 97 RC 46 S o 20 1 o 1 7 1 7 49 2418 
K23/21 52 98 CW 39 7 o 20 1 o 1 6 33 40 2402 
K23/28C/3 52 98 RC 50 3 o 25 1 1 22 32 40 2171 
K28/29A SI 97 cw 39 9 o 1 o 1 o 36 45 26 2610 
K28/33B 1 52 99 CW 37 S o 20 1 2 30 36 23 2752 
K29/6C 1 52 99 MM 38 3 o 20 1 1 26 27 47 2140 
K29/36D 1 51 98 CW 50 6 o 20 1 1 3 8 42 40 2488 
K33/28C 11 51 98 RH 354 o 20 1 o 2 1 3 1 30 2106 
M262/13 52 98 CW 37 3 o 20 1 1 32 3 1 30 3406 
M262/35 52 98 cw 39 8 o 1 1 1 1 23 30 28 3496 
M355/21 50 97 CW 43 7 o 25 1 1 42 1 8 40 3388 
M355/22 49 96 cw 43 1 o 26 1 1 38 1 4 40 2597 
GLP 2 45 87 RC 55 1 47 36 30 26 37 40 1781 
GLP 24 49 96 CW 41 o 45 3 8 22 49 28 24 1806 
GLP 92 41 97 MW 42 o 69 28 1 o 55 82 4 1 1435 
Mwen Moja 39 85 MM 44 o 32 60 1 o 32 20 57 1372 
LSD (P<O 05) 3 3 25 85 09 09 06 09 1 8 1 5 1399 o 

Footnotes as for Table 1 

Detaded descnpllons of these seed types were prov1ded by van Rheenen (1979) AH the early matunty 
lmes were Rosecoco type but dúfer m mtens1ty and pattem of the mam seed colours They are also 
large seeded (50 6Ig/IOO seeds) The med1um matunng lmes have seed types of five categones 
Canad1an Wonder (8) Rosecoco (6) Mw1temarua (2) Mwen Moja (2) and Red Hancot (2) (Table 
2) Flfleen have large seeds (>40g/IOO seeds) and five med1um s1zed seeds (30-40g/IOO seeds) Among 
late matunng lmes 11 are Canad1an Wonder type 7 are Rosecoco and each of Red Hancot and 
Mwen Moja Of the twenty lmes 14 are large seeded and 6 have med1um s1zed seeds 

GraJO y1elds 

The fifty lmes also were selected on the bas1s of therr average y1eld over the nme env1ronments AH 
the lmes selected except K33/38A and the K25/13A had y1elds over 2 t ha 1 generally heav1er than 
the check cult1vars K33/38A a med1um matunty lme was selected because of 1ts seed charactensllcs 
(Red Hancot type) and lugh levels of d1sease res1stance espec!ally to angular leaf spot and C B B 
There were s•gruficant dúferences among lmes and env1ronments Generally all lmes gave heav1er 
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ytelds dunng the long ram season than the short rams Buruchara and Tyagt (1979) also reported 
better ytelds dunng the long ram season probably due to better m01sture supply Although relattvely 
htgher dtsease levels were recorded dunng the wetter seasons yteld reductton was mmtmtzed by 
reststance to vanous dtseases Average yteld was greatest among the late matunng group (2628 3 kg 
ha 1

) and poorest among early matunng !mes (2363 6 kg ha 1
) Two early matunng !mes K7/6A and 

K7/26B produced ytelds over 2 600 kg ha 1 Three late matunng !mes (M262/13 M262/35 and 
M355/21) denved from trradtated Canadtan Wonder (GLP 24) had ytelds over 3 t ha 1 

The results of thts study mdtcate that select10n for tmproved dtsease reststance seed charactensttcs 
and gram yteld was effecttve Thts ts tJDportant m vtew of the fact that dtseases are a maJor hmttmg 
factor to producttvtty m farmers fields m thts regton (Ktmant et al 1990) However reststance 
wtthout constderatton for consumer preferences for seed charactensttcs would constram raptd adoptton 
of the promtsmg !mes when they are released Thts aspect also was constdered The hnes were 
screened under a wtde array of growmg condtttons and therefore exposed to the v anous strams of the 
maJOr pathogens whtch are known to extst The next part of thts work wtll mclude on farm tests and 
evaluatton of consumer preference and cookmg qualtty pnor to release of the new vanettes The 
selectton of !mes of dtffenng matunty wtll help to develop culttvars swted to dtffenng lengths of 
growmg season 
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DISCUSSION SESSION 111 BREEDING FOR DISEASE ANO INSECT RESISTANCE 

Cbatr M Ftscbler Rapporteur A F Opto 

Paper by Tberesa Sengooba 

Bu ruchara Is the ongiR of the straiRs of BCMV found on wtld host plants known? 

Sengooba The studtes camed out IRdtcate that the straiRs ongiRated most hkely IR the reg10n but we 
are not sure yet Therefore we call them BCMV hke tsolates Further studtes are necessary 

Paper by W Songa 

AJanga OngiRally you used severa! tsolates but IR the end you were USIRg only one Where dtd tlus 
tsolate ongiRate? Why are you now USIRg only one tsolate to test for reststance ? 

Songa The tsolate used was from dry bean 1 IRtended to narrow the volume of germplasm before 
multtlocallonal testJRg IR the regton where a mtxture of IRdtgenous tsolates wtll be used 

Bu ruchara The obJecltves of your sub proJect are to develop swtable screemng methodology screen 
germplasm for reststance and develop a regtonal nursery What ts the hnk between these objecttve 
and utdtzalton of thetr results by breeders? 

Songa 1 should have saJd at the begmmng that germplasm screemng ts conducted IR close 
collaboratton WJth the breeder The reg10nal nursery ts for the purpose of etther releasiRg tdenttfied 
reststant culttvars straJght to farmers tf they have other acceptable agronomtc characters or for use as 
sources of reststance IR the breediRg programme The next eructa! step after estabhshiRg the regtonal 
nursery ts to JRJUate a breediRg programme for the development of reststant vanettes and therefore 
a seed based technology to manage the dtseases 

Opto Why dtd you use only one tsolate IR the evaluatJOn of IRoculatton methods? Yet tt has been 
reported that there are IRteracltons between tsolates and IROculatton methods 1 assume you wtll be 
evaluattng bean germplasm after your IRoculalton studtes 1 suggest that IRStead of USIRg one tsolate 
(tsolate 1 O) use a mtxture of tsolates otherwtse you m ay get escapes 

Songa 1 used one tsolate (tsolate 1 O) whtch 1 found very pathogemc and a fast grower on arttfictal 
medta to reduce the germplasm for subsequent screemng PromtsiRg genotypes selected for multJ 
locattonal testJRg wtll then be re screened usiRg tsolates IRdtgenous to the test locatton A SIRgle 
tsolate ts sattsfactory for developiRg an effecttve IROCulatton method siRce 1 was usiRg a known 
htghly suscepttble genotype for the expenment Your suggestton to use a mtxture of tsolates whtle 
evaluatJRg germplasm to avotd escapes ts well taken 

Sengooba In field screenmg wtthMacrophomma phaseolma don t you somettmes have comphcattons 
from other root rol pathogens? How do you handle thts problem? 

Songa Each genotype ts grown IR double rows and the control row ts used for correctJon SIRce 
dtseases other than Macrophomma phaseo/ma should mfect the control as well Indeed 1 agree WJth 
you that when many other root rots are IRvolved the evaluatJon ts far from easy and can be 
unrehable 
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Tesfaye Besb1r 1 suggest use of m1xed 1solates for screemng for res1stance lo M phaseolma because 
otherw1se you m ay lose the best genotypes 

Paper by Tesfaye Besb1r 

M1t1ku Halle In your conclusmn you md1cated that the d1sease pressure 1s expandmg from year to 
year ls tlus because you are explormg areas h1therto unsurveyed or because susceptible vanetles are 
bemg mtroduced m prevmusly surveyed areas? 

Tesfaye Besb1r D1sease pressure 1s mcreasmg m prevmusly surveyed areas because farmers use the1r 
own mfected seeds from season to season 

Seogooba Is there any breedmg effort to combat anthracnose m Eth10p1a? Th1s 1s a d1sease where 
sources of res1stance are fauly well documented and there 1s a need lo concentrate on breedmg for 
res1stance whde the patholog1st concentrates on collectlon of 1solates and study of the1r vanatlon so 
that he can subsequently play a ma¡or role m evaluatmg breeders matenals 

Tesfaye Besb1r So far we do not have any hne bred for reSIStance to anthracnose m Eth10p1a We 
pass res1stant vanetles lo the breeders for future use and make a strong follow up on th1s 

M1t1ku Halle We have been mformed that a vanety wh1ch was res1stantto a certam 1solate m severa! 
locatlons •s now breakmg-down Th1s 1 beheve 1s a challenge to breeders and patholog1sts Would you 
comment on how th1s vanety wh1ch 1s cons1dered lo be res1stant m Latm Amenca Afnca and many 
locatlons m Eth10p1a succumbed only m one s1te al Sodo? 

Tesfaye Besb1r Th1s can be answered only by collectmg races from dúferentlocatlons and 1D1prov1ng 
screemng techmques 

Paper by F Malum 

Racb1er Why d1d you choose lo use only 98 genotypes whde there are many more genotypes al 
Th1ka? 

Malun1 1 dec1ded lo work w1th a hundred !mes lo start w1th because th1s number 1s manageable As 
sorne of these are re¡ected as susceptible other !mes wdl be tested 

Bu ruchara You d1d not show whether and how your research act1v111es w1ll prov1de serv1ce lo other 
researchers who are mterested to know whether the1r matenals are res1stant lo angular leaf spot? 

Malum 1 w1ll be collaboratmg w1th other sc1ent1sts m the reg1on whereby they can send me the1r 
matenals for testlng Already 1 am collaboratmg w1th the un1vers1ty of Nwrob1 and we are testmg 
dúferent !mes for res1stance to ALS as well as other d1seases Sc1ent1sts mterested lo know whether 
theu matenals are res1stant lo ALS w1ll be welcome lo send them lo me for testmg 

Op10 Is your sub pro¡ect only for Kenya or the whole of eastern Afnca? 

Malum The sub pro¡ect covers the whole of eastern Mnca 
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Paper by P M K1man1, A W Mwang'ombe and J W KlmenJu 

Gndley Do you now have suffic1ent mformat1on for release of the supenor !mes tested m your 
programme? 

K1man1 Y es to a large extent but we would st1ll hke to evaluate them under a WJder range of 
cond1bons mcludmg on farm tnals m the next three seasons m all seven provmces of Kenya 

KanyagJa In your presentabon you swd you have found some vanebes wluch are res1stant to 
parbcular d1seases and some are lugh y1elders Are you gomg to mclude farmers m your on farm 
tnals? 

lúman1 We are gomg to start soon 

Musb1 In your presentat1on you menlloned that m some locabons you fwled to moculate the plants 
How sun1lar are the two seasons m those env~ronments where you couldn't artúic1ally moculate? 

K1man1 Locat1ons were clustered accordmg to cond1bons and to artúic1ally moculate one that 1s 
representat1ve There 1s more d1sease m wetter seasons 

Tenaw Workayebu More than one d1sease was observed m the same plants In your study d1d you 
study the d1seases separately or together? 

K1man1 In the IRJtial stages (F, F,) we rated d1seases separately and then we used mulbple 
moculabons for selected lmes 

Burucbara Do you tlunk that farmers need to be mtroduced earher m your breedmg process? Has 
your evaluabon been based on farmer managed or on stat1on cond•bons ? 

Kiman• Y es but the •ssue 1s how early 1 th1nk a breeder should develop the matenals lDlbally and 
consult WJth farmers on •ssues of mterest wluch he m ay not be sure about (e g seed types preferences) 
but actual testmg of !mes m farmers fields should come much later when the number IS reduced 
Evaluallon has been done on stabon We plan to test the selected !mes m farmers fields under 
monocrop and assoc1ated croppmg Th1s WJll help Idenllfy wluch !mes are swted to specific croppmg 
systems 

Otsyula Are you gomg to use zonal means or rely on nabonal mulll locabon tesllng only? Don't you 
th1nk that 1f locat•ons are very vanable the means m1ght be m1sleadmg? 

K1man• The fmal evaluallon wiii be based on spec1fic agro-ecolog•cal zones to determme wluch 
cultivars are best m those areas 1 e specific adaptab1hty It wiii be of mterest to see ñ any of the !mes 
have general adaptab1hty 

Op10 Wh1ch 1solate of Xanthomonas campestns pv phaseob (causal agent of CBB) d1d you use m 
screemng your crosses ? 

Ktman• We used a mixture of •solates from dlfferent bean growmg areas 
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Geoeral dtscusston 

P M Klm8Dt There ts on gomg debate whether to 8IDI at smgle gene reststance or polygeruc 
(honzontal) reststance Expenence m other crops shows that polygeruc reststance ts more durable If 
lmes are screened m a range of dlfferent envwnments we can assume that we test for durable 
reststance 

Musa8Da Pathologtsts should tsolate and culture the partJcular tsolate (race) that has mfected the 
donor paren! Thereafter exJstmg sources of reststance have to be screened agamst tlus partJcular race 
and ú any prove reststant to tt use gene pyramtdmg or back crossmg to wprove that wportant donor 
paren! whtch has broken down 

Opto From expenence wtth BCMV CBB and now anthracnose Etluopta seems to be very dúferent 
as far as tsolates of pathogens are concemed (e g necrobc 8trams of BCMV are present m most 
countnes of Afnca but are absent from Etluopta some very aggresstve strams of the CBB pathogen 
are only found m Etluopta but not m other Afncan countnes one vanety wluch t8 reststant to all races 
of the anthracnose pathogen t8 suscepbble m Etluopta) 1 suggest that the breeders treat Etluopta as 
a spec1al case when breedmg vanebe8 for the whole regton 

Seogooba It seems that much work ts gomg on m parallel at tlus moment (e g crop los8 studtes 
carned out for each cbsease) Much bme and mformabon ts lost There 1s a need for a closer 
collaborat1on amongst patholog1sts and between breeders and patholog1sts 

Commeot There are some problems of coordmabon and exchange of mformabon Valuable lmes are 
lost because they prove to be suscepbble to a plll'tlcular cbsease but other useful agronom1c trwts are 
not cons1dered 

Gndley 1 thought th1s problem was dtscussed before Agronomtc trwts are recorded the same bme 
as d1seases are scored 

Mus88Da (Maktnt paper) ALS comes m very early m Uganda One hundred lmes 18 not enough for 
tnJbal screenmg there should be about a thousand lmes 1 suggest you contact other countnes m 
order to obtam more lmes for screenmg 

Musbt What 1s the ongm of GLP 2? 

Musaana GLP 2 ongmally came from Uganda, where 1t 18 called K20 lt was released m Uganda 
m 1968 at F 8 stage 

Burucbara ls there a need for closer mterrelabonslups among the sub proJects workmg on d1seases? 

Klrkby 1 suggest that tlus 1m portant pomt should be dtscussed m the workmg group on Thursday 

Opto Each sc1enttst workmg on a plll'tlcular dtsease 1s carrymg out crop loss studtes Can we develop 
a standarcbzed procedure/methodology to assess crop loss due to d1seases at the farm leve) 

Rono Y es but we should frrst screen !mes at hot spots for each cbsease separately m order to have 
a base 
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Bu ruchara Dtseases must ftrSt be pnonttzed accordmg to tmportance for each envuonment so we 
have to evaluate each dtsease separately m order to estabhsh tite relattonshtp between dtsease level 
and yteld loss At farm level we face a mtxture of dtseases and tite questton ts whetlter we can tdenttfy 
a common metltodology to assess yteld loss 
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SESSION IV INTEGRATED MANAGEMENT OF DISEASES AND PESTS 

BEAN RUST IN EASTERN AFRICA 
RESEARCH RESULT HIGHLIGHTS 1990-1992 

Habtu Assefa 

lnsbtute of Agncultural Researcb, Nazretb, Etb10p1a 

ABSTRACT 

Bean rust IS a wtdespread and economtcally tmportant dtsease of beans m Afnca A survey 
of farmers fields prov1ded mfonnahon on the relattve •mportance of ru~t m a mulhplc 
pathosystem where other fohar dtseases co ex1st Crop loss stud1es suggcst thc damagmg 
potenhal of rust espec1ally 10 suscephble entnes The effechveness of vanetal mtxlurcs m 
reducmg d1sease ep1dem•cs and the vanab1hty of genotypes for components of parhal 
res1stance suggest means of future rust control strateg1es Future stud1es necd to addrcss 
researcb arcas such as the effects of mtercrops htological control phystologJc races and 
peñonnance of rust res1stant entnes across reg10ns Understandmg of rust cpidemtology m 
these and other areas should fonn a bas1s for developmg an effechve mtegratcd rust 
management strategy 

INTRODUCTION 

Numerous bean dtseases are reported ID Afnca, among wh1ch bean rust caused by Uromyces 
appendzculatus has a w1de geograph1c dtstnbutlon (W al lace 1939 Leakey 1963 Howland and 
Macartney 1966 Edje el al 1973 Wamoelo 1973 Patel 1975 Allen 1983) Research IDfonnalton 
on the eptdem10logy of bean rust and understandiDg of bean rust status under farmers c~rcumstances 

IS badly needed 

Lack of knowledge of the geograpluc d1stnbutlon of bean rust 1ts relahve 1mportance vzs a vzs other 
follar d1seases ec:onom1c 1mportance phys10logtc races b10log•cal control and ep1dem•c development 
ID vanetal mixtures and ID IDtercrops has restncted the development of res1stant vaneltes w1th w1de 
adaptaUon potenllal 

Bec:ause of th1s a rust sub projecl was proposed ID 1987 to understand the ep1dem 10logy and control 
of bean rust ID Eastem Afnca The m&JOr focuses of the research were follar dtsease survey crop loss 
assessment pathogen1c1ty analys1s vanetal mixtures and vanetal res1stance Eth10p1a acted as a 
coordiDatJng center and collaboraiiDg countnes mcluded Uganda Rwanda Kenya Zamb1a, Maunttus 
Zaue and Madagascar Except m Uganda, the mam area of collaboralton remams the bean rust 
reg10nal nursery so most of the mfonnatton contamed tn th1s report 1s from research conducted m 
Etluop1a Results of the 1988 and 1989 expenments have been reported elsewhere (Habtu Assefa 
1990) Tlus report summanzes results obtamed from the 1990 1991 and 1992 expenments 

BEAN CROP SURVEY 

Surveys of bean crops and d1seases were conducted m 1990 1991 and 1992 m the maJor bean 
growmg areas of Etluop1a Central Rtft Valley and Southem Westem and Eastem Reg10ns 
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The surveys revealed IDlportant dúTerences among reg10ns The Central Rtft V alley ts charactenzed 
by monomodal ramfall (June to September) and beans are culttvated as a monocrop once yearly 
mamly as a cash crop The dommant vanety ts Mextcan 142 Farmers netther apply fertthzer nor 
weed There ts a large vanabon m sowmg date mamly dependmg on the ttmmg of the first showers 
In thts area, IDlportant dtseases of beans are rust anthracnose and CBB Bean rust ts found wtdely 
scattered and seventy ts htghly concentrated In the wetter zones anthracnose ts do m mant but where 
temperatures are warmer and ramfall IIDltltng CBB ts most prevalen! In areas where farmers use 
good healthy seed the mctdence of anthracnose ts greatly reduced 

The southem regton ts charactenzed by a btmodal ramfall pattem and beans are grown twtce each 
year (July October and February May) etther m monocrop or assoctatton wtth enset mwze coffee 
sweet potato or potato They are grown mamly for food the dommant vanety bemg Red Wolwta 
Because of a good extenston program farmers practtse row plantmg weedmg and fertthzatton whtch 
offers better yteld potenbal (800 I 200 kg/ha) However plant populattons are sparse due to lack of 
seeds and as m the Central Rtft V alley sowmg dates are extremely vanable dependmg on rwnfall 
and preceedtng crops Dtseases mclude rust anthracnose CBB and angular leaf spot Rust ts both 
dommant and wtdespread The mctdences of anthracnose CBB and angular leaf spot are shght and 
htghly scattered Red Wolwta ts suscepbble to all these dtseases but perhaps due to the farmers 
pracbce of usmg healthy clean seed and weed free fields the mctdences of anthracnose and CBB 
are mucb reduced 

In the westem arcas both bush and pole beans (chmbers) are grown Pole beans are tradttiOnally 
grown as garden crops Bush beans are grown as monocrops or mtercropped wtth mwze or sorghum 
Ftve dtseases are found assoctated wtth beans rust anthracnose CBB angular leaf spot and floury 
leaf spot Due to the humtd condtbons prevwlmg m the west angular leaf spol and floury leaf spot 
are dommant In pole beans the maJor dtsease ts phoma (ascochyta) bhght and ts found m mosl 
gardens Scattered but shgbt mctdence of rust ts found m pole beans 

The eastem htghlands of Ethtopta grow beans as monocrops or mlercropped wtth mwze sorghum or 
chat Farmers m thts regton tradtttonally grow mtxtures of beans of dúTerent seed colours and stzes 
Due to secunty problems only a IIDltted vtstt was made lo thts regton and the resull obtamed ts only 
prehmmary From thts IIDltted survey rust and CBB are the two dtseases found wtdely dtstnbuted 

The large vanabon m cliDlate mfluences the level and type of dtsease occumng m these regtons Of 
the stx dtseases menboned m the survey report rust anthracnose and CBB are most wtdespread whtle 
angular leaf spot floury leaf spol and phoma bhgbt have IIDltted dtstnbulton restncted to weslem 
arcas of Ethtopta There ts also wtde vanabon Wtthtn regtons attnbulable to crop agronomtc and 
cliDlabc factors Further analysts of the survey data should reveal assoctaltons among agronomtc 
pracbce chmattc factors and dtsease sevenbes 

ASSESSMENT OF LOSSES 

Informabon on the IDlpact of bean rust on bean crops ts very IIDltted m Afnca A preliDltnary resull 
on the IDlportance of bean rust m beans m some parts of EthiOpta ts gtven m a prevtous report (Habtu 
Assefa, I 990) Thts study presented the results of a smgle factor and cnttcal slage analysts In 1990 
1991 and 1992 field expenments were destgned to mcorporate other crop and dtsease factors 10 

determme the relabve IDlportance of rust m a multtple factor phenomena The study was conducted 
at Ambo m I990 and 1992 and at Debre Zetl m 1991 and 1992 Dtsease levels were mantpulaled by 
means of fungtctde apphcabon at several spray day mtervals Crop and dtsease assessments were 
made at weekly mtervals 
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The results of the two field expenments mdtcate that of the four yteld components assessed seed 
ytelds and seed wetghts vaned most due to changes ID spray treatments Spray treatments also mduced 
changes m leaf area 1Ddex IDtenstty of rust and other dtseases and amount of dead ttssue 

At Ambo seed yteld losses of O 84 3% were recorded m Mextcan 142 and O 29 6% m 6R 39S The 
range of loss m seed we1ght was O 16 9% for Mex1can 142 and O 11 S% for 6R 39S The nmge of 
seed y1eld loss ID the Debre Ze1t expenment was 0-42% The y1elds attamed were respecttvely 1 S6 
217 and 186 g/m' for Mex1can 142 and 6R 39S at Ambo and for Mextcan 142 at Debre Zett 

Of the four other factors stud1ed (LA! rust other dtseases dead ttssue) treatments had most effect 
on 1 Al and rust seventy The treatments had no stgmficant effect on the seventy of other dtseases 
and the amount of dead ttssue Overall the results suggested a poss1ble relat1onsh1p wtth y1eld loss 
under both env1ronments Seeds per pod was an unrehable parameter to determme the effects of 
v anat1on ID rust seventy 

VARIETAL MIXTURES 

The use of vanetal mixtures 1s common ID trad1t1onal Afncan bean product1on systems The 
effecttveness of vanetal m1xtures ID controlhng fungal d1seases ts well documented (Leonard 1969 
Johnson and Allen 1975 Shatk 198S Mundt and Leonard 1986) The effects of bean genotype 
m1xtures on the development of rust was exammed under field condtttons m Ethtopta (Ambo and 
Debre Ze1t) and Uganda (Kawanda) m 1990 and 1991 Dueto h1gh IDterplot mterference as a result 
of poor performance of the soybean guard rows data collected ID Kawanda revealed no stgruficant 
vanat1on among treatments At Ambo and Debre Ze1t outs1de mterference was at an acceptable level 
and the results suggested that growmg m1xtures of res1stant (Negro Mecentral) and suscepttble 
(Mex1can 142) cult1vars resulted ID a low rate of dtsease expans1on and IDCrease than growmg a 
suscepttble genotype alone The effecttveness of vanetal mtxtures IDcreased wtth IDCreasmg levels of 
res1stant vanettes ID the m1xture M1xtures wtth less than 20% suscepttbles were always more effecttve 
than mixtures w1th greater proport1ons of suscepttbles 

PARTIAL RESISTANCE STUDIES 

Part1al res1stance (PR) a type of res1stance that causes a reduced eptdemtc bwld up of a pathogen 
desp1te a suscepttble mfect1on type (Zadoks and Schem 1979 Parlevhet 1981) can be expressed at 
d1fferent phases dunng the hfe cycle of a pathogen In determmmg the rate of ep1demtc bwld up 
latency penod 1Dfect1on effic1ency sporulatton capactty and sporulatton penod have been used as 
est1mates of PR m several pathosystems 

The e!Tects of genotypes leaf age and spore dens1ty on latency penod mfectton effictency 
sporulatton capac1ty and IDfecttous penod were stud1ed m the bean bean rust pathosystem Ftfteen 
genotypes three plant ages and three spore dens11tes were compared ID a completely randomtsed 
des1gn ID a greenhouse study at Melkassa Research Center 

The study revealed w1de vanatton ID both latency penod (LP) and mfectton effic1ency (lE) m response 
to changes m genotypes plant age and spore dens1ttes LP was mfluenced by genotypes plant age and 
to sorne degree by spore dens1ty Among the 15 genotypes tested LP was 9 S 16 5 11 5 17 S and 
11 5 15 O days respecttvely when moculattons were performed 1 O 20 and 30 days after planttng BA T 
338 1 C rematned res1stant (no pustules were observed) under all treatment combmat1ons Ex Rtco 23 
(Awash 1) and A 176 recently released vanettes exh1b1ted htgh degrees of PR by showmg much 
IDCreased LPs LP also mcreased w1th IDcreasiDg age of plants and decreased shghtly as spore dens1ty 
IDCreased lEs were greatest for genotypes Ky Wonder 765 Jaltsco 33 Ky Wonder 760 and Brown 
Speckled and least for D1acol Caltma and !CA 15541 No rust was observed on BAT 338 IC and Ex 
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Rico 23 at 15 days after moculatlon lE was also affected by age of plants and spore dens1ty 

These results suggest the ex1stence of considerable vanatlon m LP and lE D1fferences m LP and lE 
among genotypes leaf ages and spore dens1ty suggest LP and lE to be unportant components of PR 
wluch can be used m the select10n of race non speclfic res1stant genotypes 

REGIONAL NURSERY 

lmprovement and select1on of res1stant vanetles form the bas1s of rust control strateg1es Smce 1989 
sets of bean entnes have been composed and d1spatched to several countnes IR Afnca (Uganda 
Maunt•us Rwanda, Tanzama and Zamb1a) for rust evaluatlon across d1fferent env1ronments To date 
results are avadable only from Uganda and Eth1op•a 

The rust reg10nal nursery was composed of 80 entnes at Kawanda (Uganda) and 103 entnes at Ambo 
(Etluop•a) In 1990 and 1992 there was a good d1sease pressure at Ambo but the rust seventy was 
shght at Kawanda In 1991 the reg10nal nursery was not grown IR Eth10p1a but m Kawanda the tnal 
was conducted Wlth lugh d1sease pressure In Kawanda test entnes were evaluated al R5 R6 R 7 R8 
and R9 stages of growth 24 were reSIStan! 43 1Rtermed1ate and 13 susceptible In Ambo 40 entnes 
were res1stant 43 1Rtermed1ate and 22 susceptible V anet1es such as PAN 134 and BA T 448 proved 
res1stant m both locat10ns 
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ABSTRACT 

A dtsease survey showed that rust was the most tmportant d1sease of early and late sown 
beans m the mam growmg season of the H1gh Plateaux Ascochyta bhght was most 1mportant 
m m1d season beans m Antsuabe and dunng the dry season m AnJtro Moramanga The rust 
reachons of 25 vanelles were evaluated exposed to natural mfechon at four locahons Rust 
was mmor at Antsuabe but severe on suscepttble vanettes at Namsana Cala and Ambatobe 
Several vanehes exh1btted mmor rust m sorne locattons lktmmba Argentino and GOiama 
Precoce were rust free m all four nursenes 

INTRODUCTION 

lt 1s known that several d1seases affect the bean crop and conshtute 1mportant constramts to bean 
product1on m Madagascar Among these d1seases rust caused by Uromyces appendtculatus should rece1ve 
spec1al attenhon Substanhal y1eld losses (18 100%) due to rust mfestahon have been reported m Latm 
Amenca (Schwartz and Galvez 1980) Rust IS w1despread throughout Madagascar but 1ts 1mportance IS 
not known as no study has ever carned out to evaluate the econom1c loss 11 causes Moreover 1ts 
mc1dence and seventy are mfluenced by season croppmg system and culhvars Th1s SJtuahon renders any 
study of d1sease assessment comphcated and led us to propose a speclfic proJecl wh1ch was approved by 
the East Afncan RegiOnal Bean ProJect Steenng Comm1tee m 1991 

The mam obJechves of the proJect were to assess and control crop damage due to rust to develop res•stant 
or toleran! bean vanehes for each bean growmg reg1on and croppmg system and to •denhfy the races of 
rust ex1stmg m the country 

MATERIALS AND METHODS 

To assess the 1mportance of rust a survey of bean d1seases was conducted m bean growmg reg10ns m the 
H1gh Plateau of Madagascar and on the expenmental fields of research stahons F1ve bean d1seases were 
cons1dered rust anthracnose ascochyta bhght angular leaf spot and root rots D1seases were evaluated 
usmg a ratmg scale of 1 to 6 where 1 s•gmfied very Importan! and 6 neghg1ble 

To ach1eve the second objecl•ve 25 bean vanet1es (Table 1) were tested for therr react10n to rust at four 
representat1ve locahons and at dlfferent limes of sowmg The expenmental des1gns used were a tnple 
latt•ce or a completely random1zed block m three rephcahons dependmg on the avadab1hty of space at 
each locahon Each plot compnsed five rows 4 m long and 40 cm apart Organ•c and mmeral fert1hzers 
were apphed al sowmg tilDe We rehed on natural mfect1on at all four locatJons Reachon to rust was 
evaluated dunng the developmental stages R6 (flowenng) R8 (pod fillmg) and R9 (physiologJcal 
matunty) on a scale of 1 to 9 where 1 = highly reSIStan! and 9 = highly susceptible Class•ficahon mto 
resistan! or susceptible was based on the percent of leaf area covered by rust pustules 
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We were unable lo work on the th1rd objecl1ve lo 1denllfy rus! races ex1stmg m Madagascar as the 
dúferenllal culllvars and bean rus! nursery sen! from CIA T were not released from local quarantme 

Table 1 Ongms of bean vanelles used m tnals 

Vanelles Ongms 

A 410 AFBYAN IJ 
Blanc de MaJunga Local 
Pmtado Bras1l 
Menakely Local 
Black Turtle Soup South Afnca 
Bean Redlands Collecllon CALA No 35 
Rosmah G2 Brasil 
Gallaroy Collecllon CALA N" 21 
PH 14 Prospecllon IBPGRIFOFIFA 

Hauts Plateaux M/car 
Lmgot blanc Local 
Rouge de Majunga Local 
Zebra South Afnca 
Il"mmba AFBYAN 11 
Argentmo CIAT 
PH 19 14 ProspecllOn IBPGR 

Hauts plateaux M/car 
Grat10t Collecllon CALA N° 23 
Gmama Precoce Bras1l 
Can oca AFBYAN 11 
B1co de Oro Bras1l 
Ex RICO 23 AFBYAN 11 
RanJonomby Local 
Small Coffee A South Afnca 
Octopan South Afnca 
Tsaram 1anankavy Local 
Royal Red K1dney South Afnca 

RESULTS 

D1sease survey 

The relat1ve 1mportance of the five classes of bean d1seases m e1ght locallons 1s shown m Table 2 The 
locallons s1tuated m central (H1gh Plateaux) and eastem areas of Madagascar can be class1fied mto four 
groups accordmg lo growmg penod 

In the flrSI three locallons of the H1gh Plateaux (Nan1sana Bets1zarama and Anvommamo) where sowmg 
was durmg the mam growmg season rus! was the most 1mportant d1sease followed by anthracnose 
angular leaf spot and ascochyta bhght 
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Table 2 lmportance of bean d1seases on expenmental statlons and fanners fields 

Locat1on 

Nan1sana 

Bets1zarama 

Anvommamo 

Antsuabe 

Ankazobe 
Ambatobe 

Am batondrazaka 
Cala 

AnJITO Moramanga 

D1sease scores 1 

ANT' Rust ALS ASC ROT 

5 

2 

3 

3 5 

6 
3 

6 5 

3 6 

5 

4 

3 

2 

6 
2 

6 

4 

5 

5 

4 

6 
5 

6 

6 

6 

2 

6 

6 
6 

6 

6 

Penod Vanet1es 
observed observed 

Jan Apr 92 25 entnes m 
vanety tnal 

Dec 91 Menakely 
Mar 92 Lmgot blanc 
Jan Apr 92 Lmgot blanc 

Menakely Black 
Turtle Soup 

Feb May 92 25 entnes of 
vanety tnal 

Mar Jun 92 Lmgot blanc 
Apr Jul 92 25 entnes of 

vanety tnal 
Aug Nov 92 25 entnes of 

vanety tnal 
Jun Sep 92 Local vanet1es 

1 1 = very 1mportant 6 = neghg1ble 2 ANT = anthracnose ALS = angular leaf spot ASC = 
ascochyta bhght ROT = root rots 

In Ants1rabe where sowmg was m the m1d season (the mam growmg season begms m November) the 
most prevalen! d1sease was ascochyta bhght followed by angular leaf spot and anthracnose Rust was not 
1mportant although 1t was observed m a few vanetles In two other locabons of the H1gh Plateaux 
(Ankazobe and Ambatobe) where sowmg was dunng March Apnl rust was unportant The other d1seases 
were neghg1ble m Ankazobe but angular leaf spot and anthracnose were notlceable m Ambatobe In the 
eastem part of the country m CALA and AnJITO Moramanga bean was grown as an off season crop 
dunng the dry season Rust was not 1mportant but ascochyta bhght was severe at AnJuo Moramanga 

Vanety res1stance tnal 

The reactlons of the 25 bean vanet1es to rust at four locatlons are shown m Table 3 

In Nan1sana e1ght vanetles were 1dent1fied as h1ghly res1stant as no d1sease symptoms were observed on 
them They were G01an1a Precoce Canoca lkm1mba Argentmo Royal Red Kldney Octopan Pmtado 
and Ex R1co 23 Gallaroy and Grat10t were susceptible The vanety Octopan was lughly susceptible to 
anthracnose 
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Table 3 Reaction of 25 bean vaneties to rust at Narusana (NNS) Antstrabe (ATS) Ambatondrazaka 
(CALA) and Ambatobe (ABT) 

Dtsease reactions 1 

Vaneties NNS ATS CALA ABT 

A 410 3 1 1 
Blanc de MaJunga 3 2 1 
Pmtado 2 1 3 9 
Menake1y 3 2 1 9 
Black Turtle Soup 3 2 6 
Bean Redlands 3 3 
Rosmha G2 3 
Ga11aroy 8 3 7 
PH 14 1 3 9 
Lmgot b1anc anJ 3 9 
Rouge de MaJunga 3 1 1 9 
Zebra 4 2 6 9 
lktmmba 1 
Argentmo 1 
PH 19 14 4 2 9 
Gratiot 8 5 
Gotanta Precoce 
Can oca 
Btco de Oro 3 9 
Ex Rtco 23 3 1 
RanJonomby 4 9 
Sma11 Coffee A 4 1 9 
Octopan 3 9 
Tsaramtanankavy 4 7 
Ro y al Red Ktdney 7 

1 1 = absence of symptoms 3 = reststant 5 = mtermedtate 7 = susceptible 9 = htgh1y suscepttble 
NNS = Nantsana ATS = Antmabe ABT = Ambatobe 

In Antstrabe rust mfestation occurred wtth mmor seventy on only four vanettes Menakely Blanc de 
MaJunga, PH 19 14 and Zebra Symptoms of ascochyta bhght and angular 1eaf spot were observed on all 
vaneties In CALA shght rust symptoms were observed on the vanety Zebra wluch was thus constdered 
suscepttble There was no rust on the remauung vaneties Fmally m Ambatobe stx vanehes were found 
to be htghly reSIStan! to rust Gotanta Precoce A 410 Rosmah G2 Ex Rtco 23 lkuumba and Argentmo 
Btco de Ouro Lmgot b1anc Small Coffee A Octopan Zebra Menakely PH 19 14 and Ranjonomby were 
htghly susceptible The vanety Gallaroy was susceptible 

Thus three vanettes were found lughly reststant at both Narusana and Ambatobe lkiDimba, Argentmo 
and Gotarua Precoce 
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DISCUSSION AND CONCLUSIONS 

Rust appears to be the most unportant d1sease dunng the mam growmg season m central arcas of 
Madagascar Temperature and hum1d1ty dunng tlus penod favour mfecllon by the pathogen Dunng the 
dry season wh1ch nms from June to November rust was not 1mportant m CALA and AnJIIO 

Rust occurred on sorne vanehes m CALA and Ants1rabe but was absent from most vanehes Absence of 
symptoms was not dueto speclfic res1stance but to unfavourable env1ronmental cond11lons wluch mlub1ted 
the development of the rust pathogen Thus the unportance of rust was dependen! opon envuonmental 
cond11lons Such evaluahon was based solely on v1sual observahon lo gam an early understandmg of the 
unportance of rust m relahon to other d1seases More prec1se estunates would be obtamed from a study 
of y1eld m relat10n lo the seventy of the d1sease 

Rust was first observed m the preflowenng stage at Ambatobe on a few vanehes wh1ch were later found 
h1ghly susceptible but d1d not appear on most vanet1es untll pod format1on and pod fillmg The seventy 
of symptoms was obv10usly dependen\ on the lime when rust occurred 

Res1stant vanehes were •denllfied only m Nan•sana and Ambatobe where all classes of react1on were 
observed Also reachon of d•fferent bean culhvars was vanable dependmg on locat10n reflectmg the 
vanabll11y of the pathogen 

PERSPECTIVES 

understand the d•stnbut1on and vanahon of rust pathogen under field cond11lons m Madagascar 

des1gn control methods wh1ch m ay confer stable res1stance lo des1rable bean vanet1es 

WORK PLAN FOR THE FUTURE 

1dentúy mam bean growmg arcas mfested w1th rust and evaluate 1mportance of d1sease 

study vuulence d1stnbut10n for each croppmg type 

1dent•fy races usmg d•fferenhal vanet1es prov1ded by CIA T 

screen germplasm for res1stance m bean growmg reg10ns 
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COLLABORATIVE RESEARCH PROJECT ON COMMON 
BACTERIAL BLIGHT OF BEANS 

A F Opto and M S Musaana 

NARO Kawanda Agncultural Researcb Instltute, Kampala, Uganda 

ABSTRACT 

StudJCs of breedmg methods and resJSlance of beans lo common bhght were conducted 1 he 
nature and cxtcnt of vanabll1ty of Xanthomona.J campe.Jtru pv phaseolr (Xcp) tts transmtsston 
and surv1val and y1eld losses assoctated wtth the pathogcn were also studted Dtfferences ex1st 

m levels of res1stance between leaves stems pods and seeds on the same plant Gene achon 
controlhng res1stance m most of the crosscs studtcd was addthve but was mfluenced by the 
growth stage at whrch data were recorded The pathogemc vanahon of Xcp was quanhtahve 
on Phaseolus vulgans and quahtahve on P acutlfollus There were d1fferences m Xcp 
transm1sston effic¡ency among bean genotypes The seed to pnmary seedlmg mfechon ratio 
rangcd bctween 1 1 and 1 3 hfteen spec1es of weeds and two non host crops supported 
cp1phyhc populahons of Xcp Y 1eld losses ranged from 61 7% m suscephble genotypes to 
ms1gmficant m res1stants 

JUSTIFICATION 

Common bactenal bhght (CBB) caused by Xanthomonas campeslns pv phaseoll ts a maJor 
d1sease of beans m eastem Afnca lt 1s the second most prevalen! dtsease of beans tn Uganda after 
angular leaf spot (Sengooba 1985) lt 1s ranked second m tmportance m Malawt thtrd m ZBire and 
Ethmpta fourth m Kenya stxth m Rwanda and seventh m Tanzanta and Zambta 

A regmnal sub project was mthated m 1987 lo mvesltgate dtfTerent aspects of the dtsease m 
order lo devtse effechvc and cconomtc control measures for farmers m thc regton The rcsults 
obl81ncd betwcen 1987 and 1989 were reported m an earher workshop (Musaana and Opto 1990) 
The prcscnt report mcludes rcsearch and results obtamed from 1990 to 1992 

OBJECTIVES 

To study the pathogemc vanahon of Xanthomonas campestns pv phaseoll (Xcp) ID eastem 
Afnca 

2 To contiDue tdenhfyiDg entnes for the Eastem Afncan Regmnal Common Bhght Nursery 

3 To IDcorporate resJstance to CBB mio landraces and estabhsh quanhtaltve dtfTerences 
among res•stant sources wtlh respect to suscepllbJhty to CBB 

4 To study the ID!errelatmnshtps between res1stance lo CBB and quahty lrBils m common 
bean 

5 To study the stages where selectton ID segregatiDg populattons JS rehable 

6 To estabhsh the relattonshtps between seedhng and adult plan! restslance and compare 
greenhouse and growth cham ber methods for predtciiDg field reststance 
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7 To detemune whether there are dlfferences among genotypes m theu ab1htv to transout 
CBB w1th a v1ew to selectmg for low seed transm•ss•on effic•ency 

8 To study the surv1val of Xcp on weeds non hosts and mfected debns and m s01l 

9 To determme crop loss due to CBB 

RESULTS 

The results w1ll be descnbed for each obJecllve m the order g1ven above 

PathogeDic vanauon of Xcp 10 Eastem Afr1ca 

Nmety three Xcp 1solates were collected from five countnes m eastem Afnca as follows Uganda (68) 
Etluop1a (13) Tanzan1a (7) Rwanda (2) and Kenya (3) The vanallon of the Isolates was Imtially 
stud1ed usmg growth charactensllcs on media The med•a used were MXP (a semi selecllon media 
for Xcp} yeast dextrose carbonate agar (YDCA) Kmg s media B (KMB) and Nutnent Broth Yeast 
(NBY) KMB and NBY were used to detect the brown p1gment produced by the fuscous vanant 
(Ramos el al 1991) 

The 1solates dlffered m the1r growth charactensllcs on media Three quarters of the •so lates collected 
were fuscous vanants and one quarter were yellow The fuscous vanants were slower growmg and 
smaller m s1ze than the yellow types The Isolates were grouped mto 15 phage types but there were 
no correlations among phage type pathogemc1ty and geograpluc ongm 

Thuty Isolates were selected for testmg on 20 common bean and 8 tepary bean genotypes on the bas1s 
of the contrasllng envuonments of collection All the Xcp •solates tested mduced sorne react1on on 
the 20 common bean genotypes (Table 1) There were dlfTerences m aggreSSiveness of the 1solates 
There were significan! (P<O 01) ddTerences among genotypes m reacllon to CBB and the •solate x 
genotype mteracllon was Sigmficant However 11 was not poss1ble to group the ISolates accordmg to 
bean genotypes The type of reacllon mduced on the 20 common bean genotypes was dlfTerent for 
each of the 30 1solates under similar env•ronmental cond•tions 

Two types of react1on were noted on leaves of tepary bean a com pallble reacllon where there was 
water soakmg followed by necrosis and an mcompallble reacllon where there was no VISible response 
to sorne •solates Based on these results the 30 Xcp Isolates were arranged m seven groups (Table 
2) The results obtamed md1cate a quanlltallve relallonship between Xcp and common bean and a 
qualitallve relallonship between Xcp and tepary bean 
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Table 1 Xanthomonas campeslns pv phaseob 1solates grouped accordmg to the leaf react10ns of 
e1ght genotypes of Phaseo/us acuttfobus 

!so lates 

1005 
1010 
1032 
1069 
1024 
1048 
1073 
1034 
1038 
1067 
1065 
1068 
1083 
Rem ammg 
1solates• 

TI 

R 

R 

S 
R 

R 
R 

R 

T5 

R 

R 

R 

1 
R 

R 

Phaseolus acuttfo/ws genotypes 

T8b Tl9 T21 

R 

R 

R 
R 

R 
R 

R 

R 

R 

R 

R 

R 

R 

S 

R 
S 

R 
S 

R 

PI 321 
T22 638 L242-45 Group 

S 

R 

R 
R 

S 
R 

R 

R•• R 

S 

R 
S 

1 
S 

R 

R 

S 
R 

R 
R 

R 

2 

3 
4 

5 
6 

7 

= leaf react10ns R = 1mmune R•• =toleran! (<O 5 1 4 mm water soaked area around the cut) 1 = 
mtermed1ate (1 5-4 4 mm water soaked area around the cut) S= susceptible (4 5 >7 mm water soaked 
area around the cut) ' 17 1solates wh1ch mduced no reacllon on any of the e1ght genotypes of 
Phaseolus acuhfobus were 1046 1040 1042 1030 1029 1096 1090 1 O 11 1112 1099 1033 1074 
1066 1002 1007 1026 and 1043 

Eastera Afncan Regtonal Common Bactenal Bhght Nursery (EARCBBN) 

The EARCBBN 1s composed ofbean !mes that are reSIStan! to CBB m the reg10n The present nursery 
mcludes 70 entnes from Eth10p1a, Uganda Kenya Tanzama Rwanda Burund1 and Malaw1 In 1991 
the nursery was evaluated m Uganda Rwanda and Eth1op1a In 1992 11 was evaluated m Rwanda 
Eth1op1a, Tanzan1a Zrure and Kenya Results have not been rece1ved from Tanzan1a and Zrure 

Lmes m tlus nursery can be ullhzed by breeders m nat10nal progr810ems for 1mprovmg res1stance to 
CBB The breeder has ullhzed sorne of the !mes m th1s nursery to 1mprove the res1stance of acceptable 
bean vanet1es from Uganda, Eth10p1a Rwanda and Tanzan1a The entnes w11l be changed penod1cally 
dependmg on the avrulabd1ty of new genotypes reSIStan! lo Xcp 

TransmiSSIOD effic1ency 

Ten ehte bean breeders !mes from d1fferent countnes m eastem Afnca and the five most aggress1ve 
Xcp 1solates (Op1o 1991) were used for tlus study The bean !mes mcluded K20 R WR 136 239 B b 
1 GLP 585 2439 B b 1 Awash 1 Cal 96 Roba 1 ICA Lmea 64 and MCM 585 Kasuka Nywele 
and Kanyebwa were susceptible controls and XAN 112 was a res1stant control The Xcp 1solates were 
1068 1073 1069 1010 and 1029 
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There were stgnúicanl dtfferences {P<O 05) among genotypes m thetr abthty lo transmtl Xcp from 
seed to seedhng Kasuka Nywele showed the largesl number of mfected seedhngs Among test lmes 
K20 showed the lughest number ofmfecled seedhngs followed by RWR 136 2395 B b 1 GLP 585 
2439 B b 1 Awash 1 Cal96 Roba 1 and ICA Lmea 64 m that order All seedhngs from MCM 5001 
and XAN 112 were healthy 

These resulls mdtcale thal genotypes hke MCM 5001 and XAN 112 whtch have restslance to seed 
transmtsston can be ulthzed by breeders lo develop bean lmes reststant lo both CBB mfecllon and 
seed transmtSStOn 

Table 2 The number of genes controlhng restslance m beans lo Xcp denved by two melhods from 
vanous crosses 

Number of Gen es 
of 

Cross analysts V3 R6 Pods 

K20 x Jules M 2{1 3 1) 2{1 3 1) 2(1 3 1) 
S 2 2 2 

K20 X Pl207262 M P0 (31 17 1) P0 {20 1 o 1) P0 (36 71 1) 
S 3 1 1 

K20 x IAPAR 16 M 2{ 1 3 1) 2{1 3 1) 2{1 3 1) 
S 2 2 2 

K20 x BAC 6 M P•(l 7 1) P0 (1 15 1) P•(8 lO 1) 
S 3 2 2 

ZPv 292 x Jules M P0 (9 13 1) P0 (7 6 1) P0 (6 15 1) 
S 4 2 2 

ZPv 292 x Pl207262 M P0 (38 70 1) 2(1 3 1) 2( 1 3 1) 
S 2 1 1 

ZPv 292 x IAPAR 16 M P0 (8 14 1) P0 (9 20 1) P0 (6 17 1) 
S 2 2 2 

ZPv 292 x BAC 6 M P0 (75 76 1) p•oo 11 1) P0 (3 20 1) 
S 3 3 2 

IAPAR 16 x PJ207262 M P0 (1 65) p••(7 13 2) p••(6 14 3) 
S 1 1 1 

IAPAR 16 x BAC 6 M 2° 0 {1 3 1) 2( 1 3 1) 1(3 1) 
S 1 1 1 

p• = polygemc mhentance P .. = transgresstve segregatton observed M = Mendehan S= Stantsfield 
V3 and R6 = vegetallve and reproducllve growth slages 

Sun1Val of Xcp on weeds aod non-bost plants 

Survtval of Xcp m mfected bean debns sotl weeds and non host crops was mvesllgated al Kawanda 
Research Stallon and Bukalasa expenmental farm from Apnl 1990 lo October 1992 lt was found that 
Xcp could survtve m mfecled debns sml and weeds for severa! months m the absence of a bean crop 
The popula110n dynamtcs of Xcp was governed by the movement of lhe baclenum from mfected 
debns lo the sotl Crop rotallon resulted m reduced Xcp populallons m the absence of a bean crop 
Ftfteen spectes of weeds and two non host crops supported eptphyttc popu1attons of Xcp No weed 
supported eptphyttc populaltons of the bactenum seven months after harvestmg beans 
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Assessment of y1eld losses caused by commoa bactenal bhgbt 

F1eld expenments were conducted at Bukalasa expenmental f81Dl m Uganda for three growmg seasons 
(March June 1990 August Novemeber 1990 and March June 1991) to determme the y1eld losses 
caused by CBB m common bean 

D1fferent levels of d•sease were generated by usmg three chem•cal treatments three bean genotypes 
dúfenng m suscepubd•ty and three seed symptom catergones The chem•cals used were cupnc 
carbonate cupnc sulphate and water as a control The three genotypes were Kanyebwa (suscephble) 
K20 (mtermed•ate) and XAN 112 (res•stant) The three seed symptom categones were severely 
d1seased shghtly d•seased and symptomless The expenmental des•gn was a spht plot w•th four 
rephcallons The chem•cals were the mam plots and vanehes and categones of seed were the 
subplots 

The bean y1eld losses assoc1ated w•th CBB vaned w1th the suscephbJhty of the genotype and stage 
of growth Losses m the suscephble genotype Kanyebwa ranged from 26 6 to 61 7% at pod filhng 
Losses m the toleran! genotype K20 ranged from 6 2 to 7 8% at pod formahon The res1stant 
genotype XAN 112 suffered no s1gruficant y1eld losses at any stage of growth 
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EFFECTS OF CULTURAL AND VARIETAL COMPONENTS IN INTEGRATED 
MANAGEMENT OF ROOT ROTS OF BEANS IN RWANDA 
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R Bu ruchara, lJ' Sche1degger and L1 Sperhng 

CIAT ISAR Rubona Botare Rwanda 

ABSTRACT 

Root rols are among thc pnnctpal dtst.ases that hmtt bcan produchon m Rwanda l hese 
dt'iC&'ies causcd by soilbomc pathogcns are bcttcr controlled usmg an approach whcreby 
managcmcnt componcnts wh1ch are complementary are apphed m an mtegrated manner smce 
no smgle componen\ 1s cnhrely cffcchve 'itudtes to cvaluate the effects of c;omc of thc 
potcnhally uscful cultural and vanetal componcnts m thc managcment of root rots were 
conductcd under on farm and on statwn condthon'i dunng o¡cason'i A and B of 1991 and 1992 
Cultural practlccs testcd wcre u~c of ratscd beds/ndgcs and d1ffercnt types of orgamc amcnd 
mcnts fhc vanctal rcactwns of c;cvcral cntnc'i werc dctcrmmcd under field cond1hons 
Incorporahon of lcucacna )caves and tw1gs &li grccn manurc two weeks bcfore plantmg 
rcsulh .. d m reduccd plant mortahty and licvcnty of root rot~ and mcrca'ic m y•eld However 
thc rclatJvt.. cffccts wcrc more marked m 1992A whcn cond1hons (h1gh ramfall when the crop 
1s at 'it.edhng <ilagc) favourcd 'icvcrc root rot mft..chon BL<ildcs grecn manurt.s of lcucacna 
appcarcd to contnbutc to thc nutntwn of thc plants poss1bly cnhancmg thcu tolerance to root 
rot'i '-,¡mllarly ndges werc cffecttvc m rcducmg plant mortahty and mcrcasmg y•clds only m 
1992A Ra1scd bcds cvaluatcd m 1991A and B and ndgcs m 199213 showed no Sigmficant 
cffects duc to lowu ramfall carly m the 'ieasons A number of brccdmg lmes wcre •denhficd 
&\ rcs1stant to h1gh prcssurcs of pythmm and rhuoctoma root rots 

INTRODUCTION 

In the past few years the •mportance of root rots has mcreased m the Great Lakes Reg1on of Central 
Afnca particularly m Rwanda (Trutmann and Graf 1988) The d1seases have becn assoc1ated w1th 
five or more fungal pathogens wh1ch occur smgly or m a complex (Rusuku 1991) Use of a smgle 
control measure 1s not efTective so 1t IS adv1sable to cons1der a combmahon of d1fTerent control 
methods m an mtegrated approach 

Certam cultural practices mfluence the seventy of root rots Sorne of the prachces create unfavourable 
cond1hons for pathogen development and surv1val leadmg to reductwn m moculum levels lack of 
d1sease dcvclopmcnt or promohon of plant growth and v1gour so that plants become tolerant to 
mfcchon des pite the presencc of the pathogen Growmg of beans on ra1sed beds or ndges for example 
has been shown to reduce thc sevcnty of root rots causcd by Pyth1um spp (Abaw1 and Pastor 
Corrales 1990) In sorne arcas of northcm Rwanda and m valley bottoms certam crops mcludmg 
bcans are grown on ra1sed beds pnnc1pally to ensure good sml dramage S1m1larly use of leucaena 
green manure has been shown m screenhouse tnals to reduce seventy of root rots and promote plant 
growth and v1gour (Buruchara 1991) The obJechves of these stud1es wcrc to evaluate thc 
efTecllveness of certain cultural and var1ctal componcnts wh1ch m ay be used m the management of 
root rots 
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MATERIALS AND METHODS 

On stat10n and on farm tnals were condocted concurrently lo evaloale the effects of rwsed beds 
ndges and d1fferent types of organ1c amendments apphed as green manures on the seventy of root 
rots On stallon tnals were condocted al the expenmental farm of the Uruvemte Nat1onal do Rwanda 
(UNR) Botare wh1ch has a h1story of root rol problems wh1le on farm tnals were condocted m 
Runymya commune (aboot 9 km west of Botare) where root rots are a problem and sod ferllhty 1s 
poor Farmers percepllon ofroot rol problems and cho1ce ofmanagement opt1ons to be tested on farm 
were agreed opon m meetmgs w1th farmers 

Orgamc amendments 

Leaves and tw1gs of leocaena (Leucaena leucocephala) were mcorporated m the sod as green manure 
10 14 days before plantmg followmg the begmrung of rwns Imllally (1991A and B seasons) green 
manures were apphed al arate of20 t/ha fresh we1ght Sobseqoent evaloat1ons (1992A and B seasons) 
were based on redoced levels of 5 and 10 t/ha Other sources of organ1c amendments soch as 
calhandra sesban1a wattle bark grass weeds and decomposmg coffee polp were also evaloated m on 
stallon tnals 

Ra1sed beds and ndges 

The effects of plantmg on rwsed beds I m w1de and aboot 30 cm h1gh was evaloated dunng the 
1991 A and B seasons Plantmg was al random as commonly pract1sed by farmers osmg a plant 
dens1ty of approx1mately 250 thoosand plants/ha Later (1992A and B) plantmg on ndges aboot 20 
cm h1gh and 50 cm apart was also evaloated In the latter plantmg was done m rows 

Vanetal react1ons 

Aboot 100 entnes (bosh and sem1-chmbers) of advanced breedmg !mes contnboted by the nallonal 
programme of the three countnes m the Great Lakes Reg10n to form a nursery called PRELAAC 5 
were evaloated at Robona onder h1gh root rol pressure mwnly from PythlUm and Rh1zoctoma spp 

RESULTS AND DISCUSSION 

Orgamc amendments 

In both on farm and on stallon tnals organ1c amendments (20 t/ha) s1gruficantly redoced root rol 
seventy and mcreased y1elds durrng both seasons of 1991 w1thoot mfloencmg seedhng emergence or 
plant stand In on stat1on tnals a y1eld mcrease of 43% over the control was obtaJDed m 1991 A and 
60% m 199IB However overall y1elds were greater m 1991A than 1991B mwnly doe to h1gher 
pressure from fohar d1seases m the latter season 

In 1992A root rots were very severe nat1onW1de resoltmg m s1gmficant bean crop losses On farm 
tnals condocted donng the season showed that 5 t/ha of leocaena s1gruficantly (P<O 05) redoced plant 
mortal1ty doe lo dampmg-off (V4 and R6 growth stages) and seventy of root rots m local m1xtures 
Rates of 1 O t/ha of leocaena s1gmficantly redoced plant mortal1ty and d1sease seventy and resulted 
m a y1eld mcrease of 128% (Table 1) Apphcat1on of 5 tlha leocaena showed a better y1eld response 
on vanety RWR 221 (364 kg/ha) than on the local m1xture (99 kg/ha) On the other hand mcreasmg 
the rates from 5 to 1 O t/ha gave a better y1eld response on the local vanetal m1xture (503 kg/ha) than 
on R WR 221 ( 189 kglha) S mee R WR 221 1s res1stant to root rots the effect of orgaruc amendment 
appeared to be m 1mprovmg s01l fert1hty However a relallvely better response by RWR 221 than the 
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local vanetal m1xture al S tlha of orgamc amendment used were probably due lo 1ts tolerance of poor 
s01l ferllhty The local vanetal m1xture gave better and s1gmficant responses w•th 1 O tlha of organ1c 
amendments 

Table 1 Effects of vanety and organ1c amendments (Leucaena) on the seventy of root rots and y1eld 
10 on fann tnals al Runymya 1992A 

Organ1c Y 1eld advantage 
amendment % plan! loss' 

levels D1sease Y1eld % of %of 
Vanelles (tlha)1 V4 V6 seventy' (kglha) LM O RWO 

Local m1xture O 42 la 47 Sa 38 2a 467a 
S 34 6ab 37 lb 28 2b S66a 21 

10 30 6b 31 6b 16 8c 1069b 128 
RWR 221 o 13 4c 14 4c 17 Se 1470c 21S 

S 12 9c 13 3c 11 Sed 183Scd 293 2S 
10 9 3c 10 9c 6 6d 2033d 33S 38 

CV(%) 3S 6 37 4 40 4 35 6 
LSD 76 86 8 1 381 

LM =local m1xture RW = RWR 221 (res•stant to roo! rots) 1 = Leucaena apphed as green manure 
1 O days before plantmg 2 = plan! loss al V 4 and R6 expressed as % of seed sown 3 = d1sease 
seventy as % hypocotyl and roo! llssue covered w1th les10ns means followed by the same letter 10 

a column are not stat•st•cally ddferent (p<O OS) accordmg lo Duncan s Mulllple Range test 

Results obtamed m on stallon tnals (over two seasons) also showed that calhandra and sesban1a 
s•gnúicantly reduced seventy of roo! rots and mcreased y1elds compared to the control Decomposmg 
coffee pulp had non s•gmficant effects on y1eld m one season apparently dependmg on extent of 
decompos•t•on Grass weeds gave vaned response dependmg on theu conslltuents Wattle bark leaves 
and decomposmg organ1c matter from banana leaves gave no pos111ve effect over the control 

These results demonstrate that leucaena green manure has an effect 10 reducmg seventy of roo! r.>ts 
and 1mprovmg y1elds and confirms prev1ous observallons made 10 greenhouse tnals (Buruchara 1991) 
lt 1s thought that the effects of the leucaena m ay be dueto mcreased m1crob1al acllvlty and IDiprove 
ment of nutnllonal status resultmg from liS decompos111on 

Leucaena was the organ1c amendment most apprec1ated by collaboratmg fanners dunng all the seasons 
tested Des•rable attnbutes c1ted were 1 reducllon of loss of plants due to root rots 2 mcrease 10 

y1eld 3 mercase 10 vegetallve growth (for leaf consumpllon) and 4 pos1!1Ve residual effect on 
sorghum grown after beans The m81D constramt c1ted was avadabd1ty of suffic1ent quanlllles but 
farmers showed mterest lo produce the green manure as hedgerows or on contours 

Ra1sed beds and ndges 

Rrused beds had no effect on d•sease seventy or y1eld 10 1991 A and B 10 e1ther on stallon or on fann 
tnals As a result farmers d1d not cons1der them useful opt1ons 10 the management of roo! rots They 
also regarded theu h1gh labour demands as addillonal d1sadvantages Th1s was the bas1s for 
mod•ficat•on and subsequent testmg of ndges In on stallon tnals rrused beds s•gmficantly IDiproved 
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dry matter productton 

The efTect of ndgmg was apparent m 1992A when ramfall was heavy dunng the seedhng stage and 
root rots were severe Plant mortaltty due to dampmg-ofT of the local vanetal mtxture was reduced 
by about 40% at both V4 and R6 stages and yteld was mcreased by 139% (Table 2) The advantage 
of usmg ndges wtth the reSIStan! vanety RWR 221 was small (7%) In 19928 the rams were 
relattvely poor and there was no effect of ndgmg on dtsease seventy and yteld 

Table 2 Effect of vanety and ndgmg on seventy of root rots and yteld m on fann tnals at Runymya 
1992A season 

% plant loss Y teld advantage 
Dtsease Yteld (% LM wtth 

V4 V6 seventy (kg/ha) out RD) 
Treat 

Vanettes ment 92A 928 92A 928 92A 928 92A 928 92A 928 
----
Local m txture RD 46 5 11 4 51 o 34 6 38 9 390 672 

+RD 280 10 4 30 2 28 2 16 o 935 737 139 9 
RWR 221 RD 12 8 10 4 13 7 19 6 18 o 1670 1620 328 141 

+RD 7 1 83 78 19 1 97 1786 1562 358 132 

CV(%) 33 5 27 9 32 3 37 6 32 9 35 9 35 4 
----
LM = local m txture RD = flat +RD = ndged 1 = plant loss at V 4 and R6 expressed as % of seed 
sown 2 = dtsease seventy as % hypocotyl and root ttssue covered wtth lestons = prured treatment 
means stgmficantly dtfTerent (p<O 05) accordmg to Duncan s Multtple Range test 

The effects of plantmg on ndges were however apprectated by all parttctpatmg fanners dunng 
1992A The method was stmtlarly constdered labonous and tls effects were not conststent m the two 
seasons Due to seasonal vanat10n m rrunfall amount fanners constdered ndges useful m penods and 
areas of htgh rrunfall or m plots and areas prone to be waterloggmg 

Rrused beds (1991A and 8) and ndges (19928) had non stgmficant effects on dtsease seventy and 
yteld because condtltons were not tdeal for the development of dampmg-ofT pathogens such as 
Pyth/Um and Rh1zoctoma spp dunng the early and cnttcal stages 8ut dunng season 1992A ndgmg 
had a stgmficant effect both on dtsease seventy and yteld mdtcatmg that ndgmg ts useful m root rot 
tnfested sotls assoctated wtth htgh m01sture or durmg seasons of heavy rrunfall 

Vartetal components 

Dunng the 1992A season 100 entnes of PRELAAC 5 were evaluated at Rubona under htgh 
root rot pressure mrunly from Pyth/Um spp and Rh1zoctoma so/am The reacttons of entnes vaned 
wtdely rangmg from very suscepttble to very reststant Among the reststant entnes were ML8 1 O 
898 ML8 13 888 ML8 17 88A ML8 36 89A ML8 38 89A ML8 39 89A ML8-40 89A ML8 
42 89A ML8-43 89A ML8-47 89A ML8-48 89A ML8-49 898 contnbuted by the nahonal bean 
programme of Zrure RWR 432 and RWR 719 contnbuted by Rwanda and EM 1616 EM 22/20 
SCAM 80 CM/15 and MORE 90026 contnbuted by 8urundt Suscepttble vanettes showed lugh plant 
mortaltty (80 95%) and les10ns covenng the hypocotyl whereas reststant vaneltes had very httle plant 
mortaltty (14%) 
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STUDIES OF THE CONTROL OF THE BEAN BRUCHIDS Acanthosceltdes 
obtectus (Say) AND Zabrotes subfasctatus (Bobeman) BRUCHIDAE 

COLEOPTERA IN EASTERN AFRICA 

M Nabdy S1hm 

Nat10nal Agncultural Research Orgamzahon 
Kawanda Agncultural Researcb lnst•tute Kampala Uganda 

ABSTRACT 

Bcan bruch1d rescarch m castcm Afnca wa~ Imhatcd w1lh CIAT 8\Ststanc<.. m 1990 lo 
complement studtes bemg conductcd cl!,t..WhU(.. m Afnca Bruchtd d¡stnhutton wao; studtcd and 
fíndmgs presented m the bcan research workshop (1990) m Nauobt 1-anncrs pcrccphons of 
bruch1d damagc and control wcre mvcc;ttgatt..d m rcprcscntahvc agro ccolog¡cal /OUt..'\ of 
Uganda 

A hnc of 1 haseolut vulgaru (RA/ 2) hrcd for TC'iistancc to / 'ubfascwtus showcd 
s¡gmficantly fcwcr msccts emerged and les~ Sl.Cd damagc and wc1ght loss than local 
susccphblc vanches fwo mcthods of o;;olar dt<imfcstatwn (ducct cxposurc to sunhght 11 
and cnhanced heat l 2) wcrc comparcd on bcans mfcstcd wtth Acanthotcellde' obtectu' 
There was a h1gh bu1ld up of lcmperalutc and grcalcr adult mortahly m r2 In rJ lhere wa. 
100% adult t.. sea pe 1 hcrc was no s1gmficant d¡ffcrcnce m total adult cmt..rgcncc bctwccn thL 
two treatments afler an mcubatwn penod of f1vc wceks Low adult cmcrgence m T2 was 
attnbuled lo h1gher k11l duc lo solar hcal and m 1 1 lo lhe cxcluswn of adulls and cgg• 

Repcated s1evmg of c;tored bcans cvcry five days for a pcnod of 50 days gave excellent 
control of A obtectus 1 he secds of f1ve of the 25 legume spcclL'i coliLclLd w1thm Uganda 
were capable of bemg mfested by A obtectus 1 hcy werc cowpca tcpary bcans p•geonpt..a 
and two spec1cs not yet 1denhficd fhL huLe; and pattcmc; of thc pyg1dmm wuc found to 
prov1de an accurate and easy method of separatmg A obtectus males from fcmalcs 

In 1992 a bt..an bruch1d travclhng workshop and survcy mvolvmg scJLnhst~ from all thrLL 
rcg1ons was conducted m Uganda TallLama and l.Jmbabwe m collaboratJon wtth the bt.an 
research network of CIA T m Afnca 1 h1~ wa~ w1th the a 1m of mvcshgatmg d1stnbuhon 
pattcms damagt.. lcvcls and control mcthods for thc two bruchtds to detcmune farmer~ 

percephons of bruch1d damage and lo collecl gcrmplasm 

INTRODUCTION 

' 
The bruch1ds Acanthosceildes obteclus and Zabrolev vubfascwtus are the two most 1mportant pcsts 
of stored beans m Afnca They cause damage we1ght losscs and reduchons m quahty and sced 
v•ab•hty Loss levels m eastem Afnca have bccn eshmated al betwccn 30% and 73% (Karcl and 
Khamala 1978) In Uganda levels have becn esllmaled lo be 3 and 8% we~ghl loss m storage 
dutabons of 3 and 6 months respecllvely (S1hm et al 1991) 

A obtectus has been found to be the predommanl spcciCs m cooler reg10ns and Z subfmcwlu\ the 
commonest spec1es m wanner env•ronments (van Schoonhoven and Cardona 1986) lnfestallons by 
A obtectus begm m the field and mtens1fy m storage Z subfasc¡atus mfestat1ons often begm m 
storage (S1hm 1990) A obtectus ovlpOSIIS on pods under field cond1t1ons wh1le on grams eggs are 
lrud loosely among the seeds Z subfase~atus glues the eggs lo the grruns 
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lnsecltctdes are the mosl pubhctzed method of bruch1d control bul are moslly unavwlable lo or 
unaffordable by subststence farmers In add11ton dusl fonnulallons have hm11ed shelf hfe and are 
prone to user abuse Other control methods mclude bean res1s1ance coatmg w1th oii and bean 
tumblmg (Quenlln el al 1991) Coatmg w1th 011 and bean tumbhng though successful 
expenmentally may have hm1ted adaplab1hty due lo therr cosl and mconvemence respect1vely 
AltematJve safe and rehable on farm control methods are needed Research has therefore been focused 
on control pracllces found al on farm levels mcludmg solar heat treatmenl bean s1evmg and the use 
of locally avwlable prolectanls 

FARMERS' PERCEPTIONS OF ANO CONTROL OF BEAN BRUCHIDS IN UGANDA 

Matenals and metbods 

A survey was conducted lo mvesttgate farmers percepltons of bruchtd damage and control methods 
used and assess damagelloss levels 130 farmers m mne represenlallve d1stncts m the four agro 
ecologtcal zones of Uganda were selecled for the survey A ques110nnwre was prepared for farmers 
responses Bean samples (500 g) were collecled for analys1s of damage we1ghl loss and spec1es 
IdenttficatJon 

Results and d1scuss•on 

The maJOnty of the respondenls were males m the age range of 20 lo over 50 years and have been 
growmg beans for 1 O lo over 30 years dependmg on age Though two growmg seasons were IdentJfied 
m all bean growmg areas 34% of the farmers (mostly m Agro-ecolog1cal Zone 111) grew bean m only 
one season Bean productton per famdy ranged between 50 and 300 kg per season Harvesled beans 
were sun-dned and threshed Bean seeds were redned and slored for home consumpt1on seed or sale 
Storage durat1ons were 1-4 months (41%) 5 8 months (50%) and up to one year (90%) Bruchtds 
were 1denltfied as the mwn slorage concern Mosl farmers (56%) thoughl thal some bean vanet1es are 
more suscepttble lo bruchtd mfestal1on than others Smaller seeded vanelles were cons1dered more 
res1sltml 

The commonest bruch1d control strategy used by farmers was sun drymg for redrymg and heat 
dlsmfestatton Remfestatton after solar heat treatment was cons1dered rap1d Other bruch1d control 
media used mcluded lobacco leaves wood ash banana JWCe and red pepper Some 27% of farmers 
thoughl nothmg could be done lo control bruchtds The only method cons1dered very effecttve was 
chem1cal control Among the chem1cals used were Actelhc Malathton DDT and vanous other non 
storage JDSecltctdes Mosl tradlbonal methods were cons1dered meffectual and had other problems 
assoc1ated w1th therr use such as dtfficulues m cookmg eatmg and cleanmg 

RESISTANCE TRIALS ON Z subfascUúus 

Matenals and metbods 

Four bean vanettes were tested (RAZ 2 EMP 175 K20 and Wh11e Hancol) Seeds were equally 
mfested Wtth four sexed pwrs of newly emerged JDSecls and mcubated for four months 

Results and d•scuss•on 

Results clearly md1ca1ed that there were htghly sigmficant d1fferences among vaneltes m lerms 
of adult emergence Adult emergence from RAZ 2 was neghg1ble after four months (Table 1) 
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Table 1 Storage test results Uganda 120 days after mfestahon 

Total num ber 
Vanety of adults emerged' % bean damage' 

K20 
RAZ 2 
Wlute Hancot 
EMP 175 

1029 8 (6 94) 
9 6 (2 26) 

1173 6 (7 06) 
740 o (6 60) 

164 (041) 
O O (O 00) 

160(037) 
4 4 (O 20) 

Ftgures ID parentheses are log 1 and arcsiD x 1002 transformahons 

Tests ID Uganda confirm that RAZ 2 ts htghly reststant to Z subfasc¡atus and the degree of reststance 
ts conststent wtth prevtous laboratory assessments (Cardona el al 1990) The reststance of RAZ 2 
therefore provtdes adequate protechon agamst Z subfasc/atus and can be recommended for use ID 
sttuattons where conventtonal pest control procedures can not be utthzed 

SOLAR HEAT DISINFESTATION OF BEANS 

Matenals aud metbods 

Equal batches of beans (K20) were IDfested wtth 40 paus of A obtectus Two IDCubahon treatments 
were tmposed IDcubatton for 20 days and all msects removed and IDcubatton for 7 days and no 
adults removed The solar heat treatments were exposure to dtrect sunhght (TI) exposure to sunbght 
covered (top) wtth clear polythene and (bottom) wtth black polythene sheet (T2) 

Trays were placed ID the sun and seed temperatures recorded at hourly IDtervals Total and hve/dead 
adults were counted at weekly IDtervals for five weeks 

Results aud dtscusstoo 

Temperatures of 65 and 64 were recorded ID T2 wlule the htghest recorded temperature ID TI was 
45 5'C After five weeks all adults ID TI had escaped whtle ID T2 90 2% had dted Only 5 6% 
mortaltty was recorded ID the control (Table 2) 

Table 2 Mortaltty of A obtectus ID two solar treatment methods 

Treatment TO (control) TI T2 

Adult mortaltty (%) 5 5 o• 90 
Escapes (%) O 100 O 

ro = control all escaped 

Afler 5 weeks IDcubahon mean adult emergence was 16 7% ID Ti 15 8% ID T2 and 100% ID control 

Two factors were suspected to be responstble for the overall reductton ID A obtectus emergence ID 
TI and T2 dtrect mortaltty due to solar heat ID T2 and the excluston effect whereby adults escaped 
due to heat and sun glare whtle at the same tune eggs loosely latd among the beans were naturally 
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s1eved off Tlus suggests that both the dJteet k1lhng effect of the sun and the exclus10n effect due to 
s1evmg could play roles m the control of A obtectus 

BEAN SIEVING - A CONTROL METHOD FOR A obtectus 

The effect of sequenced s1evmg of beans were mveshgated m K20 mfested WJth A obtectus The 
beans were s1eved at seven day mtervals for a penod of 49 days 

Results aud dJscuss1on 

The results clearly demonstrate that s1evmg prov1des total control of A obtectus 1rrespechve of 
durahon of storage and prev10us mfestat10n (Table 3) Very severe damage was recorded m uns1eved 
beans Repeated s1evmg of beans drashcally reduces bean damage by A obtectus The method would 
be 1deal for small scale subsJStence farmers where coffee drymg trays are avadable 

Table 3 Percentage of seeds of K20 damaged by A obtectus at two pre and two post treatment 
storage duratJons folloWJng hght and heavy mfestat10n WJth and w1thout s1evmg 

Infestat1on 

Storage L1ght1 Heavy2 

penod 
(days) Uns1eved S1eved Uns1eved S1eved 

o O OOd O OOd 9 26cd 8 75cd 
50 o 40d o 02d 62 70b 13 62c 

110 7 67cd o 02d 69 67b 13 47c 
170 60 40b o 05d 88 80b 13 57c 

1 Jruhal hght mfestatJon of stored beans none pre storage 2 1mhal heavy mfestatJOn of stored beans 
50 days pre storage means followed by common letter do not d1ffer sJgnlficantly at P<O 05 accordmg 
to Duncan s Mult1ple Range Test 

Sequenced bean s1evmg 1s most successful where eggs are lrud loosely m the grams adults hve 
outs1de the grams and where the b10logy of the pest 1s accurately known Even where such entena 
are not absolutely met a certam amount of damage could be av01ded by s1evmg at regular mtervals 
Combmed WJth appropnate solar dJsmfestat1on s1evmg could cons1derably extend storage durahons 
by reducmg rate of bean damage by A obtectus 

OTHER CONTROL METHODS 

Other control methods currently bemg mvest1gated mclude the use of agents such as Gynandra 
gynandrops1s Mella azdrach and shea butter o1l 

ALTERNATE HOSTS OF A OBTECTUS 

Matenals aud methods 

Seeds of suspect host plants were collected throughout Uganda The spec1es collected were 
Macropllilum atropurpureum M lathyr01des Lablab purpureus L mger Centrosema pubescens 
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erota/ana mcana ea]anus COjan eassla spectablbs e lora e grandiS e pelerslana DesmodiUm 
lasswcarpum Bauhm1a pune/ata Leucaena /eucocepha/a eaesalpma pu/cherr1ma P1bos11gma 
thonnmgu Acacia elata Rhynchos1a spp G/ycme }avamca tepary beans V1gna ungu¡cu/ata and two 
yet untdenttfied legume spectes The legume seeds were allowed to mcubate for one month and msect 
emergence noted then mfested wtth eggs of A obtectus They were allowed to mcubate unttl adult 
emergence 

Results and dtscusston 

In most seeds the larvae dted soon after penetralton In two legume spectes M atropurpureum and 
M /athyr01des there was larval development but due to the small stze of the seeds food supply was 
exhausted and most larvae/pupa dted wtthm 28 days A few adults emerged but they were very small 
and dted soon after emergence Complete deveiopment of msects and adult emergence were noted m 
e caJan V ungUiculata tepary beans and the two urudenttfied spectes Altemate host plants of A 
obtectus were therefore found among legume spectes already domesttcated by man 

A METHOD OF SEXING A obtectus 

Matenal and metbods 

The stgmficance of the hues and colours and denstty and pattems of bnstles on the pygtdtum of A 
obtectus adults was mvesttgated Adult populattons wtth brown pygtdta (V ananon I) were separated 
from populattons wtth brown and grey patterns on the pygtdta (Vananon 2) and sexed usmg male 
gemtalta 

Table 4 Sex of msects exlubtttng pygtdtum vanattons 

Vanatton 1 Vanatton 2 

Operator Males Females Males Females 

1 33 2 2 62 
2 54 o 45 
3 49 o o 51 
4 49 2 1 48 

Total 185 5 3 179 

Percentages 974 26 1 4 98 6 

Results and dtscusston 

The dtssechons md.tcate that the vanattons m the hues and pattems of coloratton on the pygtdtum are 
clear forms of sexual dtmorphtsm that wtll atd sexmg of A obtectus males exlubtltng Vanatton 1 and 
females Vanatton 2 (Table 4) 
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TRA VELLING WORKSHOP ANO SURVEY 

In collaborallon w1th SADC Great Lakes and CIA T sc•enllsls a travelhng workshop was orgaruzed 
and undertaken m Uganda Tanzama and Zunbabwe m September I 992 11 mciuded entomoiog1sts 
agronom1st and breeders from CIAT Uganda Tanzarua Burund1 Z1mbabwe and Eth1op•a 

The a1m of the survey was lo mvesllgate farmers percepllons of bruch1d damage and control 
determme actual damage Ievels and spec•es compos•llon and collect germplasm The results are bemg 
comp1Ied 
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OF MAJOR PESTS OF FRENCH BEANS 
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Oepartment of Crop Sc1ence U01vers1ty of Na1rob1 Na1r0b1, Kenya 

ABSTRACT 

A survey was conducted ID 99 of about 1000 French bean farms m Mwea DtV1s1on ID 

Ktnnyaga Dtstnct The survey was carned out mamly to detennme the pest problems and 
theu soluttons m fanners fields and the rates and frequency of apphcahon of peshctdes on 
bean fanns For vanous reasons knowledge of how to spray use of protecttve clothmg use 
of pesttctdes for spectfied pests proper rates of apphcahon formulahons and concentrattons 
are e1ther httle or al all apphed by farmers The survey !S d1scussed ID detall 

INTROOUCTION 

French beans (snap beans) IS one of the maJOf hort1cultural export crops of Kenya In 1989 JO 
thousand ha were under French bean cult1val!on producmg a total of 20 thousand t of fresh beans of 
wh1ch 15 thousand t were au fre1ghted to Europe earmng the country US$ 600 thousand (Anon 
1991a) The same amount of French beans was exported to Europe m 1991 and 1992 (Anon 1993) 
Wh1le there •s an mcreasmg demand for French beans by the processmg mdustry local demand for 
fresh beans 1s relal!vely hm1ted They are normally grown off season under mtens1ve 1mgal!on durmg 
the peak export penod m the months of September to Apnl 

Vanous workers have 1dent1fied pests as one of the maJOr product10n constramts of common beans 
The mam pests of French beans m order of theu econom1c 1mportance are bean stem maggots 
Ophwmy10 spp flower thnps Megalurothnps s;ostedt1 (Trybom) bean aplud Aph1s fabae (Scopoh) 
red sp1der m1tes Tetranychus spp Afncan bollworm Heilcoverpa (Heiloth1s) arm1gera (Hb) 
wh1tefly BemlSla tabac1 (Gen) leaf mmer Lmomyza tnfolu (Burgess) and spmy brown bugs 
Clawgralla (AcanthomiO} homda (Germ) and e tomeniOSICO!ils (Stal) (Anon 1991a, 199Ib) There 
1s some avadable mformat10n on the survey b10logy and control of Ophwmy¡a spp Aph1s fabae 
Megalurothnps s;ostedt1 Heilcoverpa arm1gera and Tetranychus spp Present measures of controllmg 
pests on French beans mamly mvolve use of msec11c1des The meffecttveness of chem1cal control of 
some pests and the damage of some chem1cals as res1dues of French beans and to the envuonment 
have been reported by the farmers and consumers The obJecl!ves of the survey were to descnbe and 
evaluate the curren! use of pest1c1des m French bean productton 

MATERIALS ANO METHODS 

Area of study 

The area of study was Mwea D•v•s•on m Kmnyaga D1stnct The area of the diVISIOn 1s 1161 square 
km The d1V1s10n has four locauons namely Tebere Munnduko Nyagatln and Mutttlu The area •• 
a Iower m1dlands (LM,) zone w•th a mean temperature range of 22 O 21 2°C (Jaetzold and Schm1dt 
1983) The s01l !S mamly black cotton wluch 18 moderately fert1le The agncultural land per household 
of 5 8 person8 18 about 3 8 ha wh1ch 18 margmal m th•s area Normally the first rams 8tart at the end 
of March and the 8econd ram8 al the end of October 
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Surveys 

The survey was camed out m 99 of the 1000 French bean fanns m Mwea Dtvtston Kmnyaga 
Dtstnct It was conducted mamly to detennme the pest problems and thetr soluttons m fanners fields 
the types of pesttctdes and thetr rates and frequency of apphcatton on bean fanns Other tnfonnatton 
collected was on how to spray use of protecttve clothmg use of pesttctdes for spectfied pests proper 
rates of apphcatton fonnulattons and concentrattons The data collected were analysed usmg a 
stattgraphtc computer package The mfonnatton ts presented as ptecharts graphs and percentages 

RESULTS 

General observaúons of crop productton wttb empbasts on Frencb beans 

The mam crops grown m the area are matze sorghum mtllet cowpea, bean chtckpea, green pea 
greengram soya bean dohchos bean sweet potato and ptgeonpea The maJor cash crop m the area 
has been cotton whtle nce ts grown under rrngatton Matze and dry beans are the most tmportant 
subststence crops The ytelds of dry beans range from 569 to 896 kg/ha m monocrop and 318 to 512 
kglha m mtercrop wtth matze It ts recogruzed that tt wtll only be posstble to cope wtth populatton 
growth tf both mtenstficatton of and tnnovattons m agnculture (e g culttvat10n of tmproved vanettes) 
can be successfully mtroduced to local fanners Horttcultural crops such as French beans and tomatoes 
have been successfully mtroduced m the last ten years 

The product10n of French beans ts matnly m Tebere Mutttht and Nyagatt locattons of Mwea Dtvtston 
French bean farmmg started m the area m 1982 and has conttnued expandmg smce that ttme At any 
one ttme the area of French beans ts 250 ha wtth a product10n of 1 500 t at a yteld of 6 t/ha There 
are about 1 000 French bean farmers wtth an average of about O 2 ha rangmg from a few square 
metres to about 5 ha Most farmers are small scale growmg less than O 5 ha of horttcultural crops 

Farmers use matrtly draught anunals for ploughmg French beans are grown throughout the year 
solely for export They are grown under ratnfed condtttons dunng the long and short ratny seasons 
and under furrow and spnnkler tmgatton dunng dry penods of the year Of farmers who tmgate 50% 
use furrow trngatton and 5% use spnnkler tmgatton Imgat10n water ts from nvers ongmatmg from 
Mt Kenya and convergmg m thts lowland area Most fanners grow French bean under ratnfed 
condtttons although they are not very marketable dunng the penod There are no well-organtzed 
marketmg systems and the fanner has to negottate pnces wtth mtddlemen who then sell the produce 
to exporters 

Farmers apply recommended husbandry methods and use fertthzer new seeds and plant protectton 
methods m French bean productton The adoptton rate for the use of pesttctdes on French beans ts 
very htgh The cost of pesttctdes ts contmuously mcreasmg and the proper use of pesttctdes has to 
be emphastzed to miOUDtse the cost of productton Fanners expenence a number of problems dunng 
the productton of French beans Knowledge of how to spray use of protecttve clothmg use of certatn 
pesttctdes for spectfied pests proper rates of apphcatton fonnulattons and concentrattons ts rarely 
apphed by farmers etther due to tgnorance or tts hmttattons There ts already a GIFAP proJect m the 
area to tratn agncultural extenston officers and fanners m the proper use of pesttctdes Although tt 
ts tllegal under the Pest Control Products Act to prepackage a pesttctde product thts ts nonn ally done 
by stocktsts m the area There ts a htgh level of adulteratton of pesttctdes dunng prepackmg by 
addttton of non acttve mgredtents Stocktsts are also known to make a concoctton of a product wtth 
no acttve mgredtent but labelled and marketed as a popular pesttctde Therefore although there are 
general complatnts of meffecttveness of sorne pesttctdes for control of certatn pests tt ts dtfficult to 
prove m the field whether such complatnts are genume because the pesttctdes may be adulterated or 
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may nol have been used for lhe recommended pesl bul as a general pesl control The cheapness of 
a pesllctde and tls avallabthty ts often all thal causes a farmer lo use 11 on hts crop Farmers dtd nol 
menlton constslently a certam pesltctde bemg effecllve agamsl a parttcular pesl Whtle some farmers 
menltoned how meffecltve a certam pesltctde was agamsl a parttcular pesl others observed thal 11 was 
the mosl effecllve 

Pesllctdes from netghbounng countnes have often been slocked m shops m the area There are 
pesltctdes provtded lo those countnes by donors as rud Such pesllctdes mclude Ambush from Uganda 
and Tanzama and Seleclon and Koctde for control of cotton and coffee pesls m Tanzama Wtth the 
populanty of Ambush farmers have often been provtded wtlh an adulleraled producl whtch has no 
Ambush acllve mgredtenl Furadan granules provtded lo farmers by the Nallonal Imgallon Board for 
nce producllon have been apphed lo French beans as a fohar spray or seed dressmg or by drenchmg 
the ground around bean seedhngs tmmedtalely after gemunallon F armers clrum thal they use smaller 
quanllltes of Furadan granules when they spray than when they apply lo the s01l Furadan ts very 
expenstve and thal ts why farmers have resorted lo such methods of apphcallon However such 
methods should be dtscouraged because of loxtctly lo the farmer 

F armers knowledge of pesltctdes ts very good Mosl farmers are young people who have etther been 
lo pnmary or secondary schools or agncultural colleges On some occastons as contracled farmers 
they have been advtsed on pesllctdes lo use Through use of dtfferenl pesltctdes over ltme each has 
tdenllfied hts own pesllctde package whtch he constders effecltve lt ts dlflicull lo oblrun the same 
optmon on the effecllveness of a pesllctde from many farmers Only a few farmers momlor pesls and 
spray accordmg lo the pesl popula110n Mosl young farmers are very knowledgeable aboul pesls and 
often descnbe them by thetr common names and by lhe nature of the damage they cause 

Mosl farmers fell thal the pesltctdes they are spraymg are unable lo control whllefltes and 
Acanthom1a Whtle whtlefltes mfesl the crop throughoul the growmg penod Acanthom1a mfesls the 
crop durmg flowenng and poddmg Mosl farmers are pesl doctors who prescnbe pesttctdes 
whenever they see even a very low populatton of a pesl or no pesl m the crop In mosl cases the 
prescnpltons are wrong and they use the wrong pesltctdes 

Surveys 

The crops grown by the farmers m Mwea Tebere m order of thetr tmportance were French beans 
mruze lomalo vegetables and dry beans 42 4% of farmers had successtve planlmgs of French beans 
m thetr farms whlle 57 6% had smgle planlmgs Mosl farmers planled al two weekly mlervals 

Farmers ranked the msecl pests on French beans m order of thetr tmportance 1 bean slem maggol 
2 whtlefltes 3 mtles and bollworms 4 thnps bugs and aphtds (Ftgure 1) lnlervtewers noled the 
tnsecl pests on French beans and ranked them m the followmg calegones 1 bean stem maggols and 
whtlefltes 2 thnps 3 bugs 4 mttes 5 bollworms and leafmmers 6 aphtds (Ftgure 2) Dtseases on 
French beans were ranked by farmers m order of thetr tmportance 1 rusl and angular leaf spol 2 
anthracnose 3 bean rool rol halo bhghl and bean common mosruc vtrus (Ftgure 3) lnlervtewers 
rankmg of dtseases were 1 rusl angular leaf spol and anthracnose 2 halo bhghl rool rots and bean 
common mosruc vtrUS (Ftgure 4) 
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Fanners suggested solullon lo msect pest control was mamly chem1cal all of them usmg msect1c1des 
while only 6 8% used cultural pracllces m add1110n lo msect1C1de The cultural control methods used 
were ndgmg frequently for bean stem maggot control use of ash for s01l msects control and 
ploughmg as soon as poss1ble after the end of harvestmg penod The fanners d1d not menllon any 
method of d1sease control except the use of fung1c1des Thus there was no b10log•cal 
phys•callmechan•cal or vanetal method used for control of msect pests or d1seases Fanners used only 
hand tools for weedmg and d1d not use herb1c1des for weed control Most fanners had sorne 
knowledge of pests d1seases and weeds and the•r control Fanners percepllons and acllons on msect 
pest problems were greater than on weed or d1sease problems Fanners md1cated that there was more 
y1eld loss w•thout msect control than w1th d1seases or weeds 

Table 1 lnsecllc1des and m•llcldes used by fanners m the surveyed are a 

No of 
Trade eommon ehem•cal Mode of fanners 
name name base' Type2 acllon3 usmg 

Ambush Permethnn SP 1 e 342 
Selecron Profenofos OP I+M e+l 303 
Furadan earbofuran e I+A+N S 244 
Rogor E D1methoate OP I+M es 185 
Sum1th10n Femtroth10n OP 1 e 146 
K arate L-cyhalothnn SP e 127 
D1azmon/ 

Basudm D•azmon OP eNS 128 
Dec1s Deltamethnn SP el 89 
Th10dan endosulfan OP I+M e StNS 710 
Azocord eypermethnn +SP 

monocrotophos OP I+M se 1 711* 
R1pcord eypermethnn SP 1 le 612 
Durban ehlorpynfos OP 1 e VA NS 613 
Bngade Befenthnn SP I+M e 514 
Kelthane D1cofol OP M NS 415 
Lebayc1d Fenth10n OP el 416 
Marshal earbosulfan e S 317 
Eralux Qumalphos OP I+M el 218 
Malath1on Malath10n OP l+M NSe 219 
Fohmat Omethoate OP I+M S 220 
Mutano 221 Om 1teProparg•te S M S 222* 
Polytnn eypermethnn SP le 223* 
Sherpa eypermethnn SP le 124 
Hostath10n Tnazophos OP I+M le 25 
Bancol Bensultap n 1 

1 OP = organophosphorus SP = synthellc pyrethro•d e = carbamate S = sulfite n = nere1stoxm 
analogue ' 1 = msecllc1de M = mliiClde A = acanc1de N = nemat•c•de 3 e = contact 1 = 
mgest1on S = system1c NS = non system1c St = stomach VA = vapour act10n • = same product 
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Tables 1 and 2 show the pesllctdes used lo control dtseases and pesls of French beans Mosl pesllctdes 
were not used for spectfic pesls or dtseases However Furadan was used mamly agamst bean slem 
maggol and Selecron agamst mtles Although Antracol Dtthane and copper were used for controlhng 
all dtseases Antracol was emphastzed for control of angular leaf spol and Dtthane and copper for 
leaf rusl Whenever a farmer was usmg a pesttctde he only menlloned lis good performance m dtsease 
or pesl control A few pesllctdes hke Furadan Rtdomyl and Benlale were constdered effictent by lhe 
farmers but they were not used exlenstvely because they were regarded expenstve 

Farmers make a schedule tmmedtalely after the firsl spray and spray roulmely Only a few farmers 
assess pesl abundance or check for pest damage before they apply msecllctdes Most farmers spra' 
once per week and apply pesttctdes over 12 ttmes per season Mosl farmers do not gel advtce from 
any source on the use of pesllctdes However 20 2% gel recommendallons of pesltctdes from lhe 
extenston officer and 21 2% from shopkeepers 77 8% of farmers mtxed msecllctdes and fungtctdes 
51 5% menltoned that they apply the same pesllctde producls lhey use on French beans lo other crops 
and 49 5% responded thal they do spray French beans when they spray other crops 

Most farmers made thetr own dectstons on lhe date of apphcallon of pesllctdes and actually sprayed 
the pesttctdes themselves Whtle 83 8% of the farmers do not lake precaullons dunng spraymg 61 6% 
of the farmers menltoned feehng mtoxtcaled after applymg pesllctdes All farmers satd thal they do 
not smoke dnnk eat or wear masks or gloves when applymg pesltctdes They use old rags and only 
a few wear gum boots and prolecllve coats They are all aware of the need for protecltve clothmg bul 
the cost prohtbtls tls purchase They all menlloned thal they wash themselves after applymg pesllctdes 

Table 2 Fungtctdes used by farmers m the surveyed area 

Mode No of 
Trade Common Chemtcal of farmers 
name name base actton' usmg 

Antracol Propmeb Dttluocarbamate p 462 
Copper oxychlonde Copper oxychlonde Copper p 363 
Dtthane M-45 Mancozeb Dtthtocarbamale p 254 
Bayleton Tnadtmefon Conazole PCS 115 
Rtdomtl Malalaxyl Acylalanme S 26 
Koctde Copper hydroxtde Copper PB 17 
Pencozeb Penconazole Conazole S 28 
Plantrav Oxycarboxm Amhde S 19 
Nova Myclobutantl Canazole S 110 
Rabctde Phthaltde Phthaltde RS 111 
Polyram Mellram DtthtOcarbamale NS P 112 
Mthraz 

1 P = protecllve C = curaltve S = syslem•c B = baclenoctde RS = spectfic to nce dtseases NS = 
non sy stem tc 

In most cases farmers grew thetr French beans as a monocrop They commonly used DA P fertthzer 
dunng planlmg and most farmers apply fohar fertthzer frequently before and after flowenng of lhe 
bean plants 
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DISCUSSION 

As elsewhere ID the world pests and d1seases of French beans ID Kenya are maiDiy controlled by use 
of pest1C1des (Cardona and Corrales 1990 Velasquez and Prada 1990 Anyango el al 1989) The 
large number of types of pestlcldes used at Mwea ID the Tebere area may cause the bmld up of 
res1stance of pests to pest1C1des and water pollullon ID canals There •s already an 1Dd1ca11on that 
wh1tefl•es are uncontrollable and may be res1stant lo a w1de range of pest1C1des beiDg used The 
reported IDeffecllveness of some pesllc1des may be due to the h1gh rate of adulterat10n of pesllc•des 
or use of pesllc1des agaiDst the wrong pests Th1s may fac1htate the development of res1stance to 
pest•c•des The effects of pes11c1des on farmers who are normally unprotected should be of great 
concern and the curren! proJect to traiD farmers ID the area on the safe use of pesllc•des •s along the 
nght liDes 

Farmers should be made aware of other control methods to encourage them to reduce the1r 
overrehance on chem1cal control The scheduled treatment normally carned out by farmers left no 
benefic1al IDSects ID the bean crop The complete erad1cat1on of pests seemed to be the rum of farmers 
wh1ch never happened wtth pests such as wh1tefl1es and Acanthom1a To encourage farmers to reduce 
the w1de range of pesllc1des and number of sprays nallonal pest control packages should be drawn 
up and released to farmers Such a package could be a seed dressiDg+sml IDSecllc•de (e g carbofuran) 
apphed at sowtng (K1bata, 1990) a system1c IDSecllc•de (e g d1methoate endosulfan femtrotluon) 
apphed as first fohar spray two weeks after plant emergence (K1bata 1980 1990) a synthellc 
pyrethro1d or any other pesllc1de of low IOXIClly that can be apphed dunng flowenng and poddiDg 
Such a control package could be tested and the pest control and level of crop damage noted ID the 
field Farmers should be g1ven packages of pesllc•des wh1ch each one of them can choose to use to 
control the pests They should be encouraged to vary the pesllc•des dependiDg on the pest to control 
The effecllveness of mixtures of IDsect•c•des and fung1c1des should be tested on IDSect pests and 
d1seases SIDce 11 •s a common pracllce lo m1x such pest1C1des 

Bean stem maggot and rust may completely destroy the crop Other pests and d1seases cause mrunly 
qual1ty reducllon and farmers and consumers should be encouraged lo accept some m1mmal qual1ty 
loss The mrun pests causiDg h1gh pod qual1ty reduct10n are thnps and Acanthom1a The best pes11c1des 
for thnps control ID Kenya have been reported (Munuk1 1988 Anyango 1990 1991a 199Ib) These 
chem1cals should be evaluated for the1r effecllveness agrunst Acanthom1a The actual losses caused 
by pests and d1seases of French beans should be IDvesllgated Otherw•se farmers wdl contiDue to 
exaggerate the losses due to pests and d1seases and apply pesllc1des more frequently than necessary 
It •s necessary to reduce the large number of sprays used ID French beans Th1s can only be done 1f 
the farmers are conviDced that there are altemat•ve methods or there are methods that could be 
combiDed w1th IDSect•c•des lo effecllvely control pests Th1s should reduce the chem1cal hazards to 
the farmers and consumers and pollullon to the env1ronment 
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DISEASE AND PEST CONTROL BY SMALL SCALE 
FRENCH BEAN FARMERS IN KENYA 

Merey W WanJiru 

Nabonal Horticultura! Research Centre Tb1ka Kenya 

ABSTRACT 

2 7 OCi 1996 

Thts paper dtscusses pest control prachces by small scale French bean farmers and theu socto 
economtc tmphcahons The study covered small scale farmers m the Central Provmce of 
Kenya A formal survey was camed out m whtch 120 farmers randomly selected from the 
mam French bean growmg arcas were mtervtewed The commonly grown vanetles of snap 
beans m Kenya are poorly adapted to troptcal envuonments and so are htghly suscepttble to 
d1sease and pesl attack Twenty d1seases and 13 pests have been reported lo attack beans and 
most of these are of economtc tmportance Chemtcals are the most commonly used pe"it 

control method among snap bean growers Fanners sprayed thetr crops up to 16 20 times per 
croppmg cycle On average pes1Ic1des cost Ksh 7 253 per ha rangmg up lo Ksh 28 000 for 
sorne farmers Wh1le the mean rate of return per Ksh spent on peshc1des was found to be 
h1gh (Ksh 2 96) and farrners were found lo be effic¡ently allocatmg expend1ture on pes11c1des 
these chem¡cals were accountmg for a ••gmficantly h1gh percentage (1 O 20%) of total vanable 
costs Th1s mcreases to 30% when labour for spraymg 1s mcluded The suscepllb1hty of 
locally avatlable snap bean vanelles to pests and d1seases and the h1gh rate of return have 
been the mam catalysts to fanners frequent usage of peshc1des 

INTRODUCTION 

The snap bean mdustry plays a v1tal role m the Kenyan economy m tenns of fore1gn exchange 
eanungs employment opportumt1es and proviSion of much needed mcome espec1ally lo small scale 
farmers In Kenya, as m other developmg countnes snap beans are produced mamly by small scale 
farmers as a h1gh mputllugh output market onented crop Average farm s1ze ranges between O 37 and 
2 7 ha Farmers allocate only a small proport1on of land to snap beans not more than 29% m the 
maJonty of cases E ven though the allocat1on IS small farmers rank snap beans very h1ghly m tenns 
of mcome generat10n when compared w1th other farm enterpnses Most of Kenya s produce 
eshmated at 12 15 tonnes per annum 1s destmed for the export market e1ther m the fresh state or 
processed fono (Horticultura! Crops Development Agency) 

The mam vanet1es grown are Monel Super Monel and Bobby (bush type) Most vanehes bemg grown 
by the snap bean farmers are poorly adapted to trop1cal env1ronments and so are h1ghly susceptible 
to pest and d1sease attack Over 20 d1seases and 13 msect pests have been reported lo attack beans 
1n Kenya The ones of most econom1c unportance are halo bhght anthracnose rust root rots bean 
stem maggots and other msects (Omunym 1983) 

Halo bhght 1s seed borne but there 1s no pracucal method of control by seed dressmg Fohar chem1cal 
sprays are also not always effecuve so farmers are adv1sed to sow clean certlfied seed Breedmg for 
res1stance lo the d1sease 1s a prom 1smg control method Anthracnose IS also seed borne The causal 
organ1sm surv1ves m s01l for severa! years on dead plant matenal As a control measure farmers are 
adv1sed to plant clean certlfied seed and to pract1ce crop rotat10n Chem1cal fohar sprays are not 
always effect1ve but chem1cal seed treatment IS a recommended practJce Breedmg for res1stance 1s 
a prom1smg control method Rust IS an auborne d1sease and can cause up to 50% loss m y1eld The 
recommended control measures are crop rotat1on field san1tat1on and the use of chem1cal fohar sprays 
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Root rots are sod borne and may cause up to 60% yteld loss Control measures mclude crop rotat10n 
and breedmg for reststance 

Bean stem maggots can cause total crop loss Crop rotatton field santtat10n certtfied seeds and seed 
dressmg are the recommended control measures Breedmg for reststance ts another posstbthty Other 
msect pests of economtc tmportance mclude aphtds thnps mttes and Afncan bollworm 

Thts study dtscusses pest control pracltces amongst small scale snap bean growers and thetr socto 
economtc IIDphcattOns 

METHODOLOGY 

The data used m thts study ts from a survey conducted m 1991 on snap bean productton m the Central 
Provmce of Kenya A sample of 120 small scale farmers was randomly selected from three 
admtrustrattve diVIstOns m the Central Provmce Wtth the help of enumerators a formal survey was 
carned out The data collected was mamly on snap bean acreages mput and output data cultural 
practtces pnces and m arkets 

RESULTS AND DISCUSSION 

Small scale French bean farmers m Kenya were found usmg vanous methods to control dtseases and 
pests attackmg therr crop The methods are descnbed below 

Crop rotatton 

E ven though small scale French bean farmers are aware of the tmportance of crop rotatton as a means 
of reducmg dtsease and pest mctdence only a few follow the practtce For those who do snap beans 
are sttll grown m the same plot afler one or two seasons Most farmers are not able to carry out the 
pracltce for three reasons 

1) the small farm stze that charactenzes French bean farmers Mean farm stzes were O 37 ha m 
Kandara Dtvtston 1 85 ha m Makuyu and 2 7 ha m Mwea DtviSion Hence farmers are not able to 
pracltce crop rotalton m the recommended marmer 

2) farmers lacked tmproved tmgatton technologtes whtch can enable them to grow beans remole from 
water sources so are restncted to growmg French beans around or along water sources such as nvers 
and 

3) smce snap beans generate htgh mcomes espectally dunng the off season (October M ay) the 
farmers count tl as a loss when they can not fill every plot wtth snap beans 

These reasons have often caused a bmld up of dtseases and pests along or around the water source 

Clean certtfied seed 

The source of snap bean seed planted by farmers vaned dependmg on 

1) whether the farmers were well mformed about the IIDportance of usmg clean certtfied seed as a 
means of protectmg thetr crop agamst d1seases and pests 

2) the avadabthty of the seed at the nght ltme and place 
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3) the pnce of the seed when compared lo other sources and 

4) the past expenence that the farmer has had after buymg from a parttcular source m terms of 
germmalton percentage plant vtgour and ytelds obtamed 

For these reasons pracltces dtffered among areas In Mwea Dtvtston most farmers (80%) planted seed 
whtch they had bought from appomted dealers (supposedly certtfied) whtle m Makuyu the maJonty 
of farmers (68%) bought seed from thetr netghbours or used thetr own seed 

Seed dressmg 

Thts ts a common pracltce by seed compantes and by farmers who are engaged m selhng seed lo 
others but was not very common wtth those farmers who planted thetr own seed 

Res1stant vanetles 

The survey showed that the mam vanety grown by small scale farmers was Monel Thts vanety has 
been shown to be suscepltble to dtseases and pests as ti •s poorly adapted lo Kenyan envtronments 

Fohar cbemtcal control of d•seases and pests 

Pests are most commonly controlled by chemtcals by French bean farmers m Kenya because 
chemtcals are fastest m aclton rehable and gtve the most predtclable results All farmers m the sample 
sprayed thetr crop wtth msecltctdes whtle only four used no fungtctde The pesltc•des were mamly 
sprayed on a routme basts t e al one or two week mtervals although a few farmers sprayed only after 
stghtmg the pest m the crop (Table 1) When spraymg the crop farmers usually mtxed together an 
msecltctde a fungtctde and a fohar feed to save labour 

Iosectlctdes In Mwea the maJonty of farmers sprayed the crop wtth two msecltctdes mterchangeably 
whereas most farmers m Kandara (69 2%) and Makuyu (90%) were found to be spraymg thetr French 
bean crop wtth only one type of msecltctde throughout the crop cycle (Table 2) Thts dependence on 
one msecltctde has often led to the butld up of res1stance by pests and hence to the use of htgher 
dosages and more poten! chemtcals and a financtal dram on farmers Ambush whtch IS a permethnn 
was the most wtdely used msecltctde m all three regtons Other commonly used msecltctdes mclude 
Rtpcord Kelthane Bngade Malathton Dtaztnon and Rogor E (Table 3) 

F armers started spraymg wtth msecttctdes as early as one week after emergence of the bean crop 
However the majonty started when the crop was 1 5 2 weeks old The spraymg of some chemtcals 
started as late as 8 weeks after emergence The data collected mdtcated that 71% of farmers sprayed 
1-4 ttmes whereas only 20% sprayed 8 9 ttmes wtth one chemtcal (Table 6) Thts means that some 
farmers who sprayed the crop wtth two msecttctdes sprayed up to 16 ltmes 

Fung•c•des Most farmers were found lo be usmg one fungtctde throughout the crop cycle although 
mterchangmg between two fungtctdes was pracltsed to a certam extent m Mwea and Kandara 
Dtvtstons (Table 1) Seven dtfferent types of fungtctdes were bemg used dunng the survey penod 
the most common betng D1thane Koctde Antracol and Bayleton (Table 5) 

135 



Tab1e 1 Numbers of farmers spraymg msechc1des and fung•c•des at one and two week mtervals and 
on s1ghhng the pest m three d1V1s10ns m Kenya, 1991 survey 

1nsect•c•des Fung1c1des 

Spray mtervals Spray mtervals 

One Two On One Two On 
week weeks Slght week weeks Slght 

Makuyu DIVISIOD 
Ambush CY 17 5 4 D1thane 21 5 4 
Po1ytrm 1 2 G copper 3 1 
Dec1s Baycor 2 
Rogor E 3 3 Koc1de 
D1aztnon Ben1ate 
Karate 

Kandara D•v•s•on 
Ambush CY 7 7 Antraco1 4 1 3 
Fentroth10n D1thane 6 3 1 
Lebayc•d Bay1eton 2 3 
Dec1s 1 G copper 7 5 5 
Rogor E 3 Baycor 2 
Dlaztnon 1 Koc1de 1 
Sum1tluon Moduna 1 
Malatluon 4 
Fohmat 1 
Marshal1 
Tluodan 
Ke1thane 2 
Rlpcord 

Mwea DIVISIOD 
Ambush CY 7 5 Antraco1 4 3 
Ke1thane 2 3 D1thane 3 
Lebayc1d Bay1eton 2 
Rogor E 4 Gcopper 2 
Marshal1 4 Koc1de 1 
Bngade 1 1 
Sum1c1dm 1 1 
Rlpcord 

Grand total 58 26 29 55 24 22 

Some farmers started spraymg fung1c1des one week after emergence of the crop but the maJonty 
started spraymg when the crop was 1 5 2 weeks o1d The maJonty of farmers sprayed the chem•cals 
7 1 O times so farmers usmg 2 3 fung•c•des ach1eved 8 20 sprays per crop cyc1e 

136 



Table 2 Percentages of farmers usmg one two three or four msecllc•des on French beans m M w e a 
Kandara and Makuyu OIVIsiOns of Kenya m 1991 

Number of 
msecllc•des Mwea Kandara Makuyu 

One 33 3 69 2 90 
Two 59 o 20 5 10 
Three 77 77 o 
Four o 26 o 

Table 3 Percentages of farmers usmg d1fferent types of msect•c•des on French beans m Mwea 
Kandara and Makuyu D•v•s•ons of Kenya 

lnsecllc•des Mwea Kandara Makuyu 

Ambush 62 69 73 
F entroth10n 5 3 8 
Kelthane 18 8 o 
Lebyc1de o 5 3 
Dec1s o 8 5 
Rogor E o 8 15 
D1az1non o 10 3 
Karate 3 o 3 
Sum1th10n o 8 o 
Malath10n 3 13 o 
Fohmat o 5 o 
Rtpcord 23 3 o 
Tluodan 5 3 o 
Sum1c1dm 3 o o 
Bngade 18 o o 
Azocord 8 o o 

Table 4 Percentages of farmers usmg one two or three fung1c1des on French beans m Mwea Kandara 
and Makuyu D•v•s•ons of Kenya m 1991 

Number of 
fung•c•des M wea 

One 67 
Two 28 
Three 3 

Kandara Makuyu 

67 67 
23 5 
o 3 
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Table 5 Percentages of farmers usmg ddTerent fung1c1des m French beans m Mwea Kandara and 
Makuyu OIVISIOns of Kenya m 1991 

Fung1c1de Mwea Kandara Makuyu 

Anthracol 36 21 o 
D1thane 41 28 83 
Bayleton 21 15 o 
Koc1de 101 33 39 15 
Baycor o 5 8 
Benlate o o 3 
Moduna o 3 o 

Cost of d1sease and pest control Pesllc1des accounted for 20 1 O 8 and 12% of the total vanable 
costs respect1vely m Mwea Makuyu and Kandara DIVISIODS these costs mcreasmg lo 15 30% of the 
total vanable costs 1f the labour for spraymg chem1cals 1s also mcluded The costs of chem1cals were 
second lughest after labour costs wh1ch accounted for 58 78% of the total vanable costs Farmers 
were found lo be spendmg an average of Ksh 7 253 on pest and d1sease control m French bean 
product1on However sorne farmers used only Ksh 230 whde others used up to Ksh 28 000 The 
rate of return to every Ksh spent on pest1c1des vaned among farmers but the mean rate of return was 
Ksh 2 96 32 5% of farmers had rates of return less than one but maJonty (66 7%) had rates of return 
greater than two Th1s would 101ply that returns to pest1c1des m French bean producllon are h1gh and 
tlus IS what encourages the farmer to spend large amounts of money on chem1cals 

DISCUSSION 

Chem1cal control 1s repellt1ve m nature because 1t has to be apphed afresh w1th each pest outbreak 
The chem1cals also rarely kdl all pests and the few that surv1ve usually g1ve senous problems b) 
development of reSIStance The plantmg of vanelles 111 adapted lo the env1ronment has led to heavv 
rebanee on pest1c1des m the snap bean mdustry In order to be able to sell any of h1s output the small 
scale farmer 1s faced w1th 

1) many ddTerent pests and d1seases attackmg the snap bean crop 
2) lack of knowledge of appropnate pes11c1des and theu use and 
3) h1gh and escalatmg cost of pes11c1des 

Table 6 Number of farmers spraymg French beans 1 1 O limes m Mwea Kandara and Makuyu 
DIVISIOnS of Kenya m 199) 

DIVISIOnS 2 3 

Makuyu 3 JO JO 
Kandara 15 6 4 
Mwea 2 o 

Total 20 17 14 

Number of sprays 

4 

7 
7 
4 

18 

5 

2 
2 

5 
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The h1gh cost of controlhng d1seases and pests 1llustrates the fmanc1al dram that results from the 
curren! pes! management methods bemg used by fanners m Kenya Apart from the lugh monetary 
costs the h1gh pesllc1de apphcat10ns have dangerous repercuss10ns on human health and the 
env1ronment m general There 1s therefore an urgen! need to seek altemat1ve strateg1es to recommend 
lo snap bean fanners who are trapped m the VICIOus cycle of chem1cal control pes! management 
pract1ces 
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ABSTRACT 

Th1s paper rev1ews research progress made ID host plan! resJStance agaiDsl bean stem maggots 
(B~M) Ophwmyw <pp ~, populahons of crosses of severa! access10ns that had been 
IdenllfH .. d to ha ve med1um to h1gh levels of res1stance to BSM w1th commerctal culhvars were 
tcotcd m the 1990 and 1992 crop seasons erosses of the CIAT access10n G 5773 (ICA P1¡ao) 
showed constslently h1gh levels of restslance agamst both O pha.seoll and O .Jpencerella 
when.as crosses of G 5253 were promtsmg agamst O phaseo/1 Of 14 f 2s of large seeded 
culhvars tested ID 1992 ANO 829 x ANO 867 and ANO 829 x MR 486 were most 
prommng agaiDsl O spencerella wh1le AND 888 x ANO 867 and AND 867 x 1 RK 29 were 
leas! damaged by O phaseob SIDgle plan! and bulk seleehons from the most promisiDg 
cro«cs wcrc mulhphcd dunng the off season (Sep 92 Jan 93) and the ~ ,s are bemg tested 
Of ten !mes tested m a reeonfirmatory nurscry m the 1990 crop season /Pv 292 G 5773 A 
55 G 2005 and G 2072 were most res1stant ú 5253 d1d not mamtam the h1gh res1stance 
shown m prcv10us expenmcnts th1s was attnhuted to the mercase m tmportance of O 
spencerella (wh1ch was rare m the past) m 1990 and subsequent years A total of nearly 1200 
acccsswns was screened for BSM res1stance at Awassa m 1990 and Awassa and Areka m 
1992 Top performmg entncs (about 20% of the total) are bemg assembled lo form the 1993 
B'iM resJstance nursery for testmg at both locahons 

INTRODUCTION 

Bean stem maggots (BSM) OphiOmJila spp are the ma¡or pests of hancot bean ID eastem southem 
and the Great Lakes reg10ns of Afnca where the crop 1s produced largely by subststence farmers 
Total crop fwlure may occur ID suscepllble cult1vars under severe condl11ons of damage by BSM 
(Tsedeke Abate 1990a) Seed dressiDg w1th IDSeellCJdes such as endosulfan may g1ve sorne degree 
of control (Tsedeke Abate 1991) but JS not pracllcal under small farmer Slluat10ns If bean cult•vars 
w1th aceeptable levels of restslance can be 1den11fied they can be ut1hzed as a maJor componen! of 
an 1Diegrated pest management programme w1th no dtrect cost lo the small farmer 

Although host plant reSJStance has been ID use agaiDsl BSM and related agromy,.Jds ID mungbean and 
soybean (Talekar el al 1988 Ch1ang 1984) httle IDformallon was avwlable regardiDg haneot bean 
unlll recently Tsedeke Abate (1990b) tdenllfied severa! sourees of res1stanee IDCiudiDg CIAT 
access10ns G 5773 and G 2072 these were crossed w1th commercJal vanelles and the resultiDg 
progemes are beiDg evaluated al two locallons ID southem Eth1op1a Moreover furlher attempts are 
beiDg made lo estabhsh BSM res1stance nursenes by screemng germplasm obtaiDed from CIAT 

Th1s paper summarw:s progress ID host plant res1stance research al the Ethtop1an Inslltute of 
Agncultural Research SIDCe 1990 
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MATERIALS AND METHODS 

SegregatJag matenals 

Twenty four F 2 populallons were evaluated at Awassa m 1990 Each populallon was sown on 7 June 
m three rows 8 m long wtth 60 cm between rows and 20 cm between plants Stands were counted at 
emergence Dead seedlmgs (due to BSM) were counted and rogued at least twtce weekly startmg 
about 4 weeks after plantmg and the numbers pooled to calculate cumulallve percent seedlmg 
mortaltty Number of BSM per dead plant was also recorded at about 7 weeks after plantmg Vtsual 
scores were taken on a 1 9 scale (1 = excellent 9 = extremely poor) at 6 and 9 weeks after planllng 
The number of survtvmg plants was recorded JUSt before harvest and seed ytelds were determmed 

Two sets ofF, populallons ET9103B (22) and ET9IIOB (14) were obtamed from CIAT m 1992 and 
were evaluated at Awassa (sown 9 M ay) and at Areka (sown 21 Apnl) The plots were smgle rows 
4 m long wtth 40 cm between rows at Areka and 60 cm at Awassa and 1 O cm between plants Other 
cultural practtces and data collectton procedures were stmtlar to those m 1990 

Germplasm evaluatJoa 

Nursenes of 600 wlute pea bean medtum-coloured and large seeded beans were mcluded m the 
breeders Nursery 1 at Awassa and/or Areka m 1990 and 1992 Seedhng mortaltty caused by BSM was 
the maJor selecllon cntenon Plant vtgour was a supplementary cntenon m some mstances 

RecoafirmatJoa aunery 

A BSM Reststance Reconfumatory Nursery of 1 O culttvars obtamed from other bean growmg regtans 
m Afrtca and Twwan through the CIAT Regtonal Programme on Beans for Southem Afrtca (Table 
1) was evaluated at Awassa m the 1990 crop season Endosulfan treated and untreated seeds of each 
entry were sown on 1 June m a spht plot destgn wtth seed treatments as mwn plots and culllvars as 
sub plots Blocks mam plots and sub plots were separated by 2 1 5 and 1 m alleys respecllvely Sub 
plots were 3 m x 3 m Wtth 60 cm between rows and 15 cm between plants The bean vanety Red 
Wolwta was mcluded as a local check Procedures for data collecllon and cultural pracllces were as 
m prevtous expenments Data were subjected to analysts of vanance 

Table 1 Bean entnes tested m BSM Reststance Reconfirmatory Nursery at Awassa m 1990 

Entnes Seed colour Seed stze 

EMP 81 creamlblue small 
G 2072 black small 
G 2005 black small 
G 5253 black medtum 
G 5773 black small 
IkUIIIIlba black small 
BAT 1373 black small 
A 74 yellow medtum 
ZPv 292 purple medtum 
A 55 small 
Red Wolwta red small 
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RESULTS AND DISCUSSION 

Segregatmg mater1als 

All the 24 crosses tested m 1990 were supenor lo the local check m terms of seedhng mortal1ty plant 
\lgour and seed y1eld (Table 2) Seedhng mortal1ty ranged between 34 0% m BAT 338 x G 5773 and 
95 1% m Red Wola1ta BSM per hvmg plant were fewest for W AF 109 x EMP 81 and most for A 
776 x G 5253 and A 40 x G 5773 s1m1larly BSM per dead plant were fewest for WAF 29 x EMP 
81 and most for Black DeSSJe x G 5253 The crosses Black Dess1e x G5253 and A 410 x G 5773 
were the most v1gorous of all the test matenal and the local check The largest y1eldmg crosses were 
A 410 x G 5773 PAN 132 x ICA P1¡ao Ex R1co 23 x ICA P1¡ao and Black DeSSJe x G 5773 even 
though they were not the leas! damaged nor exh1b1ted fewest BSM per plant 

Table 2 Seedhng mortal1ty v1gour ratmg BSM per plant and dry seed y1eld of F ,s of hancot bean 
al Awassa 1990 

Seedhng V 1gour BSM/plant Dry seed 
morta score y1eld 
hty (%) (1 9) Dead L1vmg (g/plot) 

BAT 338 x G 5773 34 o 3 5 55 42 750 
WAF 109 x EMP 81 36 2 40 57 1 o 540 
Black Dess1e x G 5253 37 2 20 10 o 40 720 
A 176 X G 5253 37 6 30 63 66 750 
PAN 132 x ICA P1¡ao 379 30 45 30 1195 
DOR 335 x Argentmo 38 9 45 73 24 750 
Canoca x EMP 81 40 2 40 56 48 565 
A 410 X G 5773 40 5 20 72 66 1400 
WAF 29 x EMP 81 44 2 40 39 56 620 
Ex R1co 23 x lCA P1¡ao 44 7 3 5 77 36 1190 
BAT 338 x EMP 81 45 5 40 60 36 675 
Ex R1co 23 x EMP 81 47 4 45 67 28 480 
DOR 335 x BAT 1373 47 5 50 45 42 660 
A 410 X EMP 81 48 o 40 70 34 840 
Black Dess1e x G 5773 49 5 30 87 54 1050 
Canoca x G 2072 49 5 40 60 3 8 505 
DOR 335 X TMO 101 50 o 45 7 1 60 750 
A 176 X G 2072 50 4 30 56 34 735 
Ex R1co 23 x EMP 81 52 4 50 59 42 650 
XAN 76 x BAT 85 56 9 55 58 54 465 
XAN 76 X A 74 57 8 55 53 50 540 
Mex1can 142 x EMP 81 69 o 70 45 36 310 
PAN 132 x EMP 81 78 9 65 53 1 4 280 
Mex1can 142 x G 2072 80 4 70 45 28 115 
Red Wolwta (local check) 95 1 85 70 36 35 

Mean 50 8 44 6 1 40 663 
S E (±) 30 03 03 03 63 6 

142 



Bean stem maggot populanons were 65 5% O phaseoll and 34 5% O spencerella The average BSM 
per plant was 6 1 Correlauons between seedlmg mortahty and vtgour score (r=O 76) and between 
seedlmg mortahty and seed yteld (r=O 71) were htghly stgruficant (P<O 001) whereas seedhng 
mortahty and BSM per dead plant (r=O 23 P=O 276) and BSM number and yteld (r=O 36 P=O 008) 
were not stgruficantly correlated 

Of the 22 eros ses (ET91 03 B) tested at A wassa and Are ka m 1992 A 41 O x G 5 773 showed a htgh 
leve! of reststance at both locatlons (fable 3) Other least damaged crosses at Areka were BAT 338 
x G 5773 XAN 76 x A 74 A 176 x G 2072 and Canoca x EMP 81 whereas at Awassa the crosses 
A 176 x G 5253 and Black Desste x G 5253 were least damaged by BSM 

Table 3 Seedlmg mortahty vtgour score and plant survtval m 22 F2 populattons (ET9103B) ofhancot 
bean at Awassa and Areka, 1992 

--------
Mortaltty (%) Seo re Survtval 

Cross Are ka Awassa Areka Awassa Areka Awassa 

A 410 x G 5773 37 69 1 1 92 6 65 3 
BAT 338 x G 5773 38 26 9 2 5 84 6 654 
Mextcan 142 " G 2072 12 o 24 1 6 3 720 65 5 
Black Desste " G 5253 24 o 10 7 5 3 56 o 71 4 
XAN 76 x A74 74 35 7 2 5 81 S 60 7 
A 176 x G 5253 27 3 10 o 8 2 18 2 900 
A 410 x EMP 81 22 2 444 2 4 70 4 55 6 
WAF 29 x EMP 81 29 6 23 1 4 2 29 6 654 
ExRtco 23 x !CA PtJSO 154 46 4 4 S 80 8 46 4 
A 176 x G 2072 111 44 8 4 5 66 7 SI 7 
DOR 335 x ArgenUno 296 33 3 3 6 48 1 59 3 
DOR 335 x TMO 101 32 o 27 6 4 6 52 o SS 2 
Black Desste x G 5773 32 1 33 3 2 4 679 444 
WAF 100 x EMP 81 26 9 33 3 4 4 42 3 556 
Canoca x EMP 81 14 3 654 2 7 71 4 53 8 
XAN 76 x BAT 85 24 1 51 1 3 6 724 28 6 
BAT 338 x EMP 81 37 S 30 8 7 6 43 8 53 8 
Mextcan 142 x EMP 81 32 o 58 6 4 S 600 20 7 
DOR 335 x BAT 1373 40 o 33 3 9 5 00 53 3 
PAN 132 x EMP 81 296 51 7 5 4 25 9 41 4 
ExRtco 23 EMP 81 34 6 so o S 7 53 8 19 2 
Canoca x G 2012 63 o 61 5 5 7 29 6 30 8 

Mean 25 1 36 8 4 4 56 1 52 4 
SE 29 36 04 04 52 36 

BSM per plant averaged 3 2 at Areka and 2 4 at Awassa at Areka, bean stem maggot populattons were 
enttrely O spencerel/a whereas at Awassa they were enttrely O phaseoll Correlabons between 
seedlmg mortaltty and vtgour ratmg at Awassa (r=O 75 P<O 001) were greater than those at Areka 
(r=O SO P=O 017) 
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Table 4 summanzes data for the 14 crosses (ET9110B) ANO 829 x ANO 867 followed by ANO 829 
x AFR 486 was the least damaged and most v1gorous entry at Areka at Awassa ANO 888 x ANO 
867 ANO 867 x ANO LRK 29 CAL 113 x ANO 867 and ANO 888 x ANO 829 were the most 
prom1smg entnes As m ET9103B the correlat1on between seedhng mortahty and v1gour ratmg 
(r=O 95 P<O 001) was greater at Awassa than at Areka (r=O 76 P =O 001) Mean BSM per plant was 
4 6 at Areka and 2 3 at Awassa O spencerel/a const1tuted 100% of the bean stem maggot populat1on 
at Areka and at Awassa 95 2% was O phaseolt 

Table 4 Seedhng mortahty v1gour score and plant surv1valm 14 F, populat1ons (ET9110B) of hancot 
bean at Awassa and Areka 1992 

Mortahty (%) Seo re SurviVal 

Crosses Are ka Awassa Are ka Awassa Areka Awassa 

ANO 888 x ANO 829 22 2 11 1 3 1 66 7 70 4 
ANO 829 x AER 486 14 8 50 o 2 6 74 1 13 3 
ANO 888 x LSA 310 29 6 15 4 4 2 70 4 61 5 
ANO 829 x ANO 867 00 379 6 88 5 48 3 
ANO 867 x LSA 30 38 5 10 7 5 2 38 5 78 6 
ANO 888 x ANO 867 40 o 36 6 1 45 o 67 9 
ANO 867 x LRK 29 58 3 37 5 2 37 5 889 
ANO 829 x LRK 29 20 8 50 o 2 6 70 8 30 o 
ANO 867 x AFR 500 30 8 26 1 3 5 57 7 56 5 
CAL 113 x ANO 829 36 4 23 3 5 2 54 5 60 o 
CAL 113 x ANO 867 48 o 3 8 4 36 o 76 9 
ANO 829 x LSA 30 29 6 48 3 4 7 51 9 31 o 
ANO 829 x AFR 500 30 8 58 3 3 7 50 o 29 2 
ANO 867 x AFR 486 59 1 28 o 4 4 45 5 52 o 

Mean 32 8 26 4 4 4 56 2 54 6 
SE 43 52 04 06 42 59 

Seeds of smgle plant selections (a total of 365 from ET9103B and 235 from ET9110B) and of bulked 
rows from Areka were planted m smgle 4 m rows w1th 1 O cm between plants and 60 cm between 
rows on 28 September at the Melkassa field of Nazreth Research Centre and grown for seed mercase 
under 1mgahon BSM damage was too hght (<5% dead) to select for res1stance (3 8 BSM/dead plant) 
Populahon composihon was 75 9% O phaseolt 14 9% O spencerel/a and 9 2% O centrosemat1s 
Seeds of the smgle plant selechons and bulks that y1elded adequate seeds (314 of ET9103B and 102 
of ET9110B) were advanced for further screenmg m 1993 Tables 5 and 6 show the number of smgle 
plant select1ons and the1r agronom1c charactenstics for the two sets of expenments menhoned above 

Nursenes 

Of 571 entnes tested m Nursery lm 1990 at Awassa RIZ 88 RIZ 109 R1Z 100 CIFAC 81025 and 
ANO 720 were the least damaged and most prom1smg The overall seedhng mortal1ty of the test 
entnes ranged between 2 5 and 100% (mean = 39 4±0 9) the range (and mean) percent seedhng 
mortal1ty for the check entnes were 10 5 63 6 (27 9±2 7) for A 176 and 8 3 75 (39 9±3 2) for Red 
Wolmta BSM per dead plant was 4 8 w1th O phaseolt and O spencerella conslltutmg 58 3 and 
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47 7% respectively The seedlmg mortahty of 608 accessions at Awassa m the 1992 crop season 
ranged between O and 100% w1th a mean of 65 1±0 S At Areka (and Awassa) mean seedlmg 
mortahty for the checks was 46 7±6 1 (23 9±3 9) for Red Wol81ta 54 1±5 3 (12 2±2 O) for Roba 1 and 
80 1 ±2 4 (11 7±2 4) for Brown Speckled 

Table S N um ber of F, entnes (ET 9103 B) and the1r agronom 1c charactensbcs Melkassa, 1992/93 

No of Days We1ght Y1eld Y1eld 
!mes to of 100 per per 

advan harv Pods/ seeds row plant 
Cross ced est plant (g) (g) (g) 

A 410 X G 5773 18 104 16 28 2 481 16 
BAT 338 X G 5773 17 108 21 20 4 462 21 
MeXIcan 142 x G 2072 20 105 15 22 o 256 15 
Black Dess1e x G 5253 15 106 16 28 o 222 16 
XAN 76 x A 74 18 108 18 22 7 592 18 
A 176 X G 5253 26 107 22 26 7 302 22 
A 410 x EMP 81 15 104 14 29 7 357 14 
WAF 29 x EMP 81 14 109 16 34 8 209 16 
Ex R1co 23 x !CA PIJao 12 109 16 21 6 367 16 
A 176 X G 2072 16 105 17 24 1 356 17 
DOR 335 x Argentmo 16 110 20 25 1 380 20 
DOR 335 X TMO 101 15 104 20 28 o 338 20 
Black Dess1e x G S 773 13 106 18 21 4 485 18 
WAF 100 x EMP 81 13 110 15 28 6 178 15 
Canoca x EMP 81 14 101 17 21 9 511 17 
XAN 76 x BAT 85 8 111 21 23 8 662 21 
BAT 338 x EMP 81 15 106 21 19 1 246 21 
Mex1can 142 x EMP 81 7 103 17 21 2 381 17 
DOR 335 x BAT 1373 17 109 18 30 4 257 18 
PAN 132 x EMP 81 11 113 24 23 3 415 24 
Ex R1co 23 x EMP 81 6 107 15 21 1 362 15 
Canoca x G 2072 8 108 24 256 549 24 

Mean/total 314 107 18 24 9 380 18 

Reconfinnatory nunery 

Apprec1able dlfTerences m damage between treated and untreated plots were found only for these 
cuJilvars that were coated w1th endosuJfan and a few drops of water JUSI befare seedmg The seeds 
of other cuJtJvars had been treated w1th endosuJfan before rece1pt and there were no nobceable effects 
of the treabnent Companson among means was therefore made onJy for the untreated plots H1ghly 
sigmficant d1fferences were observed among culllvars m tenns of percent seedlmg morta!Jty BSM 
per plant and seed y1eld 

About 20% of the most prom1smg access1ons from each test wiii be advanced and w1ll fonn the 1993 
bean stem maggot reSIStance nursery (BSMRN) 
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Table 6 Number ofF, progerues and therr agronom1c charactensUcs Melkassa, 1992/93 

-- -- ----
No of Oays We1ght Y1eld Y1eld 
lmes to of lOO per per 

advan harv Pods/ seeds row plant 
Cross ced est plant (g) (g) (g) 

------ -------
ANO 888 x ANO 829 5 109 8 469 83 11 
ANO 829 x AFR 486 3 108 7 43 o 137 13 
ANO 888 x LSA 30 10 107 10 51 6 142 17 
ANO 829 x ANO 867 9 104 11 40 8 162 17 
ANO 867 x LSA 30 15 105 11 46 3 141 16 
ANO 888 x ANO 867 3 113 10 47 o 51 15 
ANO 867 x LRK 29 8 105 9 48 9 112 17 
ANO 829 x LRK 29 3 106 9 48 3 83 13 
ANO 867 x AFR 500 2 118 9 46 o 55 12 
CAL 113 x ANO 829 14 107 9 464 148 16 
CAL 113 x ANO 867 13 105 11 46 7 186 15 
ANO 829 x LSA 30 5 106 9 46 7 133 12 
ANO 829 x AFR 500 6 113 10 44 o !55 15 
ANO 867 x AFR 486 6 111 10 47 4 90 15 

Mean/total 102 108 10 46 4 120 15 

--- -----
Percent seedlmg mortal1ty ranged between 13 7 m ZPV 292 and 86 8 m Red Woi&Jta, a local check 
(F1gure 1) AH test entnes were supenor to Red Wo!&Jta The most res1stant entnes were ZPv 292 
G 5773 A 55 G 2005 and G 2072 The overall BSM number per plant (from a random sample of 
hvmg plants) was 5 9±0 3 w1th O phaseoll and O spencere/la accounUng for 79 8% and 20 2% 
respectJvely BSM numbers were fewest m G 2072 and most m lk1rumba (F1gure 2) It should be 
noted here that there was no drrect correspondence between seedlmg mortal1ty and BSM numbers 
(r=O 02 P=O 053) 

Seed y1elds ranged between 65 kg/ha m Red Wol&Jta and 1159 kg/ha m G 2005 (F1gure 3) Although 
there was a lughly s1gruficant relatJOnslup between y1eld and scedlmg mortal1ty (r=O 83 P=O 001) 
BSM numbers and y1eld were not correlated (r= O 370 P= O 260) 

These results confirm prev10us conclus1ons (Tsedeke Abate 1990b) that tolerance 1s the maJor 
mecharusm of res1stance m the cultJvars tested 
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TOWARD AN INTEGRATED STRATEGY FOR MANAGEMENT OF BEAN STEM 

MAGGOTS (Ophwmy•a spp ) 

O r " J K Ampofo 

CIAT, Sehan Agncultural Research Inst1tute Arusba Tanza01a 

ABSTRACT 

Vanous control taches are bcmg studtcd for mcorporat10n m an overall strategy for the 
management of bean stem maggots (Oph10myw spp) ID beans 1 he>e me lude host plan! 
res1stance cultural prachces and chemicals chicJly as seed trcatmcnt Moderate sourccs of 
reststance have been Idenllfied and these are m use m brcedmg programmes to mcorporatc 
reststance mto local vanehes An evaluahon of vanous cultural methods such as carthmg up 
mulchmg and 1mproved fert1hty md1cate that mulchmg of f1eld plots reduced plan! mortahty 
from BSM attack by 38% compared lo the control and that mulchmg combmed w1th 1mproved 
sml fert1hty reduced plant mortahty evcn further l-ohar apphcahon of certam botamcal 
peshctdes such as alcohol extract of neem sccd powdcr and aqueous extract of Tephros1a 
leaves also reduced mfestahon by BSM and mcrcascd ytelds Fteld evaluahons of these and 
other taches m an mtegrated system are now m progress m small scale farmer s1tuahons 

INTRODUCTION 

Bean stem maggots (BSM) (Ophwmy1a spp) are cons1dered the pnnc1pal msect pests constrrumng 
bean producllv1ty m many of the crop s growmg envnonments m Afnca and As1a Threc spec1es O 
phaseob O spencerella and O centrosemat1s are known to attack the crop but then d1stnbut1on and 
1mportance vary w1th locallon and season The naturc of damage caused by the dlfTerent spec1es 1s 
qu1te S1m1lar Young plants w1lt and d1e In older plants stcms crack and lodgmg may ensue Damage 
1s most severe when seedhngs are attacked and m stress s1tuallons (mferllle sotls drought or d1sease) 
BSM often causes total crop frulure 

Vanous methods have been proposed for thc control of bean stem maggot (BSM) m beans These 
mclude chem1cal apphcallon notably hndane or endosulfan sced drcssmg (Lays and Autnque 1987) 
cultural pracllces mcludmg earthmg up (Moulla 1944) and mcreased plant populallon (Tsedeke 
Abate 1990) and change of sowmg dates The effic1ency of these methods vanes w1th lime of 
apphcallon and env1ronmental cond11lons and sorne of them m ay be mcompat•ble w1th the trad1t10nal 
pracllces of sorne commumlles Sources of res1stance ex1st m vanous germplasm access10ns but have 
not been adequately ullhsed al fann level 

A pnnc1pal ob¡cct1ve of the entomology network m the CIA T reg1onal bean programmes 1s to develop 
IPM strateg1es Wlth adequate flex1b1hty for use by rcsource poor bean growers Many chemtcals for 
BSM control have been reported but they are unava•lable lo fanners m many cncumstances and m 
other s1tuat1ons then use 1s often mcompallble w1th fanncr pracllce wh1ch makes cultural control 
methods more appropnate lo the systems of rcsource poor fanners Th1s paper reports on progress m 
1denllfymg components for poss1ble IPM strateg1es for bean stem maggots 

HOST PLANT RESISTANCE 

Over three thousand germplasm access10ns and CIA T breedmg hnes largely compnsmg matenals m 
store al the Sehan Agncultural Research lnslltute Arusha Tan/.ama havc bccn screened for BSM 
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resistance Methodology IS based on mfestallon levels and plant mortahty due to BSM attack As BSM 
population acbvity vanes over bme populabons were morutored through trappmg and mspecbon of 
field plants Test entnes were sown to comcide with pest mfestation of about 4 msects/plant and plants 
were morutored regularly for mfestallon and damage Resistance was categonzed by the distnbutJon 
of the means and multJples of the standard deviation 

Results from the preliiDmary evaluation mdicated that only low to moderate levels of resistance exist 
m tlus set of matenals (Figure 1) The performance of matenals categonzed as moderately resistan! 
was compared agamst Lyamungu SS treated Wlth endosulfan (Table 1) Wlule the susceptible check 
(Lyamungu SS untreated) suffered 34% mortality due to BSM several of the test entnes (G 12670 
x G 4727 2 7126/DR 670 x G 5701/D 145 Montcalm 4 86 EP 5022 B and TMO 126) performed 
simiiarly to the resistant check 

Table 1 Emergence stand counts (STE) total seedlmg mortality (TSM) number of bean stem 
maggots/dead plant (BSM/DP) and total (TM) and percentage (%M) mortality of most resistan! entnes 

m prehmmary evaluatJon at Sehan 

----
BSM/ 

Entnes STE TSM DP TM %M 

G 12670 X G 4727 2 22 o 07 00 33 33 
7126/DR 670 X G S701/D 145 37 S 1 S 40 44 44 
Montcalm 4 21 o 1 S 25 56 56 
G 13936 X A 487 29 o 20 43 72 72 
TMO 237 25 S 20 39 75 75 
86 EP 5022 B 27 S 25 45 87 53 
81 ce 62 x Horsehead 40 o 35 23 89 77 

Royal Red x Canadian Wonder 2 22 o 30 36 10 3 86 
TMO 126 31 S 3 S 6 1 10 8 34 
BAT 1337 x G 6592 2 34 o 40 00 12 o 12 o 
ACV 8331 23 S 35 45 15 o 15 o 

Cbecks 
Lyamungu 85 37 2 16 S 83 44 4 34 4 
Lyamungu 85 + endosulfan 37 S 1 8 30 49 40 
ZPv 292 38 o 10 8 33 289 23 4 

Mean 28 2 93 46 33 4 29 6 

LSD (P<O 05) 94 97 so 326 22 6 

In other tnals (for example the BSM Resistance Reconfirmatory Nursery 2) wluch compnsed 
selectJons from a set of putative sources of resistance entnes were evaluated m a spht plot design 
Wlth treatments (With and Wlthout endosulfan seed dressmg) as mam plots and vanebes as sub plots 
Entnes such as ZPv 292 and Smon performed well m terms of plant survival and subsequent yield 
Ioss (Table 2) Several entnes suffered lugh seedlmg mortalibes (> 15 plants/plot) m both treatments 
but mortaliiies due to BSM alone were only about SO% of the total Also the numbers of BSM per 
dead plant were relatively few suggesllng an mteracbon between BSM and other factors m the 
express10n of dam age observed 
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Table 2 Total seedhng mortal1ty (TSM) mortaltty due to bean stem maggots (MBSM) number of 
bean stem maggots/dead plant (BSM/DP) percent plant mfestat10n at five W AE (%PI) and seed 

ytelds/plot m BSM Reststance Reconfirmatory Nursery at Sehan 

TSM MBSM BSM/DP %PI Yteld 

Entnes + + + + + 

G 5773 15 7 15 o 10 7 97 49 47 86 7 86 7 1430 1411 
G 2072 14 o 12 o 57 63 42 3 8 80 o 93 3 1501 1380 
Smon 70 20 53 1 7 52 23 93 3 86 7 1733 1621 
G 6725 19 3 70 16 o 43 73 20 93 3 73 3 1214 1341 
G 3844 17 7 15 o 10 7 77 30 58 100 3 86 7 1325 1619 
ZAA 12 130 70 40 30 69 22 86 7 93 3 1606 1894 
BAT 1373 97 11 o 53 50 36 23 93 3 80 o 1379 1507 
ZPv 292 40 1 o 20 03 08 00 93 3 100 o 1921 2136 
LY 85 18 7 1 3 16 7 1 o 39 07 93 3 73 3 1655 1859 

Mean 13 9 86 89 46 43 27 90 7 86 o 1504 1574 

LSD 43 39 23 12 6 698 

= wtthout endosulfan seed dressmg + = wtth endosulfan seed dressmg 
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Our other stud1es show strong mteract10ns between BSM mfestahon and root d1sease mfect1on on 
seventy of damage express1on Th1s was confirmed m a screenhouse study where bean plants were 
grown on sml mfested w1th Fusanum oxysporum and exposed to BSM when plants were m the V 1 
stage m a faetona( des1gn Plant mortahty was s•gmficantly mcreased m plants exposed lo both 
adversanes than to e1ther alone (F•gure 2) To remove tlus confoundmg mterachon proteehon agamst 
root d1sease and other adversanes •s recommended when assessmg BSM Infestat1on 

Crosses between resistan! access10ns and adapted cult1vars have been m111ated al both CIA T and m 
T anzanta through a Reg1onal Collaborahve Research Sub pro¡ect Early results md1cate that the 
res1stance 1s transferable 

CULTURAL CONTROL 

Vanous cultural control methods (lime of sowmg crop rotabon plantmg dens1ty eartlung up and 
mulchmg) that are used by farmers were constdered and sorne of these were evaluated for therr 
potenllal m BSM damage control The treatments were (t) heapmg of sotl at the base of plants dunng 
fmt weedmg 2 3 WAE (earthmg up) (n) mulchmg wtth chopped banana leaves (111) apphcat1on of 
morgan•c ferllhzer at recommended rates (enhanced fertthty) (tv) endosulfan seed dressmg at 5 g of 
47% WP per kg of seed (v) control (seeds sown on the flat Wlthout any of the above treatments) and 
(vt) vanous combmat10ns of these treatments 

In general none of the treatments affected plant emergence stgmficantly even though mulchmg seemed 
to mduce ettolat10n of seedhngs Mulchmg also mduced shght yellowmg of the leaves but these 
symptoms dtsappeared before the plants reached growth stage V4 Plant mortal1ty began as early as 
16 DAE and contmued unlll about 40 DAE after whtch mortal1ty was s•gnmcantly reduced (F•gure 
3) BSM mfestat10n (5 msects/dead plan!) and subsequent plant mortal1ty (11 plants/plot) were 
moderate Treatments wtth chem1cal seed dressmg showed the most effecbve control of BSM 
Mulchmg was the only smgle non-chemtcal treatment that reduced plant mortal1ty s•gn•ficantly below 
that of the control Total plant mortal1ty was reduced m all the mulch treatments even though 
mulchmg d1d not reduce •nfestat10n per se 

BOTANICAL PESTICIDES 

Certam plant extracts reputed to have msecttctdal propert1es were evaluated alongs1de endosulfan seed 
dressmg for therr performance agamst BSM These were (•) neem (Azad1rachta md1ca) seed extract 
(NSE W) m aqueous solutlons (n) NSE AL m alcohol (111) Tephrosw leaf ¡wce solubon and (1v) 
mwze leaf ¡wce The extracts were d1luted to 1 O% and sprayed on to the plants untd dnppmg at three 
day mtervals from emergence to flower bud Imllallon Plants were momtored for feedmglov•positiOn 
punctures (as an mdex of BSM adult actlVIty) BSM 1nfestat•on levels plant mortal1ty and y1eld 

Endosulfan seed dressmg had no effect on adult BSM actlVIty but reduced 1nfestallon (Table 3) NSE 
AL and Tephros1a ¡wce reduced ovipOSIIlon/feedmg puncture counts md1catmg a deterrent effect from 
these substances These reducllons m BSM acllvlly on test plots were reflected m mfestat10n levels 
plant mortal1ty and y1elds Mwze ¡wce and NSE m water had no effect on BSM There were direct 
and s1gmficant correlat10ns between BSM actlVIty and Infestat10n levels plant mortal1ty and yteld 
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Table 3 Effects of botamcal pest•c•des on BSM ovJposJtJon and 1Dfestat10n plant mortal1ty and y•eld 

Ov•pos•hon/ BSM/ Cumulat1ve Total Y•eldl 
feediDg plant BSM plant plot 

punctures (R5) seo re loss (g) 

Control 90 3a 73 430 38 3 191 
Ma•ze Jmce 88 3a 95 376 41 5 177 
Tephros1a JUICe 47 7b 6 1 300 32 7 232 
NSE W 85 Oa 78 324 35 5 174 
NSE AL 43 2b 73 240 25 o 274 
Endosulfan 94 8a 3 5 66 72 338 

DISCUSSION 

Most bean farmers are resource poor and do not rely on purchased 1Dputs ID the1r pest management 
taches Such farmers are unhkely to adopt ng1d packages but w11l select components that they can 
read•ly afford Any IDtegrated management strategy developed for use by farmers should therefore be 
fleXIble w1th ophons for step by step adopt1on of IDdiVIdual components The key components 
cons•dered ID the present study were host plant resJstance cultural control and botarucal pestJcJdes 
all these are renewable w1th1D the farm env1ronment and farmers do not need extra fiDanc•al resources 
to acqmre them They would however need educahon ID the1r use and management Some of the 
components need mod•ficatJons to 1mprove the1r effic•enc•es and cons•derat10n needs to be g1ven lo 
other components ID d1fferent farmiDg systems 

In th1s study there were s•gmficant correlahons between ov•pos•t•on (feediDg punctures) mfestat1on 
levels plant loss and y1eld levels These relat•onsh1ps m ay be evaluated further for use across vanet1es 
ID pred•ctiDg potenhal y1eld loss and to determiDe the econom1c threshold levels needed lo JUShfy the 
cost of 1Dputs or operahons as well as servmg as a bas•s for schedulmg measures mmed al reducmg 
pest damage lnd1ces such as ov1pos•t•onlfeedmg punctures would also help farmers recogmse early 
s•gns of attack and make management dec•s•ons 

Other components that would fit mto a management strategy IDclude (1) prophylact•c treatment (e g 
seed dressiDg) ID arcas where the pest •s endem1c (such chemJcals need system1c qua!Jhes and to be 
relahvely pers1stent) (n) remedia! apphcahon of chem•cals (such chem•cals would essenhally be 
system•c or at least penetrahve ID nature to reach the pest wh1ch spends 1ts enhre developmental 
stages w1tlun the plant t1ssue) (m) sowiDg date adJustment ID arcas where penods of peak occurrence 
of damagiDg populahons are well known to avo1d plant exposure lo these populatJons 

The effect of cropp1Dg systems on the IDCJdence and damage caused by BSM needs lughhghtiDg The 
1Dteract10ns of sml mfert1hty and root d1sease w1th BSM attack on the seventy of damage express10n 
suggest the need for a mulhd•sc•phnary approach to the development of IPM strateg•es for BSM 
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DISCUSSION SESSION IV INTEGRATED MANAGEMENT OF DISEASES AND PESTS 

Cbrur W K Rono Rapporteur F Maktnt 

Paper by Habtu Assefa 

Quest10n Is 20% of a destrable susceptible componen! wtth 80% of a less demable reststant vanety 
an acceptable practtce as evaluated by farmers? 

Response Of the two vanetles m thts tnal MeXJcan 142 and Negro Mecentral only Mextcan 142 
ts acceptable to farmers Thts tnal should be tned agam wtth an acceptable reststant vanety but the 
study does show the proport10n of suscepttble and reSJStant that would be needed 

Bu ruchara The proportton of the susceptible componen! m the mtxture •s mfluenced also by farmers 
preferences Studtes conducted m Zrure to 1Dcorporate reststant components m farmers mtxtures 
showed that farmers had no obJeclton to 25% of the reststant componen! 1Dcorporated but obJected 
to 50% 

Paper by A Rabakoanbnnta and G Rakotomalala 

Sengooba lt may be good to harmoruze the gradiDg scale so that the range from tmmune to very 
susceptible •s conststenl m the tables ID your paper In the gradmg scale 1-6 the numbers 1 lo 6 were 
arlutranly asstgned lo dtfferent dtseases to classúy them ID order to gel an overvtew of therr relattve 
tmportance Number 1 means flfSI ID tmportance because of 1ts htgh frequency and seventy whereas 
the gradiDg scale 1 9 whtch 1s a standard scale for evaluatiDg a reactlon to a parttcular dtsease was 
used to classtfy the host plants These two gradmg scales have notlung ID common 

Questton There seems to be constderable vanabthty m dtsease scores for each culttvar 1 e rated 
suscepttble ID one area and restslanl ID another Do you attnbule thts to vanable envrronmental 
condtltons or vanabthty ID pathogen? 

Rabakoanbnnta 1 thmk the vanabthty 1s due both lo envrronment and the pathogen 

Bu ruchara In your evaluat10n of the 25 vaneltes 11 does appear that al two sttes (Narusana and 
Ambatobe) dtsease levels were lugh but m the other two dtsease levels were low or the race 
consltlutlon •s dúJerent lkmtmba 1s reststant ID all your sttes whereas 11 ts very susceptible m Rwanda 
Thts suggesls dtfferences m races between the two countnes 

Paper by A F Opto nnd S Musaana 

Quesllon You mdtcated that much ofthe reSJSiance to CBB comes from lepary bean (P acuhfohus) 
You also mdtcated maternal effects ú tepary bean •s used as female How crossable are the two 1 e 
P vulgariS and P acutlfollus? Dtd you have any problems ID the F 1 and F 2 generattons? 

Answer The two sources used were mterspecúic hybnds made ID Braztl and sent to us from 
Umverstty of Nebraska UsiDg them as females gave a lugher frequency of reststant genotypes 
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Paper by R Burucbara, U Scbe1degger and L Sperhng 

Tesfaye Besb1r As you know root rot attacks crops m patches how do you keep the umfornuty of 
the pathogen m the soll dunng evaluat10n? 

Burucbara We use fields where moculum levels are h1gh and umform But we also carry out 
artificial moculallon to venfy res1stance 

AJanga What 1s the mechan1sm by wh1ch apphcat10n of organ1c manure reduces root rot problems 
m beans? ls 11 the effect of m1crob•al actJVJty or mcreased fert1hty due to the organ1c m alter? 

Burucbara We thmk that m1crob•al actJvJty 1s mcreased when we add organ1c amendments and some 
of the m•crobes have an antagomstJc effect to s01l borne pathogens Some of the organ•c amendments 
(e g agroforestry legummous spec1es) mcrease s01l fert1hty wh1le others (e g sawdust) do not It 
depends on the type of orgamc m alter 

QuestJon D1d you find any of the organ1c amendments aggravated root d1seases or d1d all of them 
1mprove the sJtuat10n? D1d you check the compos•llon of the organ1c amendments you used? 

Burucbara We used organ1c amendments m the form of green manure of agroforestry spec1es Those 
used had e1ther pos1t1ve or no effects but none aggravated root rot d1seases The compos•llon of some 
of the orgamc amendments were checked 

Paper by M S Nabdy 

Klrkby The plants found to be used by farmers m bean storage should be •denllfied by a botan1st 
(e g Nmrob1 Museum prov1des a serv1ce)? Total control of Zabrotes can be ach1eved through use of 
a smgle gene for res•stance and th•s paper shows that excellent control of Acanthoscebdes can be 
ach1eved by s1evmg Both results are from research stations 1 suggest that the workmg groups address 
the 1ssue of acceptabiiity to farmers and transfer of the technology to ach1eve 1mpact morder to onent 
the sub project for future acllviiies? 

Nabdy Some of the plants were from Tanzama we w11l arrange to collect them for Identification 
On farm tnals Wtll begm and acceptabdJty Wlll be tested Solar heat d1smfestat1on should however 
be conllnued on stahon to arnve at safe temperatures and exposure limes that do not render the seeds 
mviable? 

Question You menlloned several tradihonal herbs and methods used m control of bruch1ds? Do you 
have plans to mvesllgate and quant1fy the1r effecllveness m the control of bruch1ds? How effecllve 
are they compared to commerc1al msecllc1des? 

Nabdy Y es Most are however JUSI repellents and therefore not effecllve m kllhng bruch1ds 

Sahb In some countnes chem1cal control of bruch1ds proved to be very effecllve 1 wonder why you 
have not tned to use such a method? 

Nabdy Limited avallabihty of chem1cals at the on farm level cost often too h1gh shelf hfe hm1ted 
msecllcide m1suse sowmg m parts of Uganda mvolves puttmg seeds m the mouth and sp1ttmg and 
msecllcide use 1s dangerous 
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Ampofo Chemtcals are sometunes mcompattble wtth farmer practtces In some areas farmers pul 
seed m thetr mouth and sptt out dunng sowmg Chemtcal apphcatton wtll patson them The obJecttve 
here ts to develop components that the farmer can use to control bruchtd damage te chemtcal and 
non chem tcal 

Ampofo Two methods are bemg compared here solar heat treatment and stevmg In essence they 
are the same Solar heat allows adults to escape and when the beans are rebagged eggs are lefi 
behmd Stevmg dtrectly removes both adults and eggs from the beans Mecharucal stevmg explams 
the mechantsm of bruchtd (Acanthoscehdes obtectus) removal through solar heatmg 

Mulagolt What control measures should be mstttuted to preven! or mtmmtze field mfestatton b) 
bruchtds? Stevmg may be labonous and tune consummg 

Nahdy Frequent sunmng soon afier harvest 

Questton Some farmers menttoned that debns reduces bruchtd mfestatton How much debns was m 
your unsteved beans? 

Nahdy Unsteved beans had no debns Debns does not reduce bruchtd mfestatton 

Ndentu What losses occur dunng stevmg? 

Nabdy Mtmmal losses 

Paper by J H Ndentu and J.J Anyango 

Wortmann Your survey has ytelded much mformatton on farmers curren! pest management/control 
practtces What are the tmphcattons for future research? What role wtll farmers play m thts research 

Ndentu Develop an IPM package On farm tnals on IPM to mvolve farmers m the development of 
a package 

Aberra Deressa One of the shdes mdtcated that farmers have more knowledge than extenston agents 
(tf 1 correctiy understood) Why ts tt so? 

Ndentu No The shde attempted to show a dtfferent aspect It ts the farmers source of knowledge 
quened as farmers never went to extenstomsts for mformattan 

Questton Where do farmers obtam thetr Frenchlsnap bean seed? Are the beans under tmgatton or 
are they ramfed ? 

Ndentu They mamly obtam thetr seeds from seed campantes Beans are grown under tmgatton 
dunng the off season and under ramfed condtttons durmg the two ramy seasons 

Mtcbteka You mdtcated that farmers spray snap beans more than 15 ttmes Don t you thmk thts wtll 
affect Kenya s markets espectally m Europe? 

Ndentu Y es and as result we should teach our farmers what to spray and when Thts can be done 
through extenstan staff of the Mmtstry of Agnculture 
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Tenaw Workayehu Farmers spray many limes before flowenng This seems costly What was the 
response of farmers towards the cost and Ume when mterviewed? 

Ndentu They complamed about the cost of chemicals but the crop seemed profitable to them The 
farmers have no other acllviiles except farmmg and thus never complamed about the lime 

General d•scuss•on 

In the fmal general discussion Il transp•red that damage due to sorne msects (e g miihpedes 
cutworms bollworms) IS underest1mated These can cause up lo 100% loss (e g cutworms at 
emergence) lt was menlloned that d1eldnn and aldnn were very effecllve agamst s01l pests but have 
been w1thdrawn due to their tox•c•ty and ll •s because of this the problem has mcreased Diazban 
(msecllcide) IS recommended to farmers for s01l pests Pawpaw Impregnated with furadan can be used 
agamst gianl miihpedes Furadan can also be used agamst other bean maggots 

Methods of assessmg yield losses related lo particular diseases or pests were discussed Two 
approaches were descnbed The first mvolved controlhng all other factors except the one bemg studied 
and performmg muluple regression analyses mcludmg all problems The analys1s assumes components 
are uncorrelated and th•s IS usually mcorrect Therefore sub sets of uncorrelated components should 
fJISI be exammed Another approach 1s to consider the distnbution of diseases One area may have 
one or two diseases and the losses they cause can be assessed D1seases vary from season to season 
and the losses can be assessed accordmg to the d1seases present al the lime However If pnonllnng 
d•seases •s needed then losses must be assessed md1vidually Susceptible mtermediate and resistan! 
genotypes should be used to estUDate potential losses Note that the same genotype can be resistan! 
m one environment and suscepllble m another Environments also have a role e g m a fertiie area 
losses wdl be less than m an mfertile area even If there IS mfestat10n Therefore Il IS not a foolproof 
exerc1se 

Chemical usage was also discussed Chemicals have to be Imported are costly and are health hazards 
It was suggested that an mtegrated approach IS best Resistance IS most effecllve but cultural methods 
should be mcluded and chemicals are preferably avoided 

Root rots m ay be UD portan! m reg10ns other than the Great Lakes A speaker was mterested to know 
whether CIA T IS mterested m domg work similar to that m the Great Lakes m other reg10ns 
Symptoms caused by root rots can also be caused by other factors e g BSM lf there are mdicallons 
of a root rol problem CIA T wiii assist Makmg beds for the control of root rots m ay mcrease BSM 
damage In northem Rwanda where ramfall IS high this pracllce IS common In southem Rwanda 
where BSM can be a problem there IS less ramfall and rrused beds or ndges are not used For BSM 
control grasses and weeds can be buned m the ndges This Improves the s01l and mcreases fertihty 
and reduces losses because the plant IS more vigorous but does not reduce BSM mcidence 

Rust resistance was discussed m relation to the race Situation and to the different types of resistance 
avrulable When workmg with a pathogen Isolates should be collected from beans throughout the 
region of mterest and used for evaluation Greenhouse studies are des~rable to disllngUish vertical and 
parllal resislance Another approach IS to test a nursery of suscepllble mtermediate and resistan! 
genotypes across countnes lkimmba IS a susceptible check m Uganda and Rwanda but m Madagascar 
Il IS resistan! SUDIIarly for BSM JkmUDba was the best variety m Burundi but worst m Shangwa 
(Truwan) but tlus was mrunly an adaptatiOn problem 
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Breeders are concemed when they obtam a very reststant genotype as tls reStStance ts probably 
govemed by a smgle gene and ts hkely to break down sooner or later Other tratts whtch have to be 
constdered are seed type and yteld 

There was concem wtth the stage at whtch farmers become mvolved KARI s emphasts ts lo start wtth 
the farmer before any research ts done Wtth bruchtds farmers were mvolved However some 
technology has to be tested before farmer mvolvement There are advantages and dtsadvantages m 
early or late parttctpallon of the farmers Wtth root rots farmers were mvolved early and thts was 
advantageous because practtces unacceptable lo farmers were dtscarded after one season and 
subslltuted by acceptable pracllces Thts led to early adopllon of the technology lt was pomted out 
that both farmers and extenstontsts should be targets lt was concluded thattoo much lime should not 
be spent on stallon and that farmers should be mvolved early 

Problems of germplasm exchange were noted Thts should be addressed by Dm:ctors of Research of 
affected countnes and ti was agreed that CIA T should produce an updated annotated check hst of 
pathogens and pests for every countty m Afnca Thts ts m progress and wtll be com ptled pubhshed 
and sent lo quarantme servtces to help allevtate thts problem 
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EVALUATION OF BEAN GENOTYPES AND RHIZOBIA STRAINS 

FOR NITROGEN FIXATION POTENTIAL ON TWO SOIL TYPES IN ETHIOPIA 

Mttlku Hade 

Alemaya Untverstty of Agnculture, Dtre Dawa Etbtopta 

ABSTRACT 

Four dtfferent expenments were conducted to evaluate the mtrogen fixahon potenhal of bean 
genotypes and rhtzobta strams on Alfisols and Verhsols In an evaluahon of four bean 
culhvars sole and m assoctat1on wtth two sorghum vanetles moculatton mcreased the ytelds 
of Black Dess1e 13% m assoctahon wtth the tall sorghum and by 100% m assoctahon wtth 
the short sorghum All culhvars responded to moculahon when sole cropped although the 
responses were small In the rhtzob1a screenmg all 20 strams mcreased bean dry matter and 
N content and most tmproved nodulahon on both sotls Seven strams mduced better ytelds 
than the unmoculated control on the Alfisol and four on the Verttsol The apphcahon of N 
mcreased bean dry matter and N content but depressed nodulat10n We exammed the 
responses of mne bean genotypes on an Alfisol and ten others on a Verhsol to moculahon 
wtth a mtxture of rhtzobta strams lnoculahon tmproved the nodulahon of all genotypes on 
each sotl Y te id responses vaned among genotypes Apphcahon of 46 kg ha 1 N mcreased 
the ytelds of Mextcan 142 by 26 % on an Alfisol and by 30% on a Verttsol both mcreases 
bemg htghly economtc Further screemng of strams and genotypes under dtfferent croppmg 
systems and of strams for perststence and competlhveness ts recommended 

INTRODUCTION 

In Ethtopta hancol bean ts commonly grown m the 1 400 2 000 mas[ range IDcludiDg the Rtft Valley 
Except m hmtted areas where ti ts grown ID monoculture the culttvatton of beans ts mamly ID 
assoctahon wtth other cereals coffee and fruti crops The average nat10nal yteld ts very poor when 
compared wtth the yteld obtamed on research slattons (Amare Abebe 1987 Mtttku Hade 1990) due 
lo losses through dtseases pests and poor sotl fertthty (Tsedeke Abate 1990) and smallholder farmers 
can not afford lo apply fertthzer (Storck el al 1991) Prevtous studtes showed the agronomtc benefits 
of growiDg beans ID assoctalton wtth cereals and demonstraled the need for IDveshgaltons of mtrogen 
fixalton (Dagnew Selasstes 1981 Amare Abebe andA Btrhanu 1984) 

Ltke any other legume beans fix atmosphenc mtrogen Explotlahon of btologtcal mtrogen fixatton 
through moculahon wtth rhtzobta would be a cheap allemattve to mtrogenous fertthzers whtch are 
unavadable lo smallholders lnoculatton of field beans wtth rhtzobta rarely mercases graiD yteld ID 
Afnca (Davts 1982) or LaiiD Amenca (Graham 1981) However although beans are poor mtrogen 
fixers (LaRue and Patterson 198 1) IDOculalton wtlh sorne strams of rhtzobta has produced ytelds 
comparable wtth those obtamed from apphcatton of htgh levels of mtrogen (Ktpe Nolt and P1Deda 
1988) V anabthty m nodulatton and yteld of genotypes moculaled wtlh spectfic strams of Rh1zob1um 
has also been observed (Ktpe Noll and PIDeda 1988) The objecltve of thts study was to evaluate 
and screen rhtzobta and bean genotypes sutlable for contrasiiDg sotl types m dtfferenl croppiDg 
syslems 
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MATERIALS AND METHODS 

Tbe effects of moculatmg bancot beans IDtercropped w1tb sorgbum 

The experunent was conducted on a Rhodustalf (low N pH and avadable phosphorus) m a spht spht 
plot des1gn rephcated three limes Four released vanet1es of beans (Mex1can 142 Ex R1co 23 Black 
Dess1e and local) and two sorghum vanet1es (ETS 2752 tall and IS 9333 short) were mtercropped 
m plots of 4 5 x 4 4 m Peal based moculant of Stram 274 was apphed al planllng At 50% 
flowenng s1x plants were sampled for nodulat1on count Al matunty gram y1eld was determmed al 
14 percent m01sture content 

Screenmg of rb1Zob1a for nodulabon and y1eld 

The expenment was conducted on two s01l types (Ustert degraded Haplustalf) m a random1zed 
complete block des1gn rephcated five limes Twenty strams of rh1zob1a obtamed from CIA T were 
compared w1th the apphcat1on of 100 kg N ha 1 and w1thout N The moculants were all peal based 
and apphed at plantiDg to Ex R1co 23 The beans were planted ID furrows spaced 40 cm apart and 20 
cm between plants In the +N plots urea was apphed ID four spht apphcallons of 25 kg N ha 1 

Sorghum was sown on each s1de of the bean furrows two weeks pnor to plantiDg beans to deplete s01l 
rutrogen At pod fillmg s1x bean plants were sampled from each furrow for sconng nodulallon and 
shoot dry matter (DM) determiDallon At harvest gram y1eld was determmed at 14 percent m01sture 
GraiD N was determiDed by the m1cro Kjeldahl method 

Tbe effects of miXed rh1Zob1a on tbe nodulabon and y1elds of bean genotypes on two sod types 

Nmeteen genotypes obtamed from CIAT were evaluated for nodulallon and graiD y1eld m a spht plot 
des1gn rephcaled three limes The mam plots were m1xed strams (613 652 and 274) N and +N 
Sub plots were genotypes Nodules were counted at 50% flowenng Gram y1eld al harvest was 
adjusted to 14 percent mo1slllre 

Tbe effect of d1fferent levels of n1trogen on tbe y1eld of Ma1can 142 on two sod types 

N1trogen ID the form of urea at O 23 46 and 69 kg ha 1 was apphed at sowmg on plots of 4 5 x 4 4 
m Mex1can 142 a released cult1var was planted m rows of 40 cm and 10 cm between plants m 
RCBD w1th three rephcat10ns on a Rhodustalf and a Vert1sol Nodule numbers were evaluated al 50% 
flowenng Gram y1eld was recorded al harvest adjusted lo 14 percent mo1sture content 

In all expenments standard analys1s of vanance procedures were apphed usmg MSTAT C 

RESULTS AND DISCUSSION 

Tbe effects of moculabng bancot beans mtercropped w1tb sorgbum 

The results of the moculallon experunents under 1Dtercropp1Dg are summanzed ID Table 1 
Unmoculated plants developed abundan! but small IDeffecllve nodules Inoculated plants developed 
large effect1ve nodules Ex R1co 23 developed fewer nodules than the other culllvars sole-<:ropped 
and ID assoc1a11on w1th sorghum Black Dess1e produced the most effecllve nodules when IDoculated 
ID both systems lnoculat1on depressed the y1eld of Ex R1co 23 Local and Mex1can 142 m assoc1at1on 
w1th both tall and short sorghum The y1elds of Black Dess1e were 1mproved by mocula11on m 
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assoctallon wtlh bolh sorghum vanelles All vanettes responded to moculatJon and produced lherr best 
gram ytelds m monoculture The vanatJon m yteld of lhe vanelles may be attnbuted to lhetr 
compattbthty for mtercroppmg Compellllon for nutnents by sorghum reduced bean ytelds 

Table 1 Effect of moculatJon on nodule number and gram yteld of four vanelles of beans 
mtercropped wtlh two vanetJes of sorghum grown on a Rhodustalf 

CultJvars No Y teld (kglha) lnoculat10n 
of effictency 

Sorghum Bean nodules +1 (%) 

ETS 2752 Ex Rtco 23 80 514 243 111 5 
ETS 2752 Black Desste 95 429 743 +73 2 
ETS 2752 Mextcan 142 98 312 331 +61 
ETS 2752 Local 100 647 307 110 7 
IS 9333 Ex Rtco 23 56 542 775 +21 o 
IS 9333 Black Desste 123 660 1326 +101 o 
IS 9333 Mextcan 142 104 1248 721 73 o 
IS 9333 Local 88 950 1345 +42 o 

Ex Rtco 23 64 841 1002 +19 1 
Black Desste 176 785 929 +18 3 
Mextcan 142 136 950 1274 +34 1 
Local 128 1379 1606 +16 5 

SE(+) 30 2 193 o 327 7 

1 = umnoculated + 1 = moculated 

Screenmg of rbtzobta for nodulatton and yteld 

Apphcatton of N depressed lhe nodulat10n of beans (Table 2) Maxtmum nodulatton was obtamed by 
moculat10n wtlh stram 899 on bolh sotl types All strams enhanced DM productJon compared wtlh 
lhe N control ApphcatJon of N mcreased plant mtrogen contents Stram 2 mcreased N m beans by 
438% on lhe Alfisol and Stram 632 by 225% on lhe Verttsol The gram N contents of urunoculated 
( N) plants were less Iban fertthzed (+N) plants Thts shows lhat mdtgenous rhtzobta are meffectJve 
m fixmg mtrogen Four strams (879 2 7100 and 144) produced 2 15% more gram Iban lhe yteld 
obtamed wtlh the apphcatJon of 100 kg N ha 1 on lhe Verttsol On lhe Alfisol seven strams (2 7100 
144 113 151 5 7033) mcreased lhe yteld of Ex Rtco 23 by up to 43% Except for Stram 640 all 
strams produced Iugher gram ytelds Iban lhe negattve control ( N) on lhe Alfisol but only nme strams 
oulytelded lhe N control on lhe Verttsol Strams performed better on lhe V ertJsol Iban on lhe Alfisol 
supportmg the need for further screenmg 
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Table 2 The effect of d1fferent rh1zob1a strams on dry matter (DM) N content and nodule number 
of Ex R1co 23 grown on a degraded Alfisol 

DM 
g/3 

Strams plants 

113 
45 
899 
7033 
2 
879 
144 
151 
5 
115 
+N 
274 
7136 
639 
7100 
949 
348 
632 
640 
N 

7202 
948 

9 11 
8 55 
7 95 
7 04 
672 
6 48 
6 31 
6 28 
5 84 
5 83 
5 53 
5 33 
5 11 
5 05 
4 79 
4 63 
4 29 
4 00 
3 08 
2 05 

Alfiso1 

Nodule Seed DM 
N no /6 y1e1d g/3 

(%) plants (kg/ha) p1ants 

o 131 85 
o 162 48 
o 142 104 
o 135 85 
o 172 65 
o 151 66 
o 114 71 
o 121 68 
o 113 54 
o 116 41 
o 210 31 
o 131 69 
o 128 89 
o 115 61 
o 1 18 52 
o 135 59 
o 113 60 
o 044 74 
o 043 48 
o 032 47 

756 
636 
621 
727 

1026 
638 
786 
738 
771 
606 
718 
565 
643 
624 
935 
538 
577 
419 
249 
413 
568 
421 

10 14 
15 77 
15 53 
11 14 
15 24 
15 15 
15 08 
14 05 
11 67 
12 14 
13 37 
12 62 
17 72 
12 96 
15 66 
11 22 
14 32 
13 47 
11 63 
5 58 

16 13 
11 67 

Veril sol 

Nodule Seed 
N no /6 y1eld 
(%) plants (kg/ha) 

o 123 136 
o 126 39 
0119 125 
o 129 72 
o 119 61 
o 161 66 
o 119 45 
o 140 86 
o 108 56 
o 127 58 
o 251 31 
o 154 72 
o 138 89 

2144 
1286 
1740 
1504 
2217 
2459 
2189 
2004 
1806 
1771 
2146 
1125 
1872 

o 119 
o 122 
o 175 
o 175 

32 1914 
82 2199 
52 1619 
48 1733 

o 198 40 1798 
o 115 62 1619 
o 061 47 1857 
o 142 44 1979 
o 126 63 1752 

SE (+) 1 33 O 011 13 8 96 8 
e v (%) 34 1 

2 304 o 024 16 5 258 2 
31 2 

+N = umnoculated fert1hzed w1th N N = umnoculated unfert1hzed 

Tbe effects of m1xed rb1zob1a on tbe nodulat10n and y1elds of bean genotypes on two sod types 

S1gmficantly (P<O 05) more nodules were produced by moculallon w1th a m1xture of rh1zob1a strams 
(Tables 3 and 4) Apphcat1on of N fert1hzer depressed nodulat1on and the nodules produced were 
small and non-effecllve BAT 1258 produced the most nodules on the Vert1sol and Caluna on the 
Alfisol Inoculallon w1th the m1xture of strams produced 255 kg ha 1 more gram y1eld than the 
umnoculated ( N) plants and 153 kg ha 1 more than the umnoculated (+N) plants on the Vert1sol On 
the Alfisol 148 kg ha' more gram than the unmoculated (N) and 36 kg ha 1 more than the 
umnoculated (+N) control were obtamed from moculat1on G 11060 y1elded best on the VertiSol and 
G 13671 on the Alfisol 
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Table 3 The effect of m1xed strams of moculants and rutrogen on the num ber of nodules and gram 
y1elds of rune P vulgans genotypes grown on a degraded Alfisol 

Number of nodules Gram y1elds (kglha) 

Genotypes +1 N +N Mean +1 N +N Mean 

Cahma 255 199 100 158 2398 2580 2743 2574 
Red Wolwta 236 106 62 135 1864 1129 1461 1485 
G 13671 185 58 61 101 2678 2859 2773 2770 
A 410 135 58 60 84 2058 2233 2101 2131 
A 176 129 55 49 78 1748 1498 2085 1777 
GLPX 92 122 34 39 65 1861 1986 1914 1920 
G 2816 121 56 21 66 1635 1435 1802 1624 
A 250 107 67 48 74 2524 1499 2001 2008 
Ex R1co 23 82 49 44 58 1911 2128 1468 1836 

Mean 152 54 60 2075 1927 2039 2014 
SE(+) Mwn plots 15 3 268 9 

Sub plots 16 3 199 7 
LSD (5%) 80 4 983 5 
CV(%) 29 8 

Table 4 The effect of m1xed strwns of rh1zobJa and mtrogen on number of nodules and grwn y1elds 
of rune P vu/gar1s genotypes grown on a Vert1sol 

Number of nodules Grwn y1elds (kg/ha) 

Genotypes +1 N +N Mean +1 N +N Mean 

BAT 1258 264 69 62 131 1447 1430 1879 1585 
A 176 227 64 85 125 2259 1960 1982 2067 
A 250 174 82 100 118 2259 1960 1982 2067 
Red Wolwta 147 74 71 97 1748 1619 1509 1625 
Neryat 138 145 46 49 80 2667 1982 2332 2327 
BAT 1428 116 57 44 72 2684 1982 2280 2382 
BAT 1225 116 50 60 75 2333 1860 1779 1990 
BAT 304 110 33 52 65 1755 1387 1757 1633 
G 11060 102 104 81 95 2684 2528 2933 2715 
Ex R1co 23 64 58 37 53 1877 1849 1686 1804 

Mean 146 63 64 91 2149 1894 1996 2013 
SE(+) Mwn plots 23 6 226 5 

Sub plots 15 4 187 4 
LSD (5%) 15 6 920 3 
cv (%) 27 9 
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Figure 1 Response of Mexlcan 142 to N 
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Tbe effect of dtffereot levels of oltrogeo oo tbe yteld of Me:11cao 142 oo two sml types 

Mex1can 142 responded lo the apphcahon of up lo 23 kg ha1 N on the Alfisol and up to 46 kg ha 1 

on the Verhsol (F1gure 1) Nodules were meffect1ve and scarce al h1gh N levels Y1elds w1thout 
fertthzer were 93% better on the Verttsol than on the Alfisol mdtcatmg the mherent vanabthly of the 
s01ls W1th 46 kg N ha 1 the yteld mercase was 30% on the Vert1sol and 26% on the Alfisol The 
monetary benefit from these mercases amount to Bm 363 (US$ 175 at the offic1al exchange rate) 
whtch ts acceptable to an affordmg farmer W1th the mcreased demand for hancot beans and 
mvolvement of pnvate large scale farms rebanee on mtrogen fixahon may not produce the requ~red 
y1eld mercases 

CONCLUSIONS 

Surveys of maJOr bean growmg arcas of Eth10p1a have revealed the large vanabthty m nodulahon and 
lack of effechveness of the nahve rh1zob1a populat10n Sotl ac1dtty low avatlable phosphorus and 
removal of the b10loglcally act1ve top s01l through eroston hm11 the potenttal of mtrogen fixahon 
N1trogen fixed by beans measured md1rectly through mercase m gratn yteld mtrogen content and 
number of nodules vaned w1th stratns genotypes sotl charactenst1cs and croppmg systems lnoculated 
genotypes produced effectJve nodules and mcreased gratn ytelds dry matter and mtrogen contents 
Further studtes of compet1t1veness pers1stence stratn and genotype selechon for monoculture and 
mtercroppmg systems are recommended 

166 



ACKNOWLEDGEMENTS 

Tlus study ts beiDg financed through CIA T as a sub proJect of the Regtonal Programme on 
Beans for Eastem Afnca The author wtshes to express hts gratttude for the constan! support recetved 
from the CoordiDator The techntcal asststance provtded by Mr Tsegaye Gossa and Mr Shtbru Daba 
ts htghly apprectated 

REFERENCES 

Amare Abebe (1987) Effect of IDOculatton and mtrogen on yteld of common bean ID Ethtopta In 
R A Ktrkby (Ed ) ProceediDgs of a Workshop on Bean Research ID Eastem Afnca Mukono 
Uganda, 22 25 June 1986 CIAT Afncan Workshop Senes No 2 pp 152 I56 

Amare Abebe and A Btrhanu (I984) Nttrogen fixalton of two Phaseo/us vulgans vanettes al 
dtfferent rates of IDOcuiatton In ProceediDgs of Ftrst Conference of AABNF pp 3 I 3 323 

Dagnew G Selasstes (I98I) Effect of IDtercroppiDg on yteld yteld components and reiattve yteld 
totals of the assoctated mruze and bean (Phaseolus vulgans) MSc Thests Addts Ababa 
Umverstty pp I I O 

Davts PE (I982) Legume Mtcrobtology Research ID Malawt I976 I98I F1Dal Report for the ODA 
Techntcal Cooperatton Officer Muustry of Agnculture Ltlongwe Malawt 

Graham P H (I98I) Sorne probiems of noduiatton and symbtottc mtrogen fixatton ID Phaseo/us 
vulgans L a revtew Fteld Crops Research 4 93 112 

Ktpe No1t J and P1Deda P (1988) A strategy to tmprove mtrogen fixatton examples from El 
Salvador Bean News1etter 1 O 8 1 O 

LaRue T A and Patterson T G (1981) How much mtrogen do legumes fix? Advances ID Agronomy 
34 15 37 

Mtttku Hru1e ( 1990) Btologtcal mtrogen fixatton by hancot bean ID Ethtopta a research revtew 
Paper presented al the Nattonal Planmng Workshop on Hancot bean Addts Ababa Ethtopta 
1 3 October 1990 

Storck H Berhanu A Bore Wteckt A and Shtmeies W H (1991) FarmiDg Systems and Farm 
Management Practtces of Small holders ID Hararghe Htghlands Wtss Berl Bauk 

Tsedeke Abate (1990) Bean Entomology Paper presented al the Nattonal Planmng Workshop on 
Hancot Bean Addts Ababa Ethtopta 1 3 October 1990 

167 



1 

2 7 orr 1998 

ENHANCING COMMON BEAN YIELDS THROUGH BIOLOGICAL NITROGEN 
FIXATION ANO IMPROVED N USE EFFICIENCY 1 SCREENING RHIZOBIAL 

STRAINS FOR N FIXATION POTENTIAL 

Patrtck K JJemba 

Nat10nal Agrtcultural Researcb Organtzatton 
Kawanda Agncultural Research Inslltute Kampala, Uganda 

ABSTRACT 

1 he rt.:,ponst.' of thc cultivar:, K20 and WhJtc llancot lo moculahon wtth 21 rhu.obta strams 
from UA 1 and onc from Ntfl Al and lo apphcahon of 40 kg/ha N wcrc cxammed al low and 
htgh lcvcls of sml fcrhhty fhc low fcrtthty trcatmcnt rt..cctved no fertlh7er and had ahemate 
row• of fingcr mtllel (Fieusme coracana) lo furthcr dcplcte •otl N lhe htgh fertthty treatmenl 
recetved 25 kglha P (as fSP) and 30 kg/ha K (as MOP) 1 here wcre substanhal but non 
•ilgmficant dlffcrenccs m shoot hmma'is bctwccn rhuobta strams at mtd flowenng (R6) At 
phystologtcal matunty thc seed yteld of Whtte l!ancot was stgmficantly better than that of 
K 20 Dtffcrl.DCl.'i betwccn strams were small Undcr low fertthty thc bcst seed ytelds per 
plant were oblamcd from K20 moculated wtth UA T 632 CIA T 45 and CIA T 949 m that 
order Under htgh ferhhty moculahon wtth CIAI 151 CIAT 7001 and CIAT 640 produced 
lhc best secd ytelds Wtth Whtte llaneo! moculattOn Wtth CIAI 144 CIAT 45 and CIAT 112 
produccd the bc•t ytelds Apphcahon of P and K mcrea.cd the sced yteld of the umnoculated 
control from 80 to 112% depcndmg on thc cultivar suggestmg a need to prov1de nutnents 
<..ven m thl. ab'\cnce of moculallon Shoot N contcnt showcd stmtlar trcnds 

INTRODUCTION 

lmprovcmcnts m bcan producllon ID Uganda have resulted more from IDCrcascd acrcage than from 
productton pcr umt arca (Scngooba 1987) pnmanly due to thc wtdespread lack of use of IDorgantc 
ferttlw:rs Fcrttlu.cr tnals ID the past al a fcw locallons have shown requtrements for 26 43 kg/ha 
P 20, more than 34 kglha N and 45 kg/ha K dependmg on locat10n (Leakey 1970 Rubruhayo el al 
1981 Stephens 1967) Of these nutnents mtrogcn 1s most expcns1ve and hable to heavy losses once 
apphcd Wtthout fertth,.cr y~elds on farmers plots havc remaiDcd as httle as 700 kg/ha or less 

A cost bcnefit analys1s shows that apphcallon of the requtred heavy doses of fertthzers to the crop 
may not always be cconomtc (K1sakyc el al 1987) lt ts thus 1mportant lo explmt the benefits 
accruiDg from the sllll unpopular pracllcc of IDOculatmg beans and othcr legumes lo cstabhsh effictent 
symb101lc N fixatton systcms Th1s requtrcs tdcnllficallon of both bean culttvars and rhtzobtal strams 
whtch fix N most cffictcntly under Uganda condttiOns 

Genotyp1c vanatton for N fixatton has been reportcd ID bcans (Bhss 1985 Graham and Rosas 1979 
Hardarson el al 1991) Extenstve screcnmg of bean landraces for N fixatton has not been camed out 
ID Uganda A prcv10us study has shown beans lo rcspond to N levcls of ovcr 80 kg/ha combiDcd w1th 
IDoculallon {JJcmba unpubhshcd) The present study was mtllatcd lo scek effccttvc and compellllVC 
cxollc rhtzobtal strams under ficld condtltons lt ts also a future obJecllve lo evaluate the potenttal of 
IDoculatiOn technology ID dtffcrent agroecologtcal ,.ones and management reg1mes w•thm Uganda 
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METHODOLOGY 

Plots of smgle rows 3 m long of the bean cult1vars K20 and Wh1te Hancot were estabhshed w1th 
fmger mdlet (Eieusme coracana) on e•ther s1de of each row to contmously deplete sml N For beans 
the spacmg was 1 O cm w1thm and 40 cm between rows The expenment was spht mto Jow and h1gh 
fert1hty management The latter mvolved apphcallon of 25 kg Plha (as TSP) and 30 kg K/ha (as 
MOP) Fert1hzer apphcallon was by bandmg approx1mately 5 cm from the sowmg pos11lons at sowmg 
Jnoculat10n treatments were 22 rh1zobJal strams most of them w1th known attnbutes (Table 1) apphed 
m 3 g of a peal based granular moculant per plot at sowmg In addJilon there were plus N ( 40 kglha) 
and mmus N controls S1x plants from each bean row were harvested at m1d flowenng (R6) 36 days 
after planllng (DAP) for K20 and 42 DAP for Wh1te Hancot to determme shoot root and nodule dry 
we1ght Further harvestmg was at phys10log•cal matunty (76 DAP for K20 and 89 DAP for Wh1te 
Hancot) to determ me seed and shoot b1om ass and shoot N content 

Table 1 Rh1zob•al strams used and the1r attnbutes 

Strams Adaptallon References 

CIAT2 NK CIAT (1988) 
CIAT5 Cool chmate 
CIAT 45 Warm chmate 
CIAT 112 NK NK 
CIAT 113 NK NK 
CIAT 144 Ac1d smi!General CJAT (1988) 
CIAT 151 NK NK 
CIAT 166 Warm chmate CIAT (1988) 
CIAT 274 NK NK 
CIAT 348 NK NK 
CIAT 613 Cool chmate CIAT (1988) 
CIAT 632 General 
CIAT 639 Ac1d smls 
CIAT 640 Warm chmate 
CIAT 652 Ac1d smi!General 
CIAT 876 Ac1d smls 
CIAT 899 Ac1d soii/General 
CIAT 948 NK NK 
CIAT 7001 Cool chmate CIAT (1988) 
CIAT 7136 NK NK 
TAL 182 Effecllve Somersegaran and Hoben (1986) 

from Makerere Umvers1ty Inoculan! Product10n Umt NK = not known 

RESUL TS AND DISCUSSION 

At m1d flowenng there were no s1gmficant d1fferences among treatments Inoculallon w1th CIAT 112 
CIAT 348 and CIAT 166 produced the largest b10mass and no moculat10n produced the Jeast (F1gure 
1) CIAT 5 CIAT 113 and CJAT 899 mduced the best nodulallon wh1ch was not s1gmficantly 
correlated w1th shoot or total b1omass Umnoculated plants had greater nodule b1omass than severa! 
moculated plants parllcularly those moculated w1th CIA T 639 CIAT 151 CIA T 166 and CIA T 949 
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Figure 1 Shoot nodule and total dry 
welghta of beana at mld flower after 

lnoculatlon wlth varloua rhlzobla 
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Apphcat10n of both P and K s•gn•ficantly mcreased seed y1eld by an average of 17% The seed y•eld 
of Wh1te Hancot was s1gmficantly (p<O 05) greater than that of K20 W1th culhvar K20 moculat•on 
wtth CIA T 632 CIA T 45 and CIA T 949 produced the best seed y•elds at low s01l fert1hty status 
though these d1d not ddfer s•gn•ficantly from the y•eld of the umnoculated treatment {F1gure 2) At 
lugh fertd1ty moculauon w•th CIA T 151 CIA T 7001 and CIA T 640 produced the best seed y•elds 
but these were not s•gmficantly better than the y•elds from apphcatlon of P and K alone For th1s 
cultivar there were no ddferences w1thm strams followmg appllcatlon of both P and K However 
strams CIAT 151 CIAT 640 CIAT 876 CIAT 899 and CIAT 7001 gave 73 7 59 7 48 6 53 and 
80 9% more y1eld respechvely on supplymg P and K than where they were not supphed Th1s 
md1cates that seed y1eld would be greatly restncted on moculatmg w1th any of these strams w1thout 
supplymg both P and K lt 1s mteresung to note that supplymg both of these nutnents w1thout 
moculatmg s1gmficantly enhanced seed y1eld by 80% Apphcauon of 40 kglha mmeral N only shghtly 
mcreased seed y1eld compared to the urunoculated control under low fert1hty and there was no 
mercase from mmeral N P and K compared to the unmoculated control w1th the same fert1hty status 

For Wlute Hancot moculatlon w•th CIAT 144 CIAT 45 and CIAT 112 produced shghtly larger seed 
y1elds at low feruhty and CIAT 7001 CIAT 144 and CIAT 112 at h1gh fert1hty {F•gure 3) In h1gh 
ferhhty moculauon w1th CIAT 7001 gave a s•gmficantly (p<O 05) better seed y1eld than the 
urunoculated control Apphcahon of P and K mcreased the seed y1elds mduced by CIA T 112 CIA T 
113 CIAT 144 CIAT 166 and CIAT 7001 by 60 5 83 9 83 1 75 9 and 263 3% respect1vely W1thout 
moculahon P and K mcreased seed y•elds s1gmficantly by 112 2% over the control The unmoculated 
treatment wluch rece1ved both P and K gave a shghtly better seed y1eld than supplymg mmeral N 
though tlus ddference was not s1gmficant 
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Figure 2 The effecta of lnoculatlon 
wlth varloua rhlzobla on the ylelda of 
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Wlute Hancot (1 731 mg/plot) had Slgmficantly greater shoot N than K20 (1 402 mg) but there was 
no Slgmficant dlfierence among strams none of the mteract10ns was s1gmficant Apphcallon of P and 
K mcreased shoot N (F1gures 4 and 5) but th1s was s1gmficant only w1th strams CIAT 144 151 and 
639 moculated on K20 and CIAT 151 and 949 on Wh1te Hancot Apphcallon of P and K to K20 
Wlthout moculallon s1gmficantly mcreased shoot N (F1gure 4) P and K w1th 40 kg/ha N greatly 
mcreased the shoot N of Wh1te Hancot but th1s was not s1gmficant (F1gure 5) It should be noted that 
shoot N d1d not mclude pods and seeds wh1ch tend lo accumulate N m the form of protem However 
smce compansons are w1thm cult1vars s1m1lar trends would be expected 

The shoot N content of K20 was greater when moculated w1th CIA T 112 632 and 348 when 
ne1ther P nor K were apphed wh1le CIA T 613 151 and 632 shghtly excelled followmg apphcat10n 
of both these nutnents W1th Wh1te Hancot moculallon w1th CIA T 948 348 and 45 appears more 
prom1smg m terms of shoot N content w1thout P and K W1th P and K moculat1on w1th CIAT 151 
613 or 948 produced comparallvely h1gher shoot N contents 

A prev10us poi study has shown that rh1zob1al moculallon w1th less than 1 O' cells/g s01l does 
not mduce y1eld responses due lo compellt1on from md1genous rh1zob1a (Table 2 F1gure 6 JJemba 
m preparat1on) Prehmmary stud1es (F1gure 7 Jjemba unpubhshed) have shown consp1cuous y1eld 
responses to moculat1on and mcreasmg levels of mmeral N rangmg from O lo 80 kglha md1catmg that 
beans reqUJre N m the range of 80 kg/ha or more Edje et al (1975) also demonstrated responses of 
dry beans lo N reportmg y1elds of 3779 kg/ha when 200 kg/ha N was apphed under 1mga110n 
S1m1lar results have been reported by Keya et al (1982) from multdocallonal tnals 

Table 2 The effects of moculum concentrat10n and P on plant dry we1ght and N concentrallon m pots 

Inoculum p 
leve! added Dry we1ght (g/pot) Total N 
(cells/ P,O, (m g/ 
g SOII) kglha Shoot Root Nodule Total poi) 

¡o• o 3 63b 1 24 O IObc 4 97b 80 Ibc 
100 3 35bc 090 O 20a 4 46bd 84 8b 

JO' o 2 63cd o 87 O 07c 3 58de 68 5bc 
100 3 3Ibc 1 07 O 18ab 4 56bd 83 8bc 

JO' o 2 89bd o 86 O IObc 3 86be 72 3bc 
100 3 69b o 99 O 09c 4 78bc 81 4bc 

JO' o 3 64b o 99 O 07c 3 66ce 57 7c 
100 3 64b 099 O 07c 4 72bd 74 6bc 

JO' o 5 74a 1 25 O IObc 7 lOa 124 6a 
100 5 45a 1 29 O 09bc 6 85a 114 5a 

Peal o 2 22d 071 O 07c 3 Ole 57 3c 
100 3 23bc o 85 O 06c 4 14be 74 lb 

cv (%) 13 1 27 2 43 6 13 1 16 9 
P leve! •• NS • • NS 
1 leve! ••• NS • • •• ••• 
PXI NS NS NS NS NS 

Means accompamed by the same letter Wllhm the column are not s1gmficantly d1fferent at P<O 05 
accordmg to Duncan s mult1ple range test 
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Figure 4 The eftecta of lnoculatlon 
wlth varloua rhlzobla on ahoot N content 
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Figure 6 The eftecta of lnoculatlon 
wlth varloua rhlzobla on ahoot N content 
of Whlte Harlcot wlth and wlthout P K 
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lt seems therefore that beans requue N fert!ltzer or estabhshment of a htghly effictent symbtottc N 
fixat10n system for opltmum ytelds Inoculatton may fa!l due lo lack of suffictently htgh numbers of 
the destrable moculant stram It ts tmportant to mvesltgate the potenltal of mdtgenous rhtzobtal strams 
espectally when thetr populatton levels are adequate lo ensure good nodulalton lt ts also of tmportant 
lo suppiy other hmttmg nutnents parttcularly P and K tf btologtcal mtrogen fixalton programmes are 
to succeed Subsequent work wtll therefore mclude a companson of fewer (9) promtsmg exoltc strams 
under field condtltons wtth several mdtgenous strams that have been successfully tsolated 
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SCREENING BEANS FOR MANGANESE TOXICITY TOLERANCE IN UGANDA 

V•ctor A Ochwob 

Department of Sod Sc•ence, Makerere Un•vers•ty, Kampala 

ABSTRACT 

In samples from areas of Uganda thougbt lo be h1gb m manganeso Mn concentral!ons of Mn 
vaned from 200 lo 640 ppm m s01ls and 100 lo 842 ppm m leaves much greater than 
concentrahons constdered to be toxtc to sensthve plant spectes Based on these surveys sttes 
have been selected for screerung for Mn tolerance Sotl compacllon has been shown to 
d.ramattcally mcrease Mn concentrabons of sotls and leaves but furrowmg had no conststent 
effect Apphcat10n of maJor nutnents parl!cularly K tended lo depress s01l Mn The effects 
of hmmg on sotl Mn were errahc Mn tolerance scores were rather vanable and rankmgs for 
Mn tolerance of 124 ANSES entnes were mconsistent between seasons presumably because 
of the Irregular field distnbul!on of excess Mn MCM 5001 was among the best yieldmg 
entnes across two seasons md1catmg that more recently released culttvars are better adapted 
to poor s01ls Genotypes w1th small seeds are more toleran! of excess Mn than large seeded 
genotypes conforrmng w1th findmgs m South Amenca 

INTRODUCTION 

Manganese tox•c•ty to plants 1s one of the pnnc1pal sod fert1hty problems ID Uganda lt has been 
shown that excess manganese 1s the maiD cause of the patchy unproduct1ve s01ls locally known as 
lunyu ID Buganda and ID maJor bean growiDg areas of south westem Uganda H1gh manganese IS 

commonly assoc1ated w1th s01l ac•d•ty However on sorne soils of Uganda problems of Mn tOXIClly 
occur where they are least expected (Le Mare 1977) Generally h1gh Mn uptake •s assoc•ated w1th 
low pH but 1s occasiOnally observed w1th poor draiDage h1gh organ1c matter or volcan•c soils 
However Mn toXICity also occurs on so1ls of moderate pH and good dramage that are ne1ther volcaruc 
nor h1gh ID organ1c matter Such s01Is are found ID areas where crush brecc1as (brecctated quartzose 
rocks) are common The brecc1as probably denved the1r tron and manganese from the latentes of the 
Buganda surface (Chenery 1960) Wayland (1921) reported that Mn was common ID the latent•c 
1ronstone of the Buganda surface Thus all s01ls denved from eros1on of the Buganda surface are 
hkely to contam much Mn but those below brecc1a ndges are probably ncher as are the soils near 
veiDs and swamps denved from the brecc•a Th1s would agree wtth the observation that lunyu soils 
are commonest near swamps 

Excess Mn 1s harmful to many crops wh1ch dlffer w•dely ID therr reacllons In particular legumes 
are more sens•t•ve than non legumes (Foy 1976) In Uganda beans cotton banana, s•msim and 
groundnuts have been shown to be very susceptible to Mn tox•c•ty especially where water 1s not 
plenllful for example after a prolonged dry season In contras! tea sweet potatoes finger m1llet and 
soybeans are relahvely toleran! (Chenery 1954 Jones 1976 Le Mare 1977) Andrew (1976) found 
1 O ppm Mn ID solution to drashcally alTee! plants wtthiD the senstllve group while moderately 
toleran! groups would thnve 1n concentrahons of 20-40 ppm Howeler (1983) reported cnllcal 
suffic1ency and tox1c levels of Mn ID the youngest fully expanded leaf of beans durmg early floWIDg 
of <20 140 >200 ppm Mn respechvely 
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MANAGEMENT OF SOILS WITH HIGH MANGANESE 

lt ts recogmzed that oxtdalton and reduclton of Mn compounds control the amounts of Mn avatlable 
In Uganda mulch ash manure composts hme and adjustment of the P Ca rallo have been suggested 
for amehoralton of the harmful effects of excess Mn (Jones 1976 Le Mare 1977 Zake 1986) 
Oxtdalton may reduce the avatlabthty of Mn lo the extent that defictency occurs whtle reducmg 
condtttons may lead to accumulalton of toxtc levels of Mn m sotls Ooberemer (1966) found that both 
beans and soybeans developed nodules and fixed N saltsfactonly at very low pHs provtded Mn 
toxtctty was not a hmtltng factor 

Other factors mfluence the avatlabthty of Mn m sotls The roots of some crops probably play an 
acltve role m promotmg dtssolulton of Mn oxtdes through the expresston of shon hved reducmg 
compounds (Bromfield 1958) Wonmann and Sengooba (1990) reponed that beans mtercropped wtth 
banana took up more Mn and were more affected than sole crop beans lt ts not yet ascertamed 
whether excess Mn was washed down from banana leaves mulchmg wtth banana leaves led to 
subsequent release of Mn on decomposttton mulchmg stmply encouraged the avatlabthty of Mn and 
thus more uptake by beans or banana root exudate played an acttve role Compactton of sotls ts also 
known to rwse the levels of avatlable Mn Compaclton seems to mcrease contact between the roots 
and Mn oxtdes or blocks the captllary movements of Mn 

Mn also mteracts wtth other elements wtthm both sotls and plants The elements whtch have been 
found to affect Mn nutnlton mclude Fe P Ca and Mg and an excess of one can decrease the uptake 
of the other and cause defictency There are also repons that P fenthzers mcrease Mn uptake by 
plants (Page 1963 Larsen 1964) Thts could be due to the actd solut10n that dtffuses through the sotl 
from a band of monocalctum phosphate whtch carnes a htgh concentralton of Mn (Lmdsay el al 
1959) 

SCREENING BEANS FOR MN TOXICITY TOLERANCE 

Followmg earher observaltons (Neenan 1960) of vanetal dtfferences m the tolerance of wheat and 
barley to sotl actdtty Foy el al (196 7) found stmtlar vanetal dtfferences m dry beans snap beans 
hma beans cotton and tomatoes Foy el al (1973) showed that the dtfferences were denved from 
vanattons m senstltvtty to Mn and Al toxtctly and the relattve requtrements of P and bases 

Thus a raltonal sctenhfic basts was estabhshed for the seleclton of !mes adapted to a parttcular stress 
as well as breedmg for tolerance whtch became vtable opltons for tmprovmg productton m the 
presence of toxtc or defictent supphes of plant nutnents Effons have been made elsewhere to select 
crop plants that tolerate adverse sotl condtltons usually toxtc levels of exchangeable Mn and Al and 
defictent levels of exchangeable P and some bases Thus there ts potenttal lo screen and select bean 
genotypes that thnve well al toxtc levels of Mn m Uganda Thts offers the posstbthty of reducmg 
requtrements for hme P and posstbly other fenthzers for the produclton of bean crops on sotls wtth 
Mn toxtctty 

OBJECTIVES 

Screen 280 bean genotypes for tolerance to Mn toxtctly 

2 Venfy and adapt a raptd laboratory techmque for screenmg for Mn toxtctly tolerance 

3 Develop appropnate techmques for the control of Mn toxtctty and assoctaled problems 
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MATERIALS AND METHODS 

The fltSt cycle of the Afncan Network for Select10n for Edaph1c Stresses (ANSES) nursery compnsed 
280 entnes contnbuted by part1c1patmg nahonal programmes m Afnca Cntena for the select10n of 
these entnes was ev1dence for tolerance to one or more edaph1c stresses and that they be well adapted 
vanehes e1ther released or m advanced stages of testmg In 1991 the ANSES nursery was grown at 
Lyamungu m Tanzama (for low P evaluahon) at Mulungu m Zrure (h1gh Al) 8Ulkwe m Uganda 
(h•gh Mn) and at Nakasongola also m Uganda (low N P) 

Select10n for tolerance to lugh soll Mn avallab1hty was accordmg to one of the s1x entena h1gh Mn 
y1eld 15 x stress symptoms at V4 (leaf colorat10n) h1gh Mn y1eld 25 x stress symptoms at V4 (leaf 
coloratlon) h1gh Mn y1eld 15 x stress symptoms at R 7 (brown specks) h1gh Mn y1eld 25 x stress 
symptoms at R7(brown specks) rallO of h•gh Mn y•eld to adequate fert1hty (Nakasongola) y1eld 
8ased on these entena, 124 entnes that appeared toleran! of Mn tox•c•ty were selected Fourteen that 
appeared susceptible were selected to develop a rap1d screemng techmque for tolerance to h1gh Mn 

Tnal des•gu and layout 

Number of eutnes Season 1 (19918) 280 Season 2 (1992A) 124 Season 3 (19928) 36 Season 4 
(1993A) 36 

Des1gu Random1zed complete block of 2 rephcates m Season 1 and 4 rephcates m season 2 lathces 
of 4 rephcates m Season 3 and 3 rephcates m season 4 

Randomu:ahou In Seasons 1 and 2 entnes were grouped as chmbmg or non-chmbmg and 
random1zed w1thm groups For the th1rd and fourth seasons random1zahon was based on a square 
latt1ce 

Plot su:e Plots were of two rows m Seasons 1 and 2 three m Season 3 and four m Season 4 al! 
were 3 m long and spaced O 5 m apart Plots were O 8m apart Plants were 1 O cm apart Wlthm rows 

Paths Across the rows (between decks or ranges) 1 m m w1dth 

Check cultJvars Canoca for non-clunbers G 2333 for chmbers Local checks have also been 
mcluded 

EvaluatJou mcludes emergence score vegetahve v1gour at V4 R5 Mn tox•c•ty symptoms at 
V 4 R5 brown specks at R 7 d1seases msects num bers of plants harvested and plot y1eld There 
w111 also be fohar analySIS at R5 and R7 total above ground b10mass and Mn uptake m shoot at R7 
and soll nutnent status at R5 and R 7 

RESULTS AND DISCUSSION 

Work so far mcludes 

a) prehmmary surveys of solls h1gh m Mn 

b) tnals on the management of expenmental s1tes and 

e) A N SES collaborat1ve research 
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Prehmmary surveys of sorls b1gb m Mn (Experunent 1) 

So1ls and leaf samples were collected from areas md1cated to be assoc1ated w1th (1) h1gh Mn but 
moderate to lugh pH Kyebe Catena near Bwkwe Kok1 Catena Buruh Catena (Wobulenn) and 
Namulonge m the central Reg1on and (u) h1gh Mn and Al w1th low pH Busheny1 and Kabale m &Jor 
bean growmg are as of southwestem U ganda 

Analyses of s01l and leaf samples showed that avallable Mn vanes between 200 and 640 ppm 
Moderately toleran! plants can accommodate up to 40 ppm Mn m the s01l solut1on (Andrew 1976) 
Results of analyses are shown m Tables 1 2 and 3 

Table 1 Chem1cal charactenst1cs of s01ls w1th excess Mn and moderate pH 

pH Mn p K Ca N OM Al 
(ppm) (ppm) me/IOOg me/IOOg % % me/IOOg 

Bu1kwe 
(1) 57 640 36 7 o 58 3 13 o 18 6 55 na 
(u) 46 450 25 7 o 45 1 88 o 11 5 73 o 33 
(m) 52 320 30 8 o 26 1 56 o 21 8 19 na 
(1v) 60 540 37 o o 51 3 06 o 25 7 37 na 

Narnulonge 
Sendusu 60 200 55 2 1 22 5 94 018 6 50 na 
Nalumuh 59 600 31 7 1 73 8 44 o 14 7 02 na 
Kmmantungo 6 1 410 25 5 1 54 719 o 21 810 na 
Nasuye 63 300 25 1 1 60 7 50 o 11 4 80 na 

Luwero (Wobulenz1) 
Sempa 1 6 1 510 23 5 o 58 3 75 o 25 4 00 na 

Sempa 11 62 380 42 9 1 60 3 13 o 22 4 51 na 
Kyootamugavu 69 240 28 7 2 88 3 25 o 14 5 17 na 

Wab1ymJa 63 460 35 8 o 90 469 o 13 5 00 na 

Kolu (Rakru) 
Lwebula 1 57 356 1 1 o 13 30 o 11 2 51 na 

Lwebula 11 59 502 43 o 26 55 o 21 6 04 na 

Lulagala 56 560 1 1 o 13 40 o 18 2 96 na 

na = not analysed 
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Table 2 Chem1cal charactenst1cs of leaves from s01ls w1th excess Mn and moderate pH 

Mn p K Ca 
S1te Crop ppm % % % 

Bu1kwe 
(1) Beans 842 o 31 1 o o 68 
(u) Beans 640 o 52 1 5 1 03 
(m) Beans 450 o 47 07 o 59 

(•v) Beans 750 o 42 09 o 65 

Namulonge 
Sendusu Beans 290 o 73 1 00 o 77 
Nalumuh Soybeans 140 o 68 o 55 o 44 
Kmmantungo Soybeans 160 o 57 o 90 o 70 
NaSirye Groundnuts 190 o 52 1 20 o 92 

Luwero (Wobulenz1) 
Sempa 1 Beans 240 o 25 o 35 o 12 
Sempa 11 Beans 620 o 42 1 00 o 75 
Kyootamugavu Beans 340 o 57 o 80 o 62 
Wab•ymJa Beans lOO o 31 o 65 o 53 

Table 3 S01l analySIS of s01ls w1th excess Mn and Al 

pH Mn p K Ca N OM Al 
(ppm) (ppm) me/lOOg me/lOOg % % me/IOOg 

Busbeny• 
Rubare 1 47 301 15 5 o 13 4 00 o 11 3 79 na 
Rubare 11 46 314 11 o o 30 3 50 o 18 2 63 na 
Busheny• D F 1 40 247 27 o 05 1 00 o 21 4 11 1 95 

Ka bale 
Kachwekano 1 43 240 09 o 38 3 70 o 25 12 83 3 30 
Kachwekano 11 52 320 00 o 33 3 70 o 28 10 73 na 
Kachwekano III 42 480 00 o 17 1 45 o 14 6 66 2 10 
Kachwekano IV 44 560 00 o 38 3 25 o 42 9 95 3 80 

Tnals on the management of exper•mental s•tes (Expenment 2) 

On the baSIS of the results obtamed m Expenment 1 a smtable area was selected m Bu1kwe (Kyebe 
Catena) where currently screemng expenments are bemg carned out Another area has been secured 
m Sempa (WobulenZI) to wh1ch screemng tnals w•ll be extended m 1993A 
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Management of tnals that have been conducted mcluded compacho'l furrowmg and NPK and hme 
apphcahon Prehmmary results show that compacllon greatly mercases Mn concentrallon m the so•l 
and the amount taken up by bean plants (Tables 4 and 5) Furrowmg has not shown a clear response 
Th•s could be due lo heavy ram washmg apphed fen1hzers from adjacent plots and concentratmg them 
m the furrows makmg them more fenlle than the surroundmg plots Add•t•ons of NPK espec•ally K 
appeared lo counteract the adverse effects of Mn tox•c•ty (Tables 4 and 6) L1mmg had no cons1stent 
effect (Table 7) but tended lo decrease y1eld 

Table 4 Effects of K apphcat•on furrowmg and compact10n on s01l chem•cal charactenst•cs al 
Bwkwe m 1991A 

Treat pH Mn p K Ca Na N Total 
ment ppm ppm me/IOOg mefiOOg me/IOOg % P(ppm) 

Expenmeot 1 (farmer's field) 
K 52 320 30 75 o 26 1 56 o 17 o 18 130 

+K 5 1 440 30 66 o 38 1 88 o 17 o 25 84 

Expenmeot 11 
Control 48 350 30 60 o 45 1 88 o 22 o 18 150 
Furrowed 49 260 30 45 o 51 2 50 o 20 o 11 165 
Compacted 46 450 25 66 o 45 1 88 o 22 o 11 160 

Table 5 Effects of furrowmg and compacllon on bean leaf chem¡cal analySIS m Expenmenl 11 al 
Bu1kwe m 1991A 

% ppm 

N p K Ca Mg Mn Fe Cu B Al Zn Na 

Control 3 26 o 39 2 27 o 98 o 35 264 171 12 32 400 42 15 
Furrowed 3 33 o 37 2 27 1 03 o 36 332 212 12 27 558 40 28 
Compacted 2 96 o 29 2 34 097 o 27 842 336 10 21 887 34 15 

AnalySIS by courtesy of Agncultural Analyt•cal Serv1ces Laboratory Penn Stale UmvefSlly 
UmvefSlty Park PA 16802 U S A 
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Table 6 Effects of N P and K apphcahon on leaf chem1cal charactenst1cs m Expenment 1 
(farmers tield) at Bu1kwe m 1991A 

Treatments %P %K %Ca Mn(ppm) 

NP 1 o 47 o 70 o 59 450 
NP 2 o 31 o 50 o 50 340 
NP 3 o 31 o 40 o 44 220 
NP-4 o 37 o 50 o 50 250 
NPK 1 o 47 o 70 o 56 300 
NPK 2 o 52 o 80 092 160 
NPK 3 o 25 o 85 o 68 350 
NPK-4 o 31 o 70 o 59 340 
NP 5 o 42 o 60 o 53 370 

Table 7 Effects of hmmg on s01l chem1cal charactenshcs at Bmkwe m 19908 

Treat pH Mn p K Ca Na N Total 
ment ppm ppm me/IOOg me/IOOg me/IOOg % P(ppm) 

LO 57 640 36 70 o 58 3 13 o 20 o 18 105 
Ll 62 320 36 75 o 70 4 06 o 20 o 18 250 
L2 60 540 37 01 o 51 313 o 22 o 21 255 
L3 67 170 38 72 o 58 4 38 o 22 o 18 165 

A prehmmary screenmg tnal of 16 entnes (Table 8) was carned out m Bu1kwe Severe symptoms of 
Mn toXIclty were v1s1ble In tenns of y1eld the best tive entnes were all small seeded and the seeds 
of three of these were black 
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Table 8 Effects of Mn on the ytelds of 16 entnes and of hme and NPK on K20 

Fohar Mn V anety Vtsual 
(ppm) mean yteld seo re 

Entnes R5 (g/plot) R5 

Black Desste 184 44 5 3 
Rto T•baJt 151 89 7 4 
IPA 7419 161 81 9 4 
95059 164 76 8 2 
Caltma 164 48 9 3 
A 283 207 59 5 1 
ZPv 292 117 42 7 2 
P1Dtado 129 37 4 3 
AFR 88 126 18 7 2 
EMP 84 142 49 3 
BAT 41 156 61 o 4 
BAT 271 180 37 o 4 
BAT 477 137 60 1 2 
94000 137 85 8 
Ponllo SIDteltco 242 111 5 2 
Canoca 120 60 8 3 
K20 (LO) 104 417 
K20 (LI) 394 
K20 (L2) 418 
K20 (L3) 123 335 
K20 (NP) 320 326 
K20 (NPK) 440 425 

LO L3 = levels of hme vtsual ratiDgs VO R5 1 e from genniDaiJOn lo preflowenng ytelds of first 
16 entnes g/hne for K20 g/plot 

ANSES Collaborat•ve Researcb Sub ProJecl 

Based on tests of 280 entnes ID 1991 124 entnes (Table 9) were selected for the tnal al Bwkwe ID 
1992B The rankiDg of vaneltes for tolerance was IDCOnstslent wtth the prevtous season SUA 90 and 
AFR 298 whtch ranked top and second for tolcrance (detenniDed by stress symptoms and yteld) ID 
1991B were 22nd and 30th ID 1992A Thts can be parttally attnbuted to charactensttc patchy 
dtstnbulton of excess Mn ID the field In order lo counteract such defects a stmtlar screemng 
expenment was sown ID Sempa (WobuleDZI) thts season (1993A) In thts tnal Canoca and Caltma 
dtd not perfonn accordiDg lo expectatton and Rubona 5 out perfonned K20 among the vanettes that 
have been released lo farmers 

184 



Table 9 Bean genotypes selected from 230 prom•smg vanehes for tolerance to low P low N and h1gh 
Mn (select10n based pnmanlly on y1eld under stress over two seasons of testmg 

H1gh Mn Low P LowN 

CAL 32 (RA YT 18) RWR 382 MCM 5001 
AFR 542 (PYT LS 9) RAB 482 (RIYT 43) ZPV 292 
RWK5 RWK 8 NEPA 29 
BAT 25 MMS 250 (RIYT 1) Black Dess1e 
G 5053 (PYT 1-4) PEF 6 (PYT LS 6) OBA 1 
AFR 88 RWK 5 DOR 404 
Em 40 CLK 13 PV A 774 (RIYT 36) 
AND 61 PEF 14 (PYT LS 8) PAD 126 
AFR 300 MUS 97 (RIYT 5) A 197 
BA T 85 (VEF 79) AFR 544 (PYT LS 4) XAN 76 (RIYT 34) 
RAB 445 (RA YT 8) 6088 AFR 378 
A 321 MMS 224 (RA YT 9) CAL 96 
IZ 0201475 ZAN 76 Rubona 5 
GLP 585 AFR 403 (RA YT 24) SUG 69 
XAN 76 (RIYT 34) MCM 5001 AFR 531 
Muy1ga XAN 76 (RIYT 34) AND 871 
RAD 52 (RA YT 8) BRU 22 LRK 29 
RAO 55 (RA YT 14) Pmtado RWR 982 
433 RAB 76 (RIYT 30) IZ 0201240 
DOR 375 (RA YT 30) MMS 253 (RIYT 33) UrugeZI 
PAD 114 (PYT MS 2-4) lk1mmba AND 829 
OBA 1 Ponllo Smtehco SUA 90 
MUS 18 (RAYT 31) RAO 55 (RA YT 14) AFR 476 
ZAN 76 OBA 1 RWR 980 
Black Dess1e Cahma A 120 (VEF 80) 
Canoca 433 AFR 544 (PYT LS 4) 
MMS 243 (RIYT 11) MMS 232 (RIYT 19) AFR 13 
PAI 112 NIC 116 (RIYT 10) RWR 221 
MMS 224 (RA YT 9) Canoca Urubonobono 
SUA 90 BAT 85 (RIYT 27) AFR 298 
PEF 14 (PYT LS 8) PAI 112 Lyamungu 85 
BAT 85 (RIYT 27) GLP 585 NEPA 38 
RWR 382 RAO 52 (RIYT 8) KID 34 (PYT LS 17) 
AFR 544 (PYT LS 4) 

At BUikwe m 19928 the scores for brown speck and stress at V 4 were rather vanable (CV s of 44 7 
and 54 7% respect1vely) and d1fferences among entnes were not s•gmficant However MCM 5001 
wluch w1th CAL 96 has recently been released to farmers was the best y1elder m 19928 (T able 
1 O) and 1n 1992A md1catmg that recent releases are better adapted than prev1ous vanehes to poor 
sods However R WR 221 wh1ch •s well adapted to poor sods m R wanda does not peñorm well m 
Uganda but desp1te sorne mcons1stences m peñormance small seeded vanehes shll show greater 
tolerance to Mn tox•c•ty than large seeded vanehes Th1s conforms w1th findmgs m South Amenca 
and espec•ally Brazd 
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Table 10 Ytelds (g/hne) of entnes m htgh Mn ANSES Nursery 
al Butkwe m 19928 

Entnes Ytelds 

MCM 5001 685 
ZPv 292 411 
NEPA 29 392 
Black DeSSie 542 
OBA 1 403 
DOR 404 327 
PVA 774 (RIYT 36) 349 
PAD 126 439 
A 197 490 
XAN 76 (RIYT 34) 753 
AFR 378 462 
CAL 96 369 
Rubona 5 413 
SUA 69 409 
AFR 501 438 
ANO 871 542 
LRK 29 338 
RWR 982 457 
IZ 021240 500 
Urugezt 591 
AND 829 309 
SUA 90 280 
AFR 476 386 
RWR 980 446 
A 120 (VEF 80) 657 
AFR 544 (PYT LS-4) 306 
AFR 13 260 
RWR 221 674 
Urubonobono 410 
Lyamungu 85 417 
MCM 2001 381 
Canoca 333 
NEPA 38 274 
K20 252 
RWR 382 670 
KID 34 (PYT LS 1 7) 507 

Mean 441 
S E (±) 73 9 
cv (%) 334 

Work for seasons 1993A and B wdl contmue accordmg to the stated obJecttves 
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ABSTRACT 

Progn .. .;;c; made m ~crccmng hcan gcnotypc'1 for tolerancc to low '\mi pho-,phoru\ t\ dt..'icnbcd 
1 he 'iotl P leve) o; of a c;crccmng 'ittc at thc Regtonal Re'icarch Centre Kakamcga havc bccn 
\aho;factonly dcplctcd by growmg 'icvcral cropo; With addl.d N but no P A collcct10n of 434 
local bcan gcrmplasm lmcs has bccn ohtamcd from thl.. Natwnal llortlcultural Rc'icarch Centre 
3l rhtka and cva}uatcd for thc1r growth habtts days to flowcnng 'iC(.d 'illl.'i dt<¡C3'il. TC.,I'il80Ct.. 

and sct.d yteldo;; J hrcc hundrcd Jmcs havc bccn <;c)cclt..d for o;crcenmg for tolerance to P 
dcficu .. ncy 

INTRODUCTION 

Thc scrcenmg of bean culllvars toleran! to low phosphorus (P) ava•lab1hty m smls 1s part of a largcr 
effort mvolvmg severa( nallonal bcan prograrnmes m Afnca to screen for tolcrancc lo edaph1c strcsscs 
mcludmg Jow P and N and h1gh Al and Mn In Kenya screenmg for low P stress 1s conducted at thc 
Reg10nal Rcscarch Centre Kakarncga Th1s work started m thc 1990 short rams (SR) and by thc 
1992SR culllvars had been 1dcnllficd for scrccmng and the screemng field had been suffic1ently 
deplctcd to low lcvels of P Thc actual screcnmg for low P tolerancc w•ll start m thc 1993 long rams 

MATERIALS AND METHODS 

Dunng 1991 and 1992 the screenmg field was dcplctcd of P Th1s was necessary smcc fields on thc 
stat1on do not show P dcfic1cncy due to contmuous use of fert1lu.crs Thc screemng field 1s su1tablc 
to enable scrcenmg of many matcnals over a number of seasons A mau.c bcan mtcrcrop sorghum 
and soybeans were grown on the field and fert•l.,.cd w1th mtrogen but not P and all above ground crop 
res1ducs removed from the ficld Sml analyses md1cate that sml P levels have been sahsfactonly 
depleted (Tablc 1) and compare well w1th P lcvels m farmers fields 

434 germplasm lmes were acqmred from Nat10nal Hort•cultural Research Centre Th1ka m 1992 Sceds 
of these matenals were mul!lphcd m smglc rows of 3 m D1arnmomum phosphate fert1lu.cr was 
apphed at the recommendcd rate at plantmg D1scases and pests were controlled usmg D1thane M45 
and DIIUmon The matcnals were 

(a) characten~.cd for growth hab•t and sccd su.c 

(b) evaluated for reachon to common d1scascs on a scalc of O 5 and 

(e) evaluated for general adaptab1hty and y~eld 
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Table 1 P levels (ppm) of samples of top and sub smls from three pomts m evaluahon field at 
Kakamega m 1991LR and 1992SR 

Sample 

2 3 

Season Top Sub Top Sub Top Sub 

Evaluat1on field 

1991LR 13 13 9 13 13 11 
1992SR 8 JO 6 4 8 8 

Farmers' field 

8 6 JO 6 8 6 

RESULTS AND DISCUSSION 

Of the 433 genotypes evaluated 205 (47 3%) were determmate m growth hab1t and 228 (52 7%) were 
mdetermmate Tune to flowenng ranged from 40 to 52 days w1th the earhest to flower bemg 
concentrated among the determmate types (Table 2) 

Table 2 Days to flowenng of determmate and mdetermmate genotypes at Kakamega 

Days to Growth hab1t 
50% 
flowenng Determmate lndeterm mate 

40 42 154 14 
43-44 25 26 
45-46 6 31 
47-48 7 124 
49 50 4 29 
51 52 2 2 

Total 198 226 

Among the 409 genotypes evaluated for seed SJze 107 (26 2%) were charactenzed large seeded 245 
(59 9%) were charactenzed medmm and 57 (13 9%) were charactenzed small seeded The mam 
d1seases recorded dunng the season were rust and angular leaf spot followed by anthracnose Scores 
greater than than 3 were exlub•ted by 165 genotypes for rust and 6 7 for angular leaf spot 
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Seed y1eld ranged from zero to 534 g/3 m row (Table 3) A determ10ate genotype (GLPx 1206) 
produced the heav1est y1eld followed by the 10determ10ate GLPx 73 Among the first fifty best 
y1eld10g l10es 27 were 10detenn10ate and 23 determmate 

Table 3 Frequency d1stnbu1Ion of seed y1elds (g/row) of l10es grown dunng the 1992SR 

Seed y1elds Number of 
(g/row) hnes 

o 100 46 
101 200 86 
201 300 151 
301 400 100 
401 500 43 

Over 501 3 

CONCLUSIONS 

Three hundred (about 70%) of the total 433 l10es were selected as entnes for screemng for low P 
tolerance dunng the 1993 long rams The selecllon cut-off po101 was a y1eld of 201 g/row and above 
The selecllon entena were 

seed y1eld 
general adaptab1hty 
d1sease reacllon 

Among the selected lmes 156 (52%) were detenn10ate and 154 (48%) were 10detennmate 
lndetenn10ate genotypes performed relallvely badly as shown by the percentage of total plants present 
al m1d season (52%) compared to harvest (48%) and by the compos111on of the reJecled matenals 
(63 2% 10determ10ate and 36 8% determ10ate) 

MAJOR CONSTRAINTS 

(1) The fundmg of the sub proJeCI was h1ghly apprec1ated s10ce 11 enabled the work lo start The US$ 
500 prov1ded for the penod July 1992 March 1993 proved hm1ted for the acllv111es of the 1992SR and 
of the 1993LR wh1ch start at Kakamega 10 February/March 

(n) lt was not feas1ble to obtam matenals from outs1de Kenya due lo stnngent quarant10e measures 
at Muguga 

PLANS FOR 1993 (LR) 

(1) To screen the local bean matenals selected as entnes for tolerance to low P 

(n) To part1c1pate 10 the mult1 locat1on test10g of the entnes selected from the first cycle of 
the ANSES 
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SESSION V GENETIC TOLERANCE TO SOIL CONSTRAINTS 

Cblllr Sthm Nabdy Rapporteur Wayne Vouogqutst 

Paper by Amare Abebe (preseoted by W Y ouogqutst) 

QoestJoo Stabthty analySJS tdeoufied two Imes that had slopes a httle above 1 05 Entnes wtth slopes 
less than 1 00 perfono better m poorer envJIOnments Otd you fmd any such lmes? 

Youogqutst Y es BA T 798 had a slope of O 72 but tts mean yteld was hght so that the two selected 
lmes were better peñonoers even m the poorer envtronments 

Questlon lt ts posstble to examme a stabthty analysts graph as arranged m four quadrants In whtch 
quadrants were the selected types found? 

Youogqutst The selected types would he m the upper quadrants If however one looked at a plot 
of slope vs devtallons from regresston then the selected types would be m the quadrant of lugh slope 
and lugh devtallons from regresston wluch would mdtcate some dtfficulty for accurate predtcatton of 
response to drought 

Paper by Mttlku Hade 

QuestJoo lt appears from your Tables 7 and 8 that mtrogen levels of the sotls are already htgh 
Wouldn't tlus adversely affect responses to seed moculauon? 

Mttlku Hade No not really lt ts the mteracltons wtth the other hmttmg nutnents that are of more 
concem These need to be exam med further 

QuestJon Have you been momtormg the changes that occur m the vanatton m the strams m your 
mtxtures over ltme? 

Mltlku Hade The mtxture expenment compares competttton among local strams to determme 
whether the strams perstst over ltme One stram of note ts 899 wluch seems to perstst 

Paper by Patnck Jjemba 

Commeot The effects of applymg mtrogen and symbtosts wtth the Rhtzobtum are confused smce 
they are apphed together 

JJemba Smce there was httle effect of N fertthzer there was probably httle mteraclton due to the 
apphcauon of feltlhzer w•th the Rhtzobtum strams 

Commeot Kmdly descnbe the fertdtzer regtme 

JJemba A low starter dose of N (JO 20 kg/ha) was added to promote the growth of the beans pnor 
to the onset of effect•ve nodulatton Phosphorus •s added for much the same reason lt ts needed for 
effecltve nodulauon and N fixauon 
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Paper by Habtamu Admassu 

Quesuon Were s01l samples taken lo confino that there was mtrogen defic1ency m the expenmental 
plots? You ment1oned d1sease symptoms m the test matenals Were N defic1ency symptoms observed 
and 1f so how severe were they? 

Habtamu Admassu S01l analyses have not yet been completed However mtrogen defic1ency 
symptoms were seen m the precedmg crops of mmze 

The s1te selected for the low N screenmg had been scheduled for so ti tests severa! years ago E ven 
though the mmze crop showed defic1ency symptoms 11 appears that the N leve! 1s too htgh or has a 
great degree of vanab1hty lt would be useful to block out the s1te mto h1gher or lower N leve! arcas 

Paper by V1ctor Ocbwob 

Quesuon lt 1s mterestmg lo note that the !mes MCM 5001 and CAL 96 found tolerant to htgh 
manganese so1l cond1Uons m your tnals are also the ones that have recently been released based on 
the1r supenor performance on farm Perhaps 11 1s demable to conduct your testmg al on farm s1tes? 

Ocbwob Thts could be done We would then need to obtmn sotl analyses to conf1rm what the farmers 
are saymg about the ferttl1ty of therr farms 

Quesuon The steenng comm1ttee may not be convmced that Mn tox1c1ty 1s a senous enough problem 
to warrant mvestmg more resources m 11 Do you have data on the extent of Mn toXICity problems? 

Ocbwob One dúficulty of obl8lmng such mformallon 1s the unrehable nature of sotl Mn tests The 
tests md1cate low Mn levels due to the drymg that 1s normally used pnor to nmmng the test procedure 

Quesuon What are the levels for concem of Mn m the s01l? 

Ocbwob There 1s no absolute answer to th1s quest10n For some crops the upper level1s 40 ppm but 
for beans we beheve 11 m ay be as htgh as 200 ppm 

Paper by G1deon Racb1er 

Quesuon Is 11 poss1ble lo lay out the screenmg tnals m blocks? Th1s would help account for some 
of the vanallon that has been observed 

Racb1er Vanab1hty m the tesllng 1s h1gh therefore some fono of blockmg may be of value m 
esbmatmg thts source of vanat1on m the test results 

Comment A nearest netghbours analys1s may be more appropnate than some forms of blockmg 

Racbter The tnals have already been planted for thts year 

Quesuon How wtdespread ts P defic1ency m westem Kenya? 

Racb1er 1t ts a problem smce the farmers tend not lo use P fertthzers 
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QuestJon Were there severe defic•ency symptoms m your tnals? 

Racb1er There were severe sym ptom s m sorghum and m wze but not m beans 

Commeot Fertihzer apphed to the mwze IS formulated for the mwze It has been observed that by 
mtercroppmg beans the beans use th•s fert•hzer dúferenllally and that the mwze suffers as a result 

General discuss•on or soii coostramts 

H1ddeo buoger It IS often diflicult for farmers to apprec1ate exactly the problems of poor soii 
nutnent avwlabihty On farm tnals would help to educate farmers lo become aware of the problems 
mvolved 

Drougbt Physiologisl have a wtde range of tests that can be used to Idenllfy drought response m the 
field mcludmg pore tests water pressure and osmotic potential Would these be appropnate m 
Idenllfymg drougbt toleran! vaneties? 

These tests can be used but the pnmary pomt to remember IS that manúestauon of drought ddiers 
between bean growmg areas In many cases drought toleran! Imes are !hose that res1st d1sease or 
msect pressures specútc to dry conditions Phys•olog1cal stud•es set up m one location where drought 
IS expenenced al dúfenng tunes of the year and accompan1ed by h1gh temperatures may be 
mappropnate lo other areas where drought IS assoc1ated With cool temperatures late m the growmg 
season 

Work has started to Identúy lmes that are drought tolerant durmg four penods seedmg lo seedhng 
stage seedhng stage to flowenng flowenng lo pod format1on and grlliD filhng Tlus should help m 
Identifymg lmes that have specútc responses lo drought 

Curren! drought screenmg procedures have been haphazard 11 IS unportantto Identúy specútc cnt1cal 
penods and devise good repeatable screenmg methodology to evaluate matenal for spec1fic stress 
condiiions 

8Iolog~cal mtrogeo ruauoo 11 IS diflicultto cnticize work on BNF smce IIIs such an unportant trwt 
On the other hand results have been urumpressiVe and one wonders ú more effort should be expended 
on th1s top1c 

Stud1es of rutrogen fixauon w•th soybeans have shown posiiive responses lo moculation but wtth 
phaseolus beans the results have not been so clear Perhaps more stud1es need lo be conducted of the 
compellllve abiiity of local strlliDs and less emphas•s placed on exollc strwns wh1ch m ay not be very 
compellllve m local envirOnments 

Some bean vanelles have been found lo fix up to 100 kg Nlha though tlus IS rare and not found m 
locally acceptable bean culllvars 

M8Dg8Dese If bananas are assoc1ated w1th the mc1dence of Mn toxicity problems m beans IS the 
solullon to stop growmg so many bananas m westem Uganda? 

So far the results are not conclus•ve and such a reactioo would be premature The rh1zosphere of 
banana roots IS typ•cally of lugher pH than the surroundmg so1l S mee bean roots wiil grow m close 
association w1th banana roots 11 IS m tlus zone that 11 IS most hkely that the bean roots are p1ckmg 
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up the excess Mn One tnal of 16 bean genotypes showed that the mtercropped beans had tw1ce the 
Mn levels of the bean genotypes m monoculture 

So1l pathogens cause confus10n m the proper 1dentdicat10n of sod defic1ency symptoms How can one 
BVOld mlSdlagDOSIS? 

It has been observed that there 1s an assoc1a11on between low K m the sods and the mc1dence of root 
rots lt was found that the apphcallon of coffee hulls (source of K) to pots growmg beans reduced 
d1sease mc1dence 
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SESSION VI INTEGRATED CROP ANO SOIL MANAGEMENT 

MINIMUM TILLAGE IN MAIZE BEAN PRODUCTION SYSTEMS IN KENY A 

Jobo G N Muthanua 

K.A R 1 Regtonal Researcb Centre, Embu, Kenya 

ABSTRACT 

On fann research expenments on mm1mum hllage m matZe and matZe bean mtercroppmg were 
camed out dunng the Short Rams (SR) of 1991/92 and Long Rams (LR) of 1992 m three 
agroecolog1cal zones (AEZs) of Upper M1dland (UM2 UM3 and UM4) of K1ambu and Embu 
J)¡stncts of Kenya The effects of convenhonal hllage (two hand weedmgs) pre emergence 
alachlor post emergence bentazon fanners method and zero (no hll) on crop performance and 
sml charactenshcs were evaluated and farmer assessment of the treatments obtamed Drought 
affected the crop m both seasons Zero hllage unproved the stands of ma!Ze and beans and 
produced greater b10mass taller ma1ze plants m less clayey s01ls more bean pods per plan! 
and larger bean seed y1eld In add1hon crops were less affected by drought and so!l eros10n 
was mmmtal Farmers method was similar to convenuonal tdlage m sotl mampulahons Plant 
dens1hes were less W!th the fanners method but on clayey s01ls crops performed better W!th 
farmers method and convenuonal hllage than w1th other treatments Pre emergence 
alachor+hnuron resulted m a good crop comparable lo convenhonal hllage In beans post 
emergence bentazon apphcat1on delayed matunty reduced pod number and caused swollen 
plan! bases Ma1ze plants were temporanly lodged therr prop roots deformed and growth 
tw1sted However when mmsture was avallable the problems m ma¡ze were overcome 
Bentazon gave poor control of grasses and Galmsoga and Leonotrs spp 

INTRODUCTION 

Convenhonal crop produchon conSJSts of pnmlll)' and secondlll)' hllage and one or two handweedmgs 
Thts ensures that the crop grows m a weed free envuonment Convenhonal hllage exposes and churns 
soil and subJects tt to eroston by water and wmd Because of the dtsastrous effects of eroston on s01l 
produchvtty and the need to conserve m01shlfe there ts a general trend from convenhonal to 
mmunum hllage Mtmmum hllage IDVolves ehmiDahon of excesstve hllage (Ross and Meml 1990) 
Excesstve hllage not only accelerates eroston but also destroys soil phystcal properttes (Lal 1976) 

Mmunum hllage has been observed to IDcrease organtc matter ID troptcal sotls (Thomas el al 1983) 
to conserve motsture and reduce eroston On farm research on miDtmum tillage was tmhated ID 
K.Jambu and Thtka Dtstncts after on statton research confumed that the hllage system was feastble 
for maJze bean croppmg systems 

The obJectlves of mmunum tillage on farm research were to 

a) assess the apphcabthty of ttllage prachces under farmer ctrcumstances 
b) understand farmers mtmmum hllage crop productton systems 
e) assess the tmportance of s01l eroston 
d) assess water mfiltrahon and water storage m the s01l 
e) study crop growth and yteld under dtfferent hllage methods and 
f) assess the effects of hllage methods on soil phystcal and chemtcal charactenshcs 
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MATERIALS AND METHODS 

An mformal d•agnost1c survey was conducted m K1ambu and Embu D1stncts dunng the 1991/92 SR 
With the objechve of leammg the hllage methods prachsed by farmers and findmg w•th farmers 
treatments for on farm tnals that would mmmuze tlllage operahons and yet be feas1ble m farm 
s•tuahons The methods adopted for the tnal had lo be compatible w•th m111ze bean mtercrops smce 
the commodJtJes are grown m assoc1ahon Weed management had also to swt Intercrop culture 

The treatments selected were 

1) convent10nal prachce (pnmary and secondary tillage and two handweedmgs) 
2) pnmary and secondary tlllage and post emergence bentazon apphcahon 
3) pnmary and secondary t•llage and pre-emergence alachlor apphcahon 
4) farmers method and 
5) zero tlllage (no tlll) ne•ther pnmary nor secondary tlllage (use of glyphosate or paraquat to 
control m•hal vegetahon and apphcahon of e1ther pre-emergence or post emergence herb•c•de 

A random1zed complete block des•gn was used w•th farms as rephcahons Gross plot s1zes were 
vanable but net plots were 5 x 3 m The measured parameters were expressed on a hectare bas1s 
M111ze hybnd 512 was planted m UM2 and UM3 spaced at O 75 x O 3 m Katuman1 com pos•te was 
planted m UM4 spaced at O 9 x 3 m Bean vanety GLP 2 was planted at an mtra row spacmg of O 1 
m UM4 was planted With GLP 1004 (MweZI moJa) m two rows between two m111ze rows w1th an 
mtra row spacmg of O 15 m M111ze was fert1hzed w1th 250 kg/ha of 23 23 O fert•hzer wh•le beans 
were fert1hzed w1th 100 kg/ha of DAP (18 46 O) 

RESULTS AND DISCUSSION 

Crop performance 

Dunng the 1991/92 SRs m111ze was affected by drought wh1ch occurred JUSI before tasselhng at all 
sJtes M111ze wdted early m all treatments except zero tdlage where w1ltmg occurred much later No 
m111ze y1elds were real1zed though a few cobs were produced m zero hllage plots In UM4 (Munyu) 
on bght soii the m111ze was eaten by sqwrrels except m zero tdlage plots where trash protected the 
seedhngs F armers noted zero hllage as a soluhon to the squurel problem 

Beans were also affected by drought but some y1elds were real1zed Zero hllage treatment had 
v1gorous crop growth desp1te the drought Post emergence apphcahon of bentazon adversely affected 
bean growth and development The farmers method resulted m poor stands and y1elds probably 
because of overcrowdmg of beans and low populat10n 

Dunng the 1992 LRs m111ze performed well m all s1tes Weed control was sat•sfactory except m 
bentazon treated plots where grasses dommated Wdd p1gs porcupmes and dogs destroyed the m111ze 
m UM4 Katumaru Compos•te matured earher than the farmers vanety Farmers md1cated that future 
vanebes for the area should be H511 or H512 wluch they normally grow though the arca •s too dry 
for them In Embu m111ze was senously affected by drought and the plants were used as cattle feed 
However zero tdlage plots produced more b1omass 

Some bean y1eld was real1sed m UM2 and UM3 In UM4 beans f111led due to drought after the first 
r~~~ns were followed by a dry spell Resown beans were damaged by bean stem maggots and the 
rem111nder were trampled by w1ld an1mals feedmg on the m111ze 
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Pl1111t bagbt 

Mmze was shghtly taller w1th zero tdlage than Wlth other treatments Tlus confmns that zero t1llage 
1s more conduc1ve to mmze growth than other tdlage pract1ces as also observed by Blevms ( 1983) 
and Ph1lhps and Young (1973) 

In heavy clays the farmers method and convent10nal tdlage treatment resulted m taller plants than 
other treatments Under zero ullage pre-emergence treatments caused large deep cracks wh1ch m1ght 
have mterfered Wlth roots Blevms (1983) also observed that sods Wlth slow mterval drmnage 
propert1es respond poorly to no tdlage 

Table 1 The effects of tdlage on plan! he1ght (m) of mmze grown m UM2 UM4 (hght sods) and 
UM4 (clay sods) dunng 1991/92 SRs 

Pods per pl1111t 

Tdlage method 

Zero úllage 
Convent10nal tdlage 
Pre-emergence alachlor 
Post-emergence bentazon 
Farmen; method 

UM2 

1 4 
1 29 
1 32 
1 28 
1 35 

UM4 

1 4 

Clay SOII 

UM4 

1 15 
1 40 
1 15 
o 87 
1 35 

In UM2 pods per plan! were most m zero ullage and fewest w1th the Carmen; method In UM4 the 
beans were almost a sole crop smce most mmze seeds had been removed by sqwrrels except m the 
zero tdlage plots where all the mmze grew E1ght pods/plant were produced by pre-emergence alachlor 
and s1x by zero ullage No pods were harvested from post-emergence bentazon because of 
phytotoJUCity 

Table 2 The effects of tdlage on number of pods per bean plant grown m UM2 and UM4 dunng 
91/92 SRs 

--- ---
Tdlage method UM2(GLP 2) UM4(GLP 1004) 

-----
Zero tdlage 45 6 
Convenuonal tdlage 40 58 
Pre-emergence alachlor 39 78 
Post-emergence bentazon 32 o 
Farmen; method 32 29 
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Bean seed y1eld 

Zero llllage produced the largest bean y1elds al all s1tes Post emergence bentazon produced poor 
y•elds because of phytotox•c•ty Pre-emergence alachlor resulted m larger bean y•elds than 
convenllonal t11lage 

Table 3 The effects of llllage pracllces on seed y1elds {kg/ha) of beans grown m d1fferent ecolog•cal 
zones dunng 1991/92 SRs 

Tlllage methods UM2 UM3 UM4 

Zero llllage 372 313 579 
Convenllonaltlllage 292 69 330 
Pre-emergence alachlor 334 139 428 
Post-emergence bentazon 129 69 
Farmers method 134 208 163 

lnfiltrat1on rates 

Jnfiltrallon rates were measured m UM2 and UM4 lo detennme the effects of tlllage pracllces on 
water percolallon and the potenllal runoff and eros1on dunng ramstonns 

Table 4 The effects of tlllage pracllces on •nfiltrat10n rate (mis/mm) m UM2 and UM4 m 1991/92 
SRs 

Farmers Pre Zero Post Convent 
method emergence llllage emergence IOn al 

Time 
(mm) UM2 UM4 UM2 UM4 UM2 UM4 UM2 UM4 UM2 UM4 

57 3 7 54 42 66 57 42 42 42 57 
3 28 20 26 1 9 28 24 20 1 9 22 28 
5 28 20 26 1 9 28 24 20 1 9 22 28 
10 28 1 3 1 6 1 3 20 1 3 1 2 08 1 8 1 2 
20 24 09 1 3 08 25 1 1 1 2 06 1 4 09 
30 20 08 1 1 07 22 09 1 o 06 1 2 08 
60 1 4 05 09 05 1 4 07 08 04 1 o 05 

UM2 s01ls had lugher 1nfiltratiOn rates than UM4 s01ls due to 1ower c1ay content Treatment effects 
were not very clear 

199 



M01sture assessment 

F anners parttctpaled m evalualton of effecl of m01sture defictls They reported thal wtltmg occurred 
much laler under zero ltllage than other treatmenls and the planls were larger In clay sotls 
convenltonal ttllage and the fanners method resulled m larger planls 

Agronomtc assessment 

Thts was how the farmer saw the crops growmg weed assessmenl ease of operalton converuence 
and requtrem enl 

Post-emergence bentazon treatment F anners were scepltcal aboul tls adoplton smce ti adversely 
affecled the crop and dtd nol control grasses and Galmsoga 

Pre-emergence alachlor treatment Fanners were sattsfied wtth crop peñormance and weed control 
They would hke lo see tts effecl on weed control dunng excesstvely wet seasons They thought 
herbtctdes were expenstve espectally when ratns fatled 

ConventJonal ullage The fanners felt tt was labonous al planlmg but easy to weed 

Zero ttllage F anners felt ti was easy lechnology resultmg m a good crop but would hke lo see tt 
m a more favourable season Pnces of berbtctdes and lechntcal knowledge were a constraml lo 
adoplton They satd they can try ti wtth proper advtsory servtces The method delerred squtrrels 

Farmers' method They mdtcated thal thts was easy to plant bul they losl m lerms of ytelds labour 
m weedmg and crop stand 

Crop assessment 

Vaneues 
a) Fanners dtd nol wanl Katumant Compostle m UM4 because of early matunty assoctated 
wtth damage by wtld arumals 

b) Fanners preferred GLP 2 to GLP 1004 recommended for UM4 

Ytelds Wben asked thetr optruon about ytelds fanners mdtcated that zero ltllage appeared besl 
followed by pre-emergence conventtonal farmers method and then posl-emergence Bean seed 
appearance followed stmtlar trends 

Sotl eroston 

Fanners observed thal sotl eros10n was IDlmense m all treatmenls mvolvmg pnmary and secondary 
ltllage No eros10n was observed wtth zero ttllage 

Soll properttes 

Sotl analyses tndtcaled that sotls m all areas were low m mtrogen and phosphorus Potasstum was 
parttally suffictenl Orgamc carbon was also very low and accordmg lo Thomas el al (1983) 
matntenance of organtc carbon m troptcal sotls tS tmportanl for crop productton 
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CONCLUSIONS 

1 Dunng penods of droughl the crop m zero llllage plols performed very well 
2 Benlazon was detnmenlal lo both mwze and beans 
3 Planl popula11ons are low m farmers fields 
4 There IS need for synchromzed matunty lo av01d damage lo crops by w1ld ammals 
5 Bean y1elds were besl from zero tdlage 
6 Posl-emergence bentazon resulted m low bean y1elds 
7 Pre-emergence alachlor treatment out y1elded convenhonal llllage by 30% m bean y1elds 
8 Zero hllage outy1elded convent10nal llllage by 83% 
9 S01ls m UM2 had faster mfiltrallon rates than UM4 s01ls 
1 O Zero ullage resulted m lugher mfiltrat10n rate dunng the first m mute than other treatments 

than other treatm ents 
11 Zero ullage delayed mo1sture stress lmmed1ately rwns ceased 
12 SqUirrels could not remove mwze seeds m zero tdlage plots 
13 Seed qual1ty assessment revealed that zero llllage resulted m better bean seeds and post 

emergence w1th poor seeds 
14 S01l analySIS revealed that the so11s m the two d1stncts were low m total mtrogen organ1c 

carbon and phosphorus PotassiUm was also lackmg 
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EFFECT OF WATER HARVESTING SYSTEMS ON BEAN MAIZE 
INTERCROPPING IN ARID AND SEMI ARID LANDS OF KENYA 

DO Mocboeka, A M Ndegwa and G W Mbugua 

KARI Natoonal Hortocultural Researcb Centre Tboka Kenya 

ABSTRACT 

An cxpcnmcnt was tmtlated to mvcshgatc thc cffccts of water harvcstmg methods m 
bcan mat7c mtercroppmg o;yo;tcms m and and o;cmt and lando;; (A ~A L) of Kcnya Thc sth .. 
selcctt .. d for prchmmary studtes was a fanncrs ftcld located m Agro J-.cological /onc 5 m 
Gatuanyaga arca of K1ambu D1stnct Central Provmcc l our watLr harveshng mcthod'i Wt..n .. 

comparcd VIZ p1t catchments contour and hnc he ndgco;; and farrners prachce wh1ch was 
the control Bcan and mat7e ytelds were stgmficantly better m all water harvestmg systcm~ 
than m the control rhc heavoest bean yoclds ( 1 319 kg/ha) were rccordcd m thc ptl catchmcnt 
system llowevcr construct1on of the ptts was lahour mtcnstvc Contour (974 kglha) and ltm .. 
he ndgong (9l3 kglha) also resulted on faorly good yoelds 1 hcsc treatment• had an addcd 
advantagc -;mee the he ndges wcrc eastcr to construct 1 hcse mthal results mdtcatc that the 
water harvestmg concept can he uhh.led successfully m the A S A 1 s of Kt.nya and could be 
extended to othcr countnes of castcm Afnca 1 he hypothcsts w11l bt. furthcr tested m 
subsequent seasons 

INTRODUCTION 

Dry bcan (Pha<eo/us vulgar~< L ) produccd on an arca of 500 thousand ha os the most omportant 
pulse m Kenya Nattonal average yocld os about 800 kg/ha wholc potcnttal yocld os approxomatcly 1 500 
kg/ha (Kangethe and Ngalyuka 1989) In most cases bcans are mtercroppcd woth mruze (NJuguna 
et al 1981) Drought stress has been odenttficd as one of the maJor factors contnbuttng to the wodc 
gap between actual and potenttal yoelds especoally m the and and scmo and lands (A S A Ls ) (Muogao 
and Ndegwa 1991) A S A Ls account for 80% of Kenyas land area and support about 25% of thc 
populatoon These arcas act as a maJor water shcd and therefore thcor management and use grcatly 
affects the seventy of droughts floods rate of crosoon and soltatton of streams nvcrs omgatton dams 
and reservoors (Mulc 1984) A S A Ls are characten7.ed by poor and very erratoc rrunfall but are 
becommg mcreasmgly omportant m crop productton m Kenya and othcr countnes of eastem Afnca 
m general Tbos trend has been caused by the mercase m mogratoon from the more productovc hoghland 
zones The curren! dcvclopment plan m Kenya recognu.es the potenttal of A S A Ls to doublc thcor 
contnbutton to the country s growth target m agnculturc (A non 1 989) 

Annual ramfall m thc A S A Ls os below 800 m and usually falls m storms charactcm.ed by hogh 
eros ove power whoch degrades the sool and omhates eroston and run-ofT (Ktwele and Ulsaker 1984) 
Thc omprovement of water mfiltrat10n rcductton of loss by cvaporatoon and conscrvatton of rcsodual 
moosture on the sml profile are sorne of the mechanosms whtch can contnbute to the oncrcascd use of 
rrun water by plants m A S A Ls 

Water harvestmg os one such concept whercby run-ofT rrun water os collected and subsequently 
concentratcd m an area for the purpose of omprovmg plant produchon m A S A Ls At farm leve! thc 
process entruls the constructton of somple structures on gently undulatmg topography to facohtate 
hamessmg of rrun water lt os not an aloen technology on the conttnent of Afnca smcc many countncs 
of sub Saharan Afnca have a documentcd tradohon of water harvestmg techmques that have sustruned 
crop productton m and and semo and arcas for ages For example m the Horaan rcgoon of the central 
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rangelands of Somaha whtch has an average annual ramfall of 250 mm the maJOnty of farmers are 
agro pastoraltsls and thetr croppmg system ts based on a local tradtlton of water harvestmg tenned 
the caag system Sorghum and cowpea are usually grown on land where earth bunds have been hand 
constructed along the contour Local farmers cl81m that croppmg ts tmposstble wtthout these 
structures Sudan ts on record as possessmg the nchest tradtlton of water harvestmg m Afnca south 
of the Sabara Agro pastoraltsls m the Sudan utthze the wad1 and terras systems In the fonner 
system the wad1 beds are tmproved by water tmpoundmg bunds whtle m the /erras system common 
on the clay pl81ns of eastem Sudan a chequerboard arrangement of cropped plots ts created by 
surroundmg three stdes wtth earth bunds to capture surface run-off from the catchment (Cntchley 
1989) Tradtttonal water harvesttng systems have also been observed m West Afnca vtz Burkma 
Faso Malt and Ntger Attempts have been made lo tmprove upon these tradtttonal systems wtth some 
notable success (Cntchley 1989) 

Compared lo these countnes Kenya has very hUle htslory of water harvestmg for croppmg purposes 
Unttl recently acttvtttes m A S A Ls of Kenya were restncted lo pastoraltsm but the sttuahon has now 
changed as ts evtdenced by the many projects that have been truttated One such proJect m Turkana 
Otstnct en181led construchon of trapezatdal bunds m farmers fields where sorghum and cowpeas were 
grown Sorghum ytelds up to 600 kg/ha were obt81ned compared to crop f81lure m farmers wtlh no 
water harvestmg structures The local people wtdely adopted the system (F A O 1988) Contour tte 
ndges and ptl catchments were also tested m Barmgo and Kuh Dtstncts wtth a f81r amount of success 
(Mbote 1989) In Banngo prehmmary research on water harvestmg systems under contour he ndges 
hne he ndges semt-cucular hoops (mtcro catchments) and water spreadmg (macro catchment} 
produced better ytelds of sorghum Katumant Compostte B m81ze cowpeas green grams pasture and 
fodder spectes than the control (conventtonal method) (Anon 1989) 

Due to the mcreased settlement of A S A L areas m Kenya by dtfferent ethmc communthes wtth 
varymg food preferences tt was found necessary lo mthate a projecl to mvesttgate the feastbtltty of 
dúferent small scale water harveshng methods m bean m81ze croppmg systems The results from thts 
projecl are expected to be benefictal not only lo Kenyan farmers but also lo the farmmg communthes 
m suntlar zones m other countnes of eastem Afnca 

MATERIALS AND METHODS 

The expenmenl was mtltated dunng the short r81ns season of 1992 The experunental stte was a 
fanner s field located m the transtbonal arca of A E Zs 4 and 5 The farm ts m Gatuanyaga!Munyu 
arca, m Ktambu Dtstnct Central Provmce and hes at 1°04 S and 31'06 E atan alhtude of about 1400 
masl The average annual r81nfall m the zone ts 700 mm and annual potenhal evaporahon ts about 
1800 mm The dommant sotl types m the arca are Ferralsols Combtsols and Verttsols whtch are 
generally low m mtrogen and phosphorus 

Three water harvestmg methods vtz ptl catchments hne he ndges and contour lte ndges were 
compared wtth farmers practtce whtch was the control The treattnents were rephcated four hmes and 
asstgned to plots of 20 x 14 m The four blocks traversed the slope Randomtzatton was restncted by 
the nature of the treattnents Beans and m81ze m the water harveshng treattnents were planted 
accordmg lo the recommendahon for the zone M81ze was planted al a spacmg of 90 x 30 cm (one 
seedlhtll) and two bean rows were then mterplanted between the m81ze al 30 x 15 cm In farmers 
prachce m81ze was planted m rows spaced approxtmately al 90 x 30 cm and the beans were then 
mterplanted al random at 2 3 seedsllull Dtammomum phosphate at 200 kg/ha was apphed to beans 
at plantmg tn all treattnents except farmers practtce M81ze was planted usmg the compound fertthzer 
23 23 O at the rate of 250 kglha tn all treattnents 
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Data was collected from net plots of 1 O x 1 O m throughout the growth penod and was subsequently 
subJected to standard stat1s1Ical analys1s procedures Labour reqwrements for the vanous operallons 
were also noted for each trea!Inent 

RESULTS AND DJSCUSSJON 

Bean and mwze plan! stands were greatest m the hne IIe ndgmg system and smallest m the farmers 
pracllce The number of pods per plan! d1d not vary s•gmficantly m the three water harvestn•g 
treallnents but all these trea!Inents had a s•gmficantly greater num ber of pods per plant than the 
farmers pracllce (Table 1) The bean pods were adversely affected by the unusually wet weather 
dunng npemng The number of bean seeds per pod ranged from 1 9 m the farmers pracllce to 3 7 
m the pll catchment system Dlfferences between trea!Inents were not s1gmficant The percentage of 
rollen seeds was rather h1gh and was attnbuted lo the wet cond11Ions that prevwled towards the end 
of npemng The largest bean seed was observed m the contour t1e ndge system wlule the farmers 
pracllce resulted m the hghtest seed In add11Ion to poor m01sture supply lack of fer!Ihzer m the latter 
trea!Inent could be another factor that contnbuted to low seed we1ght The p1t catchment system 
resulted m the best bean y1eld ( 1319 kg/ha) Th1s was s1gmficantly greater than m all the other 
systems Y•eld dúferences between the two IIe ndge systems were not s•gmficant However the y1elds 
m the two systems were 60% h1gher than m the control 

Table 1 Effect of water harvestmg system on bean y1elds and y•eld components 

Water 
harvestmg 
system 

Farmers pracllce 
Pll catchment 
Lme 11e ndges 
Contour IIe ndges 

F rat1o (treallnents) 
SE:t 
CV (%) 

Plants/ 
lOOm' at 
harvest 

157 
241 
248 
237 

1 25ns 
54 36 
34 8 

No of 
pods/ 
plant 

2 8b 
7 2a 
5 2a 
5 3a 

6 48* 
1 02 
28 2 

No of 
seeds/ 

pod 

1 9 
3 7 
27 
29 

2 04ns 
o 70 
35 5 

We1ght 
of 100 Seed 
seeds y1eld 

(g) (kglha) 

42 2 388c 
57 8 1319a 
56 3 933b 
59 5 974b 

2 6ns 13 o•• 
9 97 150 87 
27 5 23 6 

Means followed by swne letter not s•gmficantly d1fferent at P<O 05 accordmg to Duncan s New 
Mui!Iple Range Test ns • •• = not s•gn•ficant snd s1gmficantly d1fferent at P<O 05 and O 01 

D1fferences wnong treallnents m number of mwze cobs per plant were not s•gmficant Most plants 
had 1 cob/plant although mc1dence of 2 cobs/plant was also noted espec•ally m the p1t catchment 
system (Table 2) Mwze grwn s1zes d1d not vary s•gmficantly between trea!Inents though the p1t 
catchment system resulted m the heav1est seed The mwze y1elds m all the water harvestmg treallnents 
were s•gmficantly better than m the farmers pracllce but the d1fferences wnong systems were not 
s1gruficant 
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Table 2 Effect of water harvestmg systems on mwze y1elds and y1eld components 

We1ght/ 
Water Plants/ No of 100 Grwn 
harvestmg 100m2 at cobs/ grwn y1eld 
system harvest plant (g) (kglha) 

F armers practJce lOSe 1 11 36 1 780b 
P1t catchment 179b 1 14 38 3 3015a 
Lme he ndges 260ab 1 06 33 9 2857a 
Contour he ndges 230a 1 12 36 2 3007a 

F ratio (treatments) 16 4** 2 50ns O 72ns 6 57* 
SE± 23 30 o 03 2 59 602 40 
cv (%) 17 o 40 10 1 35 3 

Total y1eld figures md1cated that the p1t catchment system was the most produchve recordmg a total 
mwze and bean y1eld of 4 334 kglha (Table 3) The hne and contour he ndge systems had comparable 
total y1elds (3 740 and 3 918 kglha, respectively) The farmers prachce was the least product1ve w1th 
a total y1eld of 1 168 kglha P1t catchments were however very labonous to construct compared to 
he ndges 

Table 3 Effect of water harvestmg systems on bean mwze and total y1elds (kglha) 

Water 
harvestmg 
system Beans Mwze Total 

Farmers prachce 388c 780b 1168b 
P1t catchments 1319a 3015a 4334a 
Lme t1e ndges 933b 2857a 3790a 
Contour t1e ndges 974b 3007a 398la 

F ratio (treatment) 13 o•• 6 57* 89 
SE± 150 87 602 4 686 7 
cv (%) 23 6 35 3 29 3 

CONCLUSION AND RECOMMENDATIONS 

These prehmmary results md1cate that the water harvestmg systems bemg tested are qwte prom1smg 
The tnal wdl be conhnued for al least three more seasons An add1honal s1te wluch JS more 
representahve of Agro Ecolog1cal Zone 5 wdl also be mcluded m subsequent seasons 
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THE EFFECTS OF SELECTED SOIL AMENDMENTS ON DRY BEAN YIELDS 

IN MAURITIUS 

N Govmden, B Gowrea and F Ismael 

Mauntms Sugar lndustry Researcb Insntute, Redutt, Maunnus 

ABSTRACT 

Poor dry bean ytelds have been frequently observed ID vanety tnals on research slattons m 
Maunhus S mee there was no obvtous cause tnals were conducted m 1990 and 1991 to assess 
the effects on ytelds of nematodes the macronutnents N P aod K the mmor nutnents S and 
Ca the mtcronutnents B and Mo and orgamc matter (OM) In three tnals m 1990 no 
responses were observed to B and carbofuran ehmmatmg B defictency and nematodes as 
causes of the poor ytelds Tbe addttton of OM ID the fono of sugar cane factory scums 
tmproved ytelds Greater levels of NPK than the recommended 46 kg N 73 kg P 20, and 70 
kg K,O per ha had httle effect on ytelds suggestmg that macrooutnent levels were adequate 
In two tnals m 1991 netther Ca apphed as hme nor elemental S apphed al sowmg had any 
effect though there was a shght poszttve effect of M o The adequacy of recommended Ievels 
of N P and K and the postttve effects of orgamc matter m the fono of fanoyard manure 
(FYM) or factory scums were confinoed Oo fano tnals on seed quahty the effects of green 
manure and the control of root rots are reqUtred before tssumg recommendattons on bow to 
achteve conststently good bean y1elds 

INTRODUCTION 

Maunttus rehes heavtly on tmports to supply lts reqUJrements of dry bean In 1983 the 
esttmated annual requnement of dry bean was 1 600 t (Anon 1983) worth 28 mtlhon rupees 
whtle ID 1984 productton amounted to only 54 t (Anon 1985) Research on dry bean was 
started at the Maunttus Sugar Industry Research Instttute ID 1984 to select locally adapted 
heavy yteldiDg commerctally acceptable dtsease and IDSect reststant culttvars More than 500 
ktdney bean culttvars have been evaluated to date and a programme has been launched to 
produce clean seeds of promtsiDg ones 

SIDce 1984 several bean culttvars produciDg better ytelds than the cultivar Long Tom have 
been tdenttfied ID on-statton tnals but then gratn ytelds are somettmes very poor (Anon 
1988) Btottc factors such as seed qualtty IDSects dtseases and abtottc factors such as s01l 
fertthty and chmate may be responstble for the errattc ytelds SIDce the IDfluence of chmate 
IDsects and dtseases ID the tnals wtll have been mtmmal because of untforrn sowtng date 
tmgatton and pest control the tmphcatton of miDeral nutntton or nematodes was suspected 

It ts known that nutnttonaltmbalances both defictency and toXJctty lead to poor gratn ytelds 
N ts one of the chtef yteld hmtttng nutnents espectally ID sotls of low OM content but the 
apphcatton of 50 100 kglha N ts usually suffictent to correct defictenctes (Schwartz et al 
1978) P defictency ts a common nutnttonal problem ID many regtons espectal1y where sotls 
are htghly weathered Responses have been obtatned to the apphcatton of20-150 kg/ha P,O, 
dependtng on the P fixiDg capactty of the sotl (Mughogho and Wortmann 1989) K 
defictency ts rare ID beans there beiDg no response to K apphcatton on most sotls (Wortmann 
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and Zake 1989) but post ti ve responses to 50 100 kg/ha K20 ha ve been obtamed on mfertlle 
OXJsols and Ultlsols 

Severa! mtcronutnents have been shown to affect dry bean ytelds B defictency occurs m smls 
low m OM and htgh m pH Wlth poor natlve B contents B defictency can be corrected by the 
apphcatiOn of O 25 3 kg/ha B (Schwartz et al 1978 Wortmann el al 1989) S defictency 
ts observed m actd mfertlle Oxtsols and Ultlsols espectally where they are remote from 
mdustrtal centres (Bennett 1993) and can be corrected by the apphcatlon of 1 O 20 kg/ha S 
Mo defictency occurs espectally m actd smls (Bennett 1993) Uptake ts enhanced by the 
addttlon of P (Mughogho and Wortmann 1989) and defictency can be amehorated by the 
apphcatiOn of 18 36 g/ha Moas a seed dressmg (Wortmann et al 1989) Ltmmg tmproves 
ytelds duectly by nusmg soll pH and mdtrectly by tmprovmg P avwlabthty The rates of 
apphcatlon requued depend on sotl type bemg greater on htghly buffered smls (Wortmann 
and Zake 1989) 

The root galls charactenstlc of nematode mfectlon have been observed m a number of trtals 
Nematodes decrease ytelds by reducmg water and nutnent uptake but can be chemtcally 
controlled by the apphcatlon of nematlctdes hke carbofuran FYM tmproves ytelds by 
augmentmg sotl OM and provtdmg macro- and sorne mtcronutnents (Mayona and Kamasho 
1989) but ts not readlly avwlable m Mauntlus Sugar factory scums are abundant but are 
essentlally cellulose and have poor nutrtent status 

The objectlve of thts prehmmary study was to determme whtch of these factors are 
responstble for poor and erratlc bean ytelds m Mauntlus 

MATERIALS AND METHODS 

In 1990 three trtals were conducted on research statlons where poor ytelds had been 
prev10usly obtwned one (at RedUit) m the first season and two (at RedUit and Belle Rlve) 
m the second season The charactenstlcs of the sttes are summartsed m Table 1 

All were complete factonals m randomtsed complete block destgns Wlth two (first season) 
or four (second season) rephcates Faetona! destgns provtde stmultaneous sets of results for 
the mwn effects of factors and the mteractlons among them At Redutt m the first season and 
Belle Rlve the plot stze was four rows of 6 m length of whtch 5 m of the two mtddle rows 
was harvested for yteld assessment At Redutt m the second season the rows were 4 5 m long 
and a 4 m length was harvested The rows were O 5 m apart and the mtra row spacmg was 
O l m The herbtctde Preforan was apphed after SOWing at 7 !/ha and msects were controlled 
chemtcally accordmg to recommendatlons The grwn ytelds of bean cultivar MCD 252 were 
expressed at 14% mmsture content 

The treatments were 355 and 455 kg/ha of 13 13 20 2 compound femhzer 3 tlha sugar 
factory scums and 14 kg/ha carbofuran al! apphed m the furrows at soWing 3 2 kg/ha of B 
as sodtum tetraborate banded at the base of the plants one month after soWing and untreated 
levels of each factor The unfemhzed treatment was not mcluded at Redutt m the first 
season 
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Table 1 Chmate and s01l charactensncs and agronomtc prachces at sttes where the tnals were 
grown m 1990 and 1991 

Chmate 
S01l type 
S01l analysts 

pH (water) 
P20 5 (ppm) 
K20 (me%) 
Ca(me%) 
Mg (me%) 

lrnganon 
Sowmg date 
Harvest date 

Redutt 

humtd 
LHL 

62 
133 
046 

overhead 
17/9 
10/12 

1990 

Belle Rtve 

superhumtd 
HFL 

S 3 
166 
o 77 
3 75 
1 43 
non e 
2/10 
27/12 

Redmt 

humtd 
LHL 

52 
157 
1 90 
5 90 
2 65 

overhead 
3/5 
16/8 

LHL = Low Humtc Latoso) HFL = Humtc Ferrugmous Latoso) 

1991 

Pamplemousses 

humtd 
LHL 

S 3 
166 
077 
3 75 
1 43 

overhead 
30/4 
2/8 

In the first season of 1991 tnals were grown at Redmt and Pamplemousses They were 
arranged as fractlonal factonal destgns of four 1/4 rephcates wtth the Mo and S treatments 
confounded wtth rephcates Confoundmg reduces the degrees of freedom of the error term 
but enables addttlonal compartsons wtth the same number of plots Reducmg the rephcate stze 
m creases the chances of plots bemg dtstrtbuted more untformly m the field (Mead 1984) The 
plots were four rows 4 S (Redutt) and 6 m (Pamplemousses) long Spacmgs were the same 
as 1990 The culhvar Long Tom was sown usmg locally produced seeds Weeds were 
controlled by a pre emergence apphcanon of Lmuron at 7 kg/ha followed by hand weedmg 
where necessary Insects were controlled by appropnate msectlctdes 

The treatrnents were mi basal dose (45 kg N 75 kg P205 70 kg K20 per ha) and basal 
dose plus 23 kg N or 28 kg P20 5 per ha O and 21 gtha Mo m the form of Na molybdate O 
and 1 O kg/ha powdered sulphur O and 3 t/ha of hme and O and 1 S t/ha organtc manure 
(FYM at Redmt and factory scums at Pamplemousses) 

RESULTS AND DISCUSSION 

In 1990 bean ytelds were heavy m all tnals and there were no stgntficant effects of 
treatrnents at Redmt m the first season (Table 2) The apphcat10n of scums mcreased ytelds 
shghtly and B decreased them whtch may mdtcate tmnctty Carbofuran had no effect 
probably mdtcatlng the absence of nematodes Stmtlar results were obtamed from the second 
season tnals (Table 3) The apphcanon of 335 kg/ha of compound femhzer stgntficantly 
tmproved yte1ds but there was no addthonal effect of the htgher rate Thts conforms wtth 
prevtous results whtch showed no yteld response to more than 30 kg/ha N (Anon 1992) The 
apphcahon of OM tmproved ytelds and the effects of compound femhzer and OM were 
greater on the poorer more htghly leached sod of Belle Rtve Smce scums contam hnle 
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readtly avrulable macronutnents thetr effects must be due to etther mtcronutnents or phystcal 
tmprovement of the sotl Agrun B depressed ytelds shghtly at RedUtt and carbofuran had no 
effect 

Table 2 The effects of treatments on the gratn ytelds (t/ha) of dry bean at Redull m the first 
season 1990 

NPK (kglha) 

Treatments Levels 355 455 Mean Dtfference(%) 

OM o 2 23 2 33 2 28 
(t/ha) 3 2 68 2 49 2 59 +13 

Carbofuran o 2 30 2 59 2 45 
(kglha) 14 2 68 2 22 2 41 

B o 2 58 2 52 2 SS 
(kglha) 3 2 2 32 2 30 2 31 9 

Mean 2 58 2 41 2 43 

Dtfference (%) 2 

stgmficant at P<O 1 O 

In 1991 bean ytelds were greater at Redull than at Pamplemousses presumably dueto the 
better sml fertthty (Table 1) or the presence of effecttve rhtzobta at RedUtt where beans had 
been grown several times m the past At both sues gram ytelds responded postllvely to the 
apphcatton of the basal dose of NPK but not to addtttonal N or P (Table 4) confirmmg that 
the basal dose of NPK was adequate Ltme had a shght non stgmficant negattve effect at 
both sttes but smce ti was apphed m the furrows at sowmg and not mcorporated the llmmg 
and method of apphcat10n may have been unsUttable Excesstve arnounts of hme m the 
rootmg zone can mduce defictenctes of K Mg Fe Mn Zn and Cu (Grundon 1987) OM 
tmproved ytelds whether m the form of FYM (RedUtt) or factory scums (Parnplemousses) 
It also mteracted WJth morgantc fertthzer at RedUtt where there was a small response to OM 
when addtttonal P was apphed suggestmg that OM may help m provtdmg or asstmtlatmg P 
FYM contatns O 15% P,O, whtle factory scums contatn only O 04% Mohada shght but non­
stgmficant poslltve effect on yteld at both slles Smce seed dressmg Wlth Na molybdate offers 
a relattvely low cost method of mcreasmg bean ytelds espectally m actd sotls these results 
Wlll have to be confirmed S had no effect on yteld at etther stte so ts not the cause of the 
poor ytelds prev10usly observed though Ca sulphate ts a more suttable source of sulphur than 
elemental S espectally on actd sotls 
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Table 3 The effects of treatments on the grrun y1elds (t/ha) of dry bean at Redu1t and Belle 
R1ve m the second season 1990 

NPK (kglha) 
D1ffer 

S1tes Treatments Levels Non e 355 455 Mean ence(%) 

Redult OM o 1 55 240 2 54 2 16 
(t/ha) 3 1 63 260 2 75 2 33 8 

Carbofuran o 1 78 2 48 2 48 2 25 
(kglha) 14 1 41 2 52 2 81 2 25 o 

B o 1 66 2 71 2 86 2 41 
(kglha) 32 1 52 2 29 2 43 2 08 14* 

Mean 1 59 2 50 2 65 2 25 
D1fference (%) +57*** +67*** 

Belle Rlve OM o 1 02 2 65 2 68 2 12 
(t/ha) 3 1 47 3 36 3 68 2 84 +34* 

Carbofuran o 1 14 2 90 3 26 2 43 
(kglha) 14 1 43 3 JO 3 11 2 52 +3 

B o 1 14 3 00 3 22 2 45 
(kglha) 32 1 35 3 00 3 14 2 50 +2 

Mean 1 24 3 00 3 18 2 47 
D1fference (%) +141*** +156*** 

* ••• s1gmfícant at P<O 05 and O 001 respecnvely 

CONCLUSIONS 

The results of the two senes of tnals md1cate that nematode mfestat1on and Ca, S and B 
defíc1ency are not the causes of the poor bean y1elds somenmes observed on research stanons 
The small y1eld mcrement from the add1t1on of Mo suggests that defíc1ency of th1s 
m1cronutnent 1s not of maJor 1mportance and recommended levels of N P and K appear 
adequate for good y1elds Only OM appears to be present m the sod m msufflc1ent amounts 
Smce FYM 1s not read1ly avrulable m Maunt1us and factory scums may be relanvely 
meffect1ve other pracncal solut1ons such as green manures Wlll have to be sought Further 
mvest1gat1ons are also necessary to examme the roles of transm1ssable d1seases and root rots 
m depressmg y1elds 
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Table 4 The effects of s01l treatrnents on dry bean ytelds (tlha) at Redutt and Pamplemousses 
m the first season 1991 

Treat No Basal Basal Basal Dtffer 
Stte ment Leve! NPK NPK NPK+N NPK+P Mean ence (%) 
... - -- -- -- -- ---- - - - -
Redmt OM o o 96 1 77 1 78 1 94 1 61 

(tlha) 15 1 70 1 96 213 2 10 1 97 +23•• 

Ltme o 113 2 08 2 17 2 02 1 85 
(tlha) 3 1 52 1 65 1 74 2 02 1 73 6 

M o o 1 19 1 82 1 85 2 03 172 
(g/ha) 21 1 47 1 91 206 2 01 1 86 +8 

S o 1 26 1 82 2 03 1 95 1 76 
(kglha) 10 140 1 91 1 88 209 1 82 +3 

Mean 1 33 1 87 1 96 2 02 1 80 
Dtfference (%) +41 •• +47•• +52•• 

Pamplemousses OM o 066 1 08 1 25 1 31 1 08 
(tlha) 15 o 93 1 23 1 32 1 28 1 19 + 11 

Ltme o o 80 1 12 1 36 1 37 1 16 
(tlha) 3 079 1 20 1 21 1 22 1 1 o 5 

M o o o 78 1 18 1 23 1 17 1 09 
(g!ha) 21 o 81 1 20 1 35 1 42 1 18 +8 

S o o 78 1 22 1 26 1 33 1 15 
(kglha) 10 o 81 1 1 o 1 32 1 26 1 12 2 

Mean o 80 1 16 1 29 1 29 1 14 
Dtfference (%) +46 •• +61•• +61•• 

--------- -------
• • stgmficant at P<O O 1 
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THE EFFECTS OF SEASON ON GRAIN YIELDS AND SOIL NITROGEN 

CONTRIBUTIONS OF FOUR CUL TIVARS OF BEANS (Phaseolus vulgariS L) 

R T Jasdanwala and A G Cbege 

Department of Botany, M01 Unrversrty, Eldoret Kenya 

ABSTRACT 

The relattonshtps among ramfall growth yteld and plant and sml mtrogen were exammcd m 
four bean cultrvars (GLP 1004 MweLI Mo¡a Gl P 585 Red llaneo! Gl P 2 Rose Coco 
and GLP288 New Rose Coco) sown monthly between Apnl and October at Mm Umvemty 
Farm at Chepkmlel m Eldoret The cultrvars responded dtfferentrally lo sowmg dates m all 
characters measured In GLP 1004 and Gl P 585 better ytelds were assoctated wtth greater 
leaf area and htgher ramfall In Gl P 2 and GLP 288 tmproved yiClds were assoctated wtth 
earher mtbahon and longer durahon of pod filhng ~011 mtrogen lcvel decreased significantly 
between sowmg and maxtmum leaf arca w•th Gl P 585 and GLP 288 but mcreased 
stgmficantly by harvest wtth GLP 1004 and GLP 2 None of the culhvars would be expected 
to contnbute to sml mtrogen unless res1dues werc rcturned lo thc soll lt was suggt..sted that 
sml mtrogen balance IS detenmned by the cultivar ramfall pattem restdue management and 
seed yteld 

INTRODUCTION 

Beans are wrdely grown m Kenya most often as a sccondary crop and m assoctatton wrth mau.e 
Generally ltme of sowmg of beans ts not fixed as ts the case wrth ccreals Beans are senstltve lo 
morsture level and tempcrature and responses dtffer among culttvars (Acland 1971 Hall el al 1979 
Ru:e el al 1986) Ramfall of 300 500 mm ramfallts constdered surtable for growth and yteld of beans 
dependmg on other chmattc condtttons (FAO 1979) The Nattonal Hortrcultural Research Statron 
(NHRS) at Thtka has released severa! cultrvars of varymg yteld potenttal and dtsease resrstancc but 
thetr responses to chmate are not yet fully known Though the yteld potentrals of most of these 
culttvars are saltsfactory actual ytelds obtamed by farmers are very poor (Acland 1971) attnbutable 
to unfavourable plantmg seasons tnappropnate chotee of cultrvars and lack of fertthzers and pest 
control 1t rs rmportant to understand the mfluencc of chmate on morphologrcal and phystologrcal 
charectensttcs m order to mterpret the vanaltons m yreld across seasons Beans fix nrtrogen 
(Raychudun 1966 Summerfield 1980 Wrlhams el al 1980 Sattaur 1989 Squrre 1990) but the 
effects of cultrvars and seasons on the quanltl) of nttrogen contnbuted are not understood 

The mam atms of the present research were to study 

the performance of four more wtdely recommended culttvars across seasons 

2 the morphologtcal and physrologrcal charactensttcs of beans affectmg yreld and 

3 the sorl nrtrogen contnbuttons of the four culttvars across seasons 

MATERIAL AND METHODS 

The expenmental srte was Mor Unrverstty Farm at Chepkorlel m Eldoret Chmaltc condtltons are 
summansed tn Table 1 The sorl was a ferrohc Cambrsol of poor ferttltty and moderate pH (5 5) 
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(FURP 1987) Seeds of four cu1hvars of bean (Phaseolus vulgariS L) were obtamed from NHRS 
Thtka They were MweZJ MoJa (GLP 1004) Red Hancot (GLP 585) Red Coco (GLP 2) and New 
Red Coco (GLP 288) Sowmg was dunng the first week of every month from Mareh 1992 to February 
1993 Four rephcates of each cult•var were arranged m a latm square des•gn at each sowmg date 
(Gomez and Gomez 1979) The plot s•ze was 2 x 2 m and plant spacmg was aceordmg to Ngug• 
el al (1978) Ne1ther fert1hzer nor pest control measures were apphed aceordmg to local farmmg 
prachee The field was m amtamed weed free by regular weedmg 

Two randomly selected plants were removed from each plot at 15 day mtervals to deternune leaf area 
by estabhshmg enlargement quohents (Abdullah1 and Jasdanwala, 1991) for each culhvar leaf arca 
mdex (LAI) aceordmg to GLP ( 1983) and dry we1ghts of leaves shoots roots pods and seeds after 
drymg to constan! we•ght At each plant samplmg sml cores (30 cm long and 4 cm d1ametcr) were 
taken 1 O cm from the plant bases and thoroughly m 1xed and the oven-dned plant parts were separately 
ground to fine powder for rutrogen est•mat1on by the KJeldahl method (Hmga el al 1 978) Only thc 
results for emergenee max•mum leaf area and harvest stages are presented m th•s paper The number 
of plants flowermg was recorded dmly to detennme time to 50% flowenng At harvest plant 
populahOn number of pods per plant and seeds per pod and we1ght of 100 seeds were recorded and 
y1eld (kg/ha) was calculated for each plot 

Table 1 Monthly mean maxunum (MXT) and mm1mum (MMT) temperatures ( C) rmnfall (RF) 
potenhal evapo transp•rahon (PET) and total rmnfall dunng growmg penod (TRF) (mm) at Mm T C 

Meteorolog1cal Stat10n from Mareh 1992 to February 1993 

---
Month of sowmg 

Weather 
parameler Mar Apr M ay Jun Jul Aug Sep Ocl Nov Dec Jan Feb 

MXT 29 5 27 o 26 6 25 2 25 5 236 24 6 24 6 24 o 25 5 24 6 
25 6 
MMT 55 70 65 72 62 55 '5 60 65 60 60 54 
RF 18 126 63 113 231 207 61 94 36 12 16 26 
PET 172 139 167 123 112 154 179 193 185 189 192 176 
TRF 500 517 606 611 592 392 196 139 

RESULTS 

Germmat10n and barvest stand 

Suffic1en1 rmnfalllo support growth (500 mm per growmg penod) was reeorded from Mareh onwards 
bul germmabon was de1ayed beyond 15 DAS for th•s sowiDg beeause of uneven rmnfall (Table 2) 

GermiDahon 1mproved ID the Apnl sowmg and was exeellent (over 90%) ID all culhvars from M ay 
lo August bul gradually fell from September lo November after wh1ch germiDahon eeased totally duc 
to 1ack of mmsture Seeds of GLP 585 tended lo germiDate more poor1y than the other cult1vars from 
Seprember onwards Pereenlage p1ants at harvest was exeellenl from Mareh to Augusl exeepl ID 

culhvars GLP 1004 GLP 2 and GLP 288 all p1ants of wh1ch were k•lled ID the seedhng slages by 
bean stem maggots (Ophwm)'la spp) 
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Table 2 Percentage gennmallon and plants at harvest of four bean culttvars sown on Mot Umvennty 
Fann at monthly mtervals (March 1992 February 1993) 

Month of sowmg 

Culltvars Mar Apr M ay Jun Jul Aug Sep Oct Nov Dec Jan Feb 

% gernnnat10n (15 days after sow1ng) 
GLP 1004 o 89 96 94 91 93 77 73 65 14 o o 
GLP 585 o 89 100 99 92 94 68 63 55 8 o o 
GLP 2 o 87 97 93 93 96 89 88 71 11 o o 
GLP 288 o 97 100 97 95 96 89 90 67 17 o o 

% plants at barvest 
GLP 1004 85 90 99 o o 95 77 73 o o o o 
GLP 585 100 100 100 98 96 94 68 64 o o o o 
GLP 2 87 92 99 o o 99 90 88 o o o o 
GLP 288 93 98 100 o o 90 91 90 o o o o 

Table 3 Numbers of days to mwumum LA and LAI 50% flowenng and harvest m four bean culltvars 
sown monthly (March October 1992) at Mot Umvers1ty Fann 

Month of sowmg 

Cult1vars Mar Apr M ay Jun Jul Aug Sep Oct 

50% flowenng 

GLP 1004 59 33 32 33 32 31 
GLP 585 59 37 40 39 41 37 35 33 
GLP 2 64 45 45 35 33 33 
GLP 288 60 40 42 32 30 30 

Mu1mum LAI 

GLP 1004 75 75 90 75 75 45 
GLP 585 90 90 105 90 90 75 75 60 
GLP 2 120 105 105 105 90 60 
GLP 288 120 105 90 105 90 60 

Harvest 

GLP 1004 133 118 129 117 96 79 
GLP 585 133 118 129 126 113 117 95 79 
GLP 2 133 118 129 117 95 79 
GLP 288 133 118 129 117 95 79 
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Pbenology 

There were large dtfferenees m ltmes lo 50% flowcnng maxtmum lcaf arca and harvcst among 
culttvars and sowmg dates The March sowmg flowered later because of the delay m genmnalton 
Ttmes to flowenng and maxtmum LA were otherwtsc stmtlar betwccn March and Junc or July and 
then feU from August to October GLP 1004 flowered and attamed maxtmum LA carhcr than the other 
culttvars m thc carher sowmgs but by harvest dtfferenees among culttvars had dtsappeared Ttmes 
to flowenng maxunum LA and harvest progrcsstvely decreased as sowmg bccamc latcr 

Leaf area 

Maxtmum LAs and LAis progresstvely mcreased m March Apnl and M ay sown crops rcmamed htgh 
(m GLP 585) m June and July and then fc11 raptdly lo very low valucs m thc Octobcr sowmg (Tablc 
4) The LA and LAI ofGLP 1004 were much less than !hose ofthe other thrcc culttvars m the earhcr 
sowmgs but the dtfferenees among culttvars were much smaller m the later sown crops Maxtmum 
leaf areas and LAis wcre postttvely correlated wtth ramfall and gram ytcld 

Table 4 Maxtmum LAs (cm 2/plant) and LAis of four bean culttvars sown monthly (March 1992 
February 1993) at Mm Umverstty Farm and thctr correlaltons wtth ramfall (RF) and gratn ytelds (GY) 

Month of sowmg T 

Culltvars Mar Apr M ay Jun Jul Aug Sep Oct RF GY 

Mutmum LAs 

GLP 1004 141 193 277 266 234 35 o 51 o 80 
GLP 585 275 345 693 671 705 410 213 30 o 88 o 99 
GLP 2 252 296 771 205 254 52 o 73 o 40 
GLP 288 226 343 939 399 274 44 o 71 o 58 

Mutmum LAis 

GLP 1004 o 35 o 48 o 69 o 62 o 59 009 o 50 077 
GLP 585 o 69 o 86 1 73 1 68 1 78 1 02 o 53 o 08 o 86 o 89 
GLP 2 o 63 o 74 1 20 o 51 o 64 o 13 o 71 o 48 
GLP 288 o 57 o 86 23 1 o o 68 o 11 072 o 57 

Yteld and yteld components 

Mean pods per plan! tended lo mcrease up lo the May sowmg and dcchncd from August onwards 
though there was a shght mercase m September when GLP 2 and GLP 288 produced thetr maxtmum 
pod numbers GLP 585 produced most pods m the early sowmgs and GLP 2 m the later ones 
Numbers of seeds/pod and seed wetghts were stmtlar among seasons cxeept the October sown crop 
when they were much decreased GLP 1004 produced fewer seeds per pod than the other culltvars 
exeept m the September sowmg Seeds of GLP 585 were around half the wetghts of the other three 
culltvars Seed ytelds progresstvely mcreased from March to May and were poor m October m all 
culttvars but otherwtse behaved rather erraltcally In the earher sowmgs GLP 585 and GLP 288 
ytelded best and GLP 1004 was the poorest ytelder In later sowmgs the ytelds of GLP 585 were 
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poorest and GLP 2 and GLP 288 y1elded best Thcse two cult•vars mamtamcd y1clds of over 2 t!ha 
as late as the Septem bcr sowmg 

Table 5 Numberofpods/plant and seeds/pod wc1ght of lOO secds (g) and gram y1elds (kglha) offour 
bean culuvars sown monthly from March 1992 to February 1993 al Mo• Umvcrs1ty Farm and thc1r 

correlallons w1th gram y1cld 

Month of sowmg 
r 

Culllvars Mar Apr M ay Jun Jul Aug Sep Oct GY 

Pods/ plant 

GLP 1004 30 56 63 44 39 33 
GLP 585 63 7 1 70 79 8 1 53 50 28 
GLP 2 33 4 1 65 68 76 43 
GLP 288 53 60 53 45 67 46 

Seeds/pod 

GLP 1004 26 29 32 1 9 52 20 
GLP 585 69 68 59 68 67 57 3 5 39 
GLP 2 42 49 46 5 1 53 2 1 
GLP 288 48 55 6 1 48 59 4 1 

We•gbt/100 seeds (g) 

GLP 1004 50 3 51 5 53 9 579 50 5 466 
GLP 585 24 3 25 o 29 8 23 4 30 8 30 4 23 8 19 8 
GLP 2 53 7 50 7 50 9 52 8 48 4 45 o 
GLP 288 50 6 48 4 55 3 53 7 53 1 47 o 

Gram y1elds (kg/ba) 

GLP 1004 416 941 1344 575 986 281 o 50 
GLP 585 1320 1519 2051 1538 2003 1088 354 184 o 97 
GLP 2 809 1168 1883 2267 2187 447 o 14 
GLP 288 1496 1955 2236 1305 2389 997 o 32 

Sod n1trogen 

S01l mtrogen tended to decrease from the m11lal growth to mwumum leaf arca stages the dechne 
bemg s•gmficant for GLP 585 and GLP 288 (Tablc 6) In contras! s01l mtrogen mcreased from mltlal 
growth lo harvest s1gmficant m the cases GLP 1004 and GLP 2 

219 



Table 6 Perceotages of mtrogeo m s01l al three stagcs of growth of four bcan culllvars sown moothly 
al M01 Umverstty Farm from March 1992 to Octobcr 1993 

Culltvars/ Mooth of sowmg F valucs 
growth 
stages Mar Apr M ay Jun Jul Aug Sep Oct GS so Ivll Ivlll 

-------------------
GLP 1004 SI 99 102 104 98 99 99 

Sil 99 99 99 93 96 98 9 o• 6 4• <1 o 52 7• 
Slll 101 105 107 100 97 99 

GLP 585 SI 99 102 104 104 101 98 99 99 
Sil 99 99 101 100 96 95 98 98 12 9• 49* 143 7• 23 
Slll 104 108 109 115 102 99 99 100 

GLP 2 SI 99 102 104 98 99 99 
Sil 100 98 99 92 99 99 121• 117• 68 40 o• 
Slll 102 I02 106 97 96 98 

GLP 288 SI 99 I02 I04 98 99 99 
Sil 99 99 lOO 93 97 99 24 2• 10 5• I4o o• 45 
SIII I04 107 108 100 lOO 101 

SI = tmttal stage Sil= maxtmum leaf area and Slll = at harvest • F values stgmficant at P<O 05 GS 
= growth stages SO = sowmg dates 

Plant ntlrogen 

Nttrogeo cooteots of plant parts al harvest were much greatcr than al maxtmum leaf area m evcry case 
(Table 7) Al maxtmum leaf area mtogeo mcreased lo maxtma for May sowmgs and dechoed from 
August oowards Whole plant and vegetaltve (but oot pod) mtrogeo were postltvely correlated wtth 
total ramfall m all culllvars The mtrogeo cooteots of all plant parts were postllvcly wrrclated wtth 
grato ytelds al maxtmum lcaf area 

Al harvcst mtrogeo cooteots were always poorest m the October sowmg but were othcrwtsc crraltc 
Maxtma occurred m May for GLP 1004 m July for GLP 585 and m September for GLP 2 and GLP 
288 The mtrogeo cooteot of vegetattve parts was postltvely correlated wtth ratnfall Nttrogeo m pod 
walls and seeds was much better correlated wtth ratnfall m GLP 1004 and GLP 585 than m the othcr 
two culttvars Nttrogeo m plants al harvest was postttvely correlated wtth grato ytelds m GLP 1004 
and GLP 585 but oot m the other two culltvars 
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Table 7 Total mtrogen (kglha) m vegetallve organs (leaves+shoots+roots) and pods at maxnnlDillcaf 
area (MLA) and harvest and correlat1ons w1th ramfall and y1eld 

Month of sowmg r 

Culllvars Mar Apr M ay Jun Jul Aug Scp Oct RF GY 

Vegetabve organs at MLA 

GPL 1004 6 53 96 279 20 6 9 24 6 15 o 76 o 63 
GLP 585 7 13 33 6 46 6 38 2 52 3 28 9 13 9 52 o 87 o 85 
GLP 2 11 2 20 4 63 9 24 8 17 4 10 2 o 88 o 69 
GLP 288 11 86 16 41 59 1 37 o 21 6 11 o o 79 o 37 

Pods at MLA 

GLP 1004 o 34 48 8 11 7 84 14 9 o 46 o 1 o 65 
GLP 585 20 23 4 43 5 14 8 14 2 5 76 969 o 16 o 70 o 63 
GLP 2 7 94 18 1 14 4 40 4 30 2 7 45 o 1 o 85 
GLP 288 24 7 26 5 29 3 44 4 27 1 8 89 o 13 o 79 

Wbole plant at MLA 

GLP 1004 6 87 14 4 36 1 28 4 24 1 6 61 o 83 o 71 
GLP 585 9 13 57 o 90 1 53 1 66 5 34 7 23 5 54 o 87 072 
GLP 2 19 6 38 4 78 2 65 3 47 6 17 7 o 83 o 84 
GLP 288 36 6 42 1 88 5 81 5 48 2 19 9 o 63 o 54 

Vegetabve orgaos at barvest 

GLP 1004 19 3 48 3 63 o 279 39 3 11 4 o 62 095 
GLP 585 23 3 36 8 58 5 59 o 63 o 35 2 11 o 65 o 99 099 
GLP 2 11 o 37 6 34 1 20 1 449 17 8 067 o 59 
GPL 288 279 404 323 52 o 38 5 17 7 o 66 o 53 

Pod walls at barvest 

GLP 1004 27 136 19 3 88 9 1 20 o 64 094 
GLP 585 19 6 20 6 27 1 21 1 29 1 16 o 76 36 095 o 66 
GLP 2 78 112 17 o 21 8 27 3 45 o 08 099 
GLP 288 14 8 18 5 18 6 12 6 24 2 10 2 o 16 097 

Seeds at barvest 

GLP 1004 18 7 43 2 58 4 16 4 33 8 105 o 61 
GLP 585 34 2 39 4 55 o 42 7 57 2 33 9 8 1 3 8 o 95 
GLP 2 24 7 404 63 8 65 3 74 8 73 o 20 
GLP 288 53 7 53 7 71 4 95 6 138 5 33 4 o 21 
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At mwumum LA excepttonally large values of rallos of vcgctallvc to pod mtrogen occurrcd m GLP 
1004 sown m March and GLP 585 sown m October and therc werc no obvtous trcnds (Table 8) 

At harvest therc werc clear dtfercnces among culllvars m thc rallos of rcstdual lo secd mtrogen In 
GLP 288 and GLP 2 mosl of the mtrogen occurrcd m lhc secds (65 75%) followcd by GLP 585 (50 
60%) Wlth GLP 1004 (50%) havmg least mtrogen m sccds 

Table 8 Rallo of mtrogen content m vegetallvc parts and reproducllve parts allhe slage of mwumum 
leaf arca and al harvest 

Month of sowmg 

Culllvars Mar Apr M ay Jun Jul Aug Sep Oct 

N veg N pod at mutmum LA 

GLP 1004 19 21 20 34 2 62 o 62 095 
GLP 585 345 1 44 1 07 2 58 3 69 5 01 1 29 32 5 
GLP 2 1 46 1 12 4 45 o 61 o 57 1 36 
GLP 288 o 48 o 62 2 02 o 83 o 80 1 12 

N res N seed at barvest 

GLP 1004 1 03 1 12 1 08 1 1 o 89 092 
GLP 585 04 o 61 07 09 07 o 75 07 o 86 
GLP 2 o 33 o 38 o 56 o 37 o 35 o 66 
GLP 288 04 o 46 o 57 o 31 o 25 04 

N veg = mtrogen contents of vegetattve organs N pod = mtrogen contents of pods 
N res = mtrogen contcnts of restducs N sccd = mtrogcn contents of sccds 

DISCUSSION 

Understandmg of the effeets of phystcal and phystologtcal factors on development yteld and N 
asstmtlallon and thetr rclat10nslups w•th genotype are vttal for the tmprovement of gram ytelds and 
mtrogen contnbullon of beans 

Results prcsentcd here demonstrate the tmportance of sowmg llme on the growth and ytelds of four 
bean culllvars m Uasm Gtshu Dtstnct m Eldorct Rcgton m Kenya From meteorologtcal data two 
separate seasons could not be dtstmgutshcd as rcportcd prcvtously for Maguga by Chm ( 1989) and 
yteld was obtamcd from beans sown throughout the etght months from March to October Suffictenl 
ramfall for growth and yteld ofbeans was rccordcd from March onwards but germmallon was delaycd 
m the first sowmg and although subsequent motsture was suffictent and final plant stands rcasonable 
the crop was not able to rccover from the adverse effeets suffercd dunng germ mallon and the ytelds 
of the March sowmg werc very much smaller than those of later sowmgs 

The Apnl and May sowmgs rccetvcd better ramfall (517 and 600 mm respecllvely) and ytelds 
tmprovcd espectally for the May sowmg Among culttvars GPL 288 yteldcd heavtest followcd by 
GLP 585 GLP 1004 produccd the poorcst ytelds m these sowmgs For the June and July sowmgs 
ramfall was also suffictent (611 and 592 mm) but potenllal evapotransptralton was low and mght 
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tcmpcraturcs warm and thc resultan! hum 1d cond11lons contnbutcd to mcrcascd bcan stcm maggot 
mfestat10ns wh1ch totally dcstroyed thc culllvars GP 1004 GLP 2 and GLP 288 al thc sccdhng stagc 
so no gram was obtamed GLP 585 showed remarkable res1stancc lo these pests all gcnnmated plants 
surv1ved to matunty and produccd considerable y~elds lt was ev1dent that chmat1c cond111ons dunng 
th1s pcnod wcre vcry SUIIable for growth and y~eld of beans but also favoured thc developmcnt of 
bean stcm maggots (Siumpa and Kabungo 1989 S1thanantham 1989) 

Y1cld d1ffercnccs among culllvars wcrc most pronounced m August or Scptcmbcr sown bcans when 
ramfall (397 and 196 mm) was low potenllal cvapotransp~rallon (154 and 179 mm) h1gh and 
tcmpcraturcs wcrc cool GLP 2 and GLP 288 produccd thc hcav1cst y1clds GLP 585 produced vcry 
httle gram al thcsc sowmg dates as although 11 rcs1stcd bean stcm m aggots 11 suffercd from bcan rust 
(Uromyces pha,eolt) For the Octobcr sown crop total ramfall was lcss (139 mm) and potenllal 
evapotransp1rat10n was h1gh (193 mm) and thc y1elds of all culllvars wcrc drasllcally rcduccd though 
GLP 288 produccd 997 kg/ha of gram 

Leaf arca (LA) and leaf arca mdcx (LAI) mcreased w1th mcreasmg ramfall m all cult1vars cxcept 
GLP 1004 LA and LAI showcd pos11lvc corrclat10ns w1th y1cld m all sowmgs of GLP 1004 and GLP 
585 and m thc March M ay sowmgs of GLP 2 and GLP 288 Thc mtrogen contents of vcgetahvc parts 
al max1mum lcaf arca of thc samc trcatmcnts wcrc also pos111vcly correlatcd w1th ramfall md1catmg 
that vcgetat1vc growth mcrcascd w1th mcrcasmg ramfall assoe~atcd m thcsc trcatmcnts w1th largcr 
LA and LAI total b10mass and gram y1clds Pos1t1vc corrclallons of LA and LAI w1th y1cld havc bccn 
rcportcd m Watson (1958) Ashlcy el al (1965) E1k and Hanway (1966) lwata and Okubo (1971) 
and GLP (1983) lt 1s gencrally bchcvcd that LAI1s a powcrful dctcnnment ofcanopy photosynthcs1s 
and dry m alter accumulallon (Bakcr el al 1978) Wortmann el al ( 1990) ha ve al so rclatcd total 
b1omass w1th gram y~eld 

In August/Septembcr sowmgs GLP 2 and GLP 288 produced hcav1cr ytelds than thc othcr culttvars 
desp1tc poorcr LAs and LAis Lowcr rallos of vcgctallvc lo pod mtrogcn al maxtmum LA suggcst 
earher pod mhahon and thercforc longer durallon of pod fillmg as an explanallon for thc bcttcr y1elds 
of thcsc trcatmcnts The relallonshtps of LA and LAI w1th y1cld wtthm and bctween thc culllvars are 
complex (Watson 1952) Adams ( 1973 1975 1981) emphasu.cd that effccllvc pod fílhng ts tmportant 
for ytcld Furthcr l/qutcrdo (1981) and l/qUierdo and Hosfield (1983) relatcd better ytclds wtth 
mcreased phystologtcal effictency mvolvmg durallon of pod filhng and partlltonmg and remobtlu.allon 
of ass1mtlates Paredes ( 1986) has al so demonstrated s1gmficant postllve correlat10ns bctween durallon 
of pod fill and yteld Furthcr ti ts tmportant lo note that m the Eldorct reg10n frequcnt occurrencc of 
hatl storms comphcated thc relattonsh1ps among ramfall vegetallve growth and gram yteld 

The limes lo 50% nowenng of all culttvars were reduced m August and September sowmgs when 
gram ytelds of sorne culttvars were poorest so early nowenng was not tmportant m detennmmg y~eld 
Pod numbcrs were closcly assoctated wtth gram ytelds In thc case of GLP 585 and GLP 288 more 
pods per plant and sceds pcr pod wcrc rccordcd m May lo July sowmgs accompantcd by bcttcr 
vcgctallve growth and grrun ytclds GLP 2 and GLP 288 produccd most pods pcr plant from August 
and September sowmgs when thcy also produccd thetr best y1clds 

Contnbullon lo sotl mtrogcn ts an tmportant aspcct of bcan culllvatton Thcre was s1gmficant scasonal 
vanallon m sotl mtrogen The vanallon al sowtng m ay have anscn from mcorporallon of accumulated 
weeds dunng scedbed preparat10n Subsequent vanallon could havc ansen from dtffercnccs tn 
vegetattvc and rcproducllvc growth among culllvars and seasons Dcclmcs tn sotl mtrogcn betwcen 
sowtng and maxtmum leaf arca suggestcd that all four culllvars consumcd mtrogen dunng carly 
growth Bcans are poor mtrogen fixers and rcqutrc an externa! sourcc of sotl mtrogcn as rcportcd 
earher (Lynch and Ptha 1988 Wortmann and Zakc 1988) Thts reqUircment d1ffers among culttvars 
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Sotl mtrogen was grcater at harvest than at sowmg or maxtmum lcaf area but thc mercase m ay havc 
rcsultcd from thc mcluston of dchtsccd (caves m sotl samplcs 

The mcreascd mtrogcn contents of plant parts al harvcst comparcd wtth maxtmum lcaf arca suggests 
that effecttvc mtrogcn asstm tlatton occurrcd dunng rcproducttve growth N tlrogcn m thc plant at 
maxtmum leaf area and harvest tended to mercase to maxtma for sowmgs betwecn M ay and August 
or September and then dechncd The total mtrogcn contcnt of plan! parts at maxtmum lcaf arca 
mcreascd wtth mercase m ramfall and was proport10nal to total b10mass Vcgctaltve (but not pod) 
mtrogen was postltvcly corrclatcd wtth total ramfall m all thc culttvars Thts mdtcatcd that pod 
dcvelopment was mfluenccd by other factors 

At harvest also the mtrogcn content of vegctattve organs mcrcascd wtth mercases m ramfall 
espectally m GLP 585 Vegetattve mtrogcn was postltvely correlatcd wtth ytcld m GLP 1004 and 
GLP 585 but not m GLP 2 and GLP 288 Thts obscrvatton supports thc suggcstton that thc gram 
ytelds of GLP 1004 and GLP 585 are closely assoctatcd wtth vcgctaltvc growth and ramfall but thosc 
of GLP 2 and GLP 288 are assoctatcd wtth othcr factors perhaps mcludmg duratton of pod fill 

Constdenng sotl and plan! mtrogcn contcnts at maxtmum lcaf area and harvcst ti ts suggestcd that 
thc bcan crop wtll only contnbute to sotl mtrogen tf restdues are retumcd to thc sotl Thc annual 
mtrogen sotl balance wtll depend on the culttvar pattcm of ramfall rcstduc managcmcnt and sccd 
yteld For examplc smce a constdcrable proportton of plan! mtrogcn ts locatcd m pod walls htgh 
ytcldmg culttvars wtll retum lcss mtrogcn to the sml unless pod walls are mcludcd m thetr restdues 
Box and Hammond (1990) also showcd the tmportance of rcstdues and gram ytclds of othcr lcgumcs 
to the sotl mtrogcn balance 

CONCLUSIONS 

1 All four culttvars werc affectcd by sowmg date and thcrc werc constderablc dtfferences m ytcld 
among culttvars al all sowmg dates 

2 Gram ytcld was assoctated wtth vcgctattve growth m GLP 1004 and GLP 585 but dependen! on 
earher tmltalton and longer duralton of pod filhng m GLP 2 and GLP 288 

3 Sml mtrogen lcvcl was stgmficantly lcss at maxtmum lcaf area m GLP 585 and GLP 288 and more 
at harvest lime m GLP 1004 and GLP 2 

4 Contnbutton to sotl mtrogcn by any culttvar ts ncghgtble tf all plant parts are harvcsted lt ts 
suggcstcd that annual sotl mtrogcn balance of sotl mtrogen under any bcan culttvar wtll dcpcnd on 
ramfall pattem restdue management and secd ytcld 
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ALTERNATIVE APPROACH TO TECHNOLOGY DEVELOPMENT AND TRANSFER 
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ABSTRACT 

~anncr parttctpatory rc,carch (1 PR) "bung conductcd m Matugga vtllagc (Uganda) to gam 
and apply local knowledge of farmcrs m thc fonnulatwn ol a TLSLarch programmc Vanous 
methods have bc(,.n uo;cd to sohc1t mfonnahon from fanncr<; mcludmg <;Cffil o;¡tructun .. d 

questJOnnauco; transcct walk and ob~crvatwn parhc1patory dtagrammmg and group 
d1scussions Thc d1ffcrcnt approachcs u:-.cd havL bl..t..n f...Xplam~.-d aml analyl't..d m tht\ papcr 

INTRODUCTION 

Techoology development and transfer have evolved over the years wtth the role of the farmer 
bccommg of mcreasmg tmportance (Potts el al 1991) Reccntl) ti has been reah/.cd that farmers 
creaiiVIIy sktlls and knowledge are pararnount for successful technology transfer (Ltghtfoot 1987) 
A number of researchers have emphasu.cd the tmportance of proper farmcr mvolvement m research 
formulalton (Ashby 1990 Fujtsaka 1989 Ltghtfoot el al 1987 and Tnpp and Woolley 1989) and 
m sml management research spectfically All have shown that for a better understandmg of farmers 
productton constramts one has to start wtth farmers bemg acttvely mvolved m research formulalton 

Through generaltons of observattons tnal and error farmers havc lcarnt a great deal about thctr 
farmmg systems Thcy characten'.c thetr smls accordmg lo features such as colour depth crop 
performance and extsltng natural vegetatton and undcrstand much about the relevan! factors wtthm 
the systems and envtronments under whtch they operate lf research ts lo adequately address farmers 
nccds ti has to constder thetr tradtltonal knowledge Farmers can contnbute lo problem tdenttficalton 
determmatton ofcauses evalualton ofpotenltal solultons and m the development and tmplementatton 
of a research plan (U gen el al 1992) 

Researchers have used many approaches to understand farmers sttuattons Whtch ts most appropnate 
depends on the local stlualton under whtch one ts operatmg Thts paper descnbes the vanous 
approaches we used m understandmg farmmg systems and constramts and formulatmg rcscarch m 
Matugga vtllage (Mptgt Dtstnct Uganda) The objecllves of the rcsearch are lo conduct farmer 
parttctpatory research (FPR) al a rcprcsentaltve research locallon m Uganda and to evaluate vanous 
tcchotques and methods used m the FPR process Thts paper presents an analysts of sorne of thc 
tcchmques used to gam and apply local knowledgc m the formulalton of a parttctpatory research 
prograrnme 

METHODS/APPROACHES USED TO SOLICIT AND APPLY INFORMATION IN 
FORMULATING A RESEARCH PLAN 

The research-extenston farmer lmkage has long remamed wtde yet the transmtsston of technologtes 
and feedbacks has depended on the system lt has become tmportant for rescarchers lo develop means 
of mtroducmg new technologtes to farmers and lo work hand m hand wtth farmers lo devclop smtable 
tcchnologtes for thctr envtronments Thts has prompted rcsearchers lo devtsc means of mvolvmg 

227 



.. f 1 
1 4,._ \.". 

farmers m research formulat•on and technology dcvclopmcnt and transfcr rathcr than cxtcndmg 
technolog•es wh1ch have already been dec1ded upon by researchcrs FPR allempts lo bndgc th1s gap 
and bnng the three bod1es lo wmk togethcr through a number of approachcs 

1 lnterv•ews usmg sem1 structured quest10nna•res 

Our 1mllal v•s•ts lo the commumty prov1ded an opportumty lo study sml typcs (accordmg lo local 
class•ficallon) and the1r land uses and management Th1s was approachcd through scm• structurcd 
quest10nn8lres lnterv•ews ccnlred mrunly around smls and thc1r management but wc also noted land 
tenure systems crop management and adaptallon of crops lo sod types and collccted sod samplcs 
lmllally we conccntrated on sml management wh1ch happcned lo be a cruc1al problcm m thc arca 
The results havc been reported mUgen el al (1992) 

lnd•v•dual mterv1cws helped lo sohc1t mformallon such as land arca and an1mals owned by 
md•v•duals wh1ch would be sens11lve m a group Th1s mtcrv1cw proccdurc was also useful m 
obtrumng mformallon on smltypes crop adaptallon lo s01ltypcs crop rotallon and crop managcmcnt 
pracllccs lt was not very useful m determ mmg thc bad and good charactcnsllcs of the s01l types as 
percc1ved by farmers and we thmk 11 should be mod1fied lo g1vc thc farmers v1ew of what 
researchers need espec•ally w1th regard lo s01l charactensllcs and curren! managcment pracllccs But 
the procedure sllll remams 1mportant for 1mllal mtroducllon to an arca and obtammg scnslllve 
mformat10n 

On the other hand md•v•dual mterv1ews are lime consummg and 1f not propcrly followed up can 
cause lack of mtcrcst m the farmmg commumty lt 1s 1mportantto mform farmcrs of the mformallon 
collected and analyzed 1f confidence 1s lo be gruncd m future meetmgs 

2 Transect walk and part•c•pant observatlon 

Apart from observmg the SOII types md•v•dually dunng the mterv•ews a transect walk was organu.cd 
w1th a small group of farmers lo g1ve more mformat10n on s01l types and relate thc vanous s01l 
pos1110ns along the transect to crop product10n and other farm acllvllles 

Startmg from the home of one farmer on a hdltop farmers and rescarchers walked from the top of 
the hilito the val ley bollom The selecllon of the transect was al random by the wholc group Dunng 
the transect farmers werc asked lo note 1mportant features and why they were m those particular 
spots Th1s later helped farmers lo d1agram a lyp1cal catena for the arca 

The transect walk was part1cularly 1m portan! m relatmg farm act•v•llcs along the transectto s01ltypcs 
and sod pos111ons It was also useful m •dent1f)'mg the probable locallons of problem s01ls hke lunyu 
and zubugu However the arca covered was nol large enough lo be rcprcsentallvc of the wholc 
commun•ty and m future should be mcreased so that all the d1fferent act•v•t•es can be encountcrcd 
on the vanous s01l types and pos11lons 

3 Part1c1patory d1agrammmg exerc1ses and group d•scuss•ons 

Th1s mvolved the d1agrammmg of 1m portan! features m the study arca A map was drawn of the 
research locallon and mformallon on vanous features of the arca were explorcd usmg d1agrams 
F armers d1agrammed labour and rrunfall d1stnbullon labour d•stnbullon accordmg lo sex and 
allocat•on of land labour and capital lo the d1fferent crops a typ1cal s01l catena and 1mportancc of 
crop changes m 1m portan ce and reasons for change 
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The d1agrammmg was done dunng group meetmgs where small groups addressed d1fferent top1cs 
Each group was composed of 6 lo 20 farmers dependmg on attendance dunng thc vanous days of the 
meetmgs Sorne results are shown m F1gurcs 1 and 2 For othcrs scc Ugcn el al (1992) A small 
group of farmers drew the ramfall and labour dcmand d1stnbut10ns (F1gurc 1) Thc csllmatcd ramfall 
comc1ded well w1th the actual ramfall data for Kawanda Research Stallon wh1ch 1s 4 5 km from the 
study area Labour demand was h1gh dunng the plantmg and weedmg penods 

D1agrammmg of labour d1stnbu11on accordmg lo scx was uscful m dctermmmg the sor! of acllv111es 
undertaken by each member of the fam1ly Th1s helped m dee1dmg who should be mvolved m what 
type of research m that particular area and why ccrtam acllvllles were for one sex and not thc othcr 
wh1le notmg the 1mportancc m the change m crops over the last sevcral ycars md1catcd why certam 
crops were now neglected For example coffee used to be an 1mportant cash crop but 1s now 
neglected because of thc h1gh mputs needed and lack of a market Crops hke beans and maw: have 
replaced corree because of the large demand for them Subsequently farmers drew bar graphs Wlth 
the bar length md1catmg crop 1mportance Reasons for thc changcs m rclat1vc 1mportancc of thc crops 
were ehc1ted through open d1scuss1on m the group 

A typ1cal s01l catena drawn by a small group of farmers mcluded s01l mformallon land use and land 
values They d1scussed thesc m relallon lo three s01l pos1t10ns h1ll tops h11l s1des and valleys S01l 
classlficallon was addressed by a group of farmers knowledgeable about s01ls They class1fied and 
descnbed the s01ls w1th regard to colour catena aggregates structurc water holdmg capac1ty and 
texture 

Allocallon of land labour and cap1tal to crops was d1scussed by a group of 15 farmers They 
enumerated ten 1mportant crops m the area and allocated land labour demand and cap1tal lo them 
The farmers were asked lo cons1der the allocallon proccss as though they were allocatmg chapall 
toa number of people w1th d1fferent preferenccs W1th th1s 1dea m mmd farmers found the exerc1se 
easy and mterestmg D1agrammmg exerc1ses helped d1scuss1on and much mformat10n was gamed 
w1thm a short lime m a relaxed manner They also encouraged part1c1pat10n from every farmer who 
all had the chance to d1scuss problems m small groups lt became easy lo present a large amount of 
mformat10n wh1ch could be eas1ly understood by most farmers m a rclallvcly small space Atthe same 
tune we were not able lo preven! the dommallon of group d1scuss1ons by the more vocal farmers m 
sorne cases In all cases the md1v1dual groups presented the1r findmgs al the end of cach meetmg for 
clanficat10n by the whole group of farmers 

4 Problem 1dentlficat10n and pnor1t1z&t1on by open votmg and pa1rw1se compar1son methods 

Problem 1denllficallon and pnont1zallon excrc1ses were conducted tw1ce m the study area We used 
both mterv1ews and bramstormmg methods lo 1denllfy farmmg problems Dunng mterv1ews problems 
related lo s01l ferllhty managemenl were md1v1dually 1denllfied and lalcr comp1led for group 
d1scuss1on (Ugen el al 1992) lnlerv1ews 1denllfied 14 problems wh1ch were d1scussed dunng the 
group meelmg and ranked by open volmg (Ugen el al 1992) (subsequently we fell thal m large 
groups the more vocal farmers mflueneed the olhers) Apart from 1h1s we restncled ourselves lo s01l 
related problems only rather than all the problems affeclmg crop produc110n Wc repealed the 
exerc1se askmg farmers lo 1denllfy all the problems affeclmg crop producllon m lhe arca Th1s 
mvolved 80 farmers who 1denllfied 23 problems The 23 problems were then separaled mio four mam 
categones s01l related (5 problems) d1sease relaled (7 problems) problems related lo crop producllon 
management (6) and laslly msecl pesl related (5 problems) The problems covered all crops of 
1m portan ce mcludmg beans 
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Fanncrs used thc pairwisc companson mcthod to rank lhc problcms by companng Similar problcms 
m each category (Ashby 1990) The two mosiimportanl problcms ofcach group wcrc considercd for 
diagrammmg causes and soluhons Thc eight problcms lhal wcrc considcrcd mostimportant wcrc poor 
s01l s01l erosion lack of knowlcdgc of fannmg wccds poor sccd quahty wilts m vcgctablcs 
groundnut roscttc banana wccviis and cassava mosa•c Each group was asked lo diagram lhc causes 
of their two Importan! problems and Idenhfy possiblc solut10ns After discussion and rcportmg by 
the groups lo thc wholc group wc sclcctcd 12 rescarchablc soluhons 

The group discussion and diagrammmg cxcrciscs hclpcd lo shmulatc mcctmgs and mohvatcd all 
fanncrs lo become mvolved m the discussions DiscussiOn of many lopics was usually accomphshcd 
m a short lime and had Immediate results as 1he whole group had lo compromise on somelhmg 
Comphcated fealures were reduced lo understandable forms by the use of diagrams In sorne of the 
groups vocal fanners tended lo dommate discussion and mfluence other mcmbcrs m decision makmg 
Wc mtroduced breaks mio long meehngs lo avoid fanncrs losmg concentrahon 

5 Expenmental design and tnal Implementation by farmers 

To stimulate lhoughts on expenmentahon we asked farmers lo recount thcir cxpenences m their o"n 
expenments This was followed by an cxplanatiOn by researchcrs of pnnciplcs of cxpcnmcntahon 
addressmg trcatmcnt comparisons plol sw: SIIC sclcchon rcphcahon and randomu.ahon Stcps m 
designmg tnals wcre highhghtcd Thesc mcludcd hile objcchvcs trcatmcnts rephcahon plot SI/.C 
SIIc sclcchon tnal managcmcnt and obscrvahons lo be madc 

Farmers then worked m groups lo design tnals Thcy planncd scvcn lnals crop rotatiOn mvolvmg 
beans mai7.C and groundnut mulchmg/wced residuc managcmenl for vcgctablcs manunng with 
fannyard manurc and houschold rcfusc bcan vancty evaluahon cassava mosaic rcsistancc 
agroforestry mvolvmg Leucaena and Ca/IIandra spp mlcrcroppcd WIIh mai/.C and banana wcevii 
control 

After desigmng the tnals each group presentcd thCir findmgs lo the wholc group for furthcr discussiOn 
and refinement The dcsigns were thcn posted and farmcrs volunlccrcd to partiCipatc m preferred 
tnals Of the 50 farmers avrulablc 23 farmers voluntecrcd lo conduct a total of 38 tnals Each 
farmer accepted a mimmum of onc and maximum of thrcc tnals Most farmcrs have now ploughcd 
theu land and are wrutmg for rruns to plant We plan frcqucnt visits with the farmers to bmld lhmr 
confidence m the work lt should be noted that mosl of the tnal designs wcre by the farmers 
themselves wiih httle help from the researchers after the dctailcd explanation of tnal design 

SUMMARY 

Although the approach IS dynamic and a flexible mcans of mtcgratmg farmcrs cxpencnccs and 
mformahon m technology developmcnt m futurc Il may provc vcry cxpcnsivc for rescarchcrs to 
mruntrun lt nccds constan! VISIIS lo arcas of study rcqumng funds lo opcratc vchiclcs pay pcr dicms 
organm: meetmgs and purchasc supphcs and m atcnals The choice of a locahon which rcscarchcrs 
can easiiy reach wiii reduce costs Also as farmcrs becomc more cxpcncnccd and assumc more 
responsibihty m rescarch rescarchcr lime may be rcduccd thcrcby also reducmg costs Comparcd to 
the extensive on farm research approach wc fccl that this wiii be lcss costly m fulurc as a small arca 
rcpresentaiivc of thc wholc commumty IS considcrcd al a time 
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Secondly the mvolvement of researchers of more d1sc1phnes 1s needed Farmers cons1der theu 
farmmg problems as a whole and not m 1solallon Apart from s01l management and bcan producllon 
problems thcy mclude related problems such as msect pests weeds and d1seases and soclo-cconom1c 
factors Crops and fields of study should be addressed together m a mult1d1sc1phnary approach 

In conclus10n the FPR approach 1s prom1smg w1th a h1gh probab1hty of developmg and transfemng 
technolog1es appropnate lo farmers cucumstances lts flex1b1hty and dynam1sm allows the approach 
lo be mod1ficd lo su1t any envuonment But 11 remams a learmng process for both researchers and 
farmers The mstiiUIJOnahzallon of the approach to cover all d1sc1plmes w1ll be a worthwh1le venture 
for proper and appropnate technology development 
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MANAGEMENT OF ACID SOILS 
A DIAGNOSTIC SURVEY IN AMBOHIBARY AND ANTANIFOTSY 

B Rabary 

Centre Nat10nal de la Recberche Apphquee au Developpemeot 
Rural FOFIFA/DRA, Antananar.vo Madagascar 

ABSTRACT 

A dmgnosttc o;;urvcy wa:-. conductcd m Amboh1hary and Antamfot<;y m Ant-;nabt. rcgwn 
(Madagascar) to study famung systcms farmcrs managt.mLnl and utJluahon of actd :,olls and 
constramts Individual mtcrv1cws m thc f1cld wut.. comhim .. d wtth crop and ficld ob'H..rvatJOns 
plant analys1s and sotl study Tht.. most 1mportant constramt\ an .. pcsts and dtsca:,c<; and poor 
'iotl fl.Tllhty Alummmm toXICity ¡e; scvcn .. and thc...n. t'i dt..flcH .. ncy of phoc;phorus 1 roswn 1' 

nohccd evcrywhcrc Bad prachccs of land prcparahon and tht. non use of tcrrace:, havc 
worscncd t..rOsion In general thcn. 1~ a ncLd to TLVILW agronom1c prachcc<; wtth farmcr-, and 
cstabhsh farmcr parhctpatory rcscarch 

INTRODUCTION 

In thc h1ghlands of Madagascar bcans are thc most 1mportant lcgummous crop and wcll mtcgratcd 
mto croppmg systcms (B1got el al 1988) Thc advantagc of bcans 1s thCJr adaptab1hty Two crops 
of bcans are poss1blc dunng thc ramy scason on tanety (upland s01l) m thc first scason bcans are 
sown m Septembcr Octobcr and m the second scason January Fcbruary Both scasons are cqually 
1mportant Bcans can also be cult1vatcd m wcll dramcd ncc ficlds dunng wmtcr m arcas w1th allltudcs 
lcss than 1200 mas( Accordmg to thc rcsults of a fonnal survcy of bcan croppmg systcms conductcd 
prcv10usly m Ants1rabc (Rolhn and Rabary 1991) thc most 1mportant constramts lo producllon are 
pcsts and d1scascs followcd by poor sod fcrt1hty Thc largcst proportJOn of sods of Madagascar are 
Ferralsols (sois fcrralhllques) (Oidcman 1990) Thcrc 1s a nccd to cvaluatc thc1r s01l fcrt1hty 
espcc1ally nutncnt ava1lab1hty and balance usmg appropnatc mcthods for asscssmg thcsc factors (s01l 
tests plant analys1s so1l survcy chmallc cond11Jons) (Sanchc/ 1987) followcd by dctrulcd study of 
the famung systcms Thc objecllvcs of th1s study wcrc lo lcam more about fanncrs managcmcnt and 
ullh7.allon of ac1d s01ls and lo 1dcnllfy and cvaluatc problcms causcd by ac1d s01ls 

METHODOLOGY 

Thc method of mfonnal mtcr\lcwmg (Stcmcr 1990) was adoptcd Opcn-cndcd qucstJOns werc uscd 
lo undcrstand fannmg systems fanncr so1l fcrt1hty managcmcnt and how fanners pcrcc1vc thcJr 
problems lnd1v1dual mtcrv1ews m thc ficld wcrc combmcd w1th crop and ficld obscrvat1ons and s01l 
study 

Two arcas (Amboh1bary and Antan1fotsy) wcrc choscn m Ants~rabc They d1ffcr m allltudc gcology 
and gcomorphology Twenty e1ght fanncrs wcrc mtcrv1cwcd fourtccn m cach arca Twcnty four so1l 
samples werc collcctcd m d1ffcrcnt loposcqucnccs rcprcsentmg thc types of sOJI on wh1ch bcans are 
grown Fanncrs wcre choscn al random but bcan crop locallons and typc of s01ls wcrc cons1dcrcd 
Bean lcaf samplcs (the lates\ fully dcvclopcd lcavcs al flowcnng) wcrc collcctcd for analys1s 

lnterv1ew tcams wcrc composed of an agronom1st a s01l SCICnllst and a soc1o cconom1st 1t took thrcc 
wccks lo complete thc survcy Background mfonnat10n about thc areas was collcctcd from thc 
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Antmabe CIRVA atlas (Ravcrom•haja 1 992) and from prcv1ous formal survcy rcsults 

GENERAL DESCRIPTION 

Am boh1bary 1s locatcd m northcm Ants~rabc Thc arca survcycd mcluded the v1Ilagcs of 
Tsarahonenana Antctef.amby and Ampetsapetsa Antan1fotsy 1s m the North East and thc v1Ilagcs 
surveyed were Antanambao Tokotan1tsara and F1crcnana Somc charactcnshcs of thc arcas are 
summansed m Tablc 1 

Table 1 Some phys1cal and soc1o-econom•c charactcnst•cs of arcas survcycd 

Descnpt1on Amboh1bary Antan1fotsy 

Ecology 

alhtude (m a s 1 ) 1688 1900 1555 1660 
mean annual ramfall (mm) 1545 1310 
mean annual temperaturc ( C) 16 3 unknown 
lahtude 19 37 S 22 06 S 
long1tude 47°07 E 46°54 E 
populat10n dcns1ty (km') 111 8 193 40 

Fanmng system 

noodcd nce field/farm (ha) range o 1 1 2 023 
mean o 34 o 36 

avwlable culhvated nce ficld 1 13 1 17 
area/farm m tanety (ha) range o 15 2 o 18-4 

mean o 73 o 80 
ava1lable culhvated tanety 1 37 1 44 
cattle/pcrson o 19 o 04 
p1gs/pcrson o 055 o 12 
ch1ckens and ducks/person 1 18 1 32 
number of ploughs/farm o 063 o 03 
number of harrows/farm o 078 o 09 
number of rural farmer assoc1ahons 53 38 

Throughout Madagascar nce IS the pnnc1pal food crop In Ants~rabe farmers can rwsc one to two 
wetland nce crops per year Thc rwny season 1s from m1d Novcmber to carly Apnl Dunng th1s 
penod mean temperatures are I7°C to 19 C The dry pcnod corresponds to thc cold season The 
coldest months are June July and August w1th m1mmum temperatures around 5°C Also Ants~rabe 

1s a relahvely cold reg10n Th1s rcg1on 1s well su1ted for temperatc f.One crops such as whcat barley 
vegetables and fnuts such as apples pears peaches and plums 

Fam•ly s1ze ranges from two to nmeteen w1th an average of seven pcrsons per fam•ly Farms are 
mwnly fam1ly operahons Land 1s mhented from parents or owncd through trad•honal systcms of 
usage wluch causes problems because few farmers have htle to the~r land Very httle land 1s obtamcd 
by d~rect purchase 
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Trachllonal fannmg systems prevrul and few new technologies have been adopted except for nce 
wheat or barley which are promoted by extens10n agents or traimng staff from rural development 
organi711Itons They provide credii or mputs hke seeds fertihsers and msectiCides and help fanners 
lo market thetr produce 

Often rural development agents and extensiomsts work only with fanners who are members of viiiage 
associaltons Those who are not mero bers ha ve no contact with and cnttcu.e them F anners 
associaiiOns organu.e credit and savmg socieltes and common grananes lo avoid low crop pnces 
dunng harvest lime They work with rural development agencies promotmg cattle brcedmg mrunly 
for miik The presence of fanners organisations helps m diffusmg new technologies but efficiency 
IS sltll low because of the stnct bank regulaltons associalcd with crcdii lack of secunly and because 
sorne members do not fulfill thetr obhgallons Most fanners beware of new technologies because they 
fear mcreascd costs 

In general fanns are charactensed by small farmers who lack cash and mputs and whose product10n 
costs are larger than their profit Seventy percent of mterviewed fanners hire labour for nce 
produclton especially for land preparation transplantmg and harvestmg for lanety product10n 
espccially land preparahon and for all forros of transportat10n (mcludmg manure to fields and produce 
from field to village) 

SOIL DESCRIPTION 

The smls m the surveyed arca are volcanic formed on basal crystalhne complex They are moderately 
organic but acidic and well-dramed with medtum biOiogteal acltviiy Exchangeable Al IS very high 
Alumimum saturat10n (Kamprath coefficient) (Boyer 1976) shows that Al toxiCIIy IS severo and 
excessive for crops Cat10n exchange capaciiy (CEC) IS low mdicatmg low base saturalton and poor 
sml fertihty (Table 2) The lower hon~.ons (> 15 cm) have very low nutnent reserves They are poorer 
than the top hon~.ons so cultural practices have tended lo Improve the surfacc soii 

Each farmer has fields on hiiitops stccp slopes valley bottoms and colluvial smls and has nce fields 
On steep slopes topsoii ts raptdly exhausted and washed away by crosion At the bottom of the hiii 
there are colluvial deposiis and the topsml IS decper Thcse soils are more fertile than those on the 
slopes 

AGRICULTURAL TECHNIQUES AND SOIL MANAGEMENT 

The mrun crops cultivatcd on lanely are maizc bean cassava potato soybcan sweet patato peas 
cocoyam and arrow root (especially m Ambohibary) Mixed croppmg IS common Dunng the mrun 
season (October January) beans are always mtercropped with mau.e Somettmes thcrc are two or three 
assoeiated crops such as cassava mruzc beans or patato mru~.e bcans soybean Puro stands of beans are 
culhvated dunng the second scason (February May) 

One hundred percent of fanners plant bcans dunng the first season Dunng the second season 1 00% 
of farmers plant beans m Anlanifotsy and 67% m Ambohibary Twelve percent plant beans dunng 
wmter (July October) m Antanifotsy 

Beans are planted throughout the toposequence The most Importan! positions are on slopes and 
bottoms of the hiiis Farmers practtce complex crop rotat10ns mamly patato or sweet potato followed 
by beans mtercropped with mru~.e or other crops dunng two or three seasons then fallow or potala 
agam Thirty percent of farmcrs do not pracltse rotalton Sixty pcrcent of farmcrs practtse fallow for 
1 lo 2 years with estimated 1and su.e rangmg from O 05 ha to 1 5 ha Fallows are pracltscd bccausc 
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land has bccome mcreasmgly mfert1le but also because of lac~ of manure and mputs and cash to h1re 
labour 

Table 2 So•l charactcnshcs of Amboh1bary and Antan1fotsy 

Sml charactenshcs Amboh1bary Antan1fotsy 

Geology complcx fonnahon m•gmat1les 
of trachyte gne1ss 

andcs1te w1th m~easch1sls 

basalt1c rccovcry substratum 
Color (Munscll code) brown rcdd1sh brown rcdd1sh 

to strong red lo red 
Topography h11ly and stony gcntle slopcs 
Culhvatcd slopes 10 30% 2 10% 
V!SllCd 5 and 7 5 ycars 5 and 7 5 ycars 
Eros1on 1mportant modcratc 
pH l 2 5 rangc 4549 4 l 5 2 
( sml water) mean 4 73 4 91 
CEC meq/lOOg range 2 88 15 14 l 88 24 79 
(cobalhhcxamm) mean 6 53 10 09 
Exchangcablc Al rangc () 57 8 43 o 44 7 71 
(mcq/lOOg) mean 2 86 3 41 
Al (Kamprath rangc 62 90 58 92 
Cocffic•cnt %) mean 79 81 
Phosphorus range 1 8 4 7 l 6 8 4 
(Olsen ppm) mean 3 2 83 

All farmers apphcd manurc to thcu liclds but thc quanhty var1cd accordmg to thc amount av3llablc 
When there IS a lack of manurc m31~-C and bean sccds are sown togcthcr m thc samc holc A fe" 
farmcrs apphed morgan1c fcrtllll.crs (NPK ll 22 16 or urca) but only m small amounts ( 16 50 kg/ha) 
Othcrs d1d not hkc chcm•cals becausc thcy cons1dcrcd thcy dcstroycd sml structurc In Amboh1bary 
lo mercase thc quanhty of manurc farmers bum vcgctahon and add thc ashes lo manurc m1xed w1th 
salt In Antan1fotsy farmcrs havc a tcchmcal sk11l m processmg the1r farm manure thcy cover 11 lo 
1mprove 1ts quahty 

Phosphorus uptakc by bcan crops 1s mhlbltcd as shown by leaf analys1s In general thcrc 1s P 
delie1ency and a suffic1cnt leve! of K In Am boh1bary thcrc 1s suffic1cnt Ca and Mg and lcaf N 1s 
adequate In Antan1fotsy severa! cases of N Ca and Mg delic1enc•cs were found Plant v1gour was 
evaluatcd al both s•tes The cvaluat10n rangcd bctwcen 4 and 8 w1th an average of 7 Bean growth 
was very poor dcprcsscd by an abnonnal drought dunng Dcccmber 

Most farmers do not terrace slopcs except m Tokotan1tsara whcrc anlHJros1on pract1ccs are apphed 
on stccp slopes Most farmers prachse dcep hllage When thc topsmls are cxhaustcd thcy •mprovc 
the sml fert1hty by deep d1ggmg dunng land prcparat10n Land prcparahon •s done w1th spade along 
the slopcs The sowmg lmes are also madc m th1s way Th1s pract1ce speeds up opcrahons but causes 
sml cros10n Land dctenorat1on 1s also aceclcratcd by bummg 
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Farmcrs are fully awarc of sml fcrt1hly Thcy class1fy 11 accordmg lo colour and tcxlurc Thcy 
rcported that thc y1clds obtamed from bcans culllvatcd m vallcy bolloms and on colluv1al smls are 
tw1cc or thrcc limes grcatcr than y1clds from bcans culllvatcd on thc slopcs Farmcrs grow land races 
Menakely IS the common cult1vatcd vanety on lanely because 11 1s well adapted to margmal smls and 
1s relat1vely reSISianl lo pests and d1seases Menakcly has small dark red seeds and a h1gh y1cld bul 
commands thc lowcsl pnce on the markct Thc mosl prcfcrred vancllcs havc large wh1tc greco or 
pale-colourcd secds Thcy are preferrcd for thCir laste and command a h1gh pncc Bul they are very 
susccpllblc lo pcsls and d1seascs and y1eld poorly on tanely bcmg beller smted lo fcrt1le smls 

The asscssmcnt of bcan y1clds m farm cond11lons 1s very d1fficult bccausc farmcrs bcgm lo harvesl 
beans as soon as poss1ble and contmuc up lo thc dry pod stage Y~eld est1matcs he m general between 
300 and 800 kg/ha w1th a mean of 400 kg/ha (B1gol el al 1988) Farmers cons1der the poor y1elds 
lo be due to pests and d1seases wh1ch cause losses of 1 O 75% w1th an average of 50% Poor sml 
fert1hty 1s also cons1dcrcd a maJor cause of poor y1clds Thc mosl w1despread msecls are Apoderu' 
humerabs and Pyrame1s spp wh1ch allack lcaves Thc mosl 1mportant sml msects are cutwonns 
wh1ch occur cvery scason The only 1mportant d1scasc recorded dunng the survey was common 
bactenal bhght 

Force field aoalys1s to 1mprove bean y1elds 

Dnvmg forccs 

awarencss of sml mfert1hty 
awareness of thc low y1cld 
1m portancc of bean erops for food and meo me 
w1lhngness lo lry new techmqucs 

w1sh to gel new vanelles 

w1sh lo work w1th rescareh 

land ava1lab1hty 
sk1ll m farm manurc proccssmg 
use of ash 
scvcral croppmg scasons 
mulllplc croppmg systcms 
prescnce of farmers assoc1allons 
categon'.c beans accord1ng to sml fert1hly 

RESEARCH NEEDS 

Restrammg forces 

alummmm loxlclly and low P sml 
poor land preparallon and absence of tcrracmg 
pests and d1seases 

lack of 1m pro ved or cert1fied seeds 

lack of 1mplements 

chem~eals unava1lablc or too expcns1vc 

crop rotat1on accordmg lo needs 
msuffic1cnt cattle for transport or manurc 

An 1mportant aspect of th1s d1agnost1c survey 1s to study lhc poss1b1hty of mvolvmg farmers m 
part1c1patory rescarch Therc 1s a nccd to carry out cxpenmcnts under farmcrs cond1hons and 
managcment and to use farmers entena of cvaluat1on of results (Tnpp and Woollcy 1989) 
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Control of pests and d1seases IS the mam pnonty A bean pests and d1seases survey should be 
conducted to obtam accurate data on these problems A study of b10log1Cal control strateg~es w1ll be 
very relevan! Ex•stmg farmer organ11.allons should try to obtam cred1t and purchase chem•cals and 
other mputs (for example spray pump seeds ferllhsers) 

Attenllon should be pa1d to s01l conservallon and management wh1ch req01res close collaborallon 
between extens10n research and farmers There 1s a need to estabhsh land preparallon measures 
(llllage anll-eros•on bands) to av01d eros1on on slopes New var1elles should be tested for tolerance 
to low P and h1gh Al compared lo landraces More effic~ent crop rotat10ns should be 1denllfíed and 
tested Techmques of proccssmg compost and manure should be strengthened Agronom1c pracllces 
m general should be rev1ewed w1th farmers 
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HARICOT BEAN DOUBLE CROPPING WITH MAIZE, WHEAT, TEF ANO IRISH 

POTATO UNDER RAINFED CONDITIONS IN THE SOUTHERN RIFT VALLEY OF 
ETHIOPIA 

Tenaw Workayebu and Waga Mazeng1a 

lnstJtute of Agncultural Researcb, Awassa Etb10p1a 

ABSTRACT 

Double croppmg 1s commonly prachsed wiihm the southem nft valley of Elhiop1a fanners 
grow hancot bean after harveshng medJUm to late matunng crops such as matzc grown for 
tts green cobs We mvesttgated the system to seek better crop combmahons and conduct an 
economtc evaluahon The y1elds of double croppcd hancot bean vaned among years due to 
changes m mmsture reg1mes and sowmg dates whtch wcre govemcd by thc lime of harvcst 
of !he precedmg crop The best y1elds were ob!amed from banco! bean grown after lnsh 
polalo wheat or tef H1gher gross mcome was obtamed from double cropped !han from 
monoctopped hancot bean 

INTRODUCTION 

PopulatJon growtb has resulted m a shortage of farm land part1cularly m the southern nft valley of 
Eth10p1a (ClMMYT 1990 C1MMYT 1992) wluch has affected crop productton Doub1e-croppmg 
(growmg and harvestmg two crops from the same field m the same year) offers a means of mcreasmg 
y1eld per umt area so as to feed the larger populallon Accordmg to surveys (Getahun Degu el al 
1991 Tenaw Workayehu 1990) growmg hancot bean as a precursor or successor to mwze tef wheat 
and 1nsh potato 1s common pracllce m Ars1 Negelle Shashcmene S1damo and Wolay1ta d1stncts 
Farmers crop vanettes m part1cular mwze are medJUm to late matunng For the purpose of double 
croppmg farmers harvest ma1ze as green cobs lo prepare the 1and for the next crop 

A number of stud1es have demonstrated the value of double croppmg (Crabtree el al 1990 Dan1els 
and Scott 1991 LeMah1eu and Bnnkman 1990) The precedmg crop can remove so1l motsture and 
nutnents espec•ally 1f 11 •s h1gh y•e1dmg Dan1els and Scott ( 1991) observed that the depletJon of sotl 
water by wheat and vanat10n m rwnfall affected the y1eld of the followmg soybean crop but desp1te 
the redueed y•cld of double-cropped soybean better econom1c retums were ach1eved from 
wheat/soybean double croppmg than from e1ther crop grown alone Crabtree el al (1990) reported a 
y1eld reducllon of 22% from double cropped soybean because of madequate and unevenly dJstnbuted 
rwnfall LeMahteu and Bnnkam an ( 1990) reported y1clds rangmg from 60 lo 105% of soybean alone 
from double-cropped soybean followmg barley wheat and rye wh1le soybean grown after oat y1elded 
38 lo 57% of soybean alone due lo late sowmg of the soybean crop 

No 1nformat•on 1s avwlable on the double croppmg of hancot bean aftcr harvestmg cereal crops for 
thelf grwn y1eld m Eth10p1a The objecllves of th1s study were lo 

measure the y•elds of hancot bean double-cropped after mwze tef whcat and lnsh potato 
grown for thelf grwn/tubers 

2 scek better y•e1dmg crop com bmat1ons and 

3 determme the econom1c benefits of the system 

239 



11 • f l , ' • t.~' 

MATERIALS AND METHODS 

The study was conducled for three consecul1ve years ( 1986 1988) al lwo research SI les (Awassa and 
Ars1 Negelle) ID the southem nft valley of E1h10p1a The s01ls are sandy loam al Awassa and clay 
loam al Am Negelle The cultivars used were Kaluman1 Compos11e (early matunty) and A511 
(med1um) mwze Dz 01 354 (med1um) lef local (medmm) lnsh polalo Dashen (med1um) whcal and 
B 935 (med1um) hancol bean Each vanety was grown as precursor or successor lo hancol bean The 
sowtng time for the firsl crops was lhe firsl week of Apnl (Tablc 1) Han col bean was sown as a 
monocrop for companson al the op11mum sowiDg times wh1ch were w1th1D lhe firsl 20 days of Junc 
al Awassa and the whole of June al Ars1 Negelle All crops were harvesled for the.r gram/luber y1elds 
The recommended fertlhzer rates ( 41 kg/ha N for mwze and 18 kglha N for other crops and 46 kg/ha 
P,O,) were apphed DAP was broadcasl and IDCOrporaled al planiiDg wh1le urea was s1de-dressed lo 
mwze al knee he1ght Recommended seed rates were used Rwnfall for Awassa and harvcst dates and 
grwn and tuber y1elds were recorded The expenmental des1gn was a randoml7.ed complete block w1th 
three rephcates Ind1v1dual year and combiDed analyses of vanance wcre conducted Econom1c 
analys1s was carned out usiDg the mean market pncc of each crop for each of the three seasons 

Table 1 Sowtng and harvestiDg dates ID double cropp1Dg tnals at Awassa and Am Negelle 1986 88 

Awassa Ars1 Negelle 

PrecediDg Hancot Precedmg Hancot 
crop bean crop bean 

Years Crops Sown Harv Sown Harv Sown Harv Sown Harv 

1986 Mw~.e 1 9/4 20/8 25/8 30/12 
Mwze' 9/4 8/8 18/8 30/11 
Wheat 14/4 20/7 9/8 20/11 
Tcf 9/4 18/7 30/7 6/11 14/4 4/8 
Insh potato 9/4 1517 30/7 1111 14/4 10/7 23/7 20/11 
Hancot bean 10/6 10/10 21/7 20/10 

1987 Mwze1 1/4 31/7 18/8 20/12 
Mwze' 1/4 16/7 3/8 10111 27/3 20/7 27/7 10/11 
Wheat 27/3 2517 7/8 10/11 
Tef 1/4 717 1717 1111 27/3 12/7 21/7 20/10 
Insh potato 1/4 517 17/7 29/10 27/3 16/7 20/7 19/10 
Hancol bean 13/6 11/10 27/6 19/9 

1987 Mwze1 9/4 15/9 20/9 26/12 
Mw7.e2 9/4 20/8 1/9 8/12 13/4 19/7 8/8 12111 
Wheat 13/4 25/8 30/9 
Tef 9/4 18/7 29/7 4/11 13/4 26/8 8/9 20/11 
1nsh potalo 9/4 29/7 2/8 4/11 13/4 2517 6/8 20111 
Hancot bean 14/6 5/10 20/6 6110 

1 A511 2 Katuman1 Compos1te 
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RESULTS AND DISCUSSION 

In 1986 ramfall al Awassa was good m Apnl Junc and Scptcm bcr but poor m October Decem ber 
Total ramfall was 21% more than the long tenn mean (Table 2) In 1987 ramfall was good m May 
but poor m June Septcmber and total ramfall was 6% less than the long tenn mean In 1988 better 
ramfall occurred m Apnl and June October but total ramfall was 10% lcss than the long tenn mean 

Table 2 Awassa mean monthly ramfall 1986 1988 and long term means 1972 1991 

Months 1986 1987 1988 Means 

March 44 4 125 9 16 4 71 5 
Apnl 115 3 87 1 102 8 110 5 
M ay 2579 246 4 93 4 144 1 
June 152 6 59 1 106 9 105 2 
July 195 7 104 5 121 3 138 8 
August 167 o 105 5 129 4 139 8 
September 160 2 75 7 215 5 140 5 
October 46 1 95 3 71 o 778 
Novembcr 20 1 00 24 29 4 
December 32 2 23 60 21 2 

Total 1159 3 899 5 859 1 957 6 

The ytelds of second-cropped hancot bean over the three years ranged from O 3 to 2 2 t/ha at Awassa 
(Table 3) and O 2 8 t/ha al Arst Negelle (Table 4) The hghtest yteld at both sttes was from hancot 
bean after mau.e Better growth and yteld were obtamed from hancot bean after Katumant Compostle 
mruze than after A511 The heavtest ytelds (2 O tlha al Awassa and 1 8 tlha al Arst Negelle) were 
obtruned from hancot bean after lnsh potato The vanatton m hancot bean ytelds among years 
resulted from vanatmn m sowmg date due to the preeedmg crop Depletton of sotl water by htgh 
yteldmg crops such as mruze also affected bean performance and yteld 

Table 3 Mean ytelds m double croppmg tnals al Awassa m 1986 88 

Crop Other crops Hancot bean 
pmg 
system 1986 1987 1988 Mean 1986 1987 1988 Mean 

Bean!wheat 1 9 24 2 1 2 1 25 25 08 1 9 
Bean!m ruze1 1 8 27 22 22 25 1 7 1 4 1 9 
Bean!tef 06 06 07 06 28 22 05 1 9 
Bean/~otato 68 66 00 45 27 2 1 1 3 20 
Mruze lbean 59 65 50 58 03 03 05 04 
Mruze2/bean 49 53 32 45 1 4 1 3 08 1 2 
Teflbean 1 2 05 06 07 1 5 2 1 2 1 1 9 
Potatolbean 79 64 10 1 8 1 1 9 22 1 9 20 
Bean alone 2 5 1 4 28 22 

cv (%) 17 3 38 6 22 6 
SE± 03 06 02 

1 A511 2 Katumant Compostle 
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Table 3 Mean ytelds m double croppmg tnals at Arst Negelle m 1986 88 

Crop Other crops Hancot bean 
pmg 
system 1986 1987 1988 Mean 1986 1987 1988 Mean 

Bean/wheat 2 1 20 1 1 1 7 37 36 08 27 
Bean/m ruze' 1 3 2 1 07 1 4 28 35 07 23 
Bean/tef 1 5 1 4 09 1 3 38 4 1 08 29 
Bean/potato 37 35 o 08 24 37 3 7 07 27 
Mruze'lbean 25 24 o 08 1 7 09 1 1 1 4 1 1 
Mruze'lbean 36 1 8 27 08 o 04 
Teflbean 1 5 09 1 2 06 1 9 04 09 
Potatolbean 13 9 78 11 9 11 2 1 9 28 07 1 8 
Bean alone 2 1 29 27 26 

CV% 25 9 20 2 51 6 
SE(±) 05 05 04 

Hancot bean produced better ytelds after the harvest of lnsh potato wheat and tef when planted early 
Aecordmg to Dantels and Scott (1991) htgh yteldmg crops extrae! large quanhttes ofsml water from 
anthests to phystologtcal matunty whtch coupled wtth seasonal vanatton m rrunfall can deplete the 
mmsture avrulable for the followtng crop (m thetr case soybean) 

The yteld losses at the two sttes vaned wtth amount and dtstnbuhon of rrunfall and the ttme of harvest 
of the precedmg crop The average yteld loss of double-cropped hancot bean ranged between 9 and 
82% at Awassa and 31 and 65% at Arst Negelle Thts result agrees wtth that of Dantels and Scott 
(1991) who reported pronounced effects ofthe precedmg crop and rrunfall on double-cropped soybean 
Crabtree el al (1990) and LeMahteu and Bnnkman (1990) reported stmtlar findmgs lt ts observed 
that hancot bean planted as a precedmg crop m helg had a comparable yteld wtth the monocrop 
hancot bean 

Over years the heavtest grrun yteld was obtruned from hancot bean after tef and Insh potato at 
Awassa and hancot bean after lnsh potato at Arst Negelle (Table 5) 

ECONOMIC ANALYSIS 

Double croppmg can be vtewed as a means of booshng crop productton effictency thereby mcreasmg 
rehtrns Thts study has shown the feastbthty of producmg hancol bean after the harvesl of crops m 
parttcular mruze for thetr grrun Desptte the poor bean ytelds economtc returns procured from double 
croppmg are better than those from monocrop hancot bean (Table 5) 141% at Awassa and 48% al 
Arst Negelle Thts result agrees wtth those of LeMahteu and Bnnkman (1 990) who reported benefits 
from double croppmg 
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Table 5 Mean yoelds (tlha) of hancol bean al Awassa and Arso Negelle 1986 1988 

Croppmg o/oof 
syslem 1986 1987 1988 Mean check 

Awassa Mwze1
/ bean 03 03 05 04 18 2 

Mwze2/bean 1 4 1 3 08 1 2 54 5 
Tef /bean 1 5 2 1 2 1 1 9 86 4 
Polalo/ bean 1 9 22 1 9 20 90 9 
Bean (mono-crop)2 5 1 4 28 22 

LSD(p<O 05) NS 05 

Mean 1 5 1 5 1 6 

LSD(p<O 05) NS 
CV% 27 6 

Arso N egelle Wheatlbean 09 1 1 1 4 1 1 42 3 
Tef/bean 06 1 9 04 09 34 6 
Potalo/bean 1 9 28 07 1 8 692 
Bean 2 1 29 27 26 

LSD(p<O 05) 02 o 08 

Mean 1 4 22 1 3 

LSD(p<O 05) NS 

1 A511 2 Katuman• Compos11e 

Table 6 Returns (borrlha) from double croppmg tnals and average markel pnces (borr/kg) of grwns 
and tubers al Awassa and Arso Negelle 

Returns (borrlha) 

Precedmg Succcedmg Average 
crop crop markel pnce 

Companoon 
crop Awassa AN Awassa AN Awassa AN 

Mwze1 1849 2138 o 32 o 28 
Mwze2 1862 1822 2120 1127 032 o 28 
Wheal 2507 1653 o 57 
Tef 1702 2627 1782 1767 o 88 o 58 
Potalo 2524 2320 4378 3510 o 37 o 25 
Bean alone 951 1462 o 73 o 55 

1 A511 2 Katumano Composole A N = Arso Negelle 

243 



CONCLUSIONS 

The amount and d1stnbullon of rmnfall greatly affected and contnbuted lo the reduced y1eld of doublc 
cropped hancot bean In add11lon a pronounced effect of the precedmg crop on hancot bean y•cld was 
observed The results from the two s1tes show that h1gh y•eldmg crops hke mmze and wheat seem to 
deplete s01l m01sture causmg y1eld losses of beans grown after mm7.e and wheat of 64 and 58% 
respect•vely Double croppmg usually resulted m greater total grmn y1cld due lo better use of weather 
and land than monocropped hancot bean Better gross mcomc was obtmned from double croppmg 
hancot bean and other crops These results accord w1th the results of double croppmg tnals m the 
U S A Further mvest•gabon 1s needed on double croppmg m relallon lo hllage stubble management 
culllvar select10n weed control fertll17.er and s01l type 
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OF THE REGIONAL BEAN NETWORK 
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ABSTRACT 

2 t OCT 1~98 

Bean agronomy rescarch conducted m supporl of the regional bean network has addresscd 
crop and s01l management screenmg for tolerance to edaph1c stresses extrapolahon of soii 
ferhhty results and fanner partJclpahon m research A more produchve ma1ze bcan 
mtercroppmg system mvolvmg chmbmg beans for m1d altitude areas (1150 1400 mas!) was 
tested and found lo be generally acceptable to fanners but adophon has been mmJmal due to 
dissahsfachon wtth avallable adapted chmbmg vanchcs Bean yteld m banana bean 
mtercroppmg was found to be most affected by shadmg compchhon for K and posSibly toxiC 
Mn levels m beans Bananas are more compehhve than beans whlle a LhR of 1 6 was 
measured Bean cultivar performance under bananas was found to be htghly correlated to sole 
crop performance suggeshng that sole crop evaluahons wlll tdenllfy good non chmbmg bean 
vanelles for the banana bean system In a study of weed suppresston bean vanehes vaned 
m theu abthty to suppress weeds and 73% of thts vanahon was accounted for by vanahon 
m leaf area mdex and leaf stze Revtsed cnhcal nutnent levels m beans for N P and K were 
determmed and norms for the DiagnoSIS and Recommendahon lntegrated System (DRIS) of 
mterprehng fohar analys1s were detenmned and vahdated Crotalana ochroleuca can be 
produced as a green manure by mtercroppmg w1th etther mauc or beans w1th a dramahc 
effect on y•elds of subsequent crops mcreasmg mat7e y1eld by 60 80% Prehmmary results 
from on farm research mdtcates that Crota/ar'a w1II be well adopted lmes prom1smg for 
tolerance to spec1fic edaph1c stresses mcludmg low s01l N and P and Al and Mn toxtctty 
have been tdenllfied and are undergomg multilocahon confinnahon testmg An mtenstve 
approach to fanner parttctpahon m research ts bemg evaluated at two locahons m Uganda 
Efforts to tmprove extrapolauon of bean rcsearch rcsults mclude work on the rcc land 
classificahon system and the BeanGro model 

INTRODUCTION 

Strateg1c bean agronomy research conducted to support the regiOnal bean network m Easlem Afnca 
has addressed research on produclton syslems and dtagnosltc tools sotl fertthty managemenl screemng 
for lolerance lo edaphtc stresses farmer partictpatton m research and extrapolalton of research results 
Ugen (1995) has reported on the farmer parttctpatory research m thts workshop and th1s work does 
nol recetve further elaboratton here 

MAIZE BEAN INTERCROPPING 

The mtereroppmg of matz.e wtth chmbmg beans m lhe medtum alttlude areas ( 1200 masl) of central 
Uganda was studted to determme the potenttal of usmg growmg matz.e plants to support chmbmg 
beans whtle achtevtng stmtlar bean ytelds lo a bean sole crop A senes of expenments was conducted 
over three seasons at Kawanda Research Stalton \o determme how to manage the matz.e chmbmg bean 
assoctalton so that matz.e supports lhe beans wtth mmtmal suppresston of bean yteld (Wortmann and 
Ugen 1990) The mosl producltve system was a modtfication of the tradtltonal system by plantmg 
chmbtng beans near the matz.e planls te the most producltve syslem contamed mau.e bush beans 
and eh m bmg beans 
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Dunng fanner evaluallon of the 1Diercropp1Dg system ID on fann tnals concem was expresscd about 
the extended matunty penods of the chmbiDg beans Fanners faulted the chmbiDg bean vanety used 
ID the OFTs but concluded that 1f an acceptable vanety wcre avadable they would grow chmbiDg 
beans w1th mwze 1f the bean y1elds were IDcreased by 50% over the•r bush bean systems As the 
current emphas1s for these env1ronments 1s on breedmg bush bean vanet1es an acceptable chmbmg 
vanety has not been 1dent1fied for th•s system 

BANANA BEAN INTERCROPPING RESEARCH 

Beans and bananas are commonly mtercropped m eastem Afnca L1ttle pubhshed mformallon 1s 
avwlable about how the mtercroppmg of these two spec1es mfluences the y1elds of the componen! 
crops and land use effic1ency 

Beans and bananas were grown m sole-crop and mtercrop near Kampala Uganda for three seasons 
ID 1989 and 1990 The objecllve of the study was to delermiDe thc effects of croppmg systems on 
d1seases msects and land use effic1ency and the roles of certam bean plant phys10log•cal trwts on bean 
y1eld ID the two systems A second object•ve was lo determme 1f select10n of bean culllvars m 
monoculture can result m genet•c progress for the banana bean assoc1a11on 

Bean y1eld m the banana bean system averaged O 629 t ha 1 and was 52% of the sole crop y1eld 
(Wortmann et al 1992) Shadmg reduced bean y1eld but stem starch levels chlorophyll content and 
the chlorophyll a/b rallo were unrelated to seed y1eld m both systems Leaf area mdex was hnearly 
related to bean y1eld m the banana bean assoc•at1on suggestmg that a h1gher bean plant dens1ty m ay 
result ID h1gher y1elds Nutnent concentrat•ons m fohar t1ssue of beans md1cate that Iow potassmm and 
h1gh manganese avwlab1hty constrwned mtercrop bean y1eld Manganese levels m the fohar llssuc 
were found lo be h1gh and poss1bly tox1c m beans grown under bananas Com pellt1on for othcr 
nutnents d1d not appear to affect bean y1eld Apparently mterspec1es compellt1on for soll m01sture 
reduced bean y1elds httle as m01sture levels d1d not d1ffer w1th croppmg systems D1sease and msect 
pest Ievels were s1m11ar for the two bean product10n systems w•th the excepllon that flower thnps were 
fewer per flower m beans under bananas 

Bananas appear to be more compet•llve than non-chmbmg beans m th•s system w1th mean compet•t•vc 
rat1os of 1 39 and O 85 respecllvely The land eqUivalen! rallo of the banana bean mtercroppmg 
system over three seasons was 1 6 

Cult1var x croppmg system mteract1ons were not s•gmficant for bean seed y1eld and the components 
of y1eld (Wortmann and Sengooba, 1993) Rank correlallon coeffic•ents of bean cuJt1var seasonal 
mean y1elds m monocuJture w1th the overall cultivar mean y•elds m assoc1a11on were h1gh and 
s•gn•ficant rangmg from O 50 to O 84 Th1s was cons1stent w•th the lack of cultivar x croppmg system 
mteracllon Numbers of pods and seeds per plant were more closely assoc1ated w1th mtercrop bean 
y1eld than so le crop y•eld The results of th1s research have shown that evaluallon of non-chm bmg 
bean genotypes for seed y1eld m monoculture prov1dcs suffic1cnt mformat10n to effic1ently select 
cuJt1vars for the banana bean mtercroppmg system (fable 1) 
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Table 1 Ytclds (1 ha 1
) of bean vancttcs mtcrcroppcd ovcr thrcc scasons selcctcd al an mtcnstly of 

O 25 m dtffcrcnt sclcctwn cnvtronmcnts 

Scason of sclccllon 
Systcm 
of sclcctwn 1989a 1989b 1990a Mean 

Solc crop O 74!1 o 782 o 744 o 758 
lntcrcrop O 771 o 759 o 761 () 764 

(from Wortmann and Scngooba 1993) 

BEAN PLANT MORPHOLOGY AND WEED SUPPRESSION 

Weed control has a largc labour rcqmrcment m small scalc bcan producllon systcms m eastem Afnca 
and producllvtly of thcsc systems ts oftcn constramed by labour avatlabthly al weedmg limes A study 
was conducted lo determ me whtch morphologtcal charactcnsttcs of bcan contnbutc lo wccd 
supprcss10n and lo assess the feastbthty of brccdmg gcnotypcs for tmproved abthty lo suppress wccds 
(Wortmarm l993a) Morphologtcal charactensllcs gram ytcld and wccd bwmass wctght al harvcst 
were mcasured for 16 20 genotypes ovcr three scasons 

Table 2 Bcan plant tratts contnbullon to supprcss10n of wccd growth thrcc scasons al Kawanda 
Rcsearch Stallon 

Bcan plant 
tratl 

Contnbullon lo total 
vartallon m wecd bwmass (R') 

Lcaf w.c (LS) o 21 
Stem lcngth (SL) o 00 
Pnmary branchcs (PB) 010 
Plant wetght (PW) o 60 
Stem wetght (SW) o 31 
Leaf wmght (L W) o 57 
Leaf arca mdex (LAI) o 62 
LAI + LS () 73 
LAI + SL () 64 
LAI + PB o 63 
LAI + PW 077 
LAI + SW o 79 
LAI + LW () 64 
LAI + LS + SW () 80 
All tratls o 85 

(from Wortmann 1993a) 
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Mean weed b1omass al lime of bean harvest ranged from 55 to 120 g m 2 The ab1hty to supprcss 
weeds was found lo be mdependent of bean growth hab1t but was rclatcd to lcaf s11.c leaf arca mdcx 
and plant growth rate Leaf s11.c and lcaf arca mdcx accounted for 73% of thc var1allon among 
genotypes for wecd b10mass al the lime of bean harvest (Table 2) Thesc tra1ts wcre related pos111vcly 
lo bean seed y1eld lnclus10n of large leaf s11.c and h1gh leaf arca mdex as entena to sclcct h1gh 
y1eldmg genotypes w1th 1mprovcd ab1hty lo suppress weeds should be fcas1ble 

FOLIAR TESTING AS A DIAGNOSTIC TOOL 

lnterpretat10n of fohar llssue analyses has trad11lonally bcen based on the companson of analyllcal 
results relallve lo standard values such as cnllcal nutnent levels (CNLs) Such approaches are cas1ly 
apphcd but cach nutnent IS cons1dcred mdependently of the othcr nutnents As nutnent conccntrallons 
vary w1th plant age and w1th stress cond11lons cons1derallon of nutncnt balances can 1mprove thc 
mterpretat10n The D1agnos1s and Recommendat10n lntcgratcd System (DRIS) of mterpretmg results 
of fohar analys1s 1s an altemallvc to the CNL approach DRIS uses md1ccs of rallos of nutncnt 
concentrallons and has been found lo be more accurate m prcd1cllng nutnent needs for numerous crops 
than the CNL system 

Table 3 Summary of pred1cllons for bean y1eld responses lo apphed mtrogcn phosphorus and 
potassmm 

DRIS 
CNL (3 O%N) 
CNL (4 7%N) 

DRIS 1 

CNL (O 25%P) 1 

CNL (O 32%P) 1 

DRIS 1 

CNL (1 0% K) 1 

CNL (1 4% K) 1 

Response to apphcd 
nutncnt occurrcd 

Corree! 1 lncorrect 

32 

27 

43 
13 
39 

43 
18 
37 

20 
51 
25 

23 
53 
27 

16 
41 
22 

(adaptcd from Wortmann el al 1992) 

Ovcrall prcd1cllon 
accuracy 

Corree! 1 lncorrect 

N1trogen 
67 1 

61 1 

'i4 1 

Phosphorus 
68 1 

51 1 

63 1 

Potassmm 
80 
69 
79 

45 
51 
58 

44 
61 
49 

32 
43 
39 

DRIS norms for beans wcrc dctcrmmed from a broad bascd data set and the norms for N P and K 
were vahdated usmg results of tnals conducted m Uganda and Tanfanla (Wortmann el al 1992) Thc 
prev10usly recommcnded fohar CNL s of 3 0% N O 25% P and 1 0% K werc found too low lo be 
uscful m pred~etmg responses to apphed fertllll.crs Pred1cllon based on lcvels of 4 7% N O 32% P 
and 1 4% K was more accurate than w1th the lower CNL values (Table 3) DRIS was more accurate 
than mther set of CNL values m pred1cllng responses lo apphed N P and K The use of DRIS for 
beans 1s bemg promoted through the d1stnbut10n of a set of relevan! matenals (Wortmann 1993b) 
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GREEN MANURING WITH Uotalarta oLhroleuca 

On stallon rcscarch was conductcd m 1991 and 1992 to cvaluatc ( rotalarw o<hroleuca as a greco 
manurc crop m farmmg systcms of central Uganda Thc objccllvcs of thc rcsearch wcrc lo dctcrmmc 
1f Crotalarta could be produccd m assoc1at•on w•th a food crop such as mau.c or bcans w1thout 
substanllal loss of gram y1cld and the greco manure s effccts on the performance of subscqucnt crops 

Mau.c and bcan y~elds wcrc not s•gmficantly rcduccd by mtcrcroppmg w1th (ro/afana wh1lc 
Crotalarw y1clds wcre substanttally rcduccd In thc 1991 b scason mau.c followmg (rotalarw y1clded 
60% h•ghcr than mau.c followmg c1ther mau.c or beans m rotallon In thc 1992a scason mau.c 
followmg Crotalana y1elded 82% h1ghcr than mau.c followmg the gram crops In thc second scason 
followmg ( ro/afana bcan y1eld m plots wh1ch m•t•ally produeed sole crop Crotalarw was 44% more 
than m plots sown to e1thcr mau.c or beans m the first season 

Add•tJOnal labour JS nceded to sow and weed ( rotalarw al what are gcnerally busy t•mcs of thc ycar 
Howcvcr followmg OFTs farmcrs assessmcnt of thc technology has bcen favourable and dcsp1te thc 
addJttonal labour rcqurrement probab1hty for adopt1on appcars lo be h1gh 

SCREENING FOR TOLERANCE TO EDAPHIC STRESSES 

The Afnca Nctwork for Scrcenmg for Edaph1c Stresscs (ANSES) was recommended m a reg10nal 
workshop (Anon 1988) and further developed m a workmg group meetmg (Anon 1990) The 
ANSES 1s a pan Afnca effort to screen for tolerancc lo spce~fic stresscs Evaluallon •s m two stagcs 
Prchmmary cvaluat1on 1s carncd out for two scasons al onc locallon and sccondary evaluallons of thc 
most prom1smg cntnes are al multtplc s•tcs to confirm thc tolcrancc Thc ANSES 1s addressmg four 
strcsscs low so1l N and P and Al and Mn tox•c•llcs w1th sevcn nat10nal programmes part•c•patmg 

The first cyclc of thc ANSES cvaluatcd 280 entnes contnbuted by nat10nal and reg•onal breedmg 
programmes The bcst 33 entncs for each stress are undergomg mult•locatJOn confirmat10n testmg 
Approx1matcly 400 entnes are bemg mulllphcd for the second eycle of the A N SES 

EXTRAPOLATION OF RESEARCH RESULTS 

Efforts lo better ulllu.c mformallon on beans are d~rected al 1mprovement of the bases for 
extrapolat10n Vahdatton of the Fcrt1hty eapab1hty elassJficatJOn System and of sJmulallon models 
mcludmg BcanGro and WEPP (for s01l cros10n) •s rece1vmg hm1ted attent10n 
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DISCUSSION SESSION VI INTEGRATED CROP AND SOIL MANAGEMENT 

Cba1r M1t1ku Hade Rapporteur P K JJemba 

Paper by DO M•cb1eka, A M Ndegwa and G W M bu gua 

F1scbler Why d1d you apply fert1hzer to the systems mvesllgated and not use farmers pracllce? lt 
makes 1t 1m poss1ble to attnbute y•eld gam due to add•t•onal water or fertlh7.er apphcallon 

M1cbJeka Farmers m the arca apply fertJh7.er to mau.e but not to beans Fert1lu.er apphcallon to 
mwze was umform m all treatments Fert1lu.er was apphcd to beans m the water harvestmg systems 
where the research recommendat10n for the J.one was followed We w11l mod1fy th1s factor m 
subsequent seasons m order to vahdly evaluate the effect of water harvestmg systems 

Sperhng You have shown s•gmficantly mcreascd y1elds but you have not menlloned all the factors 
wh1ch m ay be contnbutmg to these y1elds Certwnly the techmque descnbed 1s one var1able but you 
also have dlfTerenllal fertJh7.er use and very d1fferent Jabour reqUJrements In evaluatmg the 
teehnology you probably should Jook for heavy farmer mvolvement as well as cons1der the full range 
of factors wh1ch are bemg changed by use of the technology (e g labour nsk levcls) 

M•cbJeka The comment 1s noted and suggesllons w1ll be mcluded m subsequent seasons However 
m pracllce farmers usually apply fert1lu.er to mwJ.e and th1s was umformly done m all the treatments 
We therefore probably need to readdress the 1ssue of ferllh7.er apphcat10n to beans m the water 
harvestmg treatments Labour reqUJrements for the vanous systems werc noted w1th the wm of 
conductmg an econom 1c analys1s at the end of the second season A pomt to note 1s that the p1t 
catchment system was actually adopted from farmers Farmers have been very actJvely mvolved m 
the tnal 

Wortmann Fust of all the companson of farmers pracllce to altematJves 1s 1mpossJble as d1ffercnces 
may be due to plantmg fertJh7.er and/or water management pract1ces Non-expenmental vanables 
should be the s31De for all treatments Secondly much rcsearch has been done on water management 
m eastem Afnca smce the 1960 s Therefore 1 310 glad that yo u too k th1s research stra•ght to farmers 
fields Adopt1on of such pracllces has often been poor desp1te prom 1smg research results Therefore 
picase have farmers fully mvolved m select1on of treatments and the1r evaluallon 

M1cb•eka Both comments are noted In rcgard to the first m the water harvestmg systems beans were 
planted accordmg to research recommendatlons fh1s w11l be adjusted m subsequent seasons 

Tenaw Workayebu P1t catchment gave you the heav1est y1eld but don t you thmk that th1s 1s labour 
mtens1ve llme-consum mg and costly? 

M1cb•eka Complete econom1c analys1s of the vanous water harvestmg systems has not been done 
Dunng th1s first season of the tnal 1t was noted that the p1t catchment system was labour mtens1ve 
dunng constructJon ofp1ts However the plls rcmwned mtact and less labour was reqUJred dunng Jand 
preparat10n m the subsequent season unhke lle ndges wh1ch reqUJred rebUJidmg 
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Paper by R T Jasdanwala and A G Cbege 

Wortmann How can th1s mformatmn be used to 1mprovc bean y1clds? There are models for cxarnplc 
the Beangro model to wh1ch the mformatmn can be useful The presentcr IS adv1scd to contact thc 
CIAT plant physiologist (Colombia) for data mclusmn mto thc growth model 

Paper by N Govmdeo, B Gaurea aod F Ismael 

Gr1dley In use of fracllonal rephcatmn care must be takcn m dec1dmg wh1ch are fixed and random 
efTects for corree! use of thc error tcrm m dctcrmmmg thc s•gmficancc of mam and mtcracllon cfTccts 

Govmden Ccrtamly a fracllonal des1gn IS appropnatc to on farm tcstmg of agronom1c trcatmcnts 

Paper by M A U gen and P K JJemba 

Sperhng You mentmned that you arrangcd your cxpcnments accordmg to farmers dcs1gns Could 
you g1ve examplcs w1th say vancty and crop rotallon tnals how farmers des1gns m1ght d11Tcr from 
researchers des•gns? 

Ugen In case of bean vanelles farmers des•gns d1d not d•fTcr from our des1gn cons1denng that we 
are domg the same vanety evaluallon m other d•stncts The only d11Terence 1s that here the farmers 
asked for 3-4 vanelles from us plus thc mclusmn of onc of thcu own (farmcr s chmcc) In othcr placcs 
where we are conductmg rescarcher des1gned on farm tnals we g1ve farmcrs 5 7 vanciics Thc crop 
rotallon tnal was shghtly diiTercnt m that 11 mvolvcd bcans mau.c and groundnut In onc scason 
groundnut follows bcans wh1ch countcrs thc a1m of rotallon as thcy are both lcgumcs To avmd th1s 
farmcrs proposcd a fallow break between these two crops to produce a more acceptablc rotat1on 
Thcrcforc four plots are cons1dcrcd rathcr than thrcc 

Mitiku Halle How homogenous IS your farmer group? Docs 11 mcludc thc young m•ddlc agcd and 
old? 

Ugen The group IS QUite hetcrogcnous across agc groups and scxcs Evcn thc sub groups (cookmg 
groups) were QUite hctcrogcnous What wc are mtercstcd m IS to scc 1f any pcrson rcgardlcss of agc 
or gender can participatc Aftcr mcctmg w1th thc farmcrs for a numbcr of times you find that 
md•v•duals and not ncccssanly particular categones tcnd to !cave by thcmsclves Wc fccl that thc 
mixture IS sallsfactory More cmphas1s should howcvcr be placcd on womcn who do most of thc 
physical work rathcr than men But no strallhcallon of any sort IS placcd on thc farmcrs durmg thc 
mcctmgs 

Paper by B Rabary 

Sperhng lt 1s mtercstmg to note that farmcrs choosc bcans accordmg to sml typcs What 
charactcnstics do thcy use? For exarnplc m the Grcat Lakcs Regmn farmcrs gcncrally bcucvc that 
small secded bcans do well on poor smls Do your farmers use thc samc cntcnon? 

Rabary Farmers categonze beans accordmg to sml typcs usmg y•cld and adaptab1hty entena 
Farmers d1d not mcntmn th1s cntcnon although thcy may know 11 Thcy know wh1ch vanctics are 
su•ted for poor or fert1le so1ls from theu own cxpcncncc 

252 



M1bku Halle Do farmers use a part1cular var•cty lo 1mprovc s01l fcrllhty? For cxamplc m Eth10p1a 
they usually use Black DcssiC to rcgcncratc s01l fcrUhty 

Rabary In choosmg vanclles accordmg to s01l fcrt1hty farmers JUSI cons1der var1ety performance 
They have fcw vanclles and know exactly wh•ch are smted to margmal s01ls and wh1ch are smted to 
fert1lc s01ls accordmg to thc1r y1elds 

M1Cb1eka You md1catc that farmcrs somcllmcs use urca to 1mprove s01l fcrt1hty Don t you thmk th1s 
mercases s01l ac•d•ty? 

Rabary Ycs th1s may mercase s01l ac•d•ty but fcw farmcrs use urca and cvcn thcn m vcry small 
quanllhes They obtam 11 from extcns10n agents or buy 1! 

Paper by Tenaw Workayehu and Waga Mazeng•a 

M1t1ku Ha1le What are thc labour rcqmrcmcnts for all thcsc rotahons? Are you cons1dcrmg thcm? 

Tenaw Workayehu Farmcrs use thmr own labour Bccausc of th1s wc d1d not mcludc labour m our 
gross rcvenue analys1s 

Govmden Is thcrc any rcason why you d1d not havc bcans followmg bcans 1 

Tenaw Workayebu S mee farmcrs do not pracllcc double croppmg of har1cot beans followmg hancot 
bcans we d1d no! mcludc 11 Instcad farmcrs grow hancot beans Clther pnor to or followmg othcr 
crops 

Paper by C S Wortmann 

M1t1ku Halle What othcr benefit cxccpt amchoratmg s01l fcrt1hty docs Crotalarw havc 1 Can 1! be 
used as a hvcstock fccd? 

Wortmann Wh1lc the spcc1es JS reportedly used as a foddcr crop m parts ofTan~.ama 1! 1s nota very 
1deal (palatablc) foragc spcc•cs Wh1lc thcrc 1s nccd for cut and-carry fodder crops 11 JS not hkcly that 
thesc w11l contnbutc to 1mprovcd s01l fcrt1hty and m ay cnhancc dcpletJon Nutncnts rctumcd m FYM 
are a small percentage of thc total harvcstcd and fcd Howcvcr ( rota/ana s grcatcst role m ay be m 
more d1stant ficlds wh1ch norrnally do not rccCJvc FYM 

Tenaw Workayehu Wc know that lcgummous trccs are mulh purposc Rcscarch also rccommcnds 
the1r bcneficJal use Where thcre 1S shortagc of land farmcrs m ay no! grow trccs m assocJa!IOn w1th 
food crops Rather they mtcrcrop food crops only What would be thc fatc of a rcscarch 
recommendahon m such areas of land shortage? 

Wortmann Crotalarw 1s not a trcc but thc pomt •s relevan! Wc cannot prcd•ct thc fatc of thc 
technology Howevcr cons1dcnng that 1! can be produccd w1th a food crop and rcsults m 60 80% 
mercase of y•cld m thc followmg scason 1 be he' e thc tcchnology has good potcnllal 

Op1o F~rst of all what 1s thc farmcr s response on farm w1th Crotalarw? Sccondly why was thc 
y1eld of mru7.c followmg maJ7.C plus Crotalarw grcatcr !han thc y1cld of mau.c followmg Crotalana 
alonc? 
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Wortmann Fustly the farmers response has been favourable and sorne are expenmentmg to test 
altemallve ways of ullhnng ( rotalar1a However the number of farmcrs mvolved unlll now has been 
small and so the feedback 1s not conclus1ve To the sccond quesllon the dlfTerence between the two 
treatments was not s1gmfícant lt 1s probable that Lrotalar~a grown w1th mru?.c supphed adcquate 
nutnllon so that y~eld becrune hm1ted by other factors poss1ble low mo1sture stress 

General d1scuss1on 

Mmomum tdlage 

Commeot There 1s frulure lo understand the relevance of research on m1mmum llllage rather Iban 
domg research on why th1s techmque wh1ch 1s already known lo work has not been w1dely adopted 
so far 

Response Th1s 1s an 1mportant quesllon but 11 1s necessary to pomt out that very httle research on th1s 
pracllce has been done under farmer management Most research on mm1mum llllage has been on 
statmn In our case th1s was farmer part1c1patory to help farmers choose whether lo adopt the 
technology by mvolvmg them outnght Th1s kmd of approach also brought out the fact that m uch as 
use of Basagrrun 1s recommended by researchers farmers reJect 11 under thCir cond11lons as 11 drunages 
the1r crops So the work cons1denng the approach was qmte necessary 

Supplement lt 1s also mterestmg to note that farmers also have a mm1mum llllage pracllce Maybe 
there IS a way of 1mprovmg th1s pracllcc through further research 

Ac1d sod management m Madagascar 

Quesbon One of the problems found dunng th1s survcy was a h1gh common bactenal bhght (CBB) 
me~dencc ls anythmg bemg done to com bat th1s d1sease? 

Answer Nothmg al the moment 

Suggesbons There 1s a sub project on th1s d1sease w1thm the regmn Y our coordmator can contact 
the Ugandan coordmator lo mcorporate res1stance through breedmg Also there 1s a regiOnal nursery 
wh1ch could be sent lo you 1f requested for evaluallon 

Chaorman The two coordmators are adv1sed lo gel together dunng thc wcck and work out a feas1ble 
arrangemcnt 

Crotalana as an mtercrop 

Questoon There m ay be problems m thc adopt1on of Crotalar~a as an mtcrcrop duelo managcment 
of the crop m assoc1at1on wuh the Crotalar~a wecd What about growmg Crota/arw betwecn 
seasons? 

Response The advantage of producmg Crotalar~a m assoc1allon w1th a food crop 1s that farmers can 
conllnue usmg the land for food producllon Wc cannot pred1ct how farmers m1ght bcst fít Crota/ar1a 
mto the1r systems We encourage and somet1mes work w1th them lo try altemallves We are usmg 
Crotalar~a mtercrop as well as sole crop systcms lo mtroducc the tcchnology lo farmers Once they 
have seen that 11m ay havc a place m theu farmmg systems then they m ay fít 11 m accordmgly 
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QuestJon/tomment Crota/ana 1s uscd espet1ally on sugar estates to amehorate s01l compachon due 
lo use of heavy machmery Are you findmg ddferences m s01l poros1ty after th•s crop? 

Response We thought that because of the long tap root th1s crop would open the s01l However we 
find that 1ts rootmg does not go through the arg1lhc hon/.on 

Quest1on 1 am wondenng whether Crotalana could be an altemahve host for BSM as has been 
md1catcd by sorne reports m Tan/.ama An earher presentat10n also md1cated 11 as an altemat1ve host 
for BCMV 

Response For BCMV Crota/arw 1s only one of many altemate hosts 

General tomment When we are talkmg about other sc1ent•fic 1ssues we gel the fine detwls e g so 
much dosage of a part1cular chem•cal/fertdu.er uscd However when 11 comes to on farm or 
part•c•patory research we tend lo gel the general mformahon that farmcrs prefer and spec1fics are often 
lackmg What sort of farmers hke 11 what 1s the actual response? There should be techmcal 
observ allons 

Response There IS a need for good momtonng and self-cvaluat10n dunng such work Th1s also 
mvolves avwlab1hty of fundmg and could be dwelt on further m workmg groups 
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SESSION VU TECHNOLOGY TESTING AND TRANSFER AND SOCIO 
ECONOMIC ISSUES 

COMPARATIVE PROFITABILITY OF HARICOT BEAN PRODUCTION 
IN ETHIOPIA 

Sena1t Regassa 

Inst1tute of Agr1cultural Research, Nazreth, Etb10p1a 

ABSTRACT 

Although thc predommant obJCCllve of small tarmcrs ts to cnsure adequate food supply for 
theu famthes they also constder profitabthty as a cntcnon Crop profitabthty study helps to 
JUshfy allocahon of research resources among crops and regwns Thts study was mthated to 
detenmne the compehhvc posthon of hancot bcan comparcd lo othcr mBJOT crops The crops 
mcluded m thts study are hancot bean tef m&t.le potato and sorghum Th1s paper deals wtth 
financtal and economtc profitabthty The arca IS sub-d¡v¡dcd rnto two .1ones (wct and dry) 
because of dtfferences m mmsture stress crop mtx sml type and tmportance of hvestock 
enterpnses In the wet 7one usmg the mput and output pnces m 1990 and 1991 tn tcnns of 
financtal profitabthty hancot bcan ranks fourth ncxt to tcf potato and mauc In thc dry 7onc 
financtal analysts mdtcates that hancot bcan Is thc thtrd crop ncxt lo tef and malle In 1992 
the pnce of hancot bean was mcreased by 145% When financtal profitab1hty ts calculatcd 
usmg the new pnce hancot bean ts more profitablc lhan all other crops m both wet and dry 
zones Hancot bean ts an tmportant crop not only from the pomt of v¡ew of mdlvtdual fanners 
but also the nahon Thereforc parttcular allentwn of researchers and other conccmed offic1als 
1s needed to solve problems encountered by hancot bean growers 

INTRODUCTION 

lt 1s known that rcsearch 1s the base for devclopmcnt But thcre 1s hm1tat1on of resource lo carry out 
researcb on each and every problem Th1s emphas17.es thc 1mportancc of rankmg so that the most 
pressmg problems of farmers can be solved earher than others Crop profitab1hty study helps lo 
¡usnfy allocallon of research resources among crops and reg10ns (Beyrlee and Longm1re 1986) 
Moreover although the dommant ob¡ectlve of small farmers 1s lo ensure an adequate food supply 
for the1r fam1hes they also cons1der econom1c return m order to satJsfy the1r cash reqmrements Th1s 
study was m1t1ated to determme the compet111vc pos1t10n of hancol bean as compared lo other ma¡or 
crops The ob¡ectlves of thc study were to 

1dent1fy the ma¡or mpuls and outputs of hancot bean lcf mau.e sorghum and potato 
2 determme the ma¡or costs and benefits of these crops and 
3 compare thc profils obtamed from hancol bean w1th those from olher ma¡or crops lo 

prov1de mformat10n for pohcy makers 

SURVEY METHODS 

Because of d1fferences m the degree of mmsture stress crop m1x sml typc and 1mportance of 
hvestock enlerpnse thc survey area 1s d1v1ded mio lwo target groups thc wet and dry zones Thc 
wet zone where mruze tef and hancot bean are the ma¡or crops 1s mostly clay loam The dry '.onc 
m the eastern part of the survey area where ma1ze tef and sorghum are thc ma¡or crops 1s mostly 
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sandy loam In th1s zone farmers pract1se transhurnance godantu 1 e dunng thc wct scason they 
take the1r an1mals lo the eastem part of the reg10n whcre therc 1s amplc gra71ng (Alchgne Kefyalew 
el al 1992) 

Secondary data from prev10us stud1es was the maiD source of 1Dformat10n However avrulable 
secondary data was not suffic1ent and ID sorne cases 11 was found lo be exaggerated Th1s IDlllatcd 
the need for supplementmg and venfymg already ex1stmg data Therefore a qucsllonna•re was 
des1gned and a total of about 90 farmers was mterv1ewed The mcthod of samphng was two stage 
random samphng The data were collected for three consecullve years startmg m 1990 SIDce the 
pnce of hancot bean prud lo farmcrs was ra1sed by 145% m 1992 the resultmg change m thc 
profitab1hty rank assumed by hancot bean 1s g1vcn due emphas1s One rescarcher and two techmcal 
ass1stants were mvolved m mterv1ewmg farmers Labour data was collected al the t1me the respective 
acllvllles were bemg performed One problem encountered dunng the survey was that farmers werc 
susp•c•ous and sens11lVe lo mcome 1ssues They tended to overesllmate costs and underesbmate 
retums Hence extreme values werc om•ttcd 

Profitab1hty can be v1ewed from three aspects financ1al econom1c and soc1al A maJor objecllve of 
financ1al analys1s 1s to esllmate gross rece1pts and expend1turcs mcludmg the costs assoc~ated w1th 
producllon and the crcd1t repayments farm fam1hes must make lo determme what remams to 
compensate the fam1ly for 1ts labour management sk1lls and cap1tal The econom•c aspects of proJect 
preparallon and analys•s reqmre dctermmallon of the hkehhood that a proposed project w1ll 
contnbute s•gmficantly lo the devclopmcnt of the total economy and that 1ts contnbullon w11l be 
great enough lo JUSilfy usmg the scarce resource 11 w111 need The poiDI of v1ew taken ID thc 
econom1c analys•s IS that of thc soc1ety as a whole In thc soc~al aspcct analyses are expcctcd lo 
examme carefully the broader soc1al 1mphcallons of proposed mvestments such as mcomc 
d•stnbubon and 1ts respons1veness lo nallonal objccllvcs (G1ttmger 1982) 

Th1s survey deals w1th the financ1al and econom1c profitab1hty of the maJor crop enterpnses Therc 
are three very 1mportant d•stmcllons between the two that must be kept ID miDd F1rst ID cconom1c 
analys1s laxes and subs1d1es are treated as transfer payments These taxes wh1ch are part of the total 
proJecl benefit are transferred lo the govemment wh1ch acts on behalf of soc1ety as a whole and are 
not treated as a cost lo soc1cty SIDCe the subs1dy IS an cxpcnd•ture of resources that thc cconomy 
IDCurs lo operate the projecl In financ1al analys1s laxes are usually treatcd as a cost and subs1d1es 
as a retum 

Second ID financ1al analys1s market pnces are normally used Thesc takc mio account laxes and 
subs1d1es In econom1c analys•s sorne market pnces may be changcd so they more accurately rcflect 
soc1al or econom1c valucs 

Th1rd ID econom1c analys1s IDterest on cap1tal 1s nevcr separated and deducted from the gross retum 
because 11 1s part of the total retum to the cap1tal ava•lable lo soc1ety as a whole and because 11 1s 
that total retum IDCludiDg IDierest that econom1c analys1s 1s des1gned lo esllmate In finanCial 
analys1s 1Dierest prud lo externa( supphers IS deducted from gross bcnefit (GltiiDger 1982) 

The parameters used ID th1s analys1s are g1ven below 

Net retums lo land labour and management costs of land labour and management are no t 
deducted from the gross retum Th1s value 1s g1ven ID terms of bm/hectare (brlha) and 
b1rr/workday (br/wd) 
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2 Net retums to land and management labour ts valued m cash and mcludcd m the cost of 
produchon lt ts gtvcn m br/ha 

ENTERPRISE PATTERN 

In thc survcy arca the average farm su.e ts about 2 ha Farmcrs produce a wtdc rangc of crops 
among whtch mau.e hancot bean and tcf are most tmportant m thc wet '.eme Mmor crops are 
sorghum wheat and barlcy Mau.e ts grown by almos! all farmers and ts thc staple cereal of thc 
farmmg commumty Tcf and hancot bcan are grown by 89% of the samplc farmers m the wet '.onc 
These two crops are cash crops produced for thc m arkct Thc othcr cash crop m thc wet '.onc ts 
potato Tef and hancot bean are equally tmportant m terms of proportton of farmcrs growmg thc 
crops m the wet 7.0nc In the dry '.onc tcf ts grown by 81% of farmers whcrcas hancot bcan ts 
grown by 65% Ltkc farmers m the wet wne almos! all farmcrs m thc dry .rone grow maw: 
Sorghum ts more tmportant m the dry than thc wet 'onc 

The average number of cattlc per famtly ts 4 1 m the wet wne and 4 9 m the dry '.one Sorne 31% 
of farmers m the wct wne do not have a patr of oxen comparcd to 23% m the dry 7.one Farmcrs 
wtth no oxen etther use mekenaJo (partncrshtp) or a labour scrvtce system (thrcc days of work on 
the oxen owner s fícld m return for two days of work on hts fíeld) Othcr stratcgtes of farmers 
wtlhout oxen are share croppmg borrowmg and usmg cows as draft antmals (Aiehgne Kcfyalew el 
al 1991) 

PROFITABILITY OF HARICOT BEAN VERSUS OTHER MAJOR CROPS FARMERS 
PERSPECTIVES 

Retums earned and costs mcurrcd m producmg hancot bean mau.c tef sorghum and potato were 
tdenttfícd and uscd lo calculate the profítabthty of these crops lo farmers The local market pnce of 
mputs was recordcd to calculate costs of produchon Therc ts a btg gap between the pnces of hancot 
bean m 1990/1991 and 1992 The pnces m the fírst two years were approxtmately the samc 
averagmg 55 br/100 kg but m 1992 the pnce was mcrcascd to 135 br/100 kg Thts has rcsulted m 
a change m the postlton of hancot bean m the profítabthty rank In the fírst analysts ti was assumcd 
that the farm famtly ts the only source of labour Hence labour was not valucd m cash Instead costs 
other than labour wcrc dcductcd from the gross benefít lo determ me the net retums to land labour 
and management Thts parameter ts gtven m br/ha and br/wd 

The number of workdays spent ploughmg hancot bean fíclds are 125% fcwer !han for tcf Thc 
prcparahon of tef fíelds takcs longer because the frequency of ploughmg ts grcater Hancot bean 
rcqutres the fewest days for land preparahon Among the four crops m the wet '.onc potato has thc 
htghest ferttlm:r cost followed by tef and hancot bcan In com panng other vanable costs of thc 
crops m the wet zone potato has thc htghest followcd by tef hancot bcan and mau.e Thc cost of 
oxen constttutes the mam proportton of the vanable costs m rnat7.e 

Potato productton reqmres grcater labour mput than other crops parttcularly dunng plantmg 
culttvalton and harvestmg Stmtlarly tef wccdmg and harvestmg are labour mtcnstve acltvtltes On 
the other hand vcry httle attentton ts prud to hancot bean fíeld management Labour requtrements 
for potato are 3 5 ttmes htgher than for hancot bean and mru'.e consumes threc hmes thc amount 
absorbed by hancot bean 

Usmg mput and output pnces m 1990 and 1991 the net retum to land labour and management 
shows that hancot bean ts the leas! profítable crop (251 brlha and 5 7 br/wd) tn the wet wne 
Stmtlarly when labour ts valucd m cash hancot bean generales 3 br/ha mdtcatmg that the gross 
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benefit IS only shghtly larger than the total cost In the dry t.one hancot bean has the smallest net 
return except when labour 1s valued ID cash when 11 generales a greater return than sorghum 

UsiDg 1992 pnces the net returns lo land labour and management expressed ID br/ha show 
that tef 1s more profitable than all other crops ID the wet t.one (Table 1) The profit earned from tcf 
1s larger than the next most profitable crop patato by about 6% Hancot bean 1s the th1rd crop ID 

terms of br/ha but when thc net return per workday 1s taken as a measurc of profitab•hty 11 ranks 
first w1th a return of 21 br/wd followed by mai7.C (lO 35 br/wd) tcf (8 4 br/wd) and patato (7 2 
br/wd) 

Tablc 1 Costs and returns analySIS of hancot bcan and othcr maJor crops among smallholdcrs (labour 
not valued ID cash) 

Har•cot bean Tcf Mau.c Poi Sorg 
ato hum 

ltems Wet Dry Wet Dry Wet Dry Wet Dry 

Y ~eld (kg/ha) 1040 963 1041 962 1473 1324 9880 1213 
Gross benefits (brlha) 1404 1300 1770 1635 1134 1020 2964 691 
Labour (wd/ha) 48 48 150 139 82 82 166 78 
Other vanable costs (brlha) 337 175 456 229 243 190 1667 114 
F1xed costs (br/ha) 22 22 24 24 22 24 22 24 
Cost of cap1tal (br/ha) 12 7 24 13 18 14 85 9 
Total cost (br/ha) 371 207 504 266 285 228 1774 147 
Net retums (brlha) 1033 1093 1266 1369 849 792 1190 547 

(br/wd) 21 5 23 84 98 1 o 4 97 72 7 

Notes 
Gross beneftt IS calculated bascd on farm gate pncc of output at harvf...~\ ploughmg four hmes for tcf threc 
hmes for matLe potato and sorghum and \WICL for beanc; thc ncw pncc announccd by govcmmcnt ( 1 95 br/kg) 
15 used for ferttluer apphcd on hancot bean one workday J!l cqmvaknt lo 8 workmg hours tef IS weedcd twtcc 
malZe and sorghum once hancot bcan 1s not weeded at all potato p, culhvatcd twice thc fust culhvatlon lasts 
40 wdlha and the second 39 wdlha transportmg refers to thc numbcr of workdays requucd to transport thc 
harvested crop to the threshmg field ox hours are convcrtcd to cash at a ratc of O 75 hrlhr ~u ... d cost 1~ 

calculated based on fann gate pnce at plantmg ferhlli:cr pncc IS calcu)atcd bascd on fann gatc pncc cost of 
ploughmg 1s shared among the crops bascd on arca coveragc and frcqm ... ncy of ploughmg co~t of tool~ (wagglt.. 
stckle and sack) 1s calculated usmg cap1tal 'iervtcc method 

e= 
r•v e= annual ... crvtcc co'il r= mtcrc...~t ratc (10%) 

v= acqms1hon cost 
1 ( 1 +r) n= numbcr yc...ars of st..rv1cc 

every fanner pays 20 br/annum land tax trrespectlvc... of thc farm suc... he own~ co~t of capttal stands for 
opportumty cost of the money m the process of produchon 11 1s calculated usmg an mlercst rate of 1 O 1 per 
year (8 mon!hs for maiZe 6 months for tef and potato and 4 month• for hancot bean 

Gross benef1t 
ratc of capttal tumovcr = • 100 

1 o tal cost 
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As m thc wct zone labour consumcd by hancot bcan m thc dry '.onc 1s lcss than by all othcr crops 
Thc profitabthty of crops m thc dry rone was analyscd usmg local market pnces of mputs and 
outputs The same output pnce was used for both wet and dry wnes Tcf ts thc most profitablc crop 
(1369 br/ha) followed by hancot bcan (1093 brlha) and mau.e (792 brlha) Nct rcturn of tef to land 
labour and managemcnt IS greater than hancot bcan by about 25% The leas! profitable crop 1s 
sorghum (544 br/ha) As m the wet '.onc hancot bean 1s thc most profitablc crop m terms of thc net 
return per workday (23 br/wd) Tef and mau.e have approxtmately equal retums (9 8 and 9 7 br/wd) 

In calculatmg the profitabthlles of maJOr crops lo mdtvtdual fanners 11 was constdered necessary lo 
value labour m terms of cash smce labour IS constdered a conslraml m thc survey area Takmg nct 
returns lo land and managemcnt as a parameter lo measurc profitabthty hancot bean generales thc 
htghest net return m both wet and dry '.ones (Table 2) Rale of capttal turnover ts calculated for all 
crops and mdtcates that hancot bean ts thc most effictent crop m utth"ng capttal 

Table 2 Costs and returns analysts of hancol bean and other major crops among smallholders (labour 
valued m cash) 

Hartcot bean Tef Mau.e Pot Sorg 
ato hum 

ltems Wet Dry Wet Dry Wet Dry Wet Dry 

Y teld (kglha) 1040 963 1041 962 1473 1324 9880 1213 
Gross benefits (br/ha) 1404 1300 1770 1635 1134 1020 2964 691 
Labour costs (brlha) 241 220 805 748 389 361 775 345 
Other vartable costs (brlha) 384 175 456 229 243 190 1667 114 
Ftxed costs (br/ha) 22 22 24 24 24 24 22 24 
Costs of capttal (brlha) 22 14 64 50 44 38 44 32 
Total costs (brlha) 669 431 1352 1051 700 613 700 515 
Net retums (br/ha) 735 869 488 548 453 407 434 176 
Rate of captlal turnover (%) 210 302 131 156 131 166 162 134 

SOCIETY'S PERSPECTIVES 

Profitabthty lo farmers of cereal product10n often reflects the effect of pohcy mtervenllons such as 
low producer pnces to protect consumers or substdtes on spectfic mputs as an mcenttve lo producers 
(Beyrlee and Longm tre 1986) In the prevtous sect10n profitabthty of crops from the pomt of vtew 
of farmers 1s calculated usmg local market pnces Smcc local market pnces are dtslorted by 
govcmment pohctes thc profitabthty of crops to mdtvtdual farmers does not show thc true economtc 
return to the nat10n Shadow pnces are tntended lo reflect the true eco no m 1c value of goods and 
servtces m the absence of laxes substdtes 1mport tanffs quotas pnce controls and other govemment 
pohctes In thts analysts the local market pnces of non tradeable mputs hke labour and ox power are 
assumed lo reflect the real value of the mputs 

The startmg pomt for calculatmg the shadow pnce of hancot bean m the survcy arca 1s tls FOB pnce 
al Asseb Thts pnce mcludes costs of transport processmg handhng msurance and other 
mtscellaneous expenses In order to arnve al the shadow pnce of hancot bean m the survcy arca the 
FOB pnce al Asseb should be adjusted by deductmg all above menlloned costs (Table 3) Table 3 also 
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shows that shadow pnce of hancot bcan at N anct ts about 1416 br/t Thts pncc ts used to calculate 
the profitabthty of hancot bean from thc nattonal pomt of vtcw In thc wct 7.0nc thc gross econom te 
benefit of hancot bcan tS 14 73 brlha and the econom te profitabthty analysts shows a nct rcturn to 
land labour and management of 1126 brlha or 23 4 br/wd (Tablc 5) Thts tablc also shows that thc 
net return to land and managcmcnt ts 887 brlha In thc dry /.Onc thc nct rcturn to land labour and 
managcment tS 1182 brlha or 24 6 brlwd Whcn labour ts valued m cash and mcluded m the cost of 
productton the net return to land and managcment bccomcs 962 brlha (Tablc 5) 

Tablc 3 Calculatton of shadow pncc of hancot bcan m thc survcy arca 

ltcms USD/t br/t 

Hartcot bean FOB Asscb 490 2448 
Loadmg unloadmg mland msurancc 
and transport bags and twmcs 12 7 
Proccssmg costs 285 
Export Expenses 3 26 
Mtsccllaneous expenses 295 
Total cost of hancot bcan cxport 103 2 
Shadow pnce of hancot bcan 
m survey area (Nazrct) 1416 

Eth10p1a netther exports nor tmports maw: and sorghum Howcvcr smcc thesc two crops are 
mtcmattonally traded thetr shadow pnces wcrc calculated by takmg FOB pnces at US gulf and 
addmg transport and msurance costs to obtam thc CIF pnce at Asscb Handhng storagc port chargcs 
and mland transport costs are added to the Clf pncc at Asscb to arnve at the shadow pnce of mruze 
and sorghum at Nazrct (Table 4) 

Table 4 Calculatton of shadow pnce of mru/.c and sorghum m thc survcy arca 

Mau.c Sorghum 

ltcms USD/t br/t USD/t br/t 

Mru/.c pnce Gulf ports USA 131 120 
Transportatton & other costs 
to move grrun to Asscb 45 45 
CIF pnce Asseb 176 880 165 825 
Port chargcs 53 53 
Storagc and handhng 6 6 
Cost to transport mau.c 
from Asseb to Nazret 109 109 
Shadow pnce of mru/.c at NS/.rct \048 993 

from Thc profitabthty of coffcc and mau.c among smallholdcrs a case study of Ltcu AwraJa 
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In thc survcy arca thc shadow pncc of mau,c 1s 104M br/t (Tablc 4) For thc rcmammg mputs markct 
pnccs wcrc assumcd to rcflcct truc econom1c valucs For mau.c m thc wct t.onc thc net cconom•c 
retum to Iand Iabour and managcmcnt 1s 1341 br/ha or 16 br/wd (Tablc 5) Mau.c has nct rcturns to 
land and managemcnt of 948 br/ha Thc return 1s shghtly Iower m the dry t.onc The calculatcd 
shadow pnce of sorghum 1s 993 br/t (Tablc 4) The nct return to Iand Iabour and managemcnt of 
sorghum m the dry t.one 1s 1083 br/ha or 14 br/wd When Iabour 1s valucd m cash and addcd to the 
cost 1tems thc profitab1hty of sorghum expresscd m net returns to land and management becomcs 73H 
br/ha 

Table 5 Econom1c profitab1hty of hancot bcan and othcr maJor crops m thc survcy arca 

Har1cot bcan Mau,c Tcf Sorg 
hum 

Jtems Wet Dry Wet Dry Wet Dry Dry 

Y1eld (kg/ha) 1040 963 1473 1324 1041 962 1213 
Gross benefits (br/ha) 1473 1364 1547 1390 1997 IH47 1203 
Labour costs (wd/ha) 48 48 83 82 150 139 78 

(br/ha) 241 220 393 361 808 748 345 
Other vanable mputs (br/ha) 345 180 202 166 639 222 116 
F1xed costs (br/ha) 2 2 4 4 4 4 4 
Nct rcturns (br/ha) 1126 1182 1341 1220 1354 1621 1083 

(br/wd) 234 24 6 16 15 9 12 14 
Net returns (br/ha) 887 962 948 8~9 546 873 738 

Although tef 1s w1dely grown m Eth1op1a 11 1s not tradcd mternahonally so does not have a ducct 
world market pnce lt 1s normally argued that the values of goods of th1s typc can be cshmated by 
the valuc of the expend1ture d•verted from these 1tcms to other consumpt10n goods In other words 
1f more of these goods are purehascd by sorne consumcrs and thcy are m fixed supply other 
consumers w11l havc to sw1tch theu cxpend1ture to other 1tems The value of every br of expend1turc 
sw1tched Wlll be g1vcn by thc world pnce of thc new commod•hes purchased by the d1verted 
expend1ture (ProJcct Plannmg Ccnter 1987) In thc survcy arca ma11,c 1s an •mportant subshtutc for 
tef thcreforc thc world pncc of tcf 1s calculatcd bascd on thc world markct valuc of mau,c that can 
be bought by cash sw1tchcd from tcf Tcf generales 546 br/ha net rcturn to land and management m 
the wct 7.onc and 873 br/ha m thc dry 7.0nc (Tablc 5) From thc nat10nal pomt of v1ew mau.c 1s more 
profitable than hancot bean and tef m the wet 1,0ne In thc dry t.one hancot bean generales a net 
return of 962 br/ha wh1ch 1s greater than the returns for tcf mau,c and sorghum 

CONCLUSIONS 

Accordmg to farmcrs the mam rcason for growmg hancot bcan 1s as a source of cash Th1s 1s so even 
whcn the pnce 1s unattrachvc because 1ts ficld management 1s s1mpler than for othcr erops and 11 
maturcs early when farmers are m urgent need of cash The mcremental change m haneot bean pnce 
has cons¡derably 1mproved the profit earned from hancot bean produchon thereby makmg hancot 
bean a very unportaHt enterpnse m the system Morcover th1s study venfies that hancot bean •s an 
effic1ent user of '*'arce resources such as labour and cap•tal Therefore part.Jcular attcnt10n of 
researchers and other concerned offie~als are reqmred to solve problems of hancot bean product10n 
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ABSTRACT 

A hancot bean marketmg study was conducted m the Nauct and l1way arcas FTOPLC had 
a market share of 70 75% of loth10p1a s cxport of pulses Smcc loTOPLC " a govcmment 
mstttuhon tts ovcrhcad expenses allowances for tmpunhcs and transport costs are more than 
those of pnvatc exporters The m&JOT marketmg constramh are shortagL of cash supply 
mstabthty poor mfrastructure govemment monopoly of output market and mtxtun .. s of pea 
bean w1th other vanetJes Prov1dmg credJt 1mprovmg the road nctwork tradc pnval17ahon 
establtshmg marketmg cooperallves strengthemng agncultural research and extens10n and 
substdtsmg exporters durmg lean years are suggcsted for tmprovement But the rolt.. of thL 
govemment m stab¡lmng pnces by holdmg stocks should not be ncglected 

INTRODUCTION 

Pnor to and dunng thc 3-4 ycar revolut10n smallholders demonstrated a rap1dly mcreasmg capac•ty 
lo use 1mproved seeds fert1lw~r and credtt Unfortunately thc pohc1es adopted to cnhance statc 
control have led lo substant1al meffic•enc•es dampened mcenl1vcs lo mercase product1on and made 
11 d•fficult for smallholders lo afford y1eld enhancmg mputs and serv1ces (Cohen and N1ls lvar 1988) 

Very httle mformat1on IS avwlable w1th regard lo market performance as the governmcnt had httlc 
mterest m the pnvate sector The obJeCilves of th1s paper are (1) to shed hght on the conduct structurc 
and performance of the marketing system m Ethtopta w1th spec1al cmphas•s on hancot bean one of 
the maJor crops and (2) lo draw tmphcallons from the analysts for 1mprovmg the performance of thc 
agncultural marketmg system 

A hancot bcan marketmg study was conducted m the Nanct and Z1way arcas Secondary mformahon 
was collected from relevan! sourees and a market partlclpant survey was conducted lo understand 
marketmg organ1zattons channels and problems from the perspecltve of dtfferent market parttclpants 
In th1s paper the •mportance of hancot bean ID the system thc markellng organl7.allons and fae~hhcs 
are descnbed Next maJor marketiDg constramts and sorne pohcy 1mphcahons are prescnted 

OVERVIEW OF THE STUDY AREA 

The study area 1s the maJor pea bean produciDg reg10n of Eth1op•a Thc pnnc1pal constrwnts lo 
product•on mclude m01sture stress (39% of thc farmers) and shortage of land (28%) seed (28%) oxcn 
(28%) and fert1hzer (20%) On average farmers ID the study area have a farm su.e of 2 9 ha a fam1ly 
s1ze of 7 3 persons and a pwr of oxen 

Mwze tef and hancot bean are the three most •mportant crops grown m the study arca Hancot bcan 
1s grown by 83% of sample farmers and covers about 20% of the total area lt IS produced mamly for 
market and 1s the first cash crop for 21% of farmers and the second for 28% of farmers About 75% 
of the hancot bean produced (eqUivalen! lo 329 kg) IS marketed Unhke ma1ze and sorghum tef and 
hancot bean are usually marketed ID bulk by the husband SIDCe thc cash 1s req01red lo settle fcrt1lu.er 
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debts and tax payments and buy clothmg About 67% of the hancot bean produced IS marketcd m bulk 
sale 

MARKETING ORGANIZATIONS 

There are several organiz.ations and traders actively mvolved m the marketmg of agncultural products 
These mclude the Agncultural Marketmg eorporatlon (AMC) scrv1ce cooperatlves pnvate traders 
and the Eth10p1an Ü1lseeds and Pulses Export eorporatiOn (ETOPEe) 

Agncultural Marketing Corporabon (AMC) 

The h1story of government mterventlon m gram m arketmg dates back to the 1950s w1th the 
establishment of the Eth10p1an Gram Board (EGB) EGB had a mandate to regulatc domest1c and 
export pnces license gram export and control qual1ty In 1960 the Eth10p1an Grwn eorporabon (EGC) 
was established to stab1lize domesbc pnces by holdmg stocks (wh•ch was the mwn fwlure of the 
EGB) and promote grwn product1on for export Strong government mterventiOn took place m 1976 
w1th the establishment of the Agncultural Marketing eorporat1on (AMe) under the Mm1stry of 
Domest1c Trade Farm gate pnces were fixed regardlcss of seasonal and regional vanabons In order 
to ensure the delivery of gram a ngorously enforced quota system was 1mposed on producers The 
AMes operabon was effected through serv1ce cooperattves and farmers were forced to dcliver 100 
300 kg of gram per flllDily 

AMe was supplymg ETOPEe w1th 1ts export reqmrcments from 1986 to 1989 because 1! was felt 
prudent (Debela Gutema 1988) to ublu.e already ex1stmg and expandmg AMe network personnel 
fleet storage and other assets Dunng that penod export crops were treated similarly to food crops 
and the1r qual1ty was poor because there was no quality mspect10n at purchasmg pomts In 1990 
ETOPEe was allowed to purchase 1ts major crops Hancot bean accounted for 3% of the total grwn 
procured by AMe from domesttc sources an average of 11 000 t of hancot bean bemg procured by 
AMe annually from I986/87 to 1990/91 The mwn supplier of hancot bean 1s Shoa The study area 
supplied 18% 52% (average 45%) of the total hancot bean purchased by AMe from 1987/88 to 
1989/90 

Afier January 1988 the government relaxed Its policy and permllted pnvate traders to move grwn 
11100ng reg1ons prov1ded they delivered 50% of thCir purchases to AMe at offic1al pnces erop quotas 
and trade restncbons were abolished m March 1990 Smcc then AMe purchases at free market 
pnces and purchasmg pnces have nsen dr1110abcally AMe has scaled down 1ts operahon smce the 
quota system was abolished 

Service Cooperat•ves (SCs) 

Unt1l 1981 cooperabve grwn marketmg was almos! non-ex1stent Smce then however coopcrabves 
have emerged and developed to play a maJor role m gram trade As of I 987 therc were about 4 052 
Ses of whtch 1 670 werc mvolved m grwn collectlon as agents of AMe More than 90% of AMes 
annual purchasc from thc peasant sector 1s collected by ses In I 982 thc1r share was only 3 8% 
(Debela Gutema 1988) 

The Ses contnbuted much to the ach1evemcnt of AMes objectives They assembled grwn from 
farmers at a fixed pnce Usually the serv1ce cooperatives rece• ved a margm of 4 5 bm/1 00 kg bean 
purchased Th1s was 8 11% of the AMes purchasc pncc from Serv•ce eooperatives The mam source 
of finance for purchasmg grwn was thc eommerc1al Bank of Eth10p1a 
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Pr1vate traders 

Therc are d1fferent classcs of pnvate traders mcludmg asscmblcrs wholesalcrs proccssors and 
exporters Thc number of pnvate tradcrs has mcrcascd smcc March 1990 followmg hberalu.at10n of 
the market Pnor to market reform gram trade was a vcry nsky busmcss smce AMC took any quanhty 
of gram found m store more than 500 kg Th1s was broadly and stnctly cnforced 

Assemblers Asscmblers buy mamly from rural markcts and sell to wholcsalers m urban ccnters They 
mostly rece1ve cash from wholcsalers and earn comm•ss10n bascd on the total quanhty purchascd 
None of thc assemblers has a hcense or h1s own gram shops 

Brokers Brokers mamly bnng scllcrs (produccrs) lo assemblcrs or wholesalcrs TheiT payment 
depends on the relahonsh1p between the partners The~r funct1on 1s cons1dered 1mportant on market 
days after harvest In sorne cases they also act as a bndgc betwccn two tradcrs 

Wbolesalers Wholesalcrs recc1ve gram from produccrs and asscm blcrs They have the1r own gram 
shops Most wholcsalers have started up very reccntly and most do not have tradmg hcenses As of 
Deccmber 1991 the number of wholesalers m thc study arca havmg hcenses rcachcd 119 Howcver 
11 IS eshmated that more than 200 gram wholesalers operate w1thout hccnsc 

Processors The mam funchon of processors 1s to clcan and separate m1xturcs to the accepted export 
leve) They charge a processmg fce of lOO Bm/t Thcy are mamly conccntralcd m Nazrcl 

Hancol bean 1s graded by gram colour SI7.C and shape Smcc the export markcl favours small wh1tc 
pea beans (4 8 mm lenglh) thesc types are mosl preferrcd Large wh11c bcans are also exported lo a 
hm1led extenl Coloured beans are used mrunly for homc consump11on but Red Wolrula 1s also 
cxportcd lo Cuba 

Pnvate exporters The share of pnvate exportcrs m bean export has nol excccded 30% Bul th1s trcnd 
1s changmg after lhc new econom1c pohcy of free markcl Pnvalc exporters may funchon as 
wholesaler processor and cxportcr They are the m aJor sources of financc for assem blcrs and 
wholcsalers Exporters are few m number and havc offices m Add1s Ababa Nazrcl and D~rc Dawa 
Mosl of them have thciT own cleanmg machmes and others use lhe scrv1ces of processors These 
exporters have lheiT own slores or renl lhem 

Etb•op1an O•lseeds and Pulses Export Corporabon {ETOPEC) 

The Eth10p1an 01lsecds and Pulses Export Corporahon (ETOPEC) was eslabhshed m 1975/76 under 
the Mm1stry of Forc1gn Trade lt 1s the leadmg 01lseeds and pulses export tradmg organw111on m lhe 
country ETOPEC grew from a small cnterpnse lo a large slate lradmg corporahon Wllh a markel share 
of about 80% of the nallonal export of 01lseeds and pulses 

The mrun objec11ves of the corporallon are lo (1) enhance lhe export of h1gh quahty agncultural 
products lo mtemat10nal markels and thereby contnbute lo fore1gn exchange earnmgs (2) ass1st 
farmers to oblrun a frur pnce for theiT exportable agncultural commodltles and (3) conlnbule to lhc 
export d•versllicahon scheme of Eth10p1a 

The maJOT export type of hancot bean 1s pea beans (A) (4 8 mm) Other exportable vanehes are (1) 
Small (A and B) (2) Med1um B and (3) Red beans (small A and B and Mcd1um B) Red beans from 
Wolruta are exported to Cuba Cubans prefer black lo red beans bul black beans are not w1dely grown 
m Elh1op1a ETOPEC has exported 3 512 1 O 534 t hancol bean worth 3 9 1 O 9 m1lhon Bm per 
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annum Europe 1S thc mam market for Eth10p1an har1cot bcans 

ETOPEC purchases from one or more traders or scrv•cc cooperallvcs prov1ded they assemblc a full 
truck The mam financ1al source for ETOPEC 1s crcd1t from the Commcrc1al Bank of Eth10p1a al an 
mterest rate of 9% unlll September 1992 and 14% thercafter The corporat1on has 1ts own trucks but 
thcy are not suffic1ent espec•ally dunng purchasmg penods Thus 11 has lo rely on the Eth10p1an 
Fre1ght Transport Corporallon (EFTC) The corporallon s central warehouse has a capac•ty of 35-40 
thousand 1 The corporat1on has 1ts own cleanmg and gradmg machmes Thcy usually hand p1ck lo 
separate m1xtures Packmg 1s m 69/70 kg (69 kg net/70 kg gross) or 49/50 kg (49 kg nct/50 kg gross) 
new smgle strong JUie bags al the buyer s opllon 

The maJor d•fficullles of ETOPEC are (1) mixtures of beans of d1fferent SI7.CS and shapes (2) 
shortage of transport fac1hlles part•cularly al peak purchasmg penods (3) fixed exchangc rate wh1ch 
hm 1ts 1ts profitab1hty and ( 4) mab1hty to enforce contracts frequently overseas chents default on 
the1r prom•ses to buy after costs for packmg and labclhng have been mcurred 

MARKETINFRASTRUCTURE 

Transportat10n fac•ht1es 

One problem of agncultural development m Eth10p1a (Dcbebe Agonafir 197 4) IS the absence of 
s1mple an1mal drawn carts wh1ch could reduce curren! h1gh transport costs Slow and mexpens1ve pack 
an1mals are w1dely used lo transport agncultural products on farm and lo the nearest v1llage markets 

Eth10p1an Fre1ght Transport Corporat1on (EFTC) 1s a government corporallon lt had the mandate of 
coordmatmg all ground fre1ght transport m the country In the new econom1c pohcy the transport 
sector •s open for free compellhon Small truck transporters are hm1ted by fue) unavrulab•hty agemg 
trucks and shortage of spare parts h1gh taxallon and a poorly developed and mruntruned road network 

Storage facilities 

Hancot bean 1s usually sold w1thm a short penod after harvest However 11 can be stored for mne 
months before 11 •s attacked by bruch1ds Smce therc 1s a shortage of sacks at harvest hancot bean 
may be left on the ground m the market unlll the next trader m the channel buys 11 

Fmanc•al serv1ces 

Cred1t 1s most 1mportant al harvestmg (November February) Wholesalers have the nght to cred1t from 
financ1al mst1tullons prov1ded that thcy have a hcense and assets for collateral The collateral may be 
a house or a truck Compared lo the 1nfonnal market the mterest rate charged by financ1al mst•tul1ons 
1s very low (9 14% per annum) However very fcw traders rece1ve cred1t from these mshtut•ons 
because thcy are unable to fulfil loan requuemcnts 

Sorne wholesalers and exporters may lcnd moncy for purchasmg hancot bean The total amount of 
such a loan may reach 20 30 thousand bm Such cred1t attracts a very h1gh comm1ss•on the most 
common comm•ss1on 1s 10 bur/t bean purchased eqmvalent to 2% per month 
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EFFECTS OF POLICY CHANGES ON PEA BEAN MARKETING 

The maJor changes m the new econom1c pohcy can be summanzed as follows (1) devaluahon of local 
currency (from 2 07 lo 5 00 bm per US$) (2) settmg a m1mmum guaranteed produccr pncc of hancot 
bean (from 450 600 bm/t to 1350 b1rr/t) (3) mcreasmg mterest rate for mshtut10nal cred1t (from 9% 
lo 14%) (4) ra1smg export (transact1on) tax (wh1ch was 2% of the exported value) (5) subs1d17.mg 
transport costs (6) opemng the transport sector for free compehhon and (7) removmg the subs1dy for 
ETOPEC 

The efTects of these pohcy changes are felt 1mmed~ately m pea bean markehng (Table 1) The changes 
were made as a package and therefore 11 IS d1fficult lo 1solate the efTect of one pohcy change from 
the others Assummg a long term (1973 1993) average selhng pncc FOB al Assab (489 66 US$/t) 
both producers and exporters may have reaped the benefit However the 1993 FOB pnce 1s 
excephonally low (on average 445 US$/t) and redueed the profit of pnvate exporters and scaled down 
ETOPEC s bean purchases Smce ETOPEC IS a government mshtuhon 1ts overhead expenses 
allowances for 1mpunlles and transport costs are more than thosc of pnvate exporters Pnvate 
exporters can eas1ly negot1ate transport costs A maJor factor m marketmg the mcreased Eth10p1an 
exports 1s the h1gh cost of movmg crops from pomt of produchon to port (Debebe Agonafir 1974) 

Based on the long term average world bean pnce at Assab ETOPEC was operatmg al a loss of 99 62 
bm/t However th1s was mamly due to the fixed exchange rate (2 07 bm = 1 US$) wh1ch was very 
low to g1ve mcenhves for both exporters and producers As thc cxchange rate IS r81sed lo Bm 5 per 
1 US $ part of the mcreased benefit 1s passed lo the producers as an mccnhvc for quahty produce and 
lo reduce cleanmg and handhng costs 

Smce purchasmg pnces have been very low farmers have not g1ven attenhon lo the punty of the1r 
produce lnstead they add fore1gn matenals lo mercase the we1ght Mixtures are a major cause of 
mcreased processmg costs The marketmg system 1s not able lo d1stmgu1sh qual1ty and hence reward 
merchants and producers on that bas1s (Debebe Agonafir 1974) Other factors leadmg to poor qual1ty 
produce are the use of mdetermmate bean vanet1es and delay m harvestmg The questJon of 1mproved 
qual1ty m pea beans res1des m Eth1op1a s ab1hty to use the determmate vanet1es and machme handlmg 
methods of Westem agnculture (Deran Markanan 1979) 
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Table 1 Cost sheet for pea bean export on FOB basas for ETOPEC and pnvate exporters beforc and 
afler pohcy changes (br/t) 

ETOPEC Pnvate cxportcrs 

Beforc AOcr Bcfore AOer 
Type of costs pohcy change pohcy change pohcy change pohcy changc 

Purcbasmg cosU 
Long tenn average purchasang pnce 
( 1978/79 1990/91 ) 556 00 1400 00 600 00 1500 00 
Loadang and unloadang cost 10 00 44 30 10 00 10 00 
lnland ansurance (average) 1 50 1 60 o 00 o 00 
lnland transport ( ) 48 80 68 00 o 00 o 00 
Bags and twanes 10 50 13 30 20 00 25 00 
Sub total 626 80 1527 20 630 00 1535 00 

Processm g e o su 
Stock msurance (average) 1 90 1 90 o 00 o 00 
Fumagataon at store o 80 3 90 3 00 3 00 
Cleanang and handhng labor costs 69 00 69 00 50 00 50 00 
Allowance for foreagn matenals 
spallage and weaght loss 27 80 70 00 12 00 30 00 
Allowance for maxtures 55 60 140 00 36 00 90 00 
Sub total 155 10 284 80 101 00 173 00 

Export expenses 
Export bags and twanes 30 50 43 10 40 50 53 10 
Transport to Assab port (average) 108 50 217 50 98 00 167 00 
Transa! ansurance (average) 2 90 2 90 2 90 2 90 
F um agataon at port 2 80 3 30 2 80 3 30 
Weaght and qualaty anspectaon 3 00 3 20 3 00 3 20 
MTSC handhng chargcs 43 60 43 90 43 60 43 90 
Ethaopaan standards 2 80 3 30 2 80 3 30 
Declarataon 5 60 5 60 5 60 5 60 
Transactaon tax 11 12 000 12 00 o 00 
Quarantane costs (average) o 50 o 50 o 50 o 50 
Storage at port and Other charges o 30 2 20 o 30 2 20 
Sub total 213 62 325 50 212 00 285 00 

Mtscellaneous expenses 
Bank anterest (for 4 months) 29 80 99 75 28 29 93 00 
Overhead expense lOO 40 194 00 3541 35 41 
Sub total 130 20 293 75 63 70 128 41 

Total cost of pea bean export 1123 72 2431 25 1006 70 2121 41 
Long tenn average selhng pnce FOB 
Assab 1973 1993 1013 60 2448 30 1013 60 2448 30 
Plus sale of reJecled beans 10 50 21 00 21 00 42 00 
Total revcnue from bean cxport 1024 10 2469 30 1034 60 2490 30 

Net profit/loss 99 62 38 05 27 90 368 89 

So urce Costs related to ETOPEC are obtamcd from ETOPEC headquarters 
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MAJOR MARKETING CONSTRAINTS AND SOME POLICY IMPLICATIONS 

Major marketmg constramts 

The marketmg system 1s hmdered by many mterrelated factors among wh1ch shortage of cash poor 
transportat10n facilities and mfrastructure and supply mstab1hty are worth menllomng 

1 Sbortage of casb Gram movement and storage length are hm1ted by cash shortage causmg more 
rap1d cap1tal tumover and tbus greater seasonal pnce vanallons Serv1ce cooperat1ves are also 
hampered from part•c•patmg m the gram trade by shortage of cash 

2 Poor transportnbon facdttles Most farmers use pack an1mals or head loads to take the1r produce 
lo market Traders are hm1ted by poor transportallon fac1ht•es the cost of whtch IS h1gh even 1f they 
are avatlable Scarc•ty of spare parts for agemg trucks 1s also a problem 

3 Poor mfrastructure Although the road network •s good relallve to other parts of the country 
roads do not reach most serv1ce cooperat1ves Roads are m poor cond•llon and cause frequent truck 
repatr 

4 Supply mstab1hty The supply of hancot bean •s seasonal 11 reaches 1ts max1mwn 1mmed18tely 
after harvest and sharply declmes before the next harvest In July/August hancot bean trade free~.es 

The roo! causes of thts mstabdtty are the vaganes of weather lack of agncultural technology lo 
mercase and stab1hze product1on and pohcy conslratnls The study area frequently faces crop fa1lurc 
due lo the late onset or early cessallon of ratnfall The agncultural research system has not developed 
suffic•ent technology lo cope w1th m01sture stress 

5 Govemment monopoly of output market About 70% 75% of hancot bean export •s handled by 
government ETOPEC operates al a loss or wtth m1mmum margms due lo h1gh overhead costs 
transport expenses and allowances for •mpunt1es 

6 M1stures of pea bean w1tb dlfferent coloured and stze beans Most exportcrs and proccssors 
were womed about m1xtures of pea beans w1th other vanet1es In Mek1 and Z.way areas the 
percentage of mixtures JS as h1gh as 12% 

Sorne pohcy tmphcatJons 

Government acllon m the followmg areas would greatly enhance the effic•ency of the marketmg 
system 

1 Cred1t Loans should be extended to serv1ce cooperat1ves traders and transportcrs lo facthlate long 
term storage mcreased scale of opera11on and movemenl of gratns The AID Bank should rccons1der 
the assets reqUJred as collateral 

2 lmprovmg tbe road network The road network should be 1mproved lo reach mral areas Th1s 
would fac•htale transporters and traders v•s•ls lo mral areas and could be ach1eved by slrengthcmng 
the collaborallon between rehef agenc1es serv•ce cooperallves and the Eth10p1an Road Transport 
Authonty through food for work programmes 

3 Trade pnvattzatton The governmenl should w•thdraw 11self from exportmg bcan and encourage 
pnvale exporters as the ovcrhead expenses of governmcnt mslllullons are much h1gher !han thosc of 
pnvate exporters Pnvate exporters are more effic1enl m terms of handhng costs and searchmg for 
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better markets However a quahty control mcchamsm must be dcv1scd as thc statc d1sappears from 
marketmg to av01d damagmg pnces on mtemahonal markets Trade hberalu.ahon does not mean 
lalssez j01re The role of govemment m stab1lumg pnccs by holdmg stocks should not be neglected 
Govemment should play an •rnportant role m supportmg strateg1c grrun stocks and estabhshmg a floor 
pnce lt should also support rural transport 

4 Marketmg cooperattves Reducmg the number of m1ddle men by operatmg through serv1ce 
cooperahves w11l mercase the share of the farmer frorn the gram market Profíts from grrun sales could 
be used lo repay cred1t and mamtam ex1stmg fac1hhes and a port10n could be red1stnbuted among 
members Th1s could be trnplernented by s•gnmg a contrae! m advance Pnvate exporters govemment 
agenc1es and consumers could be the customers of the serv~ee cooperahves but structural 
reorgani7.0hon and regulahon of the serv1ce cooperahves must be lrnplemented lo ensure effíc1ency 
and av01d theft 

5 Strengtbentng agncultural researcb and e:otenston The development of h1gh y•eldmg hancot 
bean vanehes 1s cruc18l lo attam mcreased and stable produchon An mtegrated approach for 
dtstnbutton of clean seed must be dev1sed by researchers extens10msts seed compan1es and exporters 

6 Subs1dy for e:oporters dunng lean years W1th the mtroduchon of a guaranteed m1mmum 
producer pnce a tngger rnechan•srn should be mtroduced by wh1ch cash would be syphoned off and 
kept m spec1al accounts dunng wmdfall penods thus creatmg fall back funds for lean years The 
Customs and Exc1se Admmtstrahon could take and depos1t the money thus generated m the spectal 
accounts Whenever pnces fall below the total cost of export the govemment should subs1d17.e 
exporters based on exported quant1ty w1th certrun percentage allowances for off types 
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EXPERIENCES IN ON FARM RESEARCH WITH BEAN (Pbaseolus vulgans) 
CULTIVARS 

Isaac Mulagoh 

La1lup•a Rural Development Programme Nanyuk1, Kenya 

ABSTRACT 

On farm tnals of threc bcan cultivars (Rose Coco Kat B 1 and Kat MM) wcre conducted ID 

the cool dry chmate of 1 aik1p1a DIStnct ID thc R1fl Vallcy ProVIDCC of Kenya The tnals 
sought to venfy the performance cconomJc VJ&blhty and social acceptabJhty of the culhvars 
under farmers cucumstances and field managcment fhcy wcre conducted for 'iCVt..n 

consecullve oreasons (sccond scason 1988 to sccond scason 1991) m mnc locahhcs that havc 
btmodal ramfall and two growmg seasons pcr ycar Onc hundrcd farmcrs werc achvcly 
mvolved m carrymg out all field operattons wtth etght of them recordmg tmportant chmahc 
data Agncultural extens10n asststants res1dmg m thctr re<ipcchvc workmg umts were 
responstble for data collechon and ass1shng fanncrs m complctmg cvaluallon queshonnaues 
Cultivar Kat MM was supenor and most conlitiOtent m performance across locahhcs and 
seasons wtth an overall ytcld advantage of 26o/ over Rose Coco Kat MM affordcd 26% more 
monetary retums to fanners than Rose Coco at local market pnces and 13o/ at gal'etted pnct..s 
Kat B l was h1ghly susceptible to dtseases and was least produchvc but tt had thc most 
acceptable laste m all locahhes wtth over 90% of the fanners optmg to rctam 1t for prcpanng 
local dtshes Rose Coco remamed the fanners chmce m seed SIZC colour and markct valuc 
In sununary thts paper reconunend that Kat MM beans be relealied for cxtcnston servtcc~ m 
target arcas of the dtstnct Kat B 1 beans be retumed to the rescarch stahon for furthcr 
research on dtsease control and managt..mcnt and Rose Coco should conhnuc Bli the fanncr10 
chmce to be grown alongstde Kat MM when weathcr condthon~ are favourable 

INTRODUCTION 

The Lruk1p1a Rural Developmenl Programme (LRDP) has adopled on farm rcscarch (OFR) as a 
method for attrumng h1gh crop y1clds for guaranleed food secunly and farm IRCome for small farmcrs 
The y1eld po1enl1al of thrce bean culhvars and theu soc1o-econom IC apphcabdtty were assessed IR 
OFTs IR Lruk1p1a for seven consecuhve growiRg seasons The lnals were conducled w1lh lhe obJCCIIVC 
of mtroduciRg 1mproved bean cul11vars lhal are ecolog1cally adapled cconom1cally v1able and soc1o 
culturally acceplable lo settled and setthng small farmers of La1k1p1a D1stncl 

Thts paper descnbes lhe coni1Rua11on of the tnals IR lhe Lruk1p1a case sludy h1ghhghled by M ulagoh 
(1990) 1t oulhnes lhe conlnbu110n of OFR IR lhe genera11on and lransfer of appropnale knowledge 
of bean cul11vars for ulthzahon by resource poor small farmers An attempl ts made lo evaluale lhe 
research findiRgs from lhe perspechve of collaboraltng farmers The enhre coverage of lhe papcr 
underscores the need for 1h1s research approach IR the area espec1ally when 11 1s apprec1ably 
recogmzed thal all lhose IRvolved 10 lhe lnals are new IR lhe d1stnc1 w1th hm1led knowledge of 
dryland farmiRg lechmques IR cold dry envuonmenls They are thus nol well eqmpped w1th propcr 
agncultural IRiervenhons for IRcreased and suslrunable crop produchon (Mulagoh 1990) 
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The dtscusston m subsequent secltons ts a synthests of mformatton drawn from data collectcd stmplc 
quesltonnatres field days and personal mtcracttons between the author and collaboratmg farmers m 
OFR lt also constders the contnbutton of thc followmg spectaltsts who worked m partnershtp wtth 
farmers throughout the OFR process 

plant breeders pathologtsls and entomologtsls from Kenya Agncultural Research lnslttute 
(KARI) Katumant and Thtka 

socto-economtsls from Latktpta Research Programme (LRP) 

commumty development spectaltsts from LRDP and Mmtstry of Culture and Soctal Servtces 
Latktpta and 

agncultural extenston agents from the Mtmstry of Agnculture Ltvestock Development and 
Marketmg Latktpta 

Bestdes promotmg and tmprovmg research acltvtly m the dtstnct for the welfare of small farmers thc 
paper may provtde a more pracltcal mteractton between rcsearch sctenltsts and extenstomsts wtlh 
small farmcrs servmg as lynch pms m the system (Abbas 1989) OFR on beans whtch ts the focus 
of thts presentatton contmued m Matanya and seven addtltonal localtttes of stmtlar agro-ecologtcal 
condtltons for two more years (four growmg scasons) 1990 1991 mvolvmg one hundred farmers 

OBJECTIVES OF OFR IN LAIKIPIA 

lo mvolve farmers m the seleclton of adapted bean culltvars through venficalton of the 
peñormance economy vtabtltty and soctal aceeptancc of Kat B 1 Kat MM and Rose Coco 
(control) m Latktpta (cold dry) under farmers ctrcumstances and field management 

lo recommend the adapted bean culttvars for dtssemmalton lo farmers through extenston 
servtces m the target arcas and 

lo provtde feedback lo the research stalton on cases that requtre further research on bean 
crop tmprovement 

METHODOLOGY 

These were farmer managed and farmer-executed venficalton tnals They were thus conducted 
accordmg lo farmers methods of growmg beans For detatls refer lo Mulagolt (1990) The 
observattons reacttons and comments of farmers and extens10n agents were compared lo help m 
presentmg a balance assessment m the final report The followmg steps were undertaken m success10n 
and someltmes m an overlappmg manner dunng the tnal penod 

Cbotte of tulttvars 

There was no change m treatments for the enttre tnal penod (1988 1991) However scrcemng of 
vanettes al Matanya statton conltnued whereby three more bean culttvars namely Kat 69 3330 and 
3334 were recommended for OFR effecltve from 1992 

Cbotte of lotahttes and farmers 

The tnals were extended from Matanya to sevcn more rccommendatton domatns namely Kthato 
Muhoma Sweetwater Wtthare Kangu tm Nyambogtcht and Wturnmne Wtth the help of 
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predetennmed entena (Mulagoh 1990) ten fanners werc sclcctcd from cach targct arca A total of 
100 fanners were selected and cnhghtcned on purposc of the tnals and the1r role dunng meetmgs 
convened m the1r respective v1llages 

Plaonmg and des•gn 

The procedure followed m thc preparallon of the tnal prograrnme remamed thc sarne A randomu.cd 
complete block des1gn (RCBD) of three treatments (Kat Bl Kat MM and Rose Coco) was mamtamed 
w1th a smgle rephcallon per fann lnstrucllon and data collccllon sheets werc prepared and supphed 
to the agncultural ass1slants deployed m locahllcs of OFR (Rohumoscr Eschbom 1985) 

Weatber rev1ew 

The rev•ew of weather 1s based on chmat1c data (tempcrature and ramfall) recordcd w1thm thc target 
arcas of OFTs The stahons were located m fanners lields and records taken by fanners thcmselves 
Full mstruct10ns on the use ram gauges and rcadmg of mwumum mm1mum thennomctcrs were giVen 
on frequent superv1sory v•s•ts 

F1eld operahons 

All lield operahons from land preparahon to harvestmg were undertaken by fanners themsclvcs but 
key operahons hke plantmg and harvestmg werc w•tnessed by the agncultural ass1stants of thc1r 
respective local•hes Th1s methodology affordcd fanners thc opportumty for full and achvc 
part•c•pahon m the OFTs The produce was lcft w•th the fanners to cook scparatcly and also compare 
the cookmg 11m e laste preferencc and storab1hty (of both cookcd and dry grams) 

Land preparahon and sowmg wcre by hand Traces of manure could be spottcd m fanns whcrc mau.c 
was also grown but no fanner apphed fert1lu.crs lo thc OFTs Weedmg was also by hand usmg mamly 
farn1ly labour The farn1ly labour mvolved mostly women and ch1ldrcn whercas h~red labour mcluded 
young men and women who were mostly school lcavcrs Wccdmg was prachsed tw1cc on average but 
caused much darnage m wel scasons 

Pests observed m the lield mcluded bean stcm maggots cutwonns bean aph1ds and pod borers Thc 
efTect of pests vaned w1th seasons bul was s1m1lar m all local•t•es No fanncrs allcmpted chcm•cal 
control of pesls 

There was h1gh d1seasc mc1dence m all local1hes and seasons cspcc•ally lowards crop m atunty 
Commonly observed d1seases on beans mcluded common bactcnal bhght (Xanthomonas campestns) 
halo bhghl (Pseudomonas syrmgae) anthracnosc (Colletotnchum lmdemuthwnum) and angular leaf 
spol (Phae01sanopsn gnseo/a) and there wcrc traces of ascochyta bhght (Phoma ex1gua) Kat B 1 was 
most affected w1th many fanns showmg severo necrosis of bcan plant parts D1seases may havc 
contnbuted lo loss of plants espec1ally for Kat B 1 Fanners gcncrally requested control measures smcc 
they d1d not w1sh to abandon thc vanety duc to 1ts other 1mportant trmts of early matunty and 
consumer laste preferencc All fanners mterv1ewed concurred that thc poor y1eld of Kat B 1 m ay be 
due to 1ts suscept1b1hty to d1seases Kat MM and Rose Coco were less affected m the vegetahve phasc 
but anthracnose and angular leaf spol occurred near malunty affechng seed developmcnt and reducmg 
y1elds Rose Coco also sufTered from leaf rust espec1ally dunng wet seasons No fanners sprayed 
agmnst d1seases 

The full harvestmg operahon was w1tnessed by agncultural ass1stants who recorded date of 
harvestmg grmn y1eld and perccnlage grmn m01sture contenl (% M C) The grams were left w1th 
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farmers lo cook and comment on the sweetest vanety storab1hty cookmg lime and gram colour and 
SI7.C 

RESUL TS AND DISCUSSION 

The good weather cond111ons expenenced m the two year penod ( 1990 91) were punctuated by dry 
spells from May lo July (Tables 1 and 2) comc1dmg w1th the flowenng and pod fílhng stages of 
beans 

Table 1 Monthly ramfall (mm) al Matanya for four years 1988 91 

Year Jan Feb Mar Apr M ay Jun Jul Aug Sep Oct Nov Dec Total 

1988 39 2 70 4 169 2 138 o 27 1 86 3 122 6 99 6 58 2 85 5 58 2 66 2 1020 8 
1989 48 6 267 78 9 73 5 301 89 116 1 373 34 6 110 4 104 3 102 1 112 1 
1990 39 6 35 9 102 1 136 3 673 62 101 98 80 9 1 128 5 69 6 622 5 
1991 29 4 13 5 78 4 1004 43 o 847 101 64 6 28 93 2 132 3 60 o 712 4 

Table 2 Monthly mean m1mmum and max1mum tcmpcratures and ramfall (mm) and numbcr of days 
of ramfall for farm of Jane Watanya 1990 91 

1990 1991 

Precipitallon Precipiiallon 
Tempcratures (oC) Temperatures (oC) 

Total No of Total No of 
Mean Mm Max mm days Mean Mm Max mm days 

Jan 20 3 70 33 o 39 6 10 20 8 70 39 o 29 4 4 
Feb 21 1 lOO 33 o 38 9 12 22 2 1 () o 35 o 13 5 3 
Mar 21 6 12 o 32 () 102 1 11 22 1 10 o 36 o 78 4 5 
Apr 21 3 11 o 32 o 136 3 10 21 o lOO 32 o 1004 10 
M ay 20 4 11 o 30 o 673 3 23 () 12 o 38 o 43 o 4 
Jun 19 3 11 () 29 o 62 5 21 6 11 () 38 o 847 10 
Jul 18 9 11 o 29 o 10 1 2 18 5 1 o o 30 o 1 o 1 4 
Aug 19 4 lOO 32 () 98 2 20 5 1 o () 34 o 64 6 8 
Sep 20 8 lOO 32 o 80 22 1 lOO 37 o 28 2 
Oct 20 3 105 32 o 9 1 13 23 3 lOO 375 93 2 16 
Nov 19 8 10 o 29 o 128 5 19 223 lOO 36 o 132 3 16 
Dec 209 11 o 32 o 69 6 9 22 4 lOO 36 o 60 o 9 

The evaluallon of OFT rcsults cons1sted of y~eld response socw-cultural acceptab1hty and econom1c 
returns In the analys1s of vanance of gram y1elds the test farms m a locahty "ere cons1dercd 
rephcallons so that the vanat10n among them was reflected m management x trcatment mteracllons 
The vanallon among 1ocahlles reflcctcd envnonment x trcatmcnt mtcracllons There werc no farm x 
treatment mteractions due lo absence of w1thm farm rephcallons Data were obtamed from 55 farms 
m 1990 and 54 m 1991 from a poss1ble lOO farms m seven v11lagcs 
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Kat B 1 and Kat MM reached phys1olog•cal matunty al the same 11m e and SIX days earher than Rose 
Coco (Table 3) The dry spell expenenced dunng the reproducllvc phase may have d1sturbed 
observallons of phys10log•cal matunty but Kat MM reg1stered the heav~est y•eld per day of growth 
whde no s1gmficant d1fference was noted between Kat B 1 and Rose Coco (Table 5) 

Table 3 Mean number of days from plantmg lo phys10log1cal matunty 1988 1991 

Scason 

Vanet1es 2nd 88 1st 89 2nd 89 1st 90 2nd 90 1st 91 2nd 91 Mean 

Rose Coco 133 o 83 o 98 o 87 o 94 o 89 o 90 o 93 4 
Kat Bl 102 o 80 o 91 o 88 o 88 o 83 () 83 o 87 9 
KatMM 102 o 80 o 91 o 88 o 88 o 83 o 83 o 879 

Mean 105 7 81 o 93 3 87 7 90 o 85 o 85 3 89 7 
STD 52 1 4 3 3 05 28 28 33 26 
cv (%) 49 1 7 3 5 05 3 1 3 3 39 29 

Gram y1elds ranged from 77 (Rose Coco m W1ummne m 1990) to 2843 kg/ha (Kat Bl m K1hato m 
1990) The average y1eld for the three cultiVars was 790 kglha over four seasons (1990 91) The 
separate averages were 942 725 and 703 for Kat MM Rose Coco and Kat Bl respecllvely ovcr the 
same penod Kat MM thus recorded average y1elds above 800 kg/ha (nallonal average for bean) w1th 
a y•eld advantage of 30% over Rose Coco Kat MM was supenor and most cons•stent m performance 
across local111es and seasons reg1stenng an ovcrall 26% y1eld advantagc over Rose Coco over the 
seven seasons (Table 4) 

Table 4 Mean gram y1elds (kg/ha) of vanelles m OFTs over seven seasons 1988 1991 

Season 

Vanelles 2nd 88 1st 89 2nd 89 1st 90 2nd 90 1st 91 2nd 91 Mean 

Rose Coco 569 352 177 534 755 989 620 571 
KatBI 432 383 154 600 776 757 680 540 
KatMM 626 407 236 879 891 994 1005 719 

Mean 542 381 189 671 807 913 768 610 
SD 81 4 22 5 34 5 149 5 59 8 110 6 169 1 78 4 
cv (%) 15 o 59 18 3 22 3 74 12 1 22 o 12 8 
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Table 5 Mean gram y1clds (kglha/day) of thrce vanelles m OFTs over seven scasons 1988 1991 

Scason 

Vanet1es 2nd 88 1st 89 2nd 89 1st 90 2nd 90 1 si 91 2nd 91 Mean 

Rose Coco 50 42 1 8 6 1 80 11 1 69 62 
Kat Bl 42 48 1 7 68 88 9 1 82 62 
KatMM 6 1 5 1 26 1 o 1 1 o 1 12 o 12 1 83 

Mean 5 1 47 20 76 90 107 9 1 69 
SD 08 04 04 1 7 09 1 2 22 1 o 
cv (%) 15 2 74 19 7 21 9 96 11 1 24 5 14 2 

The village by village average y1eld d1stnbullon (F1gurc 1) generally md1cates that Kat MM out 
y•elded the rest wh1le Kat B 1 y•elded poorest m all but one localiiy The frequency d•stnbullon of 
farms m y1eld classes (Figure 2) md1cates the appearance of Kat B 1 m extremes makmg 11 a nsky 
altemat•ve for the arca In fact the maJonty of farmers reg1stered y1elds below 600 kglha for Kat B 1 
Kat MM was found mamly among the heav1er y~eldmg classes w1th max1mum d•stnbutmn between 
800 and 1400 kg/ha The farmer who produced 77 kglha was found lo have poor fencmg and h1s tnal 
was grazed by hveslock wh1le those w1th y1elds above 1500 kglha were found lo take bettcr care of 
the tnals The consisten! performance of Kat MM across md•v•dual farms and 1ts spread m y1eld 
classes above the average make 11 a more su•table chOice for extensmn serv1ces 

D1sease mc1dcnce had a d•rect 1mpact on the dcclme m bean performance Therc was apprehensmn 
among farmers on the sUitabihty of Kat B 1 due to Ils h1gh suscepllb1hly lo common bactenal bhght 
and halo bhght wh~eh grcatly rcduced plant numbcr and decreased y1elds Other d1seases of econom•c 
1mportance were anthracnose angular leaf spot and ascochyta These appeared dunng the later stages 
of the crop 

Other factors alTectmg performance were pests and lodgmg MaJor pest problems had a laten! effect 
on bean performance especially bean stem maggots and aph1ds Lodgmg was notable dunng wet 
penods mostly al poddmg stage but on a large scale There were weed problems dunng wet condiiions 
necessitatmg the h1re of addiiiOnal labour for wecdmg 

Socio-ec:onom•c assessment 

The rum of OFTs was not only lo mercase and stab•lu.c y•elds but also lo 1mprove econom1c retums 
and consumer qual11les Th1s necess1tated the evaluallon of soc1al and econom1c aspects from mcept1on 
lo post harvest penod of the lnals m order lo gauge farmers percepllons of OFR The bottlcnecks m 
ex1sllng producllon systems would be 1dentlfied lo help form ulate research pnonlles m the target 
arcas Conducted mformally and through a questmnnrure mformat1on was collecled on maJor farm 
enlerpnses mcome levels wealth status social status sensory laste mantal status mcome levels 
markel pnces cred1l fac•hlles slorab1hty and household economy m general (Keter 1989) Momtonng 
of these aspects was structured lo allow d1alogue w1th farmers through frcquent and regular VJSIIS 

The farmers rcgarded Kat MM as the earhest matunng and most v1gorous m performance lts laste 
and gram s•ze were appreciatcd but gram colour bctrayed 11 lo be GLP 1004 (Mwe" Moja) wh1ch 1s 
regarded as less palatable lt has good keepmg quahty both as gllhen and dry grrun and the maJonty 
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of farmers were mterested m havmg the vanety Judgmg by the numerous apphcaltons for mcluston 
m OFTs Kat Bl showed poor phystcal performance but was early matunng and tasted bes! Farmers 
wtshed to relatn the vanety but wtth spectfic recommendattons on dtsease management and poor 
storabthty after cookmg and m store (heavy pest attack) Rose Coco remamed the most attracttve m 
gram colour and stze but was leas! apprectated m for laste Thts assessment of the quahttes of bcans 
by farmers was conducted dunng mdlVldual farm vtstts and through exerctses dunng field days The 
results of two such field days held m two of the Jocaltltes m the same week mvolvmg preparatton 
of gllhen are shown m Table 7 Note that the dtsh was prepared at the same lime by the same person 
and tastmg was conducted before farmers had a mea) or dnnk after the field day 

Table 7 Numbers and percentages of farmers prefemng the lastes of Kat BJ Kat MM and Rose Coco 
dunng two field days 

Localtty Total 

Matanya 89 
Muhoma 41 

Total 130 

Rose Coco 

3 (3 3%) 
o (0%) 

3 (2 2%) 

KatMM 

45 (50 7%) 
19 (46 3%) 

64 (49 2%) 

Kat Bl 

41 (46 0%) 
22 (53 7%) 

63 (48 6%) 

The market pnce was the same at local market centres (LMC) whereas mstttullonal pncmg pohcy 
favoured Rose Coco by 8% over other vanettes However none of the OFT farmers sold thetr produce 
to the Nattonal Cereals and Produce Board (NC&PB) smcc local demand outstnppcd supply Thc 
table below shows the markct value of the threc bcan vancltes tradcd at two dtffcrent pnces levcls 
m 1991 

Table 8 Market value of bcans al mstttuttOnal (NC&PB) and local market centre (LMC) pnccs 

Pnce/90 kg bag Markct valuc (Ksh) 

Vanety (kglha) NC&PB LMC NC&PB LMC 

Rose Coco 570 8 520 1200 3297 95 7610 65 
Kat Bl 540 3 480 1200 2881 60 7204 00 
KatMM 719 8 480 1200 3838 95 9597 30 

The table shows 13% and 26% mercases m markct value m favour of Kat MM over Rose Coco al 
NC&PB and LMC pnces respccttvely Productton costs wcre the samc for all culttvars The 
mtroductton of Kat MM mvolved no extra cost as no changcs m mputs and pracuccs werc 
contemplated Hence ti ts profitable lo adopt Kat MM smce thc mercase m yteld ts suffictcnt to 
compcnsate for the lower pnces offered by thc NC&PB 
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Extens10o of Kat MM Beans 

The ulhmatc goal of OFR ID Lwk1p1a was lo dcvclop wcll adapted cxtcns10n recommcndahons w1th1D 
a hmlled pcnod of 11m e In th1s way OFTs have hclped ID thc rccommcndahon of Kat MM an adaptcd 
bean vanety appropnate for the cold dry cond•t•ons of La•k•p•a LRDP IDvolvcd LRP KARI and 
extcns•on agents of thc MoA nght from the d1agnoshc stagc of OFR m thc d1stnct Extcns1on agcnts 
were ass1gned w•th specilic funchons dunng tnals as part of the1r respons•b•ht1es ID dcvelopiDg thc 
vanety for effcchve transfcr lo farmcrs 

The transfer of thc Kat MM bean package was ach1evcd through vanous cxtens10n mcthods that 
IDcluded crop dcmonstrat10ns ficld days IDdiVIdual farm VISits Agncultural Soc1cty of Kcnya 
(A S K) Nanyuk1 shows field tours traiDIDg workshops and scmiDars Followmg thc recommcndahons 
of Kat MM for extcnsmn scrv•ccs on farm demonstrat1ons werc estabhshed m wh1ch largc plots of 
the vanety werc grown bes1dc local ones Each locahty was rcprcscntcd by two demonstrahon plots 
Thc farmers hostmg thc demonstratmns had rcvcahng expenencc on v1gour of growth lime of 
flowcnng rus! res1stance and assured y1elds of thc vancty boostmg chances of 1ts adophon F•eld days 
wcre organu.cd on thesc plots dunng wh1ch OFT farmcrs werc g•vcn thc opportumty to act as rcsourcc 
persons ID cxplaiDIDg lo others the attnbutes of Kat MM beans Separate ficld days wcrc hcld for cach 
local•ty al a frequency of one ficld day per locahty per scason The ficld days werc attendcd by LRP 
experts ID ecology and soc•o-cconom1c stud1es commun1ty devclopmcnt spec1ahsts from thc MIDlslry 
of Culture and Soc•al Serv1ccs local admiDistrators and pubhc health personnel m thc host arcas Each 
of thcsc groups had an opportumty to commun•catc to farmcrs on the cssencc of adoptmn of thc 
prachce Thc attendancc of thc field days rose from 35 ID 1988 lo over 300 farmcrs ID 1992 al the 
same penod (Dcccmber) of the year ID thc samc locahty (Matanya) (LRDP reports on ficld days) 

lnd•v•dual farm vlsliS wcrc also conducted w1th more pos1hve rcsults as ovcr 3 000 farmcrs had had 
acccss to the vancty SIDCC 1ts releasc F1cld cxtcnsmn agents conductcd the farm VISIIS Dunng the 
A S K Nanyuk1 shows held annually sorne OFT farmcrs attcnded as stcwards al thc demonstrat10n 
s1te ID thc show ground Th1s approach attracted large numbers of show gocrs most of whom enqUircd 
about selechon to be an OFT farmcr Thc most emphasu.cd vanety attnbutcs dunng thc cxteos10n 
sess1ons IDcluded carly matunty v•gour of growth stablc y1eld and palatab1hty as opposed to the 
unpopular GLP 1004 (Mwc71 Moja) that has the same colour TraiDIDg workshops and scmiDars wcrc 
held for extcns•on agcnts to fam1hant.c al! staff ID thc d1stnct w1th thc Kat MM package for cffect1vc 
and effic1ent d•sscmiDahon lo farmers Thc package was al so IDcorporatcd ID thc traiD and v•s•t (T & V) 
system that was ID operahon (LRDP reports on traiDIDg workshops 1992) F1cld tours of farmers and 
staff lo targct arcas were organu.cd for al! lo w1tncss the supenonty of Kat M M 

Farmers werc w1lhng lo adopt the vanety but sorne husbandry prachccs espcc•ally fert•lu.cr and 
pest•c•de apphcahon m ay not be rcad1ly acccpted duc lo thc costs IDvolvcd Smce the adophon of thc 
enhre package would be neghg1ble a stcp by step rccommendat10n (Stemcr 1987) was suggestcd for 
the vanety Apart from the costly mputs there are not many agronom1c changcs ID the package exccpt 
spaciDg (40 x 15 cm) and pcstld•scase control mcasures Farmers assessment of the vanety was thc 
maJOr bas1s of 1ls d•ssemmat1on ID the target arcas makiDg d1ffusmn amongst farmers themsclves 
another 1mportant extens1on method that was not only noted for Kat MM but al so Kat B 1 Thesc OFT 
vanehes werc beiDg grown by farmers outs1de the target arcas cven beforc the rccommendahons The 
demand for the vancty (Kat MM) 1s so h1gh that a seed mulhphcahon programmc w•ll be neccssary 
on a commerc1al bas1s 
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MAIN CONSTRAINTS OF OFR IN LAIKIPIA 

Inadequate number of extens10n personnel m the d1stnct rcducmg thc num ber of locaht•es 
to be mcluded m the OFTs 

Lack of speCiahsts m Farmmg Systems Research (FSR) coupled w1th madequate trammg of 
those mvolved m the tnals 

H1gh nsks of crop fwlure due to errallc chmallc cond11Ions 

H1gh costs of labour for weedmg and land preparallon 

H1gh mc1dences of bean d1seases 

Lack of mslltullonahzed collaborat10n betwecn the d1stnct and KARI 

There IS no specdic budget for the OFTs m the m1mstry allocat10ns Hence withdrawal of 
LRDP can be a b1g blow to the proJect 

RECOMMENDATIONS 

Kat MM beans should be released to farmcrs m Laik1p1a through cxtens10n serv1ces A seed 
mulllphcallon progrwnme should be estabhshed to prov1de seed at reasonable costs 

Kat B 1 should be rcturned to the rescarch stat10n for further research on d•seasc control and 
management It should be returncd to farmcrs for Ils positive attnbules 

Rose Coco should be grown alongs1de Kat MM dunng favourable condiiions 

The OFTs should contmue w1th new bean vane11es narnely Kal 69 3330 and 3334 

Trammg should be mtens1fied to mslll confidence m staff and farmers ahke The trwmng 
should also lead to spee1ahzallon and awards of ccrtificates diplomas degrees etc 

More speCialisls should be mvolved m OFR espec•ally sml sc•enllsts socio-cconomisls 
ecologisls palholog•sls enlomolog•sls and commumly development spec1ahsts 

CONCLUSIONS 

The release of Kal MM beans was due lo •ls h1gh yiCid econom•c benefils and farmers assessmcnl 
The vanety •s early matunng w1th w1de adaptallon and yiCid stab1hty The h1gh y1elds reah;.ed 
w1thout costly changes m cultural pracllces may rwse lhe econom1c status of lhe rural poor Lwk1p1a 
farmers dependmg on market forces and pnccs W1th farmers ralmg all quahty attnbutes bul colour 
to be posiilve the bean 1s sure to rwsc the nutnllonal status of thc local commumty for a hcalthy 
soc1ety The adopllon of Kat MM has already bccn fac1htatcd by targelmg bolh ex1ens10n agenls and 
farmers Farmers have personally w1tnessed the supenonly of lhe vanety and should d1ssemma1e the 
package w1th confidence Soc•o mterac110ns amongsl OFT farmers w1th nc1ghbours relallves and 
fnends should enable d•ffus10n of the package Hence the vanety has guaranleed chances of 
w•despread adopllon m the d1stnct and beyond 
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As a feedback mechan1sm 1nherent m OFR further research on d1sease management has been 
rccommendcd for Kat B 1 beans In order to strengthen collaborat1on w1th farmers the vanety should 
be returncd to the latter as soon as encouragmg results are obtamed The vanety has proved h1ghly 
smtable for the preparahon of local d1shes lt 1s also early matunng but 1ts y1eld fluctuates due to 
d1sease and pest problems 

OFR m Latk1p1a has provcd to be an efTecttve and effic1ent approach lo research extcnswn and 
tratnmg m the generahon and d1ssemmatton of s1te spec1fic techmcal packages to target groups of 
farmers The cons1derat1on of the product1on mcome and taste of the vanety m the OFR process was 
a sound rccogmhon of the mseparable connectwn between the farm mg busmess and a healthy soc1ety 
The bean package was developcd w1th very low externa! mputs wh1ch created no v1s1ble changes m 
the ex1stmg productton system except msurance m crop y1eld (a pos1t1ve attnbute) OFTs on beans 
thus ach1evcd the objechve of ensunng sustatnable resource management for mcreased crop productton 
and subsequent food secunty for subs1stcnce farmers 
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RETAIL MARKET SURVEY OF DRY BEAN CULTIVARS SOLD IN KENYA 

Susan M W Munene 
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Nat10nal Horttcultural Research Centre, Thtka, Kenya 

ABSTRACT 

An 1nfonnal survey of 21 retad markets mosl of thcm locatLd m bcan growmg d1~tnct~ WBii 

conductcd between January and Apnl 1992 lnfonnahon walj collcctcd on dry bcan culllvars 
ofTered for sale at each markct mcludmg local namcs pncc/kg quanllty offcred and 
produchon source lnformahon on pncc!t of compchllvc and complcmcntary food 1tems was 
also collectcd Thc culllvar Muh1k1 (GI P 2) a Rose Coco type wa• found m all mark<t• 
v¡s¡ted Other common culllvars wcrc Mw1tcmama (GI P x92) Wammu (GI 1' 585) and 
Canad1an Wonder (GI 1' 24) 

INTRODUCTION 

Beans are the mosl 1mportant pulse ID Kenya and second only lo mau.c ID •mportance as a food crop 
{NJuguna el al 1981) They prov1dc an essenllal source of proteiD for human consumpllon w1th 
relatJVely h1gh amounts of lysiDe lryplophanc and melhtamne W1th a raptdly growiDg populat10n 
and nsiDg meat pnces the demand for bcans has IDCrcascd 

The Gratn Legume ProJecl (GLP) was estabhshed al thc Nallonal Hort1cultural Research Centre Th1ka 
ID the early 70s lo caler for bean research and development In 1979 thc proJccl ofTcrcd threc cult1vars 
lo the Kenya Seed Company These were the Rose Coco typc (GLP 2) su1ted lo wel parts of Kenya 
a Canadtan Wonder type (GLP 24) for medmm raiDfall arcas and Mwe~• MoJa (GLP 1004) for dry 
margiDal arcas Later a Mw1temanta bean (GLP x92) was 1dentlfied adapted lo vanous envtronmenls 
A further two cult1vars New Mwen MoJa (GLP xll27a) and Red Hancol (GLP 585) were released 
latcr lo make a total of 6 vanelles 

Beans are marketed through lwo separale channels local outdoor markcts where mosl beans for home 
consumpllon are sold and the Nattanal Cereals and Produce Board (NCPB) {NJuguna el al 1981) 
In Bosongo (K1sn) Murang a and Meru farmers prefer selhng beans lo local vendors where they 
report better pnces than ID NCPB but when local markets are ID glut pnces are low and most farmers 
sell lo NCPB In local markets pnces vary among culltvars (Mutham1a el al 1990) At the lime of 
the survey beans were a scheduled crop covered by thc Produce MarkeiiDg Acl whtch restncls 
produce movemenl and 1mposes pnce conlrols for purchases by lhe NCPB The sale of surpluses lo 
the NCPB IS compulsory (Njuguna el al 1981) 

Many Kenyans prefer beans lo other pulses (Kenya Farmer 1983) In Ktsn and Muranga Rose Coco 
was mosl preferred due lo fasl cookiDg and haviDg good gravy In Meru Gakumu and Rose Coco 
were preferred for stm1lar reasons (Mutham1a el al 1990) L11tle 1s known aboul the populanty of the 
Gratn Legume ProJecl s released culllvars among consumers and lhetr markeiiDg across lhe d1fTerenl 
agro-<:eologtcal 7..<mes w1th1D the country lnformallon on lhe exlenl of dtstnbullon of these cult1vars 
thetr aceeplabthly and relallve populanty ID a w1de range of re1a1l markels lhroughoul the counlry wtll 
prov1de useful feedback lo lhc researeh developmenl of any fulurc culllvars 
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The ob¡ecttves of the survey were to detenn me 

the dtstnbuhon and quanhty of bean culhvars sold m consumer retatl markets across the 
country paymg parttcular attenhon to those released by GLP 

2 ma¡or sources of productton of beans sold m consumer retatl markets and 

3 relattve consumer preferences among bean culttvars and the relahve compehhve postlton 
between beans and the baste food ttems complementary and compehhve m 
consumplton 

DATA SOURCES AND RESEARCH METHODS 

Bean growmg dtstncts m Kenya were tdenttfied by Gttu el al (1989) and 21 consumer retatl markets 
located m ma¡or tradmg centres were selected to be vtstted once dunng January to Apnl 1992 The 
markets were Embu Meru Nanyukt Murang a Kmnyaga (Kutus) Machakos Wundanyt Mombasa 
Lottokttok Karatma Nyen Ktambu (Ltmuru) Natrobt Thtka Nakuru Eldoret Busta Bungoma 
Kakamega Kapenguna and Kttale 

Dry bean retatlers were asked the local names the pncelkg the quanhty offered for sale and thc 
productton source of each culttvar Researchers also eshmated the quanttltes of each bean culttvar at 
each market lnformahon on the pnces of compeltltve and complementary food ttems was obtamed 
from the retatlers deahng wtth them al each market 

Bean samplcs (250 g) of each culttvar were purchased for later tdenhficatton by name gram stze and 
colour and supphed to the breeder at NHRCffhtka for further characteru.alton The data were analysed 
usmg descnpltve methods (SPSS) and presented m tabular form 

RESUL TS AND DISCUSSION 

The bean culhvars and thetr quanlthes pnce/kg and produchon sources are shown m Appendtx 1 The 
culhvar Muhtkt (GLP 2) a Rose Coco type was found m all 21 markets surveyed Muhtkt 
Mwttemanta Canadtan Wonder and Wammu were offered for sale m quanlthes m that order m 
Natrobt Kmnyaga (Kutus) Thtka Nyen Ktambu (Ltmuru) and Nakuru In Eldoret Kakamega 
Karatma Machakos and Embu there was more Wammu than Canadtan Wonder whereas m Murang a 
there was more Canadtan Wonder than Mwttemanta Mwttemanta was absent from Busta Bungoma 
Kakamega Kapenguna (West Pokot) and Kttale (Trans Nzota) and Wammu was absent from Nakuru 
Busta Mombasa Nanyukt and Meru 

Stmtlar findmgs are reported (Muthamta el al 1990) from three dtstncts (Meru Ktsn and Murang a) 
where Rose Coco (GLP 2) was the most common vanety followed by Canadtan Wonder Mwttemanta 
and Red Hancot but Red Hancot was swd to be almos! phased out m Meru 
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Table l(a) Numbers of bean vendors numbers of bean culhvars bean supphes and pnces of beans 
mau.e nce and beef al selecled relaii markels m Kenya January Apnl 1992 

No of No of Bean Pnccs (Ksh) 
vend cull supply 

Markels ors 1vars (kg) Beans Mau.e R1ce Bcef 

Embu 47 9 1914 6 50 4 50 20 00 35 00 
Meru 55 5 3157 6 20 5 00 nf 35 00 
Nanyuk1 75 8 2105 8 80 5 00 16 00 25 00 
Murang a 57 7 2201 7 90 5 50 14 00 35 00 
Kulus 43 5 1729 7 80 5 50 10 00 35 00 
Machakos 45 14 1542 9 90 5 00 17 00 40 00 
Wundany• 30 7 356 14 00 600 18 00 34 00 
Mombasa 28 3 6492 1 o 30 7 00 20 50 45 00 
Loilokilok 5 3 11250 5 00 5 00 15 00 15 00 
Karalma 150 9 7659 9 70 5 00 18 50 35 00 
N yen 80 6 6399 9 70 5 00 nf 20 00 
L1muru 60 7 1437 10 30 5 00 20 00 40 00 
Nwrob• 75 8 24566 11 10 6 00 11 00 40 00 
Th•ka 60 9 84105 8 20 5 50 18 00 40 00 
Nakuru 67 8 1548 12 10 5 00 18 00 40 00 
Eldorel 243 8 38395 12 40 4 50 24 00 35 00 
Bus•a 76 3 1511 13 30 7 00 24 00 40 00 
Bungoma 72 4 3215 10 50 6 00 20 00 40 00 
Kakamega 94 8 5013 12 1 o 5 50 20 00 40 00 
Kapenguna 36 5 11 ~2 10 00 5 00 20 00 35 00 
K11ale 79 4 8926 10 00 5 00 20 00 40 00 

Mean 70 67 5 30 18 10 35 40 

n f = nol found 

The number of culhvars al each markel vancd from 3 (Mombasa Bus1a and LOilokilok) lo 14 
(Machakos) (Table la) Quanhlles by markel vaned from 84 1 1 (Th1ka) lo 356 kg (Wundany•) Bean 
grwn pnces were lowesl m Loilokilok (Ksh 5/kg) and h1ghes1 m Wundany1 (Ksh 14/kg) excepl for 
a few culllvars al a few markels thal sold for Ksh 15 20/kg 

Of the complemcntary food 1tems (mw.t.e nce) whole mw/.e kemels were on sale m all 21 markels 
and nce m all bul two The mean pnce of nce was lhrcc limes lhal of mau.e The mean pnces of olher 
legumes (compellllve food Ilems) ranged from Ksh 17 10 lo 23 30 (Table lb) and the mean pnce of 
common culs of bccf w1th bones was Ksh 35 40 
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Table l(b) Pnces of beans and other legumes at selected reta1l markets m Kenya January Apnl 1992 

Cow Ground Garden P1geon Dol Green 
Market Beans peas nuts peas peas 1chos gram 

Embu 6 50 10 00 nf nf 12 50 14 00 17 50 
Meru 6 20 12 00 nf 15 00 11 00 14 00 15 00 
Nanyuk1 8 80 20 00 25 00 15 00 19 00 20 00 20 00 
Murang a 7 90 15 00 nf nf 15 00 17 50 17 50 
K u tus 7 80 10 00 nf 17 50 15 00 17 50 14 00 
Machakos 990 20 00 nf 20 00 12 50 nf 20 00 
Wundany1 14 00 20 00 26 00 nf 14 00 nf 24 00 
Mombasa 10 30 16 00 28 00 nf 14 00 20 00 nf 
LOIIOkltOk 5 00 nf nf nf nf nf nf 
Karatma 9 70 12 50 nf 20 00 15 00 20 00 15 00 
N yen 9 70 20 00 19 00 20 00 20 00 20 00 20 00 
L1muru 10 30 20 00 25 00 30 00 20 00 20 00 20 00 
Na.rob1 11 10 20 00 20 00 20 00 17 50 17 50 24 00 
Th1ka 8 20 15 00 nf 14 00 14 25 20 00 18 00 
Nakuru 12 10 27 50 20 00 30 00 20 00 30 00 20 00 
Eldoret 12 40 20 00 24 00 30 00 30 00 30 00 25 00 
Bus1a 13 30 30 00 24 00 nf nf nf 30 00 
Bungoma 10 50 20 00 20 00 16 00 20 00 20 00 16 00 
Kakamega 12 10 3000 25 00 40 00 nf nf 25 00 
Kapenguna 10 00 40 00 23 00 20 00 nf nf 20 00 
K1tale 10 00 40 00 24 00 25 00 20 00 25 00 20 00 

Mean 2090 23 30 22 20 17 lO 20 40 20 10 

n f = not found 

The numbers of vendors selhng beans ranged from 243 (Eldoret) lo 28 (Kongowea market Mombasa) 
but there were five m L01tok1tOk (Entarara market) who were buymg any quant1l1es that were offered 
by the farmmg commun1ty of that arca These were found baggmg and selhng beans to other traders 
These bean vendors reported that the season was bad for all crops m the arca and that not all farmers 
had fimshed harvestmg the.r beans The survey team found farmers shelhng beans (Mw1teman1a) m 
severa! places as they travelled towards Twta Taveta 
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Table 2 Bean supphes gram charactensltcs and pnces al selected retatl markets m Kenya 
January Apnl 1992 

Supply 
F req (k g/ Gratn 

Culttvar uency1 market) Stze2 colour 

Muhtkt 21 
Canadtan Wonder 18 
Mwttemanta 16 
Watnmu 15 
Gathtga Ndune 13 
Kmnyaga 7 
Gathtga 6 
Mwezt MoJa 5 
Gtkara 4 
Gtthtga 3 
Kanukt 3 
Mbumbu 3 
ltulenge 3 
Katmngt ( 1) 2 
Y ellow Beans 2 
Alulu 2 
Gatumu 1 
Rosebell 
Mwttemanta wa 
Nyamwatht 
Mttankt 
Rose Coco (2) 
Rose Coco ( 1 ) 
Gathtka 
Ngoco 
Ka boro 
Ktraruca 
Mwen Umwe 
Loan ya Ngmgaca 
Rose Coco (3) 

6381 
945 

1968 
1509 
253 
377 
166 
138 
293 

12 
14 
4 

13 
262 
24 
95 

lOO 
40 

20 
13 
10 
10 
6 
5 
5 
4 
4 
4 
1 

M 
M 
S 
S 
S 
M 
S 
M 
M 
M 
S 
L 
M 

S 
M 
S 
S 

S 

M 
L 
S 
M 
S 
L 
M 
L 
S 

Red 
Red 

Whtte 
Red 
Pmk 
Pmk 

Whtte 
Purple 
Whtte 
Whtte 
Pmk 

Whtte 
Whtte 

Yellow 
Cream 
Whtte 
Purple 

Whtte 

Purple 
Pmk 

Green 
Whtte 
Whtte 
Whtte 
Whtte 
Purple 

Maroon 

Gratn Pnce/ 
pattem kg' 

Mottled 
Sohd 

Spotted 
Sohd 
Stnpes 
Stnpes 
Stnpes 
Spotted 
Stnpes 
Stnpes 
Stnpes 
Sohd 

Stnpes 

Sohd 
Stnpes 
Spotted 
Mottled 

Stnpes 

Mottled 
Stnpes 
Sohd 

Stnpes 
Sohd 

Stnpes 
Stnpes 
Sohd 
Sohd 

10 10 
10 10 
8 40 
9 70 

10 30 
10 90 
8 80 

10 90 
1030 
6 70 

10 00 
16 70 
11 30 

13 50 
12 80 
10 00 
15 00 

8 50 

10 00 
7 50 

10 00 
10 00 
15 00 
10 00 
15 00 
7 00 

10 00 

number of markets m whtch the culltvar ts found • S M and L mdtcates small medtum and 
large gratn stze respecttvely wetghted average pnce (Ksh lkg) across markets (Ksh 30 00 = 1 
US$) 

Bean gratn stzes were predommantly small and medtum (Table 2) but therc were observahons that 
the weather could have reduced the gratn stzes of most culttvars Only four culttvars had large grams 
but theu frequency of occurrence (once or thnce) and supply (4 10 kg) were small The most 
prevalen! gratn colour was whtte (11 cultiVars) followed by pmk and purplc (4 culttvars each) red 
(3 culltvars) green maroon yellow and cream (one culhvar each) The most prevalen! pattem was 
stnped (13 culttvars) followed by sohd (8 culttvars) and mottled and spotted (3 culhvars each) The 
most common colour pattem combmalton was whtte stnpes (8 culttvars) followed by pmk stnpes (4 
culttvars) whlle spotted (2 culltvars) purple mottled (2 culttvars) red mottled purple spotted and 
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cream stnpes one cult1var each) 

Table 3 Produc11on sources of bean cul11vars found al selecled relatl markels m Kenya 
January Apnl 1992 

Provmces 

Eastem 

Central 

R1ft Valley 

Weslem 

Nyanza 
Non Kenyan 

D1stncls 

Embu 

Meru 

Machakos 

Muranga 

Kmnyaga 

N yen 

Nyandarua 
K1ambu 
Nakuru 
Trans Nzata 
Nand1 
Kaj1ado 
Lmk1p1a 
Elgeyo Marakwel 
Kakamega 
Bungoma 
Bus1a 
K1sumu 
Tanzan1a 

Uganda 

Culttvars 

Muh1k1 Mwt1eman1a Gath1ga Ndunc Canad1an Wonder Wammu 
Loan ya Ngmgaca G1th1ga Gath1ga Kmnyaga & M w 1 1 e m a n 1 a 
wa Nyamwath1 
Muh1k1 Mw11eman1a Gath1ga Ndune Canad1an Wonder G11h1ga 
Ga1h1ga Kanuk1 Mwe71 Moja & Mbumbu 
Muh1k1 Mw11eman1a Gath1ga Ndune Canad1an Wonder Wmnmu 
Mwc7~ Moja, Gatumu Ka1mng1 (1) M11ank1 G1kara Galh1ka 
Ngoco & ltulenge 
Muh1k1 Mw11eman1a Canad1an Wonder Wammu G11h1ga & Rose 
coco (1) 
Muh1k1 Mw11eman1a Gath1ga Ndunc Canad1an Wonder & 
Wmnmu 
Muh1k1 Canad1an Wondcr Wmnmu Gath1ga Kmnyaga Kar1uk1 
& Mwen Umwc 
Kanuk1 & Mbumbu 
Mw11eman1a & K1raruca 
Muh1k1 Mw11eman1a Canad1an Wonder Wmnmu & Kaboro 
Muh1k1 Canad1an Wonder Wammu Kmnyaga & Rosebell 
Gath1ga Kmnyaga & Mwe7~ Moja 
Muh1k1 and Mw11cman1a 
Rose Coco (2) 
Canad1an Wonder 
Muh1k1 Wmnmu Kmnyaga G1kara Ycllow Beans & Alulu 
Muh1k1 Wammu Kmnyaga & ltulenge 
Canad1an Wonder 
Y ellow Beans 
Muh1k1 Mw1leman1a Galh1ga Ndune Wmnmu Mwe7~ MoJa & 
Rose Coco (3) 
Muh1k1 Canad1an Wonder & Gath1ga Ndune 

Mosl bean cull1vars were produced m the Easlem Provmce followed by Central R1ft Valley Weslem 
and Nyanza Provmces (Table 3) The beans found al Wundany1 markel were smd lo be boughl al 
Taveta markel wh1ch 1s a border lown between Kcnya and Tanzama The bean vendors al Wundany1 
smd thal Tatta Tavela D1stncl produces beans bul because of lhe bad season mosl of lhe bcans had 
come from Tanzama Bus1a, another border lown (belween Kenya and Uganda) had bcans the vendors 
satd had come from Uganda 

CONCLUSIONS 

The mosl wtdely d1stnbu1ed cul11vars were Muh1k1 (21 markels) Canad1an Wonder (18) Mw11eman1a 
(16) Watnmu (15) and Gath1ga Ndune (13) Muh1k1 (average of 6 4 t/markel) Mw1lcman1a (1 9 1) 
Watnmu (1 5 1) and Canad1an Wonder (O 9 1) were mosl frequenlly on sale These cult1vars werc 
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released by the GLP IR the late sevenlles 

The maJor sources of product10n of beans wcrc d1stncts IR Eastcm Central R1ft Vallcy Westem and 
Nyanza proviRccs IR that ordcr Rose Coco typcs wcrc the most prcfcrred 

Beans werc prcscnt IR all thc markcts survcyed wh1lc sorne compcllllve legumes wcre rn1ss1Rg from 
sorne markets Mam: a complemcntary food 1tem to bcans was also present at all the markets 
surveyed Dry bcans are w1dely accepted by consumcrs of d1fTcrent commumt1cs of Kcnya as 
ev1denced by thc1r prescnce IR cvery market survcycd 
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Append1x 1 Bean culllvars and pnces and producllon sources of beans m selected retad markets m 
Kenya January Apnl 1992 

Supply Cost/kg Producllon 
Market Culhvar (kg) (Ksh) sources 

Embu Muh1k1 (GLP 2) 1295 7 Gachoka (Embu) 
Mw1teman•a 450 5 Gachoka 
Wammu 55 6 Mbet• 
Gath1ga Ndune 30 7 Gachoka 
Gath1ga 30 6 Gachoka 
Canad1an Wonder 30 7 Mbell 
G•th•ga 10 6 Gachoka 
Kmnyaga (GLP 764) 10 6 Gachoka 
Loan ya Ngmgaca 4 7 Runyenjes 

Meru Mw1teman1a 1760 5 Mun1thu (Meru) 
Muh1k1 1260 7 Gwllthura 
Gatluga Ndune 105 6 Mumthu 
Gath1ga 25 7 Gwhthura 
G1th1ga 7 6 Rum 

Nanyuk• Muluk1 1475 10 Gwt•thura (Meru) 
Mw1teman•a 345 10 Mun1thu 
Gath•ga Ndune 210 10 Mun1thu 
Canad•an Wonder 35 10 Ga•t•thura 
MweZI MoJa 15 15 Gwt1thura 
Kanuk1 13 10 Nyahururu (Lwk•p•a/Nyandarua) 
Rose Coco 2 10 10 Muk1ma (Lwk1p1a) 
Mbumbu (Noe) 2 20 Gwtuthura (Meru) 

Muranga Muh1k1 1049 8 K1gumo (Murang a) 
Canad1an Wonder 910 9 K1gumo 
Mw1teman•a 426 7 K1gumo 
Wwnmu 166 8 K1gumo 
G1th1ga 20 7 K1gumo 
Rose Coco ( 1) 10 7 K1gumo 

Kutus Muh1k1 1084 8 Mwea (Kmnyaga) 
Mw•teman1a 310 7 K u tus 
Canad1an Wonder 200 8 G1chugu 
Wwnmu 85 8 Nd1a 
Gath1ga Ndune 50 8 Mwea 
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Append1x 1 (contmued) 

Supp1y Cost/kg Product1on 
Market Cult1var (kg) (Ksh) sources 

Machakos Muh1k1 750 lO Mua hllls (Machakos) 
Mw1temama 510 9 
Gatumu 100 10 
Gath•ga Ndune 55 10 Masn (Machakos) 
Katmng1 (1) 54 10 
G1kara 25 10 Mua h1lls 
M1tank• (2) 13 10 Mua h1lls 
Wammu 10 10 lvell (Machakos) 
MweZI Moja 10 10 lvet1 
Gath1ka 6 10 Mas u 
Ngoco 5 10 Mua h•lls 
ltulenge 2 10 lvell 
Canad1an Wonder 10 Mua h1lls 
Rose Coco (3) 10 Tan7.ama & Wundany• 

Wundany• Muh1k1 190 14 Tan~.ama 

Canad1an Wonder lOO 14 
Mw1temama 30 14 
Wammu 15 14 
Mwe7J Moja 13 14 
Gath•ga Ndune 8 14 

Mombasa Muh1k1 3895 11 K1tale Nakuru G111llthura & Entarara 
Mw•teman1a 1907 9 Entarara G111t1thura & Tanzama 
Gath•ga Ndune 690 11 Mero 

L01tok1tok Mw1teman1a 5400 5 Entarara 
Muh1k1 5400 5 
MweZI Moja 450 4 

Karatma Muh1k1 4230 10 Mwea Math1ra and Nd1a 
MWiteman•a 1620 8 
Wammu 1110 10 Mwea Math1ra Nd1a & Nyahururu 
Canad1an Wonder 405 10 Mwea Math1ra & Nd1a 
Gath1ga Ndune 200 10 Nd1a 
Kmnyaga 50 15 Math1ra & Nd1a 
Kanuk1 20 10 Nyahururu 
Mw1teman1a wa Nyamath1 20 8 50 Mbet• 
Mwen Umwe 4 15 Mathua 

N yen Muh1k1 4035 10 Endarasha (N yen) & Mero 
Mw1temama 1449 8 Mero 
Gath1ga Ndune 605 10 
Canad1an Wonder 280 10 Endarasha 
W111nmu 20 10 Tetu (Nyen) 
Kanuk1 10 10 Math1ra 
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Append1x 1 (contmued) 

Supply Cost/kg Producbon 
Market Cult1var (kg) (Ksh) sources 

L1muru Muh1k1 798 11 Nakuru Nde•ya (K1ambu) 
Mw1temama 524 10 Nde1ya K1gumo & Gwhthura 
Gath1ga 90 11 Math•ra 
Canad•an Wonder 15 10 Nakuru 
Mbumbu 4 10 Olkalou 
K1raruca 4 10 Nde•ya 
Wammu 2 10 Mua h•lls 

Nwrob• Muh1k1 14101 12 Gacho ka 
Mw1teman•a 5580 9 K1gumo 
Canad1an Wonder 2475 12 Ga•t•thura 
Wammu 1260 12 Gachoka 
Gath1ga Ndune 510 12 Ga1bthura 
Gath•ga 300 9 Mun1thu 
Mwe7A Mo¡a 200 11 Mua h1lls 
G1kara 140 11 Mua hllls & Nakuru 

Th1ka Muh1k1 64890 9 Mua h11ls & Ga1hthura 
Mw1teman18 10755 7 
Canad•an Wonder 3250 9 Nakuru Mua h11ls & Uasm G1shu 
Wammu 3520 6 Nakuru & K1tale 
G•kara 1000 10 Mua hills K1ambu 
Gath1ga Ndune 700 10 Gwt1thura 
Katmng1 (1) 470 7 Gachoka & K1gumo 
Gath1ga 270 8 Gwbthura 
Mwe~A Mo¡a 250 7 Mua h11ls 

Nakuru Muh1k1 1113 10 Nakuru 
Mw1teman•a 402 10 
Gath1ga Ndune 9 12 Mua h1lls 
Gath1ka 7 10 Kakamega 
Mbumbu 7 20 Olkalou 
Canad1an Wonder 5 10 Nakuru 
K abo ro 5 15 Nakuru 

Eldoret Wwnmu 14735 11 Kakamega K1tale & Uasm G1shu 
Muh1k1 13569 11 Kakamega 
Canad1an Wonder 8160 11 Elgeyo Marakwet 
Kmnyaga 1582 15 
Gath1ga 283 11 Elgeyo Marakwet Trans Nz01a 
Alulu 30 13 Kakamega 
Mw1teman•a 18 11 Gruhthura 
Y ellow Beans 18 12 K1sumu 

Bus1a Muh1k1 1313 14 K1tale & Uganda 
Gath1ga Ndune 120 13 Uganda 
Canad1an Wonder 78 13 Uganda 
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Append1x 1 (con\mued) 

Supply Cosllkg Produc\lon 
Market Cul\lvar (kg) (Ksh) sources 

Bungoma Muh1k1 2230 9 Bungoma & Chwelle h1lls 
Wammu 575 10 
Kmnyaga 380 9 
ltulengc 30 14 Bungoma 

Kakamega Muh1k1 2775 10 Kakamega & K1tale 
Wammu 1393 10 
Canad1an Wonder 364 11 Mt Elgon 
Kmnyaga 251 11 Kakamcga 
Alulu 160 J2 
Rosebell 40 J5 K1taJe & Kakamega 
Yellow Beans 30 J5 Kakamega 

Kapenguna Muh1k1 586 JO Trans N~ma & West Pokot 
Canad1an Wonder 386 JO 
Kmnyaga 99 JO West Pokot 
Wammu 75 10 
ltulenge 7 JO 

K1tale Muh1k1 7964 J5 Trans N~ma & Bungoma 
Wammu 622 JO 
Kmnyaga 266 JO K1taJe 
Canad1an Wonder 74 JO 
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DISSEMINATION STRATEGIES FOR IMPROVED BEAN CULTIVARS AND 
MANAGEMENT PRACTICES IN THE CENTRAL RIFT VALLEY OF ETHIOPIA 

" Aberra Deressa 

lnsbtute of Agncultural Researcb, Nazretb, Etb1op•a 

ABSTRACT 

The central R1ft Valley of bth10p1a 1s characlenzed by errahc ramfall heavy weed mfestahon 
poor sml fertlhty and sml eroston Common bcan (Phaseolus vulgaru) has long been an 
1mportant food and cash crop for m•lhons of small fanners m thts arca The crop ts grown m 
trad!honal agncultural produchon systems and usually produces poor gram y1elds (5 7 q/ha) 
whde tmproved vanetJes and good managemcnt prachces produce over 20 q gramlha 
Currently tmproved hancot bean culhvars and theu management prachccs are avatlable at 
research centres but these technologtes are not wtdely used by fanners partly due to 
madequatc pubhctty and demonstrahon achvthes and lack of trammg of cxtenston staff To 
overcome such poor adophon of technologtes and to enhance food produchon a Nahonal and 
Zonal Research and Extenston Ltatson Comnuttee (RELC) was set up and a Rcscarch and 
Fxtenston Coordmahon Dlvtston and an hxtenswn Task }orce have bcen fonned by the 
lnshtute of Agncultural Research (lAR) In addthon demonstralton trtals mvolvmg lAR 
Mm1stry of Agnculture (MOA) and farrners were conducted on farrners fíelds m the central 
Rtft Valley of Ethtopta Stnce 1986 several tmproved hancot bean vanehes have becn 
demonstrated al 71 locahons The results of demonstrahon lnals mdtcale thal tmproved 
vanehes and managemenl prachces are supenor lo tradthonal management prachces Over 
40% y1eld mercase was obtamed by the tmproved management system Lxtenston staff the 
vehtcles for technology transfer have also been tramed Such programmes promole mterachon 
between researchers and extenston staff and facthlate lechnology lransfer 

INTRODUCTION 

Most areas of the central Rlf"t Valley of Eth10p1a rece1ve b1modal ramfall and are drought pronc Mean 
annual ramfall and temperature for Melkassa for 1992 and 15 year (1 977 1992) averages are 
summansed m Table 1 The FAOIUNESCO s01l map of the world (1973) shows that enhsols and 
msephsols are the dommant s01l types Texturally the s01ls are e1ther clay loam loam or sandy loam 
and m sorne arcas clay Both water and wmd eros10n are maJor problems of the area 

Common bean (Phaseolus vulgans) has long been an 1mportant food and cash crop for m1lhons of 
small farmers m the reg1on The nahonal area under hancot bean produchon 1s currently eshmated 
to be over 300 thousand hectares In the central R1fi V al ley the area under hancot bean produchon 
m the 1990/1991 and 1991/1992 croppmg seasons accounted for 14 214 and 16 579 ha, respect•vely 
(MOA Office Eastem Shoa) 

Farmers grow the crop m trad1honal agncultural product10n systems and usually obtam low grrun 
y1elds (5 7 q/ha) Currently 1mproved hancol bean culhvars and management prachces are avrulable 
at research centres and produce over 20 q/ha of grrun A w1de gap therefore ex1sts between what 
researchers have ach1eved on expenment stat10ns and average farmers y1elds Th1s w1de gap ex1sts 
partly due to the lack of strong hnkages among researchers extens1on staff and farmers thereby 
delaymg the adophon of 1mproved technology 
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Table 1 Ramfall and mwumum and mmtmum temperatures for Melkassa (longttude 39o33 E latttude 
8o24'N altttude 1550 masl) m 1992 and 15 ycars from 1977 lo 1991 

Tcm peratures ( C) 

Ramfall (mm) Mtmmum Maxtmum 

Month 1992 1977 1991 1992 1977 1991 1992 1977 1991 

January 55 14 3 12 7 12 1 27 4 27 6 
February 11 o 34 9 14 7 14 1 28 3 28 5 
March 00 47 3 18 o 15 5 31 4 29 9 
Apnl 42 3 48 8 16 2 15 7 31 4 29 8 
M ay 10 5 59 6 15 4 15 8 31 9 30 7 
June 95 8 61 4 16 1 16 3 29 8 30 o 
July 143 8 169 4 17 3 15 3 34 3 26 5 
August 238 1 182 7 13 2 15 6 28 1 26 1 
September 96 8 86 4 12 7 14 6 28 1 27 3 
October 47 2 34 9 11 9 11 8 29 3 28 6 
November 26 9 1 13 2 110 29 6 28 3 
December 57 6 78 131 11 1 27 4 27 3 

Total 751 2 756 6 
Mean 14 5 14 1 29 8 28 4 

To overcome the poor adoptton of tmproved technology and to enhance food productton nattonal and 
a centre based Research and Extenston Ltatson Commtttee (RELC) and Research and Extenston 
Coordmatton Dtvtston have been estabhshed and Extenston Task Forces have been fonned al maJOr 
research centres of the lnslttute of Agncultural Research (lAR) Demonstratton tnals mvolvmg lAR 
MOA staff and farmers have been conducted on farmer fields m the central Rtft Valley A 20-40% 
yteld mercase over farmers practtce has been achtevcd by tmproved vaneltes wtth good management 
pracltces 

CURRENT RESEARCH RECOMMENDATIONS 

Three hancot bean culltvars are currently recommended Mextcan 142 and Awash 1 both whtte pea 
beans and Roba 1 Recommended management practtces are lo sow m late June al a seed rate of 100 
kg/ha and weed 2 3 weeks after emergence Wtth these practtces ytelds of 20 22 q/ha may be 
obtamed 
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PROBLEMS IN ADOPTION OF TECHNOLOGIES 

It 1s essenllal for producllon mputs and bcttcr cultural pracllccs to rcach thc farmcr 1f producllv1ty 1s 
to mercase In sp1te of thc ava1lab•hty of new product10n technolog•cs at rcscarch centres a w1dc gap 
ex1sts betwccn rescarch y1elds and y1elds obtamed by farmcrs md1callng poor adopllon of avadablc 
technology Th1s 1s due to many reasons mcludmg 

madequate pubhc1ty and dcmonstrallon of avwlablc tcchnology to users 
lack of trammg of extens10n staff 
mappropnate recommendat10ns 
unavwlabiiity of mputs lo farmcrs whcn ncedcd 
abscnce of strong hnkages among researchcrs extens10n staff and farmcrs and 
poor feedback of results and problems lo research umts 

CURRENT STRATEGIES FOR SOLVING POOR ADOPTION 

Sorne stcps have bcen taken lo overcome the poor adopt10n and enhancc food self suffic1ency 
mcludmg 

Format10n of Researcb and Extens10n Lmkage Comm•ttee 

The absencc of an adequate workmg relat10nsh•p bctwecn research and extens1on has becn recogmt.cd 
and remwns an 1ssuc of grcat conccm In thc past unsuccessful attcmpts have been made lo hnk 
research and cxtens10n Recently a nallonal rcsearch centre based Rescarch and Extens1on L•a•son 
Comm•ttec (RELC) has bccn estabhshed m Eastcm Shoa Admm•strat•vc Reg10n Thc commJttec 
composed of scmor lAR and MOA staff mects 3-4 llmes/ycar lo rev1cw armual cxtcns10n 
recommendat•ons and zonal rescarch programmes 1dent•fy t.onal pnonty problems for researchers and 
determmc MOA staff trammg needs 

Researcb and ExtensJon Coordmat10n Dovosoon 

A Rcscarch and Extcns10n Coordmallon D•v•s•on was mtroduced al Nazrct Rcsearch Centcr m Apnl 
1986 The d•v•s•on 1s expected to prov1de efficJent and fast d1ffus1on of mformat10n through 
populanzallon and demonstrat10n of 1mproved crop product1on tcchnolog•es m conJunCIIOn wllh 
extens10n staff of MOA lo organu.c trwmng for extcns10n staff through ficld days m collaborallon 
w•th MOA staff al AwraJa or Wcreda lcvel and to prepare producllon guidclmcs for users 

EJ:tensoon Task Force 

An extens10n task force was formed al N anet Research Center lo encouragc researchers lo spcnd al 
least 25% of the1r lime on cxtcns10n related act•v•lles mcludmg trwmng of cxtens10n staff v•s•llng 
farmers fields gJVmg adv1ce and prepanng producllon gu1dchncs 

CURRENT ACHIEVEMENTS 

Demonstrauon of omproved bancot bean product•on tecbnologoes on farmers' fields 

Demonstrallon of 1mproved hancot bean cult1vars and packages of producllon pracllccs werc 
undertaken m the central RJfl Valley lmproved management pract1ces (sowmg m rows and correct 
seed rate and t1mc of sowmg and weedmg) were compared w1th farmers practJecs (broadcastmg h1gh 
or low seed rate and late or no weedmg) 
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The •mproved management plots were la1d out by both rcsearch and extens10n staff w•th farmers 
part•c•pahon and the farmers plots were planted by farmcrs Sceds and techmcal adv1ce werc prov•ded 
from Melkasa F1eld days were organu.cd al d1ffercnt growth stagcs mcludmg harvcst lo dcmonstratc 
the d1ffcrences betwecn the two management pract•ccs Development staff rcsearchcrs and 
admm•strahvc offic18ls also part•c•pated m the field days 

Demonstratwns of the response of the trad1honal hancot bcan culhvar (Mex1can 142) lo 1mproved 
management were conducted al 33 locahons from 1987 lo 1989 lmproved management produced 
better y1elds than trad•t•onal management Mean gram y1clds across locahons were 12 7 14 3 and 14 
q/ha m each of the threc years under •m pro ved management and 7 9 9 and 1 O q/ha under farmers 
pracuecs (Table 2) The mean y1cld mercases from 1mproved managemen\ across locat1ons m 1987 
1988 and 1989 werc 81 44 and 40% 

Mex1can 142 1s w1dely grown by farmers m the Central Rlll Vallcy The vane\y was re1cased many 
years ago and seed qual1\y 1s detenoratmg because of 1ts susecphbih\y lo leaf d1seascs The d1seasc 
reSIStan\ and good quahty hancot bcan culbvar Ex R1co 23 (Awash 1) has bcen 1dcnbfied al Nanct 
Rescarch Cenler Demonstrahons of the effccts of 1mproved managcment on Awash 1 were conductcd 
al 30 s1tes m the central Rll'l V al1cy from 1990 lo 1992 Mean gram y1elds across locat1ons under 
1mproved pract•ecs were 14 2 9 5 and 12 3 q/ha dunng 1990 1991 and 1992 respect•vc1y and 11 2 
7 and 1 O q!ha under farmers managemcnl (Tab1e 3) glVmg mercases m y1eld from 1m pro ved 
management of 27 36 and 23% for each of the three ycars 
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Table 2 Gram y•elds (qlha) of Mmucan 142 under farmcrs and 1mprovcd pract•ces m demonstrat10n 
plots m the Central R1ft Vallcy of Eth10p1a from 1987 to 1989 

Managcment prachcc % 
mcr 

Year Locahon lmproved Farmers emcnt 

1987 Dekad1 12 6 98 
Won¡1 18 12 52 
Marmarsa 6 4 60 
Boffa 9 7 32 
Dengore 14 8 81 
Jarawayu 22 10 115 
Mahmo 16 6 116 
Mekedela 10 6 62 
Bekeh & Gnssa 9 5 70 

Mean 12 7 7 81 

1988 Yaya & Gm•b•ch 14 9 56 
Keehachulc 24 15 60 
Dengore 17 12 42 
Tedecha Hadecha 15 11 37 
Arorecha 18 14 29 
Rado 8 5 60 
Dado 16 12 34 
Mckedcla 8 5 60 
Keraro & Shub1 18 13 39 
Wacho & Gnssa 8 6 34 
W cyo Gebracl 11 7 58 

Mean 14 3 99 44 3 

1989 Rado 14 10 40 
Ombole 14 10 40 
Berta 13 9 44 
Awash Melkassa 13 8 62 
Boffa 11 8 38 
Arorecha 14 9 55 
Muk1yc 15 10 50 
Afcyela 19 12 58 
Wacho & Gnssa 13 8 62 
Gerado fcla 10 8 25 
Abossa 22 17 29 
Bulbula 16 9 77 
H17baw1 Bettcle 11 7 57 

Mean 14 10 40 
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Table 3 Gram ytelds (q/ha) of Awash 1 under farmers and tmproved practtces tn demonstralton plots 
m the Central Rtft Vallcy of Ethtopta from 1990 lo 1992 

Management pracltce % 
mcr 

Year Locat10n lmproved Farmers ement 

1990 Boffa 1 15 5 13 o 19 
2 15 o 12 5 20 

Welenchtlt 220 14 o 57 
Rado 13 8 lOO 38 
Dodo 11 o 60 83 
Aneno 15 5 95 63 
Wcyo Gebrael 13 8 11 3 22 
Abossa 10 o 88 14 
Daro 12 5 17 5 
Gado btcho 20 o 13 o 54 
Honba 17 5 13 8 27 
Debudera 44 56 

Mean 14 2 11 2 27 

1991 Harget 50 50 
Fcchtso 60 40 50 
Badusa kore 64 64 o 
Wake ttyo 15 o 75 lOO 
Hall offi 13 80 62 
Dtbtbtsa 11 3 8 5 32 
Arorccha 45 45 o 
Wake ttyo 12 3 90 37 

Mean 95 70 36 

1992 Aerba gosa 14 8 75 
Fechtso 1 14 16 
Fechtso 2 10 11 

Lodthada 6 8 
Adulala 12 6 100 
Wake rota 11 8 38 
Dabt 10 15 
Wachulata 18 9 lOO 
Odalanga wanga 15 12 25 
Welenchtlt 13 15 

Mean 12 3 10 23 

In the Central Rtft Vallcy hancot bean competes wtth tef for labour for weedmg and m the past has 
rccetved less pnonty because of tls smaller market pnce (50 60 bm/q) relattve lo tef ( 180 200 btrr/q) 
S mee hancot beans are an export crop government has recently mcreased the bean m arket pncc lo 
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135 bm/q m an attempt to encourage mcreased bean producllon 

Trammg 

Extenston stafT necd trammg and thetr knowledge updatmg lo provtdc the essenllal hnk m technology 
transfer Bascd on the llmmg of farmers acttvtllcs four trammg programmcs are bemg organu.cd al 
three month mtervals each year for dtstnct extenston subject matter spectaltsls and cxtenston 
supervtsors of the Central Agncultural Development Zone of MOAT (Tablc 4) The trammg has 
brought researchers and extenston stafT together for dtscusston and exchange of vtcws lt also hclpcd 
researchers to mform extensmn stafT about avrulable research results and obtam feedback on farmcrs 
problems The trrunmg has creatcd a hnkagc between rcscarchcrs and cxtenston agents for fast 
dtssemmalton of new findmgs and tntltatcd a two way exchange of vtews 

Tablc 4 Trmnmg courses conductcd smcc 1986 

No of No of 
Year trmnmg courses parltctpants 

1986 4 108 
1987 4 200 
1988 3 180 
1989 2 ISO 
1990 2 60 
1991 2 45 
1992 45 

Totals 18 688 

Provtston of tmproved seed 

S mee 1986 about 100 q of hancot bean culttvars have been provtdcd to farmers around NIU.rct 
Rescarch Center etther freely or by sale m order to populan'.c bcan productton and dtsscm mate 
tm pro ved secds 

CONCLUSIONS 

Parttctpahon of research center based lAR/MOA Scmor StafT m thc RELC the JOtnl conduct of 
demonstraltons by researchers extenston stafT and farmcrs thc regular m scrvtce trammg of cxtenston 
stafT and organtzalton of farmers field days have been vcry tmportant for thc dtsscmmallon of 
tmprovcd hancot bean culttvars and managemcnt pracllces and raptd feedback of problems faced by 
farmers and extenston stafT 

Constrmnts that necd tmmcdtate attenlton are 

There ts no ox-drawn row planter suttable for hancot bean and farmers are slow to adopt 
row plantmg 

2 Plantmg hancot bean by ox plough al recommended spacmg ts labour mtenstvc and 
dtfficult 
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3 F armers have been unwtlhng to weed hancot bean bccausc of poor retums 

4 Farmers have mput and labour problems 

Future outlook 

Contmue demonstratton of tmproved management practtces at new sttes 

2 Contmue m servtce trammg for extenston stafT 

3 Study methods of seed dtssemmatton 

4 Prepare productton gutdehnes for newly released varteltes 

5 Study technology adoptton m collaboratton wtth agncultural economtsts 
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TECHNOLOGY TRANSFER HARICOT BEAN EXPERIENCE IN 
THE SOUTHERN ZONE OF ETHIOPIA 

Getachew Kassaye 

lnstotute of Agrocultural Research, Awassa Ethoopoa 

ABSTRACT 

llancot bcan vancty dcmonstrattons have beco conductcd on farmcrs fields m dtffercnt 
locattons Wtthm the Southem 1 one for thc pa'it stx ycars 1-anncrs ha ve rcadtly acccptcd 
tmproved van ches and management prachccs In 1989 and 1990 a d¡sscmmatton program was 
launched at spcctfíc demonstrahon sttes to mcrca!-tc thc st..cd'i of hancot bcan and cxamme the 
adaptabthty of new technology 

INTRODUCTION 

Most fanners m the Southern Zone of Ethoopoa practosc subststcnce fannmg wtth average agncultural 
land per household of O 7 ha (Getahun Degu and Y esht Chtche 1989) Bean ts produced on small 
fanns often tn assoctalton wtth mau.e coffee enset and fruti trees The total arca under pulses ts 
esttmated to be 27 528 ha of whtch hancot bcan covers 7 560 ha (27 5%) (MOA 1984) At prcsent 
the produclton of hancot bean ts concentrated m ShebediDo Dale Aleta Wondo and Bcnsa Dtstncts 
ID Stdamo Regton and Wolatta Gofa Arba MIDch Zona and Boreda Dtstncts ID North Omo Regton 

Beans are produced both for home consumptton and generatton of mcome The maJor culttvar grown 
ts the local land racc (Red Wolatta) wtth an average gram yteld of 600 kg/ha (Getachcw Kassaye 
1990) In hancot bean vanety venficalton tnals conducted m Awassa Ex Rtco 23 A 176 15R-42 and 
B 933 ytelded better than the local culttvar (lAR 1986 1989 Getahun Degu and Yesht Chtche 1989) 
Thcse culttvars werc also dcmonstrated under tmproved and tradtttonal fanniDg mcthods and the 
results 1Dd1cated that fanners acceptance of the tmproved tcchnology (populahon mcthod of plantmg 
and weedmg) has been htgh 

Along wtth technology populanzatton each research centre provtdes breedcr sceds to the Ethtoptan 
Seed Corporahon (ESC) for multtphcahon and d1ssemmahon to user agenetes mcludmg MOA and 
MCTD/SF but supply of tmproved seeds to fanners has not sattsficd peak demands Research centres 
have devtsed mechantsms under the FanniDg System and Research Extenston Dtvtslons to allevtate 
thts problem Thts paper wtll hoghhght the mechantsm of technology transfcr and study of adoptton 
rates 

MECHANISMS OF TECHNOLOGY TRANSFER 

On farm research 

lAR outreach programs started m 1984/85 wtth the atm of demonstratiDg recommendattons from 
research stattons to the fanntng communtty On fann venficatton ts cnttcal to ensure that new vanettes 
and technologtes are acceptable to fanners before they are recommended and dtstnbuted The OFR 
Program at Awassa has made tmportant contnbuttons to agncultural research and development m thc 
Southern Zone Results of on fann tnals for hancot bean are as follows 
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On farm veroficat10n troal for harocot bean vanetoes Thos tnal was motoated m 19H6/87 al live sotes 
m the Sodamo farmmg system I.one The mam obJectove of the tnals was lo compare the perfonnances 
of four omproved vanetoes and a local check under farmers management (Table 1) 

Table 1 Yoclds (kglha) of hancot bcan vanelles m Womadega and Kola m 19H6/H7 and 19H7/8H 

1986/87 1987/88 

Seed Womadega Kola Womadega K ola 
Vanetoes colour (3 sotes) (2 sotes) (4 sotes) (1 sote) 

Red Wolaota Red 1306 1460 2402 1179 
B 933 Whote 1277 1448 2679 2079 
15R-42 Brown/yellow 1602 1270 3124 2684 
Mexocan 142 Whote nt nt 2493 2236 
6R 395 08 Whote ni nt 2287 1333 
FF 00016 FS Whole IOH5 1199 ni nt 
15R 52 Black 1122 1256 ni nt 

ni = nol tesled source Gelahun Dege and Ycsho Choche (1989) 

Among lhe whole seeded vaneloes Mexocan 142 os preferred for consumptoon and markelmg because 
of ols bnghl wholc colour and short cookmg tome The omproved wholc vanely B 933 was also 
acccpled by farmers for consumpllon because of ots suolabohly for nefro (cooked bcans) and ols yocld 
(Table 2) 

Table 2 Rankmg of vanctoes for sorne faclors delennmmg farmers vanelal preferences 

Varoetocs 

Faclors Local B 933 15 R 42 Mcx 142 6R 395 08 

Tastc/appearancc 2 3 4 5 
Pnce 4 2 5 2 
Yoeld 5 2 1 3 4 
Cookmg Tome 3 4 5 2 

Faclors are ranked on a scale of 1 5 where 1 = very good and 5 = poor source Getahun Dege and 
Y esho Choche ( 1989) 

In on farm lnals al three locatoons m 1989 lhe omproved cultovars Ex Roco 23 and A 176 out yoclded 
lhe local check (Table 3) and were releascd lo farmcrs by the dosscmmatoon program 
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Table 3 YICids (kglha) of hancol bean vanet1cs m vcnficallon tnals at three locahons m 1989 

Locatmns 

Vanet1es Arcka Bus a Taramcsa Means 

BAT 338 IC 917 883 1189 996 
Ex R1co 23 1130 2025 1644 1600 
A 176 1154 1465 1557 1392 
D1acol Cahma 591 995 1078 888 
Local 566 1040 1441 1016 

Means 872 1282 1382 1179 

Source lAR (1989) 

Research/extens10n act1v1t1es 

A num ber of approaches have been takcn to strengthen the hnk between research and extcnsmn such 
as fonnat1on of a Rescarch Extens1on Lmkage Comm1ttec (RELC) and Rescarch Tasi. Forccs (ETF) 
These approaches have helped uscrs and researchcrs by prov1dmg 1mmed~atc solutmns and feedback 

Demonstrat1oo of 1mproved technolog•es to farmers lmprovcd vanclles of hancot bcan were 
demonstrated under trad1!1onal and 1mproved crop management at several locatmns m thc Southcm 
Zone m 1986 1987 1988 and 1992 15R-42 Brown Spcckled and Ex R1co 23 werc supenor under 
1mprovcd management and Mex1can 142 and 15R 42 produced the best y1elds undcr trad1t1onal 
management (Tablc 4) The cons1stcnt supenor perfonnancc of 15R-42 undcr both managemcnts 
would be advantagcous to farmers The y1elds of B 933 were less than thc local check due to damagc 
by w1ld an1mals and othcr factors Farmcrs acccptancc of thc 1mprovcd tcchnology has been vcry 
hlgh 

Tablc 4 Y1clds (kglha) of 1mproved and local hancot bcan vanct1cs undcr trad1tmnal and 1mprovcd 
management (means of three ycars 1986 88 exccpt Ex R1co 23 andA 176 1992 only) 

Managemcnt o/o mercase 
from 1m pro ved 

Vanet1cs lmprovcd Trad1honal managcmcnt 

Brown Spccklcd 1670 500 234 
B 933 970 420 137 
15R 42 1710 1140 50 
Mex1can 142 1350 1110 22 
Ex RICO 23 1560 870 79 
A 176 1380 980 41 
Local (Red Wola1ta) 1050 810 30 

Mean 1384 833 66 2 

Source Getachew Kassaye (1990) 
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D1ssemmatmg seeds of 1rnproved var•et•es ID extens10n Thc d•stnbut10n of packagcs of sen 1ces 
lo enable fanners lo take advantage of ncw technolog1es 1s onc of thc aciiVIIIes of cxtens10n Th1s 
approach helps lo assess the 1mpact of research results and w11l be v1tal lo futurc research planmng 
as well as ID JUSIIrymg furthcr mvestment m research Thc d1ssem1Dallon programme was launchcd 
m 1989/90 but 11 was not poss1blc lo carry out thc programmc m 1991 duc lo pohllcal mstab1hty The 
programme was mod1ficd and rCimllated m 1991/92 w1th thc followiDg objccllvcs 

lo accelerate the d1ssemmat10n rate and popularu.c rcscarch acllv111cs 
lo hclp farmcrs obtam suffic1cnt sccds for sowmg m subscqucnt ycars 
lo dctcrmme fanners acceptance of Ex R1co 23 (Awash 1) and A 176 (Roba 1) 
lo determiDe the adopllon rates of Ex R1co 23 and A 176 
lo determme the adopllon rates of d1fferent v11lagcs and 
lo determme the d1ffus10n of Ex R1co 23 and A 176 threc ycars afier secd d1stnbullon 

The d1ssemmallon process mvolvcs thrce aspccts arnount of sccd d1stnbutcd numbcr of fanncrs pcr 
village lype of culllvars d1stnbuted In one d1sscmmallon schemc m S1damo and North Omo Rcg10ns 
fanners obtaiDed y1elds of 1200 1600 kg/ha from Ex R1co 23 and A 176 (Tablc 5) confirmmg thc 
y1eld advantages of the new vanclles over local matenals 

Table 5 Y1elds (kg/ha) of 1mproved variCIICS under fanncrs managcmcnt m S1damo and North Omo 
m 1992 

Var1ctlcs 

Rcg10ns D1stnct Ex R1co 23 A 176 Means 

s.damo Shcbcdmo 1630 1330 1480 
Dale 1462 1479 1471 
Aleta Wondo 1392 1213 1303 
Bcnsa 1420 1500 1460 

North Omo Damot Galc 1406 1523 1465 
Bol oso 1417 1368 1393 
Kuteha 1225 1289 1257 
Borcda 1420 1490 1455 

Means 1422 1399 1411 

A vcragc of 1 O or 15 fanncrsllocallon total of 120 fanncrs/vanety 
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FUTURE OUTLOOK 

The results of demonstrahons and dissemmahon of new technologies mus! be assessed by a study of 
adophon rates through extension workers and farmers 

Metbods for estimatmg tbe adopboo rate of beaos at dissemmatmg sites 

One of the recommendahons passed at the nahonal workshop held m AddiS Ababa from 1 3 October 
1990 was to idenhfy research strategies for technology transfer and m particular to assess the im pact 
of research results on bean produchon It was also suggcsted that hancot bean rcsearchers have a 
responsibihty for makmg extension more effechve and rcsponsivc to thc necds of thc farmers 

The followmg methods will be uscd to csllmate thc acceptabihty of new technologies to farmers m 
the dissemmahon Siles 

a) Queshonnaires Will be developed and distnbuted at cach dissem mallon Si le This approach can hclp 
researchers to discuss the results of dissemmahon with farmers m ordcr to obtam the1r opm10ns of new 
technologies 

b) The diffusion/adoptiOn process will be studicd on an annual basis to prescnt il m terms of the 
cumulahve percentage of farmers makmg adophon decisions over hme resultmg m a charactenslic 
S shaped curve (Fhegel 1984) 

e) Through an acceptabihty mdcx denved from data on the rate of acccptancc of new technolog~es 
mtroduced mto an area calculated from farmers partiCipatmg m the farmer managed bean produchon 
and from farmers participatmg m record keepmg Thc mdex iS the product of the percentage of 
farmers who adopt the new technology and the pcrcentage of the crop on the1r farms dividcd by 100 
Accordmg to W W Shaner ICT A considers an mdex of 25 enough to JUShfy the recommendahon of 
a technology (Shaner el al 1982) 

CONCLUSIONS 

It iS obviously known that the results of venficahon have given the necessary feedback to rclease 
recommendahons for dissemmatiOn The recommendcd packagcs also have to be populant.cd to users 
through demonstrahon and brochurcs lf thc packagcs are acccpted then further dissemmahon or 
distnbutiOn should take place Based on the procedures to achieve such goals adophon studies should 
be made with thc mvolvement of researchers extcnsion workers and farmers Fmally rcsearchers have 
to partiCipatc more m the dissemmahon of new technologies The~r mput iS of paramount importance 
m momtonng and evaluatmg the system of technology transfer 
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PRODUCTION AND DISTRIBUTION OF SNAP BEAN SEED IN KENY A 
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KARI Nat10oal Hort•cultural Research Centre, Th1ka Kenya 

ABSTRACT 

Although •nap bcam ha ve bccomc a maJor forc1gn cxchangc carncr of thc Kcnyan agncultural 
st.ctor fanm .. rs an .. st1ll rcalumg low ytcld!t ">ludies of ~nap bcan!t ha ve :,hown thc uc;e of poor 
quaht) c;cLd to be onc of thc mnJor constramts to .,nap bcan produchon 1 hts paper dt.scnbes 
thc produchon use and J¡:,tnhuhon of :,nap bcan st..ed m Kcnya lt also tru ... s to 1dcnhfy thc 
con:,tramt-. that mhtbtt thc ust. of good quahty Sl.Ld IIV(.. rt.gt:,tc..n. .. d companu.s wl.rt. found to 
be producmg ct.rhfit.d snap bcnn sced thcn .. wut. also mdavJdual famu.rs supplymg :,eed 
although thtc; \\-BS on a smallu 'iCalc '\LLd'i of 35 vanchcs of c,nap bcan an. bcmg produccd 
m Kcnya but wc cncountcrcd only fivc varu.t&cs wtlh farmcrs 1 he total ncrcagc undcr snap 
bcan sced m 1990/91 wa• 4 585 acres 60o/ of wh1ch were dc•hned for cxport 1 ho•c found 
mvolvcd m dtstnbutmg secd mcludcd snap bcan cxportmg agcnb rctatlus parastatals agcnts 
of snap bcan canmng factonc'i and snap bcan farmcr'i 1 he pnct.. of good quahty 'iccd wao¡ 30 
40% grcatcr than that sold by farmcrs "omc constramts mh1h1hng tht.. ust.. of good quahty 
sccd wcrc htgh pnccs unavallahihty m local kto'ik'i and unccrtamty of tht.. quahty of ccrhf1cd 
sced 

INTRODUCTION 

Sccd quahty can be a dcc•s•vc factor m thc profit or loss of growers enterpnses A fanner sowmg 
poor quahty non-cert1fied seed may lose not only the cost of seed but also the whole value of the 
expected crop due lo seed borne d1seases and pests poor v1gour and plant stand Low quahty seed 
and poor avwlab1hty have been Jdenllfied as the pnnc1pal constramts to the rap1d d•ITus10n of ne" 
vanelles and 1mprovement of crop product1on m the developmg world H1gh quahty sccds g1ve h•gh 
gennmallon rates rap1d emergencc and v1gorous plants 

Although snap bcans have become a maJor forc1gn exchangc camer Kenyan fanncrs are sllll 
ach1evmg smallcr y1elds than fanncrs m othcr snap bcan producmg arcas m thc world Vanous stud1es 
havc shown poor quah(y sccd to be one of thc maJor constrwnts to snap bcan producllon m Kcnya 
An mercase m snap bcan y1elds by Kcnyan fanncrs can only be ach1eved 1f good quah(y ccrt1ficd 
seeds are made ava•lable to growcrs at the nght lime and place and al rcasonablc pnces The a1m of 
th1s study 1s lo •denllfy the constramts hm1llng the use of ccrt1fied seed and lo suggest poss1ble 
solullons The study 1s cxploratory and prehm mary data are gathered m order lo shed hght on the real 
naturc of thc problem 

METHODOLOGY 

Nme d1stncts have been •denllfied as 1mportant snap bean growmg areas they mclude Meru Embu 
Machakos Murang a Nyen K~ambu Kmnyaga Kakamcga and Bungoma The reg1stercd seed 
compan1es wh1ch produce snap bean secd have also beco •denllfied Producllon d1stnbullon and 
consumpt10n stagcs of the secd are bemg stud1ed An mfonnal survey JS bemg conducted lo collcct 
the reqmred mfonnat10n At the consumpt10n level snap bean growcrs m vanous d1stncts are lo be 
VJSJted and mfonnallon on the secd (ype vanety source and constrwnts 10 seed acqu•s•llon 1s to be 
sought through mterv1ews and d1scuss•ons Al the producllon stage mfonnat10n 1s bemg sought from 
reg•stered seed compan1es and contracted sccd growers lnfonnallon on seed d•stnbut1on from pomt 
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of productton lo consumplton leve( ts bemg sought from traders and other bodtes mvolved m seed 
dtstnbulton Ftve of the maJor snap bean seed growmg arcas and two of the mam regtstered seed 
compantes have already been vtstted 

RESULTS AND DISCUSSION 

The followmg seclton gtves a general mdtcatton of the data that has been collected so far 

Sources of seed 

Sources of seed vaned among regtons and among farmers wtlhm the same regton Farmers who were 
producmg snap beans on contrae! for a parttcular exporlmg company were provtded wtth the seed by 
the company through thetr buymg agenls Thts pracltcc was mamly found m westem Kenya and lo 
a lesser extent m central Kenya Farmers who wcrc producmg snap beans wtlhoul a contrae! 
arrangemenl obtamed seed from any sourcc dependmg on preference and avatlabthly of seed Thts was 
the mosl common pracltce m central Kenya 

Regtslered seed compantes were the most frequently menltoned so urce 33 1% of thc farmers havmg 
bought the seed from them Snap bean exporlmg compantes were also a maJor source of seed as 
24 5% of the farmers satd that thcy had purchased sccd from thcse compantes through thctr agcnts 
Other sources of seed were snap bean growers (14 5%) the Horltcultural Crops Developmenl 
Authonty (10 1%) and farmers own sced (10 1%) There was also bagged unlabcllcd seed whtch 
ongmated etther from the crop reJected by field mspcclors or from snap bean growers who let thctr 
crop maturc and dry after pnces fell below economtc levcls Only 21% of thc farmers mtervtewed 
recetved advtcc on the besl seed lo plan! 

Farmers gavc vanous rcasons for thetr preference of sced sourcc Sceds from sorne exportmg and 
canmng agenls was preferred becausc thcy were supplymg new varteltes of snap bcans whtch were 
htgh yteldmg had a lower percentage of reJected pods and consumcd lcss labour for ptckmg Many 
farmers were relymg on netghbounng farmers seed or seed m local shops as ti was much cheaper 
and more readtly avatlable than seed from regtstered sccd compantcs Other farmers were plantmg 
thetr own sced because no costs wcre mcurrcd 

Farmcrs ctled quahty avatlabthly and pnce as thc mam problcms wtlh the vanous snap bean sced 
sources 

Quahty Seed quahty problems ctled by farmcrs mcludc poor gcrmmatton percentages off types 
thtck pods wtth curly ttps and low ytclds Thc farmers rarely assoctated sced wtth the dtscases and 
pests attackmg thctr snap bean crop The sources whtch were most frequently menltoncd as havmg 
quahty problems were farmers own seed nctghbours sced unlabclled sced and sorne secd lots from 
regtstered sced compantes 

Avatlabthty Whereas farmers own and netghbours sccd had no avatlabthly problems all thc ccrltfied 
seed sources (regtstered seed compantcs and bcan exportmg company agents) dtd Ccrttfied seed was 
not readtly avatlable when needed and so farmers resorted to usmg thetr own sced nctghbours sced 
or any other seed avatlable from the local ktosks Certtfied sced was confined mamly lo large towns 
and shoppmg centres and rarely found m rural arcas whcrc farmers are located New vanettes were 
unavatlable m shops and could be obtamed only from agents of snap bean cxportmg compantes 
Farmers mrunly plantcd thc Monel vanety onl} a few "ere plantmg thc ncw vanettes HCL and 
Glona 
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Proce Farmcrs found all sourccs of ccrtoficd sccd hoghly pnccd rangiRg from Ksh 65 lo 70 for Moncl 
and from Ksh 345 lo 350 for the new vanchcs The pncc of ccrtoficd Moncl sccd comparcd lo thc 
pncc of sccd bought from snap bcan farmcrs or local shops doffcrcd by Ksh 30 35 The hoghcr pnce 
of snap bean secd than of other secds was thc m aiR rcason for the sm all plots of land under snap 
beans Avwlabohty of the sced on credo! eased the cash constraiRl omposed by thc hogh pnces 

Secd product10n 

Therc are five regoslcrcd snap bean sced mcrchants m Kenya Thcsc companocs produce sccd on 
contract woth farm,rs Thc company usually provodcs farmers woth sccd for bulkiRg on credo! Othcr 
mpuls that may also be provodcd IRcludc fcrtolu.crs and peshcodcs and also ficld mspcctors Thcsc 
cosls are later rccovcrcd whcn thc farmcr dchvcrs hos crop lo thc company s dcpol or al a spccoficd 
collccl10n centre Companocs pwd farmcrs al doffcrcnt ratcs rangiRg from Ksh 14 lo 24 pcr l..g 
dchvcrcd 

Thc maJor snap bcan sccd produciRg arca os L01tokotok Othcr arcas whcrc sccd os produccd IRCiudc 
Naovasha Kotalc ls10lo Machakos Mcru Rumuruh Mwca and Narok Thc total numbcr of varochcs 
of snap bean sccd beiRg produeed IR Kcnya os 35 woth cach company produciRg doffcrcnt vanchcs 
(Appcndox 1) Sorne companocs wcrc omportiRg brccdcrs sccd from Europc and Amen ca and bulkmg 
ol locally whole thc rcsl rccyclcd sccd severa! limes bcforc changiRg ol Thc total acrcagc contractcd 
by thc companocs for the purpose of sccd bulkiRg m thc 1990/91 scason was 1 855 ha aboul 40% of 
ot bemg destmcd for thc cxport markcl 

Thorty pcrccnt of farmers sold secd lo othcr farmcrs Thcse farmcrs lcft thcu crop lo maturc and 
produce secd Thos maiRiy happcncd whcn snap bcan pnccs fcll thus makmg furthcr pockmg 
uncconomoc Sorne farmcrs contractcd lo produce sccd for sced companocs sold ol lo rctaolcrs Thos was 
usually sccd that had bccn rcJCCted by field 1Rspeclors due lo doscasc or IRadcquatc osolahon from 
othcr bcan vanches Thos secd was usually sclcctcd but rarely dresscd by the farmcr who was sclhng 
ot Of thc farmcrs who plantcd theu own seed 73% carncd out a sclcchon proccdurc wholc 55% of 
thcm drcsscd thcu sccd woth a prolcchve fungocodc 

Soap bean seed dostrobullon cbanoels 

Thesc are all thc opcrahons mvolvcd m moviRg snap bcan sccd from po1Rl of productoon lo place of 
consumphon IR thos case thc farmcr (Fogurc 1) Vanous IRdovoduals and mshtutoons are IRvolvcd IR 
channciiRg thc sccd from produccrs lo consumcrs and varoous dostnbuhon mcthods wcrc cncounlcrcd 

Cootract arraogemeots Sorne snap bcan cxportiRg companocs wcrc IR a conlracl arrangcmcnt woth 
growcrs whcrcby thc company dchvcred thc sccd lo farmcrs on credo! through the~r agcnls Thc agcnts 
provodcd thc secd maiRiy lo womcn s or any organu.cd farmers group thcy also provodcd IRdovodual 
farmcrs woth secd Thc cxportmg companocs usually bought secd from rcgostcrcd sced companocs 
although sorne wcrc buyiRg from snap bcan farmcrs and dchvcnng ol lo farmcrs Of thc farmcrs 
mtervocwcd 24 5% wcrc obtaiRIRg thcu secd through thos kiRd of arrangcmcnt 

Hortocultural Crops Developmeot Autbonty (HCDA) Thos os a govcmmcnt parastatal IRvolvcd IR 
thc promohon of produchon and markctmg of Kcnyan hortocultural products Thos parastatal buys sccd 
from sorne regoslcrcd sced companocs and dostnbulcs 11 lo thcu sclhng centres namcly dovosoonal 
agncullural officcs or chocfs camps 10 1% of the farmcrs IRlervocwcd swd thal thcy bought thc sccd 
from HCDA 
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F1gure 1 Snap bean seed d1ssem1nat1on channels 
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Regutered seed compa01es Thts was the seed that was planted by most (33 1 %) farmers mtervtewed 
The two maJor seed compantes packed thetr seed mamly m two kg packages and to a lesser extent 
m one kg packages The remammg compantes packed thetr seed m 50 or 90 kg bags The two maJor 
regtstered campantes m arketed thetr sccd through 

(1) wholesalers located m Natrobt these wholesalers m tum sold the seed to retatlers m 
dtfferent towns and smaller retwlers m the large markets and also to mdiVIdual farmers and 

(2) the Kenya Gram Growers Co-operattve Umon (KGGCU) whose branches are found tn 
every maJOr town m the cauntry sorne KGGCU branches m snap bean growmg arcas dtd not 
stock snap bean seeds 

Other seed campantes sold thetr produce through snap bean exportmg agents HCDA and to mdtvtdual 
large scale farms 

Snap bean farmers Farmers were also supplymg a large number (23 1%) of other farmers wtth sccd 
They sold the seed at thetr farms or through local shopkeepers who m tum sold ti to other farmers 

Retatlers Retatl shops stocked snap bean seeds from vanous sourccs mcludmg 

1) regtstered seed campantes whose seed ts usually packed m one or two wcll labclled kg 
packages and 

2) cantracted snap bcan sccd growcrs and othcr snap bean farmers thts seed was netthcr 
packaged nor labelled 

DISCUSSION 

The factors found to be affectmg farmers dectstons on the type of secd to plant were 

1) Thc pnce of the sccd campared to thc pncc of the produce Most farmcrs found ccrttlicd 
seed too htghly pnced and uneconomtc to use espectally dunng pcnods when snap bcans 
pnccs were low 

2) Unccrtwnty on the avwlabthty of good qualtty sccd whcn ti ts needed and the unavwlabthty 
of thts seed at nearby shoppmg ktosks 

3) Unccrtwnty on the qualtty of seed Thts ts usually based on the prevtous performance of 
the seed 

4) Lack of cash or credtt to purchase htgh qualtty seed 

5) Lack of knowledge of the advantages of plantmg good quahty sccd 
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In order lo encourage farmers lo plant good quahty seed 11 1s 1mportant lo 

1) lncrease awareness among farmers of the bcnefits of usmg good quahty sced Th1s m ay be 
ach1eved by dcmonstratmg the profitab1hty of good quahty sced dunng barv.as and ficld days 
and by demonstrat1on plots 

2) lmprove standards of field mspecllon and cert1ficallon of quahty sced to chmmatc 
uncertamty about the quahty of cert1ficd sced 

3) lncreasc the avmlab1hty of quahty secd by prov1dmg 11 lo local k1osks 

4) Improve farmers purchasmg powcr by prov1dmg h1m w1th cred1t fac1hl1cs m thc fonn of 
seed 

5) Reduce the h1gh costs of cert1fied sced lo a leve! that farmers can afford H1gh costs result 
from poor organ1zat1on of sced mulllphcallon d1stnbu11on and storage 
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Append1x 1 Vanelles of snap bean produeed seed compan1es and arcas under seed producllon 
1990 1992 

Vanety Producmg company Acreage (ha) Year 

Super Kenya H1ghland Co 162 1990/91 
MICCO 64 
Kak1 283 
Cropper 125 
Content 220 
Bmgo 10 
Agora 273 
Bano " 114 
Blue Royal 130 
Tdf 357 
MT86 Hort1tech 8 
Na1tec 685 
N90 79 
Red Beauty 64 
S1mpson 6 
Solare 8 
T1lla 30 
Vemadon• 107 
Contender 79+ 
Grcen Tec " 18 1990/91/92 
Purple Tec 2 
Stnngs Bean Wh1te 14 
Tech 86 
Monel• East Afncan Seed Co 259 1990 92 
Super m1shm* Kenya Seed Co 45 1990/91 
Sk1l 75 
Extra Fme K K1plol Seed Co 147 
Extra Fme KA 11 5 1992 
Extra Fme KB 1 5 
Katum an1 B 11 16 1991 
K1plol Red 10 
Dark Red K1dney 10 
L1ght Red K1dney 10 
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ANALYSIS OF BEAN SEED CHANNELS IN THE GREAT LAK~ RltGtbN " 

Lou1se Sperhng 

CIAT ISAR Rubona Botare Rwanda 

ABSTRACT 

Interv1cWs wtth fannero; m f;)outh K1vu Provmcc of /.31n.. <>outhcm Rwanda and thrcc art.a<t 
of Burundt showcd that bcans wcrc grown pnnc1pally dunng thc ram~ m ~casono; A 
(Septembcr January) and B (March Junc) In hure and Burund1 thc h\o <ca<on< wcrc cqually 
1mportant wh1lst m Rwanda more beano; wcrc grown dunng Sca!:>on A In /_Áluc and Burund1 
substanhal arcas wcrc also grown on lowland mar.,hc<t dunng thc dry scason and m Burund1 
dunng thc countcr scason from January to Apnl ~owmgs tcnd<..d to be conccntrntcd among 
thc wcalth•cr farmcr< espcc1ally m Rwanda and Burund1 Mo<t farmcrs but c<pcc•ally thc 
nch obtamed theu ongmal sced from rclallves In onc of thc pnnc1pal bcan seasons (A or B) 
between 1990 and 1992 m all thrce countnes about 60o/ of fanncrs uc;cd tht..IT own stock-; 
for sowmg Ahout 30% of Rwandan and Burundtan famu .. r~ and 59o/ of /.aman fannt..rs 
obtamed thetr seeds from markcts Poor fanncrs con'iumcd much of thcu productwn as gn .. en 
pods or seeds and so rehed mamly on markct sourccs nch fanncrs used almost cnhrely thcu 
own stocks usmg markets as sourccs of particular gcnotypc'i In Rwandn and Burundt vanctal 
aspccts (adaptallon carhness small sud) and •ccd quahty (no d1scasc or pcst damagc 
chcmtcally treated) acounted for most farmcr'i dcfimhon'i of good 'iLed In all thrLL 
countrtcs there was very hmtted use of tmprovcd sccd though thcrc 1s cvJdcncc that 
genchcally tmproved culttvar'i are bemg adoptcd and mcorporatcd mlo local mtxturv, 

INTRODUCTION 

A pnme concem w1th 1mproved vancllcs 1s thc~r acccss1b1hty ncw culllvars can mercase food 
producllon only 1f they reach and can be mamtamed by growers Offic~al seed scrv1ccs or 
development projccts are often 1mportant m launchmg vanelles but may be relallvcly meffecllve m 
reachmg the mass of farmers part1cularly thc smallest and thc most 1solated (CIA T 1990) Furthcr 
for the poorer farmers use of new culllvars may mvolve a rcpeatcd cycle of loss and rcstockmg 
adopllon for thcm m ay thus reqUJre contmumg support rather than a onc t1mc cultivar dehvery serv1ce 
(Sperhng and Loevmsohn 1993) 

W1th the rum of 1mprovmg dehvery systcms for new culllvars research was camcd out to cxanune 
the mformal channels for bean seed acqUISillon m all thrcc Grcat Lakes countncs Stud1es a1med lo 
assess seed needs by reg1on by soc1al class and by scason lo 1mprovc understandmg of what farmers 
des1re m seed quahty and lo evaluate thc relallve strcngths of curren! seed channels for beans 

METHODS 

Seed mves11gat1ons were camed out by mcans of qucsllonna~rc employmg both open and closed 
formats dependmg on the complex1ty of the subject bemg pursued Sced samplcs of released 
culllvars were used lo 1dent1fy 1mproved vanct1es and local mensures (baskcts and pots) helped clanfy 
the quanllt1es of seeds sown In thc South K1vu Reg1on 227 farmers were mterv1cwed m two maJor 
arcas Kabare thc commun1ty surroundmg the rescarch stallon and Walungu the s1te choscn for 
the nallonal programme s most mtens1ve on farm testmg In southem Rwanda 152 farmers werc 
mterv1ewed m Butare and G1kongoro Prcfecturcs m the 14 communes located m prox1m1ty lo ISAR 
headquarters In Burund1 295 farmers were mterv1ewcd m three maJor bcan growmg reg10ns (aboul 
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100 farmers m each reg10n) Ktnmdo was chosen due lo large quanltltes of beans sown yet hm1ted 
development projecl mtervenllon G1tega was chosen lo represen! an arca where bean cult1vat10n 1s 
facmg d1fficult1es yet where projecl support has been s1gmficant and Makamba was selected due to 
the local trad1t10n of growmg chmbmg vanelles Samples were chosen randomly w1th all wealth 
classes representcd and mterv1ews were held by preference w1th adult women those most expenenced 
and knowledgeable about bean secd Aggregate nallonal data are presentcd m th1s overv1ew md1v1dual 
country reports h1ghhght reg1onal d1v1s1ons where appropnate (1 e m Burund1) Wealth d1v1s1ons 
( poor mcdmm and nch ) were defincd quahtallvely accordmg lo house type and SUÁ! land and 
hvestock holdmgs tenurc nghts (m Z81re) and other notable factors such as off farm sourees of 
meome (part1cularly m Rwanda and Burund1) fert1lw:r use and labour h1re (m the case of Burund1) 

FINDINGS 

Quant1ty of seed planted 

The quant1ty of bean secd plantcd seasonally by year and by soc1al class 1s summan~cl m Table 1 
In Rwanda Season A (September lo January) proves most 1mportant both m the quanlllles sown (on 
average 100 150% greater than season B March to June) and the number of farmers plantmg In 
Z81re these two seasons are more evenly matchcd along both parameters We see however a 
surpnsmgly large and relallvely new off season product10n 1) farmers use the lowland marsh dunng 
the long dry season (Season e) and 2) many are takmg the nsks lo plant the so-callcd counter 
season of January lo Apnl (Season D) In Burund1 Seasons A and B are relallvely equal w1th B 
bemg shghtly more 1mportant (N B th1s conf11cts w1th the common w1sdom that farmers are 
abandonmg beans m Season A) As m Za1re an mcreasmgly large number of Burund1an farmers 
(here 45%) are mtens1fymg product1on by plantmg m the valley bottoms dunng the e season 
Overall the poor m R wanda and Burund1 sow only a quarter of what the wealthy sow on a yearly 
bas1s w1th the figure nsmg to 2/5 m Z81re 

Table 1 Quant1t1es ofsecd sown and percentages offarmers sowmg beans m 1990 92 m South K1vu 
Za1re Southem Rwanda and K1rundo G1tega and Makamba Provmces of Burund1 

Seasons 
A 
B 
e 
D 
Farmers 
Poor 
Medmm 
R1ch 

Zaue Rwanda Burund1 

kg % farmers kg % farmers kg % farmers 
sown sowmg 

(n=277) 

14 6 85 
13 6 89 
74 19 

11 2 15 

20 6 
34 2 
48 9 

sown sowmg 
(n=152) 

21 o 
99 

14 6 
239 
56 6 
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95 
83 

sown sowmg 

39 7 
45 4 

(n=295) 

84 
100 

14 7 45 

36 9 
81 3 
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Thc numbcr of scasons farmcrs plant stgmficantly vancs by wcalth only m Zauc (P< 001 F= 7 6) 
wtth the nch plantmg an average of 2 33 and the poor 1 95 Further of those who plant a smgle 
season 85% were charactenzed poor No such wealth by seasons dtfferenttallon emerged from e~ther 
the Rwandan or Burundtan data 

Evolubon of seed sources 

Most farmers m South Ktvu (73%) southem Rwanda (84%) and Burundt (87%) obtamcd thctr 
ongmal sccd (al the lime of household estabhshmcnt) from relallves usually the man s parcnts Thc 
couple often restdes near thcsc relallvcs and such sccd ts preferrcd as ti ts srud lo be wcll adaptcd 
locally Wtth lime however many had also made parttal modtficallons m the compostlton of thetr 
sccd stocks (40% for the Zaman sample 60% for the Rwandan and 22% for the Burundtan) wtth a 
good number changmg theu secd stock completely (14 18 and 61% respecllvely) When m nccd of 
sccd very few felt able to go back to thetr parents for rud or reJuvenatton of m txlure types (less than 
2% for all sam pies) lt ts tm portan! to note how wealth dtfferences relate to ongmal sccd acqutstllon 
the nch generally gel stocks from thetr parents (lOO% m Rwanda 95% m Zatre and 94% m Burundt) 
whtle comparable figures for the poor are 36% m Rwanda 44% m Zatre and a surpnsmg 90% m 
Burundt In Rwanda where netghbours provtde a sccond valued source of sccd we find a parttcularly 
dtsadvantagcd group of farmers who recetved ongmal stocks netlher from parents or netghbours 72% 
fall mto the poorer category 

Table 2 Percentage of farmers growmg beans who uscd a parttcular sourcc dunng the pnnctpal bean 
growmg season 1991 2 

Sources 

Own stock 
Relallves 
Market general 
Market farmer seller 
Market local merchants 
Market large merchants 
Ne~ghbours 

Development proJect 
Church 
Cooperallve 

Zatre R wanda Burundt 
(n=l94) (n=l44) (n=248) 

59 63 66 
o () 

58 9 24 
11 12 

o 3 11 
o 9 3 
1 10 4 
o o 3 
o 3 <1 
o <1 

ISAR/INERA/ISABU/State o o 

no farmer uscd two of these sources one thtrd of Rwandan farmers uscd the market 

Cu rrent use of seed so u rces 

Table 2 hsts the vaned sources tdenllficd by farmers for bean sccd acqutsttton and tllustrates thetr 
frequency of use dunng the pnnctpal bean season data from R wanda and Zatre are drawn from 
Season A (etther 1990 or 1991 dependmg on when the farmer last sowcd) and for Burundt from the 
maJor B season (m thts case 1992) In all countnes about three fifths of farmers obtam al least some 
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of the1r seed from the1r own product10n ( own stock ) w1th a market channel bemg the other very 
s1gmficant sourcc When farmers speak ofmarket sources m South K1vu they are generally refemng 
lo the many decentral.,.ed markets al wh1ch farmers themselves m ay sell the1r own bean seed hence 
the categones market general and market farmer merchant are not well d1fferent1atcd for the 
Zaman data In Rwanda and Burund1 m contras! farmers clearly d1stmgU1sh among the large town 
markets ( market general category ) the town wholesalers who own the1r own shops ( large 
merchants ) the decentral".ed country or boutique vendors ( local merchants ) and the farmers who 
sell the~r own harvest m town or rural marketplaces ( market farmer merchant ) Th1s last type 1s 
relallvely rare m Rwanda as farmers who sell (or exchange) the1r own product1on usually do so m 
the countrys1de as one ne1ghbor lo another (hence the category ne1ghbour ) Note that th1s category 
of ne1ghbour for seed 1s httle found m South K1vu 

Use of the two ma¡or categones of secd channels own stock and market (the latter bemg a 
compos1te category of all market types) vanes cons1derably by wealth In all three reg1ons only about 
half of the poorer farmers can draw on the1r own stock (for any quanllty of secd) m contras! lo the 
wealthy who use 100% of the~r own harvested seed foral least one season of the year (Table 3) 
However once farmers use a source (e g whether own stock or market ) the proport1on of seeds 
commg from that source vanes relallvely shghtly by wealth for example poor or nch farmers who 
draw from the1r own stocks m ay do so for the great ma¡onty ofthe1r seed needs (Table 4) Slm1larly 
sorne farmers from all classes may exclus1vely rely on the market for seed nceds In our sample a 
very small group of the nch (two cases m Rwanda and Za~re and one case m Burund1) sought lo 
overhaul completely the1r seed stock for a smgle season m search of better performmg mixtures 
Table 5 g1ves an 1dea of ¡ust how 1mportant the market may be m terms of quant1t1es of seed 
purchascd on average each Burund1an farmer purchases 5 4 kg from the market m Season A and 15 
kg m Season B 

Table 3 Percent of farmers usmg the two ma¡or seed channels by soc1al class and season 1990 92 

Own stock 

Poor 
Medmm 
R1ch 

Market 

Poor 
Medmm 
R1ch 

Za1re 

A 

51 
65 
80 

66 
40 
13 

B 

49 
64 

lOO 

60 
53 
17 
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A 

44 
63 
91 

46 
36 

6 

Rwanda 

B 

62 
85 

100 

26 
5 
o 

Burund1 

A 

55 
81 

lOO 

51 
22 

4 

B 

34 
73 
85 

80 
52 
32 



Table 4 Percenlage of seed obtaiRcd from a sourcc by those who use 11 rev1ew of the lwo maJor seed 
channels Seasons A and B 1990 1992 

Own stock 

Poor 
MediUm 
R•ch 
Market 

Poor 
McdiUm 
R1ch 

A 

82 
84 
98 

84 
80 

lOO 

Zaue Rwanda 

B A B 

85 92 93 
90 87 96 
88 99 98 

88 92 93 
78 83 100 
54 lOO O 

Burund1 

A 

85 
98 
98 

93 
81 

62 

B 

71 
80 
84 

92 
70 
64 

these figures should be IRierprcled cau110usly IR all four cases the dala refer lo only 2 4 farmers 

Table 5 Quaniiiies and percenlages of bean seeds Burund1an farmers procured from the lwo pnnc1pal 
seed sources for the lwo maJor growiRg seasons 1992 A and B 

Season A Season B 

% seed % seed 
Class Sourcc kb sown kg sown 

Poor Own stock 75 44 7 5 8 28 1 
Market 80 47 9 14 7 69 5 

MediUm Own stock 29 6 82 6 27 1 62 2 
Market 54 1 ~o 14 3 33 8 

R1ch Own stock 76 2 97 6 60 o 70 4 
Markct 26 32 16 8 20 2 

A,erage Own stock 33 7 83 8 28 1 61 5 
Markel 54 13 4 15 o 32 8 

Note lolals do nol add lo 100% as other sources contnbuted small amounls lo f arm crs sccd 
acqms1t10n 

Note that the neh seem lo use markets lo find selecl gene11c matenal rather than lo lop off or fill IR 
for IRadequale seed slocks The rehance of the poor on the market IS quanlllallvely and quahtaiively 
d1fferenl In the Rwandan sample 33% ofthe poor purchase theu cnllre secd atleasl one scason 13% 
do so for lwo consccullve seasons and 18% purchase all of the1r seed from thc markct evcry lime thcy 
plant whether 11 be one or two seasons yearly (th•s tall) excludes those who depend on the church 
or thc stalc for free seed) Farmcrs lamentthey m ay even consume the1r ent1re crop grcen mthcr thc 
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pods or the fresh seeds The rehance on market seed 1s even h1gher m Burund1 70% of the poor 
obtam all of thCJr seed from the marl.et for al least one season 39% for al least two and 36% every 
lime they sow Fmally the rehancc of the South K1vu poor on market seed 1s the most pronounced 
52% buy all of theu seed for one season 32% for two or three seasons and 40% of farmers buy all 
of thCJr seed every lime they plant whether 11 be one two or three seasons annually Here farmers are 
clearly seekmg somethmg lo pul m the ground that w11l sprout the concem IS for secd quanllty not 
for refimng ch01ce of vanelles 

Farmer assessment of 'good seed channels 

Farmers m both the Rwandan and Burund1an stud1es were asked to define what they cons1dered good 
seed Rwandans (n=89) focused on var1etal aspects m 76% ofthe responses (emphasumg adaptcdness 
to local cond1llons and earhness as desued tra1ts) w1th phys1cal or phytopatholog1eal tnuts representmg 
the rest of the entena c1ted (good phys1eal appearanee good germmatmn and sccd treated w1th 
pesllc1des) Burund1an responses for the enllre sample (N=295) were s1m1lar and are deta1led m Table 
6 var1etal aspects were part1eularly e1ted (65% of the responses) w1th a preferencc for small gramed 
seed ( does well on our poorer s01ls and 1s econom1c lo sow ) Formal seed serv1ce concems sueh 
as good cond1llomng or healthy seed were g1ven httle prommence as farmers feel thcy can read1ly 
control these aspects themselvcs G1ven the vanetal emphas1s farmers generally prefer to use 
mixtures long testcd on thCJr own farms as through a process of select1on such seed 1s regarded as 
'1\ell adapted lo farmers spec1fic agronom1c cond1llons In Rwanda and Burund1 m terms of both 
genet1c and phys1cal qual1ty second best seed 1s srud lo come from ne1ghbours whose plantmg 
cond1llons m1ght be s1m1lar and who have an eth1c to dehver well sorted beans (e g unbroken mature 
and ne1ther d1scoloured nor damaged m storage) (CIAT 1988) In Zaue such ne~ghbours seed may 
be found al the market where buyers search for faces and/or var1et1es w1th wh1ch they are very 
fam1har 

Table 6 Burund1an farmers (n=295) defimllon of good seed 

Responses 
% 

Cntena 'Number % farmers 

Var1etal factors 422 65 90 2 
Seed quahty 144 22 41 7 
Econom1c factors 35 5 98 
Cond1t10nmg 25 4 78 
Seed health 18 3 58 
Other 2 <1 07 

1 Note each of the categones represents a cluster of responses thus vanetal reasons me lude such 
entena as desue for small seeded var1elles early matunng var1elles vanelles that res1st drought and 
so on The ma¡or entena are vanetal factors small grrun good yJCid known vanety secd qual1ty 
rollen 1mmaturc and buch1d-damaged grruns ehmmated cconom1c factors grruns econom1c lo sow 
(small) sced hcalth good germmallon and other appropnate m01sture content Farmers were 
perm 1ttcd to c1te up to thrcc entena 
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Thc problcm w1th such better quahty seed IS both 1ls relahvely h1gh cost as well as avrulab1hty Not 
surpnsmgly the wealth1er m ay have greater access than the poor to better quahty seed For example 
m Rwanda 50% of the sources they used m season A outs1de the1r own stocks fell mio the categones 
of nCJghbours (better quahty local seed) or development proJects and government offlces 
(better quahty exot1c secd) wh1le such locales represented 18% of the sources used by poorer farmers 
for acqms1hon of seed off farm Ulhmately farmers m ay be obhgcd lo buy from commerc1al channels 
JUSI because secd 1s ava1lable upon request Table 7 •llustrates th1s pomt m reference lo Rwandan 
assessments of the1r potenhal seed acquiSIIlon sources Wh1le sorne 17 entena were used m the 
evaluatwn only a handful emerged as determmant The maJor advantagc of market secd seems lo be 
that one can obtam 11 liS qual1ty 1s not partlcularly apprec13led Note the degree lo wh1ch farmers fear 
bemg cheated m any commercl31 transacllon In Zaue the only maJor non farm source evaluatcd 
the market was pos11lvely regarded m terms of seed ava•lab•hty and the w1de chmce of vanetles on 
offer and negat1vely m terms of cost and poor phys1cal quahty Genellc qual1ty of seed d1d not figure 
probably because much of the seed for sale 1s of rclallvely local ongm 

Table 7 Rwandan quahtallve assessmcnt of maJOr sced sources 

So urce 

Pos1t1ve attnbutes 

Good genellc quahty 
Good phystcal quahty 
Appropnate storage 
Easy ava•lab1ht) 

Negat1ve attnbutes 

Poor genellc quahty 
Poor phys1cal quahty 
Expens1ve 
Errallc ava1lab•hty (scarc1ty) 
lncxact quanlllleS (Chent cheated ) 

M arket S m all local Large 
general merchant merchant Ne1ghbour 

+ + 

+ + + 

+++ 
++ 
+ 

Note each symbol negallve ( ) or posl11ve (+) represents close to one th1rd of the respondents who 
c1ted the source 

Farmers use of 1mproved seed 

As seen above the use of 1mproved sccd • e phytopatholog•cally supenor secd ( clean ) commg 
d1rectly from development proJects seed serv1ces or natwnal mslltutes was qmte small m all three 
countnes The use of genellcally tmproved vanehes however was more dtfflcult to estabhsh as 
farmers m ay not know the ongm of the culllvars and vanehes mtegrated mto thetr mtxlures lmproved 
chmbers are eas1er to tdenhfy than tmproved bush vanettes as the former type m ay be totally novel 
to an area or local genellc dtverstty among chmbers may be low The ev1dence from Burund1 was 
prom•smg and partlcularly surpnsmg g1ven that the natwnal programme has made hm1tcd efforts to 
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promote chmbers 23% of those who grow chmbmg vartettes (concentrated m Makamba) have 
adopted tmproved culttvars More targeted studtes are under way wtlhm the Great Lakes Regtan to 
loo k al use of geneltcally tmproved varteltes (Musungayt el al 1992 MINAGRinSARJCIA T 1992 
Schetdegger and Nyabyenda 1992) 

DISCUSSION AND IMPLICATIONS 

Thesc rcsults clearly show that relattvcly large numbers offarmers regularly procure a htgh proporlton 
of sced from outstde thetr own farms Whtlc netghbours (hcnce locally adapted) seed ts preferred 
(whether purchased on farm or al market stalls) many farmers are obhged lo purchase what they 
constder second quahty seed through commerctal channels whtch offer regular supphes of a range 
of culltvars Poorer farmers m parttcular are constan! market chents unable lo save seed harvested 
or al ltmes forccd lo eal enltre harvests as green beans or green seed Up lo now development 
proJects and nattonal seed programmes have provtded proporttanally httle of the bean seed m use 
although sorne geneltcally tmproved vanettes are reachmg farmers lhrough mformal channels For 
farmers lhe present seed procurement channels ofien represen! a trade-off between qualtly seed 
(geneltcally and phystcally) and cosl and avatlabthty Future strategtes for lhe dtslnbutton of tmproved 
seed should place emphasts 1) on makmg avwlable geneltcally supenor vaneltes (vs a focus on 
phytopalhologtcal or phystcal qualtly) and 2) on dtstnbutmg them through decentralu.cd on gomg 
and extslmg seed procurement channels The key wtll be lo kecp down cost whtle maxtmu~ng farmers 
access 
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DISCUSSION SESSION VII TECHNOLOGY TESTING, TRANSFER AND 
SOCIO ECONOMIC ISSUES 

Cha1r R Buruchara Rapporteur J H Nder1tu 

General 

Comment Thcrc are thrcc arcas dcalt w1th bcan producllon markcts and markctmg of secds and 
on farm rescarch Thcrc are many producllon systcms prov1dmg many aspccts of study Rcscarchcrs 
should mvolvc extcns10msts m on farm rcscarch How 1s technology bcst transferrcd lo farmcrs? Who 
should be mvolvcd m such a transfer? Farmers are not prcpared to pay for bean seeds cxccpt for new 
vanet1cs How 1s the producllon and d1stnbullon of bcan seeds bcst organu.cd? How appropnatc are 
fonnal and mfonnal channcls for d1stnbullon of bcan sccds to thc farmcrs 

Paper by Alehgoe Kefyalew 

Klrkby You draw attcnllon lo scasonal nuctuallons m bean producllon Smcc m Eth10pla thls lS 
largely due lo large plantmgs of bcan subst1tutmg for cereal crops m drought years pohcy 
mtcrvcnt10ns m ay havc more cfTect than b10log1cal rescarch upon the attcmpt lo stab1lu.c year lo )Car 
producllon 

Paper by Isaac Mulagoh 

Otsyula lt 1s mtcrcstmg lo note that GLP 1004 not uscd as a control m thc field demonstrat1ons m 
dry arcas 

Paper by S M W M u nene 

Wortmaoo GLP 2 (K20 m Uganda) 1s thc most marketcd bcan However 11 1s not most preferrcd 
for consumpllon Desp1tc 1ts relallvcly largc supply 11 has an mtcnned1ate markct valuc Picase 
comment on th1s 

M u nene On consumcr preference m three d1stncts (K1s11 Meru and Muranga) m Kenya Rose Coco 
(GLP 2) was most prcfcrrcd due to 1ts fast cookmg and good sauce Th1s suggests 11 1s a preferrcd 
vanety m sorne maJor bean producmg arcas The Nallonal Cercals and Produce Board pays a h1gher 
pnce for Rose Coco than for other var1et1es but very few farmers sell lo thc board 

K1mao1 Docs GLP 2 always command the best pnce m the markets survcyed? 

Muoeoe In sorne markcts 11 1s pnccd h1ghly but not always Farmers prefer 11 because 11 cooks fast 
and has good sauce 

Quest100 What 1s the mam sourcc of beans m markets? 

Muneoe Mostly surroundmg arcas 
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Paper by Aberra Deressa 

Questoon You mcntooncd that around 1990 you rcplaccd Mcxocan 142 woth Awash 1 bccausc thc 
formcr was no longcr producto ve lt os a ros k to pro mote a smglc 'arocty at a tome and 1 am wondcnng 
why you havc choscn thos stratcgy 

Aberra Deressa In fact wc are also promotmg a ncw food vancty Thcsc wcrc thc most promosmg 
of thc ncw m atcnals tested 

Paper by Getacbew Kassaye 

Wortmann 1 undcrstand that contact farmers are the recopoents of secd of new vanctocs m thc sccd 
dosscmmallon study ls thos corrcct? ls thcrc any cvodence that ccrtam local farmcrs are spccofically 
rccognw:d by thcor neoghbours as secd expcrts or sources or seed? What role are NGOs pla} mg m 
the promotoon and dosscmmallon of vanctocs 1 

Getacbew Kassaye Not only thc contact farmef' but also thc follow up farmcrs are rccopocnts of 
sccd of ncw vanctocs Farmcrs basocally are expcrt m selcctmg sccds partocularly for plantmg for thc 
ncxt scason Thcy choosc secds vosually m thc ficld harvcst them and storc thcm for long pcnods 
trcatmg thcm woth ashcs and kccpmg thcm dry NGOs (for cxample CONCERN World Vosoon 
FARM AFRICA) are mvolved m dcvclopmcnt actovotocs al rcgoonal dostnct or vollagc lcvcl Thcy 
mcludc food for work programmcs trammg of farmcrs both mcn and womcn conduct of 
dcmonstratoons of ccrcals pulses and hortocultural and othcr crops and buoldmg of roads clomcs 
schools and othcr mfra structurc Thcy also play an omportant role m dosscmmatmg sccds of ncw 
vanctocs smcc thcy can casoly multoply and dostnbutc sccd and plantmg matcnals lo farmcrs 

Wortmann 1 thmk ot os omportant to stud} seed dossemmatoon and am glad lo scc you plan lo do so 
Howcvcr m thc mcantomc pnonty should be govcn to promotoon and dosscmmallon of thcsc vanctocs 
What are your plans for thos? 

Getacbew Kassaye Collaboratc woth NGOs around our dcmonstratoon sotes and supply thcm woth the 
vancllcs to multoply and dostnbutc to ncarby farmers Use MoA/MCTD farm plots lo produce more 
of these sccds for futurc dosscm mallon 

Questoon ls lAR able lo produce sufficocnt sccd for large scalc dosscm matoon or do you havc 
altcmatove stratcgocs for such productoon? 

Getacbew Kassaye Thos programmc aoms to hclp resourcc poor farmcrs m thc dcmonstratoon sotes 
so that most farmcrs can casoly obtam sufficocnt plantmg matcnal for thc followmg croppmg scason 
An altcmallve stratcgy os lo collaborate woth thc NGOs who are mvolvcd m dcvclopmcnt actovotocs 
m thc arca by supplymg secds lo thcm lo multoply and dostnbute lo farmcrs 

Sperhng You havc lo be carcful about usmg thc Acccptabohty lndcx (% of farmcrs usmg thc 
tcchnology multophed by pcr cent of surfacc arca) bccausc the largcr thc mdcx thc bcttcr lf 80% of 
bcan area os covcrcd by onc vancty thos would be consodcred succcss Rcccntly howcver rcscarchcrs 
havc queslloned the Acccptabohty lndcx bccausc ot supports rcductoon m dovcrsoty Such rcscarchcrs 
bchcvc that more farmcrs growong smallcr arcas to one vancty and pcrhaps devollng othcr ficlds to 
anothcr varocty may be a more stablc stratcgy 
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Paper by M W WODJiru 

Quest10o Why are so many (36) snap bcan vancllcs produccd m Kcnyal Are all of them avrulablc 
lo farmcrs? 

W&DJiru Accordmg lo thc Nallonal Sccd Quarantmc Control Scrv1cc (NSQCS) 33 snap bcan 
'ar1cllcs wcrc rccordcd as bcmg produced m Kcnya m 1992 Thc m aJonty of these were produccd 
solely for thc cxport market Only thc vanclles produccd by the East Afncan Seed Company and the 
Kenya Sced Company werc rcad1ly ava1lable lo farmcrs smcc these were thc only compan1cs 
producmg sced for the Kenyan market (see Append1x 1) A few other van elles find thc1r way to 
farmcrs fields 1f and whcn snap bcan cxporllng compan1cs and sccd mcrchants 1mport seeds 

Quest10n Are thc snap bcan vanct1cs from sccd compan1cs hcld by thc Nallonal Horticultura! 
Rcscarch S lallon? 

W&DJiru Thc Natmnal Vcgetablc Rcscarch Stallon 1s collcctmg thc secds from cxport compan1cs 

Paper by L Sperhng 

Quest1oo Why do you thmk farmcrs are prcparcd lo pay a hltlc more for unknown vancl1cs m thc 
Greal Lakcs Rcgmn? 

Sperhog Farmcrs m Rwanda rcgularly cxpcnment w1th vancllcs thcmsclvcs (rcmcmber th~rc are al 
leas! 500 vancllcs country w1dc) Thcy havc also had sorne good succcsscs w1th rcscarch dchvcrcd 
vanellcs Now thcrc IS a hugc dcmand for thc ncw chmbmg vanellcs Al the bcgmmng thcse wcrc 
not easy lo gel al all on thc markct and now farmcrs are cagcr for a grcatcr d1vcmty of chmbcrs 

Quest10n ls thcrc a danger thal thc 1dcnllty of a vancty may be lost over lime bccausc the 1mllal 
amounts are so small? 

Sperhog Dangcr for whom? Farmcrs w1ll mulllply the sccd 1f 11 provcs mlcrcstmg otherw1sc they 
w•ll d1scontmuc 1ts use The small amounts sold represen! true farmcr test Slf.CS (that 1s what they do 
on thc1r own a handful ) lf farmcrs do lose a demed vancty they can acccss 11 agam (through thc 
market ora nc1ghbour) 1f the m111al d1stnbu11on was cxtcns•ve m spacc wh1ch 1s the object of makmg 
small amounts avrulablc lo many farmcrs 

Quest10o How can you mcasurc 1mpact after d1ffusmg a vancty m small bags? 

Sperhog Measunng 1mpact m a Slluallon whcrc new vancllcs are usually mcorporated m cx1stmg 
m1xtures 1s d1fficult whethcr they have bcen d1ffused m small bags or othcrw1se In thc Great Lakes 
seed samples are takcn from farmers lo the laboratory scparated mio thc1r componcnts and compared 
w1th rclcascd varlCllcs first on thc bas1s of grrun charactensllcs thcn by growmg out the seeds and 
companng morpholog1cal descnptors 

Seogooba ls there a danger thal farmers may m1x new vanellcs and lose thc1r •dcn1111es? 

Scbe1degger When farmers acq01re a new vanety they test1l for 2 5 seasons m small plots separatc 
from the1r m1xture In add111on farmers may have 20 d1fferent names for the same vanety Reachmg 
10% of the populallon d1rectly w1th small bags wh1ch have the vanety name pnnted may even 
1mprove the s1tuallon 

326 



J 

Getachew Kassaye In d1sscmmatmg sccds wc havc lo cons1dcr farmcrs prcfcrcnccs such as 
tastc/appcarancc pnce y1cld and cookmg t•mc phys1cal and socJo-cconomJc charactenstJcs of s•tcs 
such as chmatc topography smls and mfra struclurc and farmer c.rcumstanccs such as fam1ly and 
farm s".e In d1stnbutmg sceds m the Great Lakcs arca what 1s thc average farm s".e and croppmg 
pattcrn e g do farmers grow beans as a monocrop or mtercrop? 

Sperhng Farmcrs are partJcularly mlcrestcd m thc ab1hty of a vanety lo perform undcr stress 
condlllons e g on poor smls or m dcnscly mtercropped Slluat•ons Colour shape and umform 1ly of 
gram are relallvely ummportanl as commercJal forccs have ycl lo crcalc d1slmcl urban (vs n.ral) 
prcfcrcnccs Of coursc as cvcrywhcrc thcy hkc h1gh y•cldcrs w1th short matunty cyclcs 

General Although low sml fert1hty was ongmally cxpcctcd lo hm1l thc sprcad of chmbmg bcans m 
Rwanda th1s has nol happcncd The aspect1s now bemg cxammcd m sorne Grcat Lakcs regional sub 
projccts Stakes mercase thc productJon costs of chmbmg bcans A local markct m stakcs has 
dcvclopcd and thesc markct costs havc bccn mcluded m econom•c assessments of the 1mpact of 
chm bers Labour stud1es show that poor cvcn fcm ale hcadcd houscholds havc rcad1ly adoptcd 
chmbmg bcans Thc fact that farmcrs havc found Umubano (G 2333) lo havc good tastmg !caves has 
also hclpcd adopllon by thc poorcst sector of thc populallon 
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SESSION VIII REVIEW OF REGIONAL PRIORITIES 

RESEARCH FOR IMPROVING BEAN PRODUCTION SYSTEMS IN AFRICA 
APPLICATION OF INFORMATION AND ADAPTIVE RESEARCH 

Charles S Wortmann 

CIAT, Kawanda Agncultural Researcb Instltute, Kampala, Uganda 

ABSTRACT 

Bcan rcscarch nctworks m cac¡tem and southt..m Afnca are provmg cffcchvc m conductmg 
strategtc and apphed research lo generate potenltally useful mforrnalton about pnonty 
problems Apphcatton of thts mfonnatton as well as othcr ex1stmg mformahon to atd 
fnrmers to 1mprove thc1r management practlct..s has not bccn as wcll scrvcd Product10n 
envuonmcnts and systcms are very d1vcrsc and wc lack effic1cnt mcans of exlrapolatton to 
accurately targct mfonnahon to producttun systcm!) Adapttve research w1th farmcr 
mvolvement ts nccded Opportumhes for collaborahon m rescarch w1th thosc havmg sharcd 
mteresl'i m 1mprovmg bcan productton systems must be cxplmtcd 

INTRODUCTION 

Thc bcan rcsearch network ts probably thc best funcltomng agncultural researeh network m eastcm 
and southcm Afnca Whtle there have been maJOr dlfliculltes m the conccptton and tmplcmcntalton 
of sorne reg10nal rescarch sub proJecls others have proceedcd well wtth researehers conduchng 
researeh of strategtc mterest lo nahonal rcscarch programmcs Rescarehcrs have dcveloped expcrttsc 
m spectfic arcas and gamed recogmlton for thts experttsc Nattonal and regiOnal planmng workshops 
and workmg group meetmgs have gtven useful gutdance to rescareh by scttmg pnonttes and 
evaluatmg on gomg acltvtltes Thc approach ts cffecttve m gencratmg mformahon whtch ts potenhally 
useful for solvmg bean crop rclated problcms Stmtlarly collaborattve researeh by Afnca based CIAT 
and nahonal programme staff has been of value m generatmg mformatton about tmportant problems 

Utthzatton of thts mformalton as well as other extslmg mformat10n to 81d farmers lo tmprovc thctr 
management practtces has not been as wcll served Whtle thc sub proJecls and reg10nal sctenltsts 
generate mformahon on !optes of reg10nal mtercst rcsponstbthty for adapttve researeh rests wtth 
nahonal programmes or other wtthm<Ountry mshtultons Thts area of researeh has not gone well 
espectally for thc bencfit of resource poor farmers (RPF) m less favoured productton envtronments 
Thts paper explores the tssue of uhi17Jng av811able mformatton more effictently for actual tmprovement 
of produchon systems 

THE FARMER RESEARCHER INTERFACE 

The followmg charactenzattons of convenhonal rescarch are relevan! to thc farmer researeher 
mteñace 

1 Convenltonal rcscareh has not bccn very effccltvc m asstsltng RPF espectally those oulstde more 
favoured envtronments Produclton condtltons are ofien dtverse due lo chmaltc edaphtc and socto 
economtc vanahon and resources have bccn msuffictent for conventtonal researeh lo deal wtth thts 
dtverstty of dcmands When potenttally suttable technologtes are av81lable av31hng these to farmers 
ts ofien dtfficult due to madequactes m extrapolatton of mformahon and msuffictent adapltve researeh 
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2 There ts a need lo go beyond conductiRg NPK level tnals herbtctde tesliRg and plant dcnstty tnals 
Much IRformahon gcnerated wtlhiR or outstde our reg10ns extsts on these !optes and ts generally 
poorly uhlu.cd Frulure of ut1hat10n may be because of lack of awareness of tts extstencc of 
agronomtc or economtc mappropnateness or of poor extrapolahon of results lo farmers condtllons 

3 Research results need lo go bcyond annual reports Research ts not complete unlll 11 has found a 
place m farmiRg systems or unlll 11 has becn found mappropnate lnformallon ts of value only tf tl 
ts uhlu.cd 

4 Blanket recommendat10ns even for agro-ecolog~eal ~.ones (AEZs) are IReffictent as therc ts much 
heterogenCily wtthiR AEZs and even wtthiR farms lt ts more tmportant lo offer gUidehnes to rud 
farmers to find the ophmum pracucc or level for vanous mches of lhctr farms Questlons anse as lo 
how researchers can 81d farmers to tdcntlfy these opllmal levels 

5 For tradtllonal crops farmer management pracllces are gcnerally not bad 1 e the1r plantmg rates 
and other management pracllces are usually reasonablc gtven farmers ctrcumstanccs Whtle cases of 
poorly tended crops are often observed these frequcntly are duc lo uncxpectcd defictts IR the rcsourccs 
reqUircd for a task or to poor management rather lhan to lack of knowlcdge Tradtbonal produclton 
systems rathcr lhan exohc systems developed for htgh mpul and mechanl7.cd agnculture should be 
the startiRg po1Rt for adaphve research 

6 Agronom te research espectally the tdenhficahon of worthy research toptcs ts dtfficult lt ts often 
dtfficult lo develop technologtes whtch are better than those the better farmers are usiRg gtven thetr 
avrulable resources At the same ume many farmers are not usiRg thelf resources effictently Whtle 
the researcher farmer gap ts often dtscusscd lhc gap betwcen the most and the least effictent farmers 
may be more noteworthy 

7 Wtth the recogmhon that farmcrs do try altcmahve pracllccs on the1r own and that thcy are 
knowlcdgeable of the1r produchon envtronments comes a reah7.ahon that farmers are potenttally 
valuable partners IR rcsearch 

RESEARCH APPROACHES FOR INCREASED BUT SUSTAINABLE PRODUCTION 

The followmg dtscusston focuses on tmproved uhhzahon of extshng IRformahon through tmprovcd 
extrapolahon and adaphve rcsearch Avrulablc IRfonnahon needs to be better apphed to constrrunt 
tdenhficatiOn pre screemng posstble soluhons and targctiRg of tcchmcal IRnovaUons Adaphve 
research wtth much farmer IRvolvement ts necdcd lo develop the IRnovahons needcd to tmprove 
product10n systems Research reqUirements are expected to dtffer for resourcc nch farmers (RRFs) and 
RPFs 

Resou rce rtcb farmers 

Convenhonal agncultural rcsearch approaches wtll contiRue to serve RRFs well but the effictency of 
research ts ht..ely to tmprove wtth greater farmer mvolvement Many RRF are already usiRg the more 
eastly adoptcd technologtes such as htgh yteldiRg vanehes and 1Rput use Further tmprovement of 
systems ts hkely to be more dtfficult posstbly IRVolviRg 1Rput use effictency through more prectse 
farmiRg prachces IRtegrated pest and sotl managemcnt as well as htgher yteldiRg vanehes More 
prectse farm management (Runge 1992) wtll reqUire accurate targeliRg of 1Rformat10n such as results 
of fcrtth1.cr use rcsearch 
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Runmng parallel to upstream research on extrapolallon of research results downstream research wtll 
be needed lo bcttcr adapt technologtcs lo thc vanous mches of RRF Farmer parttctpatory research 
(FPR) ts hkely to be espectally tmportant m the development of techmcal mnovat10ns Thc research 
must adequatcly constder the resources avallable to farmers mcludmg managenal and labour 
rcsourccs 

Resource poor farmers 

Effccttve rcsearch for RPFs ts more dtfficult than for RRFs and convenllonal agncultural research has 
bccn of rclahvely httle bcncfit lo thcm Product10n condttiOns and systcms are dtvcrsc lnputs are oftcn 
not avatlablc and not affordable lo RPFs Crop responses to apphed mputs are often mconststcnt A 
rangc of tcchmcal componcnts or mnovallons ts hkcly lo be rcqUJred to meet the nccds of the dtverse 
systcms And yet producllon systcms of RPFs have evolved and are contmumg lo change over lime 
as condtttons change 

Researchcrs have much mformat10n that ts potcnllally apphcable lo RPFs even though there may not 
be many off the shelf tcchnologtes ready lo use How can avatlable mformallon be cffictently targetcd 
lo the m any and varymg produclton cnvJronments? How can thc requucd adapttve research lo 
produce a rangc of altemattve pracllccs be conductcd effictentfy? In vtew of the dtvemty of 
producllon cnv1ronments Harmsen and Kelley (unpubhshed) suggest that a range of elements be 
constdercd lo cnablc developmcnt or tdenllficallon of altemallves from whtch farmers can selcct They 
suggest that such basJC clemcnts should mcludc techmques for soll conservallon water harvestmg and 
conservallon mtcgratcd nutnent management IPM and altemattve croppmg systems mcludmg antmal 
componcnts As wtth RRFs both upstream and downstream research ts nccded lo tmprove mformatton 
ulllwtllon and adapllve research respecttvely 

lnformatton utthzatton 

More effietcnt apphcatton of avatlable mformatJon and extrapolat10n of rcscarch results ts espectally 
tmportant because of the ranges of envtronmcnts and mfonnallon mvolved The basts of extrapolatton 
betwcen and wtthm agro-ccologtcal 7.0nes mtght be smgle or combmaltons of sotl properttes (Janssen 
el al 1990) a local or mtroduced sml/land classtficatiOn systcm such as the Fertthty Capabthty 
Classtficatton System (Boul el al 1975) or expcrt systcm or stmulatton modcls such as ADSS 
(TropSmls 1991) thc DSSAT crop growth modcls (IBSNAT 1989) and the WEPP model for water 
eros10n (NSERL 1989) Modcl devclopment togethcr wtth thc GIS data comptlatton and management 
servtccs offer promtse of greatly mcrcased mformalton uttlu.alton m the near future Upstream 
research ts ncedcd to detcrmme and valtdate the basts for extrapolat10n and lo comptle needed 
m mtm um data seis 

Adapltve research 

Downstream rcscarch ts nceded lo adapt mformat10n or technologtes to vanous stluattons The farmer s 
role m thts adapllve research ts cssenllal as the outcome ts dependen! on the farmer findmg the 
technology to be acceptable and adoptmg ti The researcher also has an tmportant role to play 
Because of complementary sktlls and knowlcdge the probabthly of adapttve research yteldmg success 
ts hkely to be greatest when researchers and farmers collaborate fully m FPR 

The structure of the FPR process m ay vary as m ay the relattve tmportance of the ulllmate goals Two 
scenanos are constdered 
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1 In lhc fírsl sccnano lhc conlacl bclwccn rcscarchcrs and fanncrs 1s lcmporary and loosc FPR 
attcmpls lo fínd solulmns lo real problcms bul lhc pnmary objccllvc 1s lo 1mprovc the problem 
solvmg/lcchnology dcvclopmcnl capac11y of fanncrs so lhal lhcy are bcttcr ablc lo conlmuc w11h 
syslem 1mprovcmenls on lhcu own A part of lhe 1mprovcd capac•ly m1ghl be lhc hnks formcd 
belween the group of fanners and researchers lo enablc fanners lo more cas1ly seek lhe ass1slanee of 
rcscarchers m f ulure 

2 The allemahve scenano calls for on gomg collaboralmn belween rescarchers and groups of fanners 
al research localmns The pnmary objecllve m lh•s case w11l be lhe developmenl and d•ssem1na11on 
of altemallve lechnolog•es su11able for lhe group of fanners as well as many olher fanners producmg 
under Similar cond11lons The obJCCilve lo slrenglhen fanners problem solvmg/lechnology developmg 
capac•ly 1s secondary 

Estens1on 

A concem m research for RPFs 1s the exlensmn of lechmcal mnovallons once lhey have been adapled 
1t •s probable lhal lheu promollon and adop110n w11l nol be so s1mplc as for a new vanety or lhe use 
of fertlhf.cr An mnovahon may have severa! componenls and ma} reqmre new managenal sk11ls If 
poorly apphed 11s benefíls may nol be obv1ous lts benefíls may nol be obv•ous m lhe short lerm 
In both of the above scenanos part1c1palmg fanners m1ghl play an 1mportant role m promotmg the 
tcchnology The transfer w11l be a fanner (or fanner/researcher ) to fanner transfer rather than a 
rcsearcher to fanner transfer of technology In the sccond sccnano rcscarch locallons m ay become 
reeognu.cd as places wherc altemallve technolog•es are apphcd and bases for fanner to fanncr transfcr 
The role of extens1on stafT m ay need to changc from that of tcchnology dehvery to ass1st1ng fanners 
lo analyf.c theu fannmg systems and adapt lechnolog•es for thc varmus mches of lhcse systems 

IMPLICATIONS FOR THE BEAN RESEARCH NETWORKS 

The bean research networks have a sound mechan•sm for conductmg research to answcr techmcal 
quesllons through the regmnal sub proJCCt approach The approach has beco less e1Tect1ve m 
1mprovmg fanners producllon systems Two broad arcas of rescarch necdmg add11lonal attenllon have 
been •denllfíed above Upstrcam research 1s needed to 1mprove the cxtrapolallon of avwlable 
mformallon to the many d1versc product1on cnvuonmcnls Downstrcam rcsearch w1th fanner 
part•c•pallon IS needed to adapl lcchnolog•es to lhcsc env1romncnts 

The rcsources reqmred lo accomphsh the needcd rescarch for bcan productmn exceed those ava•lablc 
m the networks Wh1le the networks rcmwn respons1blc for ensunng that the needed research IS done 
they need not ael alone Opportumlles for collaborallon w1th others havmg mutual mtercsls musl be 
effect•vely explmted 

Prom1smg up stream research to 1mprove extrapolallon of mformallon •s under way by those mvolved 
m geograph1c mformallon serv1ces (GIS) and m developmenl of S1mulat10n or expert systems models 
The Fert1h.rer Use Research Project m Kenya has y1elded results on the responses of d11Terent crops 
to apphed fert1lu.crs m many locat1ons over severa! seasons (Mochoge 1993) The proJeCt data are 
potent1ally use fui to test the ullhty of altemat•ve mcasured sml propert1es sml class•fícatmn S} stems 
and modcls m extrapolat1on of such mformatmn The bean research networks share respons1b1hty lo 
ensure that the work •s accomphshed and at limes lo play a more act1ve role such as conducllng 
research to further develop and vahdate lhe BEANGRO model (IBSNAT 1989) 
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Accomphshment of the nccded adapltve research ts a large task constdenng the wtdc dtverstly and 
large num ber of product10n envtronments Agam there are opportumltes for collaboralton whtch the 
networks must explmt We have mutual mterests wtth researchers naltonal programmes and IARCs 
concemed wtth other commodtltes smcc beans are usually produccd m assoctalton wtth other crops 
Thts tmphes that whtle we gtve attenlton lo produclton systems mvolvmg thetr crops they should 
gtve attent10n to bean rcsearch Often government organtaltons mcludmg extens10n servtces and 
non govcmment organtzaltons can be very useful collaborators m adapttve bean research 

The greatest opportumty for more effecttve collaborat10n m adapltve rcsearch ts wtth farmers In 
Uganda farmers have long been acltve m vartely evalualton through an cxtcnstve system of on farm 
vanety tnals whtch are managed and evaluatcd by farmers More recently the bean programme has 
cmbarkcd on an mtenstve approach to FPR atmed pnmanly al addrcssmg managemcnt related 
problems where researchers make an on gomg commtltnent lo work closely wtth farmers al rcsearch 
localtons whtch are representaltvc of larger agro-ccologtcal ;.ones lt ts anltctpated that these FPR 
rcsearch localtons wtll become an mtegral part of agncultural research and extens10n mslttut10ns m 
Uganda 

CONCLUSIONS 

Research ts needed lo cnablc farmcrs to tmprove thetr bcan produclton systems over a grcat dtverstty 
of produclton envtronments Extsltng mformalton must be better uttlu-ed through tmproved 
cxtrapolat10n cspectally lo address the problems of thc dtverse low potenttal envtronments of RPFs 
More adapltve rcscarch ts nccdcd and the bean rescarch nctworks necd to seek collaboralton from 
other commodtly research programmes government and non government organu.altons Most 
tmportant ts lo acccpt farmers as full partncrs m the research process lo uttlu-e thetr knowledge and 
sktlls and lo tmprove thetr own capactty lo further develop thetr systems Whtlc conductmg research 
lo tmprovc cxtrapolat10n of mformalton or lo adapt tcchnologtes lo farmers condtltons tmportant 
mformat10n gaps wtll certamly be tdenltfied whtch requtrc stratcgtc or apphed research 
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ABSTRACT 

Progre" achJcvcd m '>AlXUUA l •upportcd hcan rcmarch suh proJccts 1s dc•cnhcd w1th 
cmphao;ts on thosc m whtch 1 arvaman 'iCJcnUo;tc; wen .. mvolvcd In thc drought sub-proJCCt 
nur'icru .. o; at '-,chan and Mtwalem m fat17anta ldt..ntlficd o;tx hnc'i whach perfonned wcll undcr 
drought o;trc'i'i In tnal'i m Malawt drought tmposcd dunng vcgetattvc growth deprcssed total 
bwma" lcaf arca canopy hc1ght and w1dth pod numhcr and sccd y1cld Canopy 
charactcn!-.hc'i wcre unaffccted by drought dunng rcproduchvc growth Dommo ¡x.rformcd 
wcll whcn 'itn .. ,c;cd dunng vcgctahvc growth and four othcr hnco; whcn drought was 1mposcd 
dunng rcproducttvc growth 1\ survcy m northcm 1 arvan1a establishcd that farmcrs wcre 
conccmcd about thc mercase.. m drought problt...ms whtch thcy attnbutt .. d lo dl.fon. .. statwn 
Cro..,!>L.., of drought toiLrant and adapted hnes have beco made m /ambta In thL bt..an stLm 
maggot (BSM) sub-projccl cros!>eo., havc bt..Ln madl. m 1 aJVama of lkiDtmba and ZPv 292 
(ll~M reSISta ni) WJth 1 yamungu 85 Dore de Kuundo and Canad1an Wondcr 1 c;ts of parents 
and 1 2 and 1- 3 populahons suggc'it that rcs1stancc 1s prLdomiDantly addtttvl. Nematodl. 'ipt..Cll.'i 
mfLshng heans ID northcm Tarvama have bt..en JdenhfJCd and a start made ID mapp1Dg then 
dp,tnhuhon BLans are ¡mportant altemate host'i for coffLC and banana nematodes Res1stance 
has ht..en locatLd among local bcan germplasm 1 cchnology has beco developed for screcmng 
for lolcrance lo P dcf1ctency m bcans and hnLc; that pcrform well ID low P condttlons havl. 
lx.t..n Jdt..nllfiLd 10 the 1-Jrst AN~I S Nursery A survey of farmcrs grow10g mat7e and besos 
m ac;c;ocJalton has been conducted m northem 1 aJVama Progrese; to date w1th thc <;ub-proJects 
t!> Lncourag10g and rcsults are avatlablc for scJenllsts 10 other regtons 

INTRODUCTION 

The common bean (Pha<eolus vulgar~< L) 1s the most tmportant gram legume for human consumptton 
m Tani.ama and an tmportant componen! m the dtels of pcoplc of othcr mcmbcr statcs of thc Southern 
Afnca Dcvclopment Coordmatton Confcrencc SADCC (now renamed Southern Afncan Dcvelopment 
Confercnce SADC) The SADCC rcgmn covcrs Angola Lesotho Malaw1 Moi.antb1que Sw371land 
Zambta Ztmbabwc and Botswana (and now Namtbta) 

Bean productmn m thc SADCC rcgwn ts mostl) by pcasant farmcrs who rcahzc vcry Iow ytelds due 
lo the many bmttc abtoltc and socJo-cconom•c constramts facmg bcan productton Bean productton 
from the SADDC rcgmn amounts lo over 440 thousand t of dry sced wh1ch 1s approxtmately a quarter 
of Afncan total productton Tani.anta produces about 230 thousand t or 52% of SADCC productton 
(Table 1) WJthm Tanama thc maJor I.<mcs of bcan producttOn are thc northcrn h1ghlands of Arusha 
KthmanJaro and Tanga Regtons mcludmg thc Pare and Usambara mountams the htghlands of central 
Tani.anJa mcludmg thc Uluguru and Ukaguru mountams of Morogoro Rcgmn Kagcra and K1goma 
Rcgtons of wcstern Tan7.anta and the southern htghlands of lnnga Mbeya Ruvuma and Rukwa 
Regtons Elsewhere arcas of food bean productton mclude northcrn Zamb1a the h1ghlands of 
Malawt Ntassa Tete and Mantea Dtstncts of Moi.ambtque the central and eastern h1gh veld of 
Z1m babwc and parts of wcstern Angola 
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Table 1 Average annual bean produchon m the SADCC Reg•on for the penod 1986 88 

Are a Produchv1ty Produchon 
Country (000 ha) (kglha) (000 t) 

Angola 110 o 364 40 o 
Lesotho 73 343 25 
Malaw1 133 7 559 74 7 
MoLanl b1que 131 4 343 62 2 
Sw1wland 1 7 471 08 
TanJ.ama 472 7 620 230 o 
ZarnbJa 24 o 653 16 o 
Z1mbabwe 24 o 691 16 6 

Total 904 8 506 442 8 

So urce Gnsley {1990) 

A large num ber of profess10nal sc1ent•sts 1s concemed w1th bean research m these countnes they each 
operate over a w1de range of sUes m d1verse env1ronments w1th severely hm1ted resourees There are 
chmahc s•m•lant1es arnong locat1ons m the SADCC reg1on (Table 2) and hence also m constramts to 
bean produchon To mercase the eflic1eney and 1mpact of bean produchon m SADCC a researeh 
network through collaborahve sub pro¡ects 1s mev1table 

Table 2 Env•ronmental charactenshcs of bean research centres m the SADCC Reg1on 

Temperature ( C) 
Ah lUde Ramfall 

Centre Country Season Lahtude (masl) (mm) MrunmwtMm•mum 

Larnbo Tan7.ama Feb Jun 3 16 1067 786 27 2 19 2 
Bunda Malaw1 Dec Apr 13 58 1134 786 27 o 17 2 
Msekera Zarnb1a Dec Apr 13 33 1032 958 27 4 18 o 
M bala Zarnb1a Sep Jan 8 51 1673 736 24 8 15 o 

Jan May 816 24 1 14 1 
L1chmga MoJ.amb1que Nov Mar 13 17 1364 938 25 o 15 7 
A rus ha Tan7.ama Mar Jul 3 17 1402 600 24 2 14 8 
Lyarnungu TanJ.anla Feb Jun 3 13 1250 1256 23 9 14 9 
M bey a TanJ.anla Jan May 8 55 1736 662 224 12 o 

Source Sm•thson (1989) 

Th1s paper descnbes the progress ach1eved so far m SADCC/CIAT supported sub pro¡ects Wllh 
particular emphas1s on the sub pro¡ects m wh1ch TanJ.anJan bean researchers part•c•pated 
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DROUGHT SUB PROJECT 

Thos was omllated m May 1988 under the lcadcrshop of Dr Alex Mkandawore bean research team 
leader Bunda College of Agnculture Malawo (EdJe 1988) The obJechve of the sub proJecl os to 
omprove bcan yoelds under condotoons of moosture stress Thc sub proJect has four components 

Regoonal Bean Drought Nursery 
2 Screemng for drought tolerance m beans 
3 Agronomoc studoes on stratcgoes for allcvoatmg drought 
4 Brecdmg for drought tolerance 

The coordmatoon of the Regoonal Bcan Drought Nurscry and breedmg for drought tolerance 
components wcre assogned to Zamboa Malawo coordmated rcscarch on screemng for drought tolcrance 
m beans and Tan7.anoa undertook agronomoc studocs on strategoes for allevoatmg drought 

Regoonal Bean Drougbt Nursery 

A multdocatoon yoeld tnal was conducted under rrunfed condotoons by mterested SADCC countnes 
mcludmg Malawo Tan7.anoa and Zombabwe The tnal m Tan~.anoa was conducted under both rrunfed 
(Sehan) and omgated (Mowalem) condotoons The tnal al M owalem was sevcrely moosture stressed and 
sox Iones appeared lo be toleran! lo drought Sceds from all thcse Iones wcre small and eothcr black or 
whote m colour The data from the tnals have been scnt lo the sub projecl leader for statostocal 
analysos 

Screenmg for drougbt tolerance m beans 

In 1988 four tnals of 52 Iones were conducted al Bunda Collcgc of Agnculture lo odentofy genotypes 
that are hogh yocldmg undcr moosture stress Thc 15 best and 1 O poor Iones werc odcntofied Apart from 
total boomass easoly observable charactenstocs werc not assocoated woth seed yoeld 

In 1989 tnals wcre conducted al Bunda and Kasmthula m Malawo m whoch 25 selected genotypes 
were grown eother well watered throughoul or drought stressed dunng theor vcgetatovc or rcproductovc 
penods (Mkandawore 1990) Drought was omposed by suspendmg omgatoon Drought omposed dunng 
the vegetatove penod led lo sognúicant reductoon m total boomass leaf area, canopy heoght and wodth 
number of pods per plant and seed yoeld Canopy charactenstocs were not affected by the later drought 
penod Cultivar Dommo produced good seed yoelds when drought was omposed dunng vegetatove 
growth whereas Sapelekedwa A 268 A 286 and 8 7 produced good sced yoelds when drought was 
omposed dunng the reproductove penod Based on canopy charactenstocs and yocldmg abohty seven 
genotypes werc selected for further screemng 

In 1989 90 two further tnals were conducted al Bunda College of Agnculture lo determme the 
response of bean genotypes lo moosture stress and 11 was found that pod number was sogmficantly 
assocoated woth yoeld 

Agronomoc studoes on strategoes for allevJatmg drougbt 

Drought os a maJor concem lo farmers Areas whoch have expenenced plentoful raonfall m the past are 
now prone to drought Woth thos background a drought survey was conducted m Monduh and Babato 
Dostncts of Arusha Regoon and Same and Rombo Dostncts of KohmanJaro Regoon m Tanzama A total 
of 130 farmers were mtervoewed of whoch 91% were maJe and 9% were female Fofly eoght of these 
farmers grew theor beans m assocoatoon woth other food crops 
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About 80% of thc fanners satd that drought was not a problem 30 years ago and assoctated the 
problcm wtth deforestalton (70%) Small secdcd bcans yteldcd better dunng drought than large seeded 
bean Early matunng bcan vanettes werc rccommcndcd m prcfcrence to late ones Effects of drought 
wcre numerous but reduced crop ytelds madequate water supply deserttfícat10n lack of development 
and grcater dtseasc mctdcncc were ranked htghly Tradtt10nally fannen; mtmmtzed drought effects 
by afforestat10n use of early matunng culttvars early plantmg and by preventmg foresl fires 

Breedmg for drougbt tolerante 

PV 508 Noweveld A 286 C 20 PVA 1082 A 268 2 10 PVBZ 158 8 7 and Dtacol Cahma 
tdenltfied m the droughl tolerance mechantsms study as toleran! lo drought have becn crossed wtth 
demable genotypes m Zambta There has been no progress wtth thts pro¡ecl due lo the departure of 
Mr Martm Mbewe (Bcan Brceder) from Msckera Reg10nal Rcsearch Statton 

BREEDING FOR BEAN STEM MAGGOT RESISTANT CULTIVARS SUB-PROJECT 

Thc objccltvc of thts sub pro¡ect ts to develop appropnatc breedmg slralegtes for restslance lo bean 
slem maggols and ulttmalely develop restslant bean vaneltes 

In Fcbruary 1991 ZPv 292 and lkmtmba wtth htgh lcvcls of reststance to bean slem maggot were 
crossed wtth lhe suscepltble but adapted vaneltes Lyamungu 85 Canadtan Wonder and Dore de 
Ktrundo at Lyamungu m Tan¿anta The F2 and F, populattons and parents were sown al Sehan 
Agncultural Research lnslttule m 1992 after the mas1ka rams when bean stem maggol populattons 
are very htgh The enlnes were arranged m a randomu.ed complete block destgn m three rephcations 
and two checks of Lyamungu 85 trealed wtlh Femasan D and untrealed were sown after every seven 
plots Dead plants werc collecled lwtce weekly untii flowenng counted dtssected and the num ben 
of black and brown pupae per planl determmed The reacllons of the crosses and thetr parents to bean 
stem maggol are summansed m Tables 3 and 4 

Table 3 Pcrcent cumulattve mortaltty mortaltty due to BSM and numben; of black and brown BSM 
pupac/plant among parenls and F, and F, populations at Arusha m 1992 

Ftrst samphng date Second samphng date 

% Mort Black Brown % Mort Black Brown 
cumul by pupae/ pupae/ cumul by pupae/ pupae/ 
mort BSM plant plant mort BSM plant plant 

Crosscs 0096 .. o 087•• 5 688•• o OSI M o 247•• 0234** 10404•• 023~ 
Parents o 183M o 174M 6 653M 0096M o 350M o 327* 0 346M o 346M 
F,s o 082 o 076 6 615 o 084 o 228 o 218 10 741 o 196 
F,s o 097 o 084 6 081 o 110 o 263 9 248 l2 970 0248 
ZPv 292 4 66 4 33 8 54 o 33 8 57 6 67 5 46 o 19 
lktmmba 2 00 1 33 3 08 o 00 3 67 3 21 14 19 o 58 
Lyamungu 85 11 67 11 67 7 88 o 19 18 o 19 3 19 8 05 
Canadtan Wonder 2 33 2 00 7 50 00 63 57 10 o 03 
Dore de Ktrundo 7 33 7 33 7 26 o 27 13 3 12 7 18 8 04 
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Table 4 Reacllons of crosses of lkmtmba and ZPv 292 wtth Dore de Kuundo Lyamungu 85 and 
Canadtan Wonder to bean stem maggots (BSM) 

1st samphng date 2nd samphng date 

Dore de Lyamungu Canadtan Dore de Lyamungu Canad•an 
Kuundo 85 Wonder Kuundo 85 Wonder Mean 

Crosses wttb lktmmba 

Mortahty by BSM o 084 o 09 o 10 o 223 o 26 o 23 016 
Black pupac per plant 6 056 5 82 9 47 8 115 11 96 9 39 85 
Brown pupae per plant 00 o 07 00 o 208 o 29 o 13 o 1 

Crosses wttb ZPv 292 

Mortahty by BSM o 109 o 082 o 085 o 206 o 220 o 250 016 
Black pupae/plant 7 453 6 155 6 794 11 338 10 677 13 401 9 30 
Brown pupae/plant o 056 o 108 o 131 o 153 o 138 o 271 o 15 

Data collectcd mdtcated that the reststant parents showed htgher levels of reststance to BSM and were 
stmtlar m performance mdtcatmg that they can both be used to develop reststant culttvars The F, and 
F3 populattOn• reacted stmtlarly for all trwts measured suggestmg that gene aet10n for reststance to 
BSM 1s predommantly addtttve There was an mdtcat10n that general combmmg abthty was 
predommant over spectlic combmmg abthly suggestmg further that the gene acllon ts addtllve 

NEMATODES ASSOCIATED WITH BEANS SUB PROJECT 

Prehmmary mvesttgallons of the nematode spectes assoctated wtth beans m TanJ.anta was conducted 
to detemme thetr dtstnbullon mctdence and spectes range (Cuthbert 1990) 

The nematodc genera assoctated wtth common bean m Tan7.anta were Me/01dogyne Aphelenc01des 
Tylenchus Tnchodorus Dllylenchus Hellcotylenchus Pratylenchus Hem1cycilophora and 
Aphelenchus P vulgariS was an altemate host for the mwn nematode spectes assoctated wtth two 
common mtcrcrops coffee (Mel01dogyne n sp ) and banana (M mcogmta mcogmla P goodey1 and 
Heilcoty/enchus mu/t¡cmc/us) P goodey1 and H mulllcmclus numbers were stgmficantly htgher m 
assoctalton wtth P vulgans than they were wtth thetr ongmal host (banana) Me/01dogyne was found 
on P vulgans at 62% of all sttes m KthmanJaro and Arusha Reg10ns m northem Tanzanta 

Through thts work a htgh degree of reststance has bcen found m extstmg germplasm to at least sorne 
Mel01dogyne spectes These !mes are known to be frurly good ytelders Further dtstnbubon 
tdenttficatiOn and screenmg work IS necessary m connectton wtth the present studtes as well as 
pathogemctly studtes 
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SCREENING FOR LOW PHOSPHORUS TOLERANCE IN BEANS SUB PROJECT 

Introductton 

It has long been rccogm1.ed that phosphorus (P) 1s cnllcally needed lo 1mprove s01l ferllhty for bean 
product10n m large arcas of eastem and southem Afnca The h1gh costs of convenllonal water soluble 
P ferblu.ers such as TSP constrams theu use by the resource poor bean producers that dommate the 
reg10n Screemng for bean genotypes toleran! lo P stress 1s bemg conducted m th1s sub proJecl w1th 
the ulllmate goal of 1mproved bean y1eld w1th a mm1mum of fert1hzer mput 

Over 200 var1elles of common bean are currently bcmg cvaluated for theu tolerance lo low P al 
Mulama (pnmary s1te) m northem Tanzama and prom1smg matenals w1ll be tested al mu11lple 
secondary s1tes m the rcg10n lo confirm thCir supenor adaptat10n lo P stressed s01ls before thcy are 
passed lo the breeder for subsequent genet1c 1mprovement work and/or farmers for producllon m low 
P s01ls 

Screenmg protocol 

Estabhsh opllmum field bean scrcemng P stress level 

2 Screemng Season 1 field cvaluallon of large numbcr of bean vanelles al a pnmary 
screemng s1te under P stress 

3 Screemng Season 2 field evaluallon of 50% of best y1clders from Season 1 al a pnmary 
s1te m stress and no stress condlllons lo select for respons1ve and effic1ent plants 

4 Screemng Season 3 field evaluat10n of about 60 bean vanelles al severa! secondary s1tes 
Selecllon as m Season 2 

5 Scrcemng Season 4 rcpeat of Season 3 for confirmallon of performance 

6 Recommend prom1smg matenals to brceders for genet1c 1mprovement work 

Work accomphsbed 

Expenment 1 

ÜbJeCilve to estabhsh opt1m um P level for scrcemng bean genotypes for tolerance to P stress and 
1den11fy constramts (1f any bes1des low P) to be allcv•ated to create 1dcal cond•llons for bean 
producllon 

Matenals and methods S01ls from Mulama were sampled analyJ.ed and charactenJ.ed for s01l fert1hty 
parameters Towards the end of June 1991 a field tnal was sown al the s1te to assess the performance 
of AFBY AN 11 entnes (sub plots) at scven levels of P (mam plots) m a spht plot des1gn w1th two 
rcphcallons The tnal was scorcd for d1sease mc1dence and gram y1eld 

Results and conclus10ns On the bas1s of gram y1clds nallve lcvels of P al Mulama were found lo be 
the opllmal stress level for evaluat10n of bean genotypes for tolerance to low P after corrcctmg for 
low s01l N Th1s 1s the level at wh1ch large y•eld vanallons wcre observed 
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Expenmcnt 2 

ObJCCIIVC Scason 1 screcmng tnal To screen thc firsl set of bean vancllcs for lolerance lo low P 

Matenals and methods Towards lhe end of 1991 280 bean vanelles from lhe F1rst ANSES (Afncan 
Network for Screemng for Edaph1c Stress) set were field screened at Mulama al lhe estabhshed 
opllmal P stress screemng level under furrow 1mgat•on 

Results No useful data were oblained as pracllcally all plants were severely damaged by bean stem 
maggot and fusanum Wlll desp1te the use of msccllCidcs 

Expenment 3 

Results Th1s was a repeat of the Season 1 screcmng al Mulama eonducted m July 1992 lhe 1deal bean 
season al the Sllc The tnal was successful and the best 50% of the entnes Wlll be advanced lo the 
seeond field screenmg season lo begiD towards the end of June 1993 No aUempl was made lo screen 
ID Dccember 92 for lack of 1mgallon water and ant•c•pated h1gh mc•dencc of bean stem maggol 
dunng lhe dry season 

INTER-CROPPING SURVEY SUB PROJECT 

Over 80% of mau.e and bean product•on ID Tanz.ama •s ID assoc•at1on presumably due lo land and 
labour shortage and for nsk avmdance An 1Diercropp1Dg survey was eonducted ID Rukwa K1goma 
and K•hmanJaro Reg10ns eovenng seven d•stncls w11h a total of 133 farmers of wh1ch 76% were m ale 
and 24% were female 

Mau.e and beans were the staple foods and grown ID assoc•al10n ID the arcas surveyed In sorne arcas 
the two crops also prov1ded cash flow lo lhe fam1ly Bush ralher than chmbiDg beans domiDaled ID 
the assoc•at•on 86% of farmers produced lhelf beans ID assoc•allon w11h mmz.e However 
1Diercropp1Dg was assoc1aled w11h poor bean sced y1elds h1gh d1sease and IDSCCI 1Dc1dence d•fficullles 
ID field operallons and IDSuffic•ent rad1a11on for beans 

OTHER SUB PROJECTS 

BCMV reg10nal eollaborallve tnal SUA 

2 Anlhracnose sub proJecl UAC 

Al lhe lime of prepanng lh1s paper progress reports on lhe above sub proJeels were nol avmlable 

In eonclus•on thc progress made so far ID lhe above sub proJecls 1s eneouragiDg and findiDgs are 
read1ly avmlable for use by olher sc•enllsls ID lhe reg10n and other reg10ns w11h s•m•lar bean 
producllon problems 
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REGIONAL BEAN RESEARCH IN THE GREAT LAKES 
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ABSTRACT 

Thc bcan re•carch nctwork m thc Grcat 1 akcs callcd Rl SAPAC has slowly cvolved smcc 
1983 when lhc tírst C!AT staff membcr was postcd m thc rcg10n fhe nctwork has bcen 
cffictcnt m dtv1dmg rcspon'ilhlhhcs for bcan rcscnrch bctween thc countncs and tls rescarch 
has ILad to mnovattons whtch are alrcady VIsible at thc fann levcl or whose acceptah•hty has 
bccn posthvcly B'iSC'iscd by farmers so that adophon ts JUSta qucshon of hmc and extens10n 
Cruc18l for thc succcs'i of Rl ~APAC wcrc gradual cvoluhon from a forum for mfonnahon 
exchange toa network of JOmt planmng and cvaluahon allowmg confidencc bulldmg to take 
place cmrumtmcnt to a bottom up approach m gutdmg nctwork achvihcs clear onentat10n 
toward:, tmpact m farmers ficlds full rcspons•h•hty of nahonal programmcs for nctwork 
managcment and consequcntly full transparency m financtal and admmtstrahve aspects and 
a ~et of rules for management elaborated and tested over t1me by all mvolved partners 
RI--SAPAC opt..rates a system for JOmt dtsease evaluatton of advanced ltnes wh1ch al so serves 
for t..xchange of tht.se hnes bctwcen countncs A common work plan JS claboratcd each ycar 
organucd m regtonal rescarch sub-proJects wh1ch treat a toptc of regtonal tmportance and 
may rece1ve a financJal contnbutton (up to 50/o of total operallng costs) from Rl-- "iAPAC In 
1993 41 sub-pro¡ccts werc co fundcd by RrSAPAC fh1s paper outhnes ob¡ectivcs and m 
sorne L. ases results of these o;ub-proJeCts RLSAP AC wiii m the ncar futurc bccome fully 
mdependent from CIAT tn terms of admtnJstrahon so that CIAT sc1enttsts m thc regton may 
conct.ntratc enhrcly on research and advtsory aspccts of regtonal acllvJhcs 

INTRODUCTION 

Thc Grcat Lakcs Rcgoon of Central Afnca mcludcs thc francophonc countncs of Burundo R wanda 
and Zaorc Wholc Rwanda and Burundo are growmg approxomately 300 thousand ha of bcans per year 
statostocs for Zaore appcar lo consodcrably undcrcstomatc bcan arca cstomated al bctwcen 500 and 750 
thousand ha annually by the Zaonan Natoonal Lcgumc Program (PNL) Most omportant bcan growmg 
arcas are located m thc casi of Zaorc bordcnng Burund1 Rwanda or Uganda Ecologocal condotoons 
for bcan productoon are thus somo lar throughout the regoon woth alto ludes rangmg from 800 lo wcll 
above 2000 m asl 

Thc omportancc of bcans os dofficult lo overestomate In Rwanda beans supply more than half of all 
protem consumcd by the populatoon (MINIPLAN 1988) and m Burundo bean consumptoon os thc 
hoghest m thc world 

Dcspotc thc somolanty of ecologocal (and socoo-economoc) condotoons for bean productoon bctwcen thc 
threc countncs al thc mocro level bcan productoon systcms are wodcly dovcrsc Beans are produced 
m assocoatoon woth a wode range of other crops mcludmg banana mat7.e cassava sweet potatoes and 
soybeans Thcy are grown on fertole volcanoc sools as well as on margmal sools Most of thc 
productoon os for homc consumptoon as dry beans green pods grcen seeds and leaves but sorne 
surplus arcas produce for urban markcts 

342 



Farmcrs rcspond lo th1s d1vcmty and lo thc advcrsc chmallc condlllons (h1gh ramfall lcadmg lo thc 
prcscncc of vutually all bcan d1scascs rcportcd from Afnca) \\llh two stratcg~es 1) w1dc gcncllc 
d•vcrs•ty and 2) vanctal m1xturcs 

Th1s cstabhshcs favourablc cond1llons for rcg1onal collaborallon and d•v•s•on of rcspons•b•hllcs m 
bcan rcscarch grcat 1mportancc of thc crop agro ccolog•cal s•m•lanty among countnes common 
languagc and common problcms wh1ch are m sorne rcspccts d1stmct from most othcr bcan producllon 
arcas m thc world Th1s paper descnbes the developmcnt of an effic1ent rescarch nctwork reports on 
1mportant ach1evements lo date and analy '.es key aspects respons1ble for thc success of th1s network 

EVOLUTION OF THE REGIONAL BEAN RESEARCH NETWORK 

Thc Great Lakcs bean research nctwork has evolved gradually over a long lime In colomal limes 
agncultural research was conducted m INEAC (lnslltul Nat10nal pour 1 Etude Agronom1que du Congo 
Beige) and considerable exchange of mfonnallon took place among research stat10ns now located m 
the thrcc countnes Y el here we concentrate on reccnt collaborallon m bean research wh1ch gradually 
lcd lo dl1 mfonnal nctwork and now mcludes a JOmt work plan documentmg the d•v•s•on of 
respons1b1hlles 

CIAT posted 1ts first staffmember m Rwanda m 1983 Th1s tnggered a senes ofrcsearch and trwmng 
acllv1lles across the reg10n In 1985 the firsl reg•onal bcan semmar was hcld m BuJumbura (IRAZ 
1985) allowmg for exchange of mfonnallon and rcsults A Steenng Comm1ttee was conslltuted to 
gu1de the development of the network and 1ls actiVItles m 1986 In 1989 a first planmng workshop 
(PPO Part1C1patory Planmng by Object•ves) was hcld (Sche1degger 1989) In th1s workshop a thrce 
years plannmg framework for thc nctwork was elaborated by all part•c•pants togethcr (nat10nal 
programmc rcsearchcrs and rcprcscntallves of CIAT and the donor) and rules for Rcg10nal Rcscarch 
Sub ProJects wcrc estabhshed 

In 1992 a sccond planmng workshop (PPO) was organu.cd th1s lime w1th most bcan rcsearchcrs of 
thc Reg1on partlClpatmg as well as rcpresentallves of extens10n and seed serv1ces development 
proJects CIAT and the donor (Nyuarukundo and Sche1degger 1992) Th1s workshop y1elded a 
deta1led plannmg framework for five years w1th research acllv1lles pnontu.cd An acronym for the 
nctwork was estabhshed (RESAPAC Reseau pour 1 Amehorat1on du hancot (Pha<eo/ae( dans la 
reg10n de 1 Afnque Centrale standmg for Nctwork on bean 1mprovement m thc rcg10n of Central 
Afnca) In thc samc workshop a llmctablc for the nctwork becommg more mdependent of CIAT was 
estabhshcd By 1994 a network coordmator w11l be appomtcd by the Stccnng Comm1ttee and w11l 
work w1th the CIA T Coordmator for a ycar and work out the mst•tut10nal settmg for thc nctwork to 
allow for admm1slral10n mdepcndcnt of CIAT 

INTERNAL RULES OF THE NETWORK 

Aftcr ten ycars of nctwork operallon and cvolut10n bascd pnne~pally on thc goodw11l of all 
partlclpanls and verbal agrcemcnts the Steenng Comm1ttee saw the need to documcnt the rules wh1ch 
had devclopcd ovcr lime for managmg thc nctwork Thcreforc thc Steenng Comm•ttee of RESAPAC 
was cstabhshed m March 1993 (RESAPAC 1993) Sorne aspects of these rules are summan'.ed 
hcrcaftcr 
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Ob¡ect1ves 

Promohon of bean research m the Reg1on w1th emphas1s on rcsearch proJCCis hkcly to have 1mpact 
m farmcrs fíelds 

Exchange of results and germplasm between the mshluhons mvolved m bean research m the Reg10n 

Jomt plannmg of bean research and trammg achv1hcs to amve al a d1v1S10n of respons1b1ht1es between 
mshtuhons and countnes (1 e to avmd duphcat10n) 

Means 

Researchers From Nahonal Research lnst1tutes Umvers1hes Development ProJects and Non 
Governmental Organu.ahons (NGOs) 

Reg1onal nursenes and tnals 

Reg10nal Rescarch Sub proJects 

Ruhng bod1es of RESAPAC 

1 Comm11tee of D~rectors (of Nahonal Research lnshtutes) 
2 Execut1ve Commlttee (conshluted by the leaders of the Bean Programs of each country) 
3 Reg1onal Semmar (mvolvmg all bean researchers) 

The abovc bod1es meet al leas! once a year 1) and 2) are somet1mes referred to as the Steenng 
Comm11tee The Reg1onal Semmar 1s the mterd1Sc1phnary forum for exchange of researeh results A 
progress report on each reg10nal sub proJeCI has to be g1ven as a cond1hon for contmued contnbuhons 
In workmg groups the results of each reg1onal sub proJect are evaluated and the next year s workplans 
are d1scussed Proposals for new rcg10nal sub proJects are presented and d1scussed Th1s prov1des an 
excellent opportumty for peer rev1ew of the past and future of all reg1onal sub proJects Selected 
collaborators m extens10n and seed serv1ces development proJects and NGOs of the host country are 
mv1ted to the Reg10nal Semmar to prov1de mput 

REGIONAL NURSERIES AND TRIALS 

The most1mportant of the reg10nal nursenes 1s PRELAAC (Pep1mere Reg1onal pour 1 Evaluahon des 
L1gnees Avancees en Afnque Centrale) a d1sease evaluahon nursery The network assembles the 
nursery each ycar by conhbutlon of the best hnes from mermed1ate Y'eld tnals of md1v1dual breedmg 
programmes The 1993 nursery (PRELAAC 6) cons1sts of 100 bush hnes and 49 chmbers and 1s 
planted m two rephcahons 

The nursery 1s planted m 12 15 strateg1c locat10ns throughout the Reg10n and evaluated for all 
d1seases occumng naturally To ensure that 1mportant d1seases are evaluated under adequate and 
umform moculum pressure nursenes are art1fíC1ally moculated w1th the followmg d1seases (one 
nursery per d1sease and s1te) (Buruchara 1991) 

Burund1 anthracnose halo bhght 
Rwanda anthracnose ascochyta bhght rust BCMV 
Za1re angular leaf spot BCMV 
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Assembly e'aluallon (two seasons) and comp•lat10n of results are schcdulcd m such a way that 
nat10nal programme brecders can use the results for takmg the1r nallonal dcc•s•ons on whether lo 
advance a hne or not (Sche1degger and Nyabvenda 1991) Th1s 1s poSSlble by meetmg anually lo 
d1scuss results and lo assemble new nursenes Presently the Rwandan Nallonal Programme IS 
respons1ble for mulllplymg and d1stnbutmg secd producmg field plans and comp1hng results 

REGIONAL RESEARCH SUB PROJECTS 

As the network started out w1th d1sease evaluallon and breedmg actlvllles sharcd among the 
part•c•patmg countnes the need lo study d1seases m greater detall (pathogemc vanat10n •denllficat10n 
of hot spots moculallon methods brccdmg plans) led lo the first reg1onal sub prOJCCIS 
Consequently reg1onal sub projects concentratcd unt1l 1989 mamly on b1011c constramts 

As progress was made m d1sease res1stance so1l fert1hty problems and other b1ollc stresses became 
more ev1dent lntercroppmg SlluatiOns needed lo be addresscd and 11 became clear that tcchnolog•es 
developed Wllhout takmg account of soc•o-cconom•c constramts and the1r d•vers1ty would ofien not 
be acceptable lo farmers In 1989 the Steenng Comm•ttee dec1ded lo rum for the followmg allocallon 
of resources m reg1onal bean research 

Pohcy on allocat10n of resou rces 
(1989) 

B101lc stresses 
35% 

Ab101lc stresses 
30% 

Soc1o-cconom 1c constramts 
35% 

In the same year partlclpants m the network agreed on the followmg rules for thc approval of sub 
projects (Sche~degger 1989) 

Table 1 Rules for approval of rcg10nal research sub proJects (from K1gufi 1989) 

The top1c of the sub proJect must be of reg10nal pnonty (of mterestto al least two countnes) 

The sub proJect must make a methodolog•cal or substantive advance 

The proposmg nat10nal programme must bear al least half of the total research costs 

The nallonal programme must have an mterested researcher lo conduct the sub proJecl 

The nallonal programme must have the necessary ecology and mfrastructure 

The sub proJeCI must have venfiable md1cators on a three years honf.on 

The sub proJect should be hl.ely lo lead lo 1mpact m farmers fields 

Reg10nal sub proJects are typ•cally proposed by a team or md1v1dual rcscarchers and d1scusscd m 
workmg groups dunng the reg10nal semmar Based on the comments and suggesllons from peers and 
Steenng Comm111ee members dunng these d•scuss10ns the researcher then elaborates the proJeCI mto 
a log•cal framework formal (statmg objecllvc expected results md1cators acllvllles etc ) w1th a 
workplan and budget (showmg contnbut10ns by the nat10nal programme and the contnbut10n rcquested 
from the network) for the first year lt 1s the leader of the respective nallonal programme who subm1ts 
a proposal lo the Steenng Commlllec 
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For ex1stmg sub proJects d1scuss1ons dunng the Regmnal Semmar concentrate on obtamcd results and 
the future workplan Objecllves are only rev1sed 1f a maJor change m the onentallon of the sub proJecl 
1s suggestcd 

Dunng 1ts meetmg m January the Stcenng Comm•ttee d1scusses and mod1f1es each sub proJect 
mtegrates all sub proJects mto a coherent workplan and allocates the contnbutmns of the network lf 
actlvllles of one sub proJCCl are lo be conducted by dlfTerent mst•tullons the Steenng Comm•ttee 
makes sure that workplan and budget are suffic•ently deta1led lo avmd all future m1sunderstandmgs 
between these mslltullons 

Table 2 g1ves a summary of the workplan for 1993 and •llustrates how the Steenng Comm•ttee 
allocates respons1b1hlles and resources based on the above rules and the proposals of md•v•dual 
researchers The num ber of sub proJects conducted by each country reflects the strcngth of nallonal 
programmes m tenns of human resourees CIA T sc•enllsts m ay conduct sub proJects yet thcy take 
care lo propose only top1cs for wh1ch natmnal programmes do not have the capac1ty 

Table 2 Summary of the 1993 workplan of the Great Lakes bean research network (RESAPAC) 

Country/ Num ber of sub proJects con Fmanc1al contnbullon of 
lnstllutmn ducted RESAPAC lo the sub proJects (m 

1000 US$) 

Bunmd• 8 14 4 
Rwanda 12 26 o 
Zrurc 17 22 o 
CIAT 4 94 

Table 3 g1ves the full hst of sub proJects for 1993 The workplan 1s made up of 41 sub proJccls Sub 
proJects dealmg w•th bmllc stresses rece1ve 41% of the total network contnbullon wh1le 32% are 
rcserved for ab1ot1c stresses and 27% for soc•o-econom1c constramts However class•ficatmn of 
md1v1dual sub proJCCls mto one of these groups 1s somewhat arb1trary Jncreasmgly soc•o-econom1c 
constramts need to be tacklcd m all research proJects and Table 3 md1cates those sub proJects 
contrumng a s1gmficant socm-econom1c componen! S•m•larly the heavy emphas1s on genet1c 
solut1ons observed m the past could now be complemented w•th agronomy components 

Table 3 1llustrates the nature of collaboratmn between countnes followed m RESAPAC Each country 
has for example sub prOJCCls deahng w1th patholog•cal aspccts Th•s allows each nallonal programme 
to bmld up 1ts pathology expert1se But patholog1sts are spee1aluJng on dlfTerent d1seases In sorne 
cases 11 may be nccessary to study Similar aspects m two countnes (two sub proJects) as w1th 
anthracnose where 11 was JUdged safer to study the vanab1hty of the pathogcn m Burund1 and R wanda 
separately rather than movmg the 1solates over the border 

Many of the sub proJecls started reccntly Th1s of course means that others wcre concludcd 
Jncreasmgly sub proJects are proposcd on the bas1s of prehmmary tnals or stud1es and 1f not thcy 
are allocated only small amounts of funds to allow for such cxploratory work wh1ch w11l then lead 
lo a more deta1led proposal (orto abandomng the top1c) 
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Tablc 3 Rcg10nal rcscarch sub proJCCIS fundcd m 1993 Grcat Lakcs 

IItk 

810hc streues 
CBB rvilc;tancc 
Halo bhght remtance 
Black root scrccnmg 
Anthracnosc pathogt.n 
AnthracnosL vanchcs/pathogen 
Ao;cochyta mtt.gratcd control 
Al S reMstancc 

Al ~ pathogcn 
Root rols mctdcncL reststancc 
Root rots cultural method<t 
Dtseasc!t and m1xturc!t 

Multlplc rcststancc low alhtudt..s 
Mulhplc rcststance mtd alhtude 
lntcrachon root rol' bean fly 
Bcan fly mtegratcd control 
Storagc tcchnologtc'i 
Abtohc ltresses 
lntercroppmg wtth bananas vanchc!t 
lntercroppmg chmlx..rs w1th bananas agronomy 
lntcrcroppmg Wtlh mal/'C vanchcs 
BN~ 'trams 
BNI- vartt.hcs and LXlcnswn 

BNF sooh and agronomy 
Produchon on ac1d s01ls 
1 crhluatwn long h .. nn 
r ffect of chmbcrs un sotl ferhhty 
Drought tolerancc 
Adaptatwn lo vallcy bottom< (low alhtudcs) 
Adaptahon to vallcy bottom< (m1d alhtudcs) 
Socto~onomic constramts 
}< anncr cxpcnmentallon conccpts 
1-anncr ¡x..rcepllono, on sml fertthty 
Stake productton 
Chmbcr promotton 
C. hmber adoptwn 
lmpactladoptton studtes mcthods 
1-anner parttctpallon m brccdmg 

for enhancmg gcnettc dtvcrMty 
Dynam1cs of local mtxturt..s 
\ccd syo¡tcm-; 
Vancty d1ffus10n cucu1ts 
l tm1tmg factor~ for productwn 
Nursery mulhphcnhon 
Total (41 sub projecls) 

~undmg 

lnst 1993 
ln>lltutc ycar 000 U~$ 

PNl 
l~ABlJ 

l~AR 

Ull 
l~AR 

l~AR 

PNl 
PNl 
UNR 
ClAI 
PNl 
PNl 
lSAR 
l~AIJU 

PNl 
PNl 

lSAR 
PNl 
PNI 

l~AlllJ 

l~AR 

PNI 
PNl 

l~AillJ 

PNI 
l~AR 

PNl 
l~ABU 

PNI 
PNl 
ISAR 
l~AR 

I'Nl 
ClAl 
(.1¡\ 1 

PNl 
l~AR 

(.1¡\ 1 
I~AillJ 

I~AIJU 

ISAR 

91 16 
90 2 2 
93 1 4 
92 o 
90 1 7 

88 3 o 
89 16 
90 1 3 
89 2 1 

90 3M 
92 1 2 
93 1 7 
92 1 4 
93 2 4 
93 o 4 
9l O S 

90 o 9 
91 1 7 
89 1 3 
92 17 
89 2 6 
92 2 2 
90 2 o 
92 2 3 
93 1 4 
93 o 9 
90 1 2 
93 2 6 

92 1 4 

93 O S 
92 1 1 
90 2 o 
92 1 1 
90 2 8 
90 1 7 
93 o 9 
93 1 7 
90 1 1 
93 1 1 
93 2 1 
90 7 2 

718 

!-,octo 
Agronomy economtc 
component compont..nt 

• 

• 
• 

• 
• 
• 

•• 

• 
• 
• 
• 
• 

• 
• 

• 

• 

15 

• 
• 

• 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

18 

Nat10nal Agncultural Rcscarch ISABU = Burund1 ISAR = Rwanda PNL = Zauc UB = Umvcrs1ty 
of Burund1 UNR = Nallonal Umvcmty of Rwanda 
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Summary of obJeCtlves and selected results of reg1onal research sub proJects 

Common bacter1al bhgbt (CBB) thrcatcns bcan productlon espec1ally m lower altitudes Cons1dcrcd 
of secondary 1mportance for thc reg10n 11 was mcluded m the research agenda afler problcms arose 
w1th susceptible new vanetles The maJor actlvlly 1s rcs1stanee brecdmg camed out m two lo\\land 
bean research stat10ns m Za1rc 

Halo bhgbt was cspcc18lly notonous m thc h1ghland arcas of Burund1 whcre se, eral releascs made 
ten years ago are susceptible The sub proJCCI 1s malong back-crosses w1th thosc releascs and sources 
of rcs1stancc of local ongm 

Black root scrccnmg was cons1dcred ncccssary bccause of the more and more acll\e brcedmg 
programmcs m thc rcg10n Thcy often have to use 1 gene matcnal as sources of res1stancc wh1ch 
makes 11 ncccssary lo scrccn obtamed matenals for thc prcsence of thc unprotected 1 gene Natlonal 
programmcs w1ll not relcasc !mes w1th unprotectcd 1 genes Exploratory tnals showcd that a s1mple 
des1gn usmg sced mfcctcd AFR 13 spreadcr rows m ay be very effie~cnt m dctcctmg 1 gene !mes 

Stud1es of pathogemc var1at1on are conductcd for anthracnosc and angular leaf spot (ALS) and havc 
the followmg goals first a rcg10n w1de samphng 1s to g1ve a general p1cture of race d1stnbut10n 
mtcns1vc samphng m currcntly uscd or poss1blc 'hot spots should show how thc rcg1onal race 
spcctrum IS reprcscnted m the hot spots Th1s then allows us lo claboratc a more effic1cnt strategy for 
d1sease evaluat1on and gene dcploymcnt Prefcrably th1s 1s done m onc hot spot undcr art1fic1al 
moculatlon w1th raccs occumng naturally therc Y el 11 m ay be ncccSSIU) to work m two or more hot 
spots lo cover thc whole race spectrum In thc worst (most cxpens1ve) case moculat10n w1th all races 
found m thc rcg1on may be ncccssary wh1ch would be done m grcenhouses 

Anthracnose 1s dcalt w1th by two sub proJCCis In R wanda rcs1stance brccdmg produces so me severa! 
hundrcd F2 populatlons per year wh1ch are thcn subjected lo field moculat1on (Gasana and Buruchara 
1992) and later lo moculatlons w1th raccs 1dent1ficd m Rwanda m thc screcnhousc In Burund1 a 
patholog1st conccntrates on mappmg thc anthracnose racc spectrum and contrastmg 11 w1th cxtens1vcl) 
sampled 'hot spots Both sub proJccts are coordmated m such a way that d1rect compar1sons are 
poss1blc (e g samc set of dlfTcrcntlals) and should allow for dcvclopmg a more cfficiCnl (reg1onal) 
brcedmg strategy to deal w1th th1s pathogcn 

The Ascocbyta sub proJCCI complcmcnts res1stancc brccdmg w1th rescarch on cultural mcthods lo 
control the d1seasc 

Angular leaf spot (ALS) 1s togcthcr w1th anthracnose the cconom1cally most 1mportant d1seasc m 
the reg1on (Buruchara 1992) A sub proJCCI on rcs1stance brecdmg startcd m 1989 and has airead) 
1dent1ficd prom1smg !mes m Zaue wh1ch are now also m on farm tcstmg m Rwanda Latcr a stud) 
of pathogemc vanatlon was 1ml1ated confirmmg lo date thc vahd1ty of Mulungu (1750 mas!) as a hot 
spot for ALS An carher sub proJect on ALS (concludcd m 1989) focuscd on the cfTects of mcludmg 
rcs1stant components mto farmers m1xturcs lt was shown that proport1ons of 25 and 50% of thc 
rcs1stant vanety A 285 reduccd the dcvelopment of ALS also on susceptible farmcrs vanctlcs (PyndJI 
and Trutmann 1992) and that a m1xturc contammg 50% of A 285 y1cldcd as muchas (or even more 
than) A 285 alonc and cons1derably outy1eldcd local mixtures (PyndJI and Trutmann 1989) 

Root rots bccame a top1c for bean productlon m 1988 whcn a maJor outbrcak destroycd bean crops 
m large arcas of the southcm lcss fert1le arcas of R wanda A first sub proJcct conccnlrated on spcciCs 
determmat1on rcspons1blc for dampmg-<>fT as a bas1s for subscqucnt screcnmg of matenal for 
res1stance and tolcrance The mam problem for rcs1stance brecdmg 1s that severa! speciCs are mvolved 
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(Rusuku 1991) wh1ch makcs rcs1stance breedmg slow Thercfore short tenn solut10ns have to be 
found m the form of cultural pract1ces By mcorporatmg fast decomposmg b1omass (fohage of sorne 
legummous agro forestry spec1es) shortly before plantmg beans 11 was poss1ble lo reduce dampmg-off 
and d1sease seventy and to mercase y1elds cons1derably (Buruchara 1995) In fact the effect was so 
ev1dent that farmers who have long been exposed to the conccpt of agro forcstry for sml fert1hty 
1mprovement but d1d not adopt 11 havc now startcd lo grow thcse spcc1cs lo control root rots 

D1seases and thcu mteract10n m vanctal m 1xturcs are stud1cd m a sub pro¡cct lo sec 1f thc encouragmg 
results ach1cved w1th ALS can also be realw:d w1th othcr d1seases A spec~al challenge of th1s sub 
pro¡cct 1s lo find a rcahst1c approach lo extens10n of the conccpt lt w11l always be farmers who dcs1gn 
thc1r spcc1fic m1xtures but m th1s case rcscarch not only prov1dcs components (var1elles) but also thc 
b10log1cal pnnc1pals on how bcst they are mtcgratcd mto farmer des1gncd (customu.cd) m1xturcs 

Mult1ple res1staoce 1 e the developmcnt of bcan vanelles that are res1stant to severa! d1seases 
occurnng m a ceo ~.one 1s the ulllmate goal of all brecdmg efforts m thc reg10n The two sub pro¡ccts 
look for the most cffic1ent way to ach~eve th1s In both sub pro¡ccts makmg ava1lablc scgregatmg 
populallons (F,) to other brcedmg programmes should allow for a short term benefit of reg10nal 
collaborallon 

Bean stem maggots have becn stud1cd cxtcns1vely m Burund1 over thc last ten years Rcccntly a sub 
pro¡cct was 1mllated to lcarn more about thcu mteracllons w1th root rots Another sub pro¡ect looks 
mto the poss1b1hty of non-chcm 1cal control 

Bananas are the most frcquent mtcreroppmg partncrs for beans m thc rcg10n Onc sub pro¡ect 1s 
addrcssmg thc qucst10n whcther a separate screenmg programme 1s nccessary lo select vanclles 
su1table for growmg m banana plots As m Uganda (Wortmann et al 1992) no gcnotypc x systcm 
mteracllons were found w1th bush type beans but w1th chmbcrs such mteracllons ex1st (C1shahayo 
el al 1992) The quest1on now 1s whether performance undcr bananas may be pred1ctcd by fanners 
dunng evaluat10n ofnormal sole crop tnals Chmbers wcre unlll recently rarely planted under banana 
and m sorne arcas not cven bush bcans are assoc1ated A second sub pro¡ect looked mto the agronomy 
ofthe chmber banana assoc1allon m an arca of low sml fcrt1hty Therc th1s assoc1at10n m ay deal w1th 
two problems at a lime Sml fcrt1hty m the banana plots 1s the h1ghcst on the wholc farm {Elukesu 
1992) and banana stands and res1ducs may prov1de an altemallvc for stakmg chmbers Tnals have 
shown that the potcnllal of th1s assoc1at10n 1s such that 11 mc1tes farmcrs to plant chmbcrs mto the1r 
bananas even 1f 11 means a considerable changc m thc trad111onal gender pattcm of respons1b1ht1es 
Together w1th farmers severa! opt10ns wcre developcd wh1ch rcplace woodcn stakes part1ally or fully 
as support for the beans w1th banana lcaf fibers and banana pscudostems (Elukcsu 1992) 

Intercroppmg beans w1tb ma1ze 1s common m sorne arcas of thc Great Lakes As for bananas the 
quest10n arose whethcr a separate screemng program was necdcd lo 1den11fy su1table genet1c matcnal 
for th1s assoc1allon Both on stat1on tnals and reacllons from collaboratmg farmers show that for the 
common mau.c gcnotypes less v1gorous chmbers are needcd 1f mau.c 1s to rcplacc wooden stakes 
Farmers stake the present chmbmg vanet1cs whcn mtercroppcd w1th mau.c lt was shown that 
breedmg tnals may well be done m rows (eas1er to managc on stat1on) mstead of the broadcast 
plantmg usual for farmers 

B1olog~cal N1trogen F1sabon (BNF) 1s the top1c of three sub pro¡ects Fmt results w1th a selected 
Rh1zob1um strrun on local vanetal m1xtures have shown that the effect of Rh1zob1um moculallon 1s 
only moderate (12% y1eld mercase) Work 1s therefore proceedmg on the thrcc components of BNF 
Rh1zob1um strruns (where many local 1solates are mcluded) thc bean vanety and sml cond11lons as 
they affect BNF {mcludmg cond111ons wh1ch may be altered by cultural pract1ces) The goal 1s lo 

349 



bcltcr targct thc use of Rhtzobwm Espcc1ally for chmbcrs wh1ch are often grown as a smglc vancty 
results show that response lo moculatlon m ay be h1ghly profitablc (Hakmmana el al 1992) Response 
also secms to be more cons1slcnt on plots whcre organ1c manurc has bccn apphcd the scason 
prcccdmg thc tnal 

Produchon of beans on ac1d solls 1s frcqucnt m the rcgwn In thc contcxl of th1s sub proJect pnmary 
screcmng for tolcrancc to alum m mm toxlclty 1s conductcd More rccently tnals havc beco conductcd 
lo allcv1atc alummmm tox1C1ty w1th greco manure 

Fert1hzat10D of bcans w1th mmcral fcrt1hzcrs 1s bcmg stud1cd m a s1mplc rotatlon ovcr severa! ycars 
ID Burund1 where miDeral fcrt1hzers are read1ly ava1lable lo farmcrs 

Effects of chmbmg bean product1on on soll fertll1ty are bcmg cxammcd as chmbcrs w1th the1r 
h1gher y~elds are hkcly to mercase export of nutnents from thc s01ls as com pared to bush beans 

Drougbt tolerance 1s 1mportant espcc1ally m lowcr altitudes The sub proJcct concentratcs on 
sclectlon under drought cond1t1ons wh1ch are obtaiDcd by varyiDg plantmg dates Productlon under 
drought stress 1s bcmg stud1ed ID var1ctal mixtures 

Adaptat10n to valley bottoms 1s sought m two d1fferent ccolog1cal cond1t1ons Productwn of beans 
on res1dual m01sturc m vallcy bottoms 1s hkcly to rcqUire very d1fferent genotypcs to thosc grown 
dunng thc more 1mportant ramy season 

Farmer expenmentat10n concepts are 1mportant to undcrstand as thc network s strategy leaves 
research and fine tumng of many aspccts cxphc1tly to farmcrs (vanetal cvaluat1on for qual1ty 
charactenst1cs des1gn of vanetal m1xtures plantiDg dates and dens1t1cs etc Sche1deggcr 1991) A 
first study shows the extent of farmer expcnmcntatlon All of thc 80 farmcrs 1Dierv1ewed ID Za1re 
(only farmers w1thout contacts w1th rcscarch or extenswn wcre cons1dered) had expenmented on the1r 
own w1th scveral altemat1ves of growmg chmbers Chmbcrs are a ncw tcchnology ID thc arca and th1s 
1Dtens1ve farmer cxpcnmentatlon has takcn place only ovcr thc last 2 3 ycars 

Farmer percept10ns of s01l fert1hty are stud1cd ID a ncw sub proJect w1th thc goal of more cffic1cntly 
IDvolviDg farmers ID the dcvelopment of respective technolog1cs 

Chmber promot10n was ongiDally conce1ved as a sub prOJCCt to systcmatlcally study d1ffcrent 
altematlves and prercqu1s1tes for the promotlon of th1s prom1s1Dg opt1on G1ven thc very dynam1c 
adoptlon of chm bcrs by R wandan farmcrs o ver the last four ycars the sub proJect now focuses more 
on leamiDg most from th1s dcvelopment for the benefit of thc two other countnes and of other 
tcchnolog1cs Stakc produchon ongiDally part of th1s sub proJect dcvelopcd ID!O a sub proJect of 1ts 
own when thc goal was no longer to develop poss1b1hhcs as a prercquiSitc for chm ber adoptlon but 
rather lo offer optlons for sustaiDed use of chmbcrs 

Chmber adopt1on 1s beiDg stud1ed ID Zrure w1th two goals studyiDg soc1o-<:conom1c and agronom1c 
cond1t1ons for chmber adoptwn should help lo bettcr target promotlon ID other arcas and careful 
planniDg and documentatlon of thc study should constltute progress ID methodology 

lmpact and adopt10n stud1es ID the rcg1on pose severa! mcthodolog1cal problcms thc most 1mportant 
ID relatlon to vanehcs beiDg that most beans are grown ID m1xtures Several methods for measunng 
adoptlon were tested and compared 
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Farmer partJCJpalJOD ID breedmg m ay help specd up vanety development and result m vanelles that 
are more acceptable lo farmers Earher results showed that farmers can pul lo use a much w1der range 
of vanelles than convenllonal breedmg schemes can produce The sub proJCCI compares a scheme w1th 
full respons•b•hty for selcctmn g•ven lo farmers hke the mtermed1ary y1eld tnals w1th the convenllonal 
Rwandan scheme A new sub proJect conducted m Za1re a1ms al 1mplementmg farmer part•c•pallon 
m brccdmg by workmg through local NGOs and extensmn agenc1es Herc the effcct of farmer 
mvolvement on genellc dJversJty used al farm level w1ll be stud1cd 

Dynam1cs of local mJxtures JS stud1ed lo better understand the evolullon of m1xtures over lime and 
how th1s JS mlluenccd by the mcorporallon of 1mprovcd vanelles The compos•t•on of vanetal 
mixtures changes cons1derably betwcen seasons WJthout dehberate selecllon Farmers adjust vanetal 
compos111on lo corree! for th1s but somellmes they purposefully const•tute d•ffercnt m1xturcs for 
d1ffercnt seasons and they ofien add or subtract enllre com ponents Th1s mteractJon of b1ology and 
man may have 1mphcallons for var1ety development extensmn strategJCs ep1demmlogy and genet1c 
dJversJty 

Seed systems are crucJal for ensunng that new vanelles become ava1lable lo farmers The sub project 
stud1ed ex1stmg systems to 1denllf)' the most promlSing pomts and llows lo mJect the seed of new 
vanelles lt was found that formal channels reach a very small percentage of farmers Most farmers 
try out a new vanety on small scale Test sales of new var1elles m such tnal quantJIJes (50 250 g) 
showcd that farmers read1ly prud two lo three limes the market pnce for common secd (Sperhng el 

al 1993) The new sub project on vanety d1ffusmn JS studymg farmer to farmer d1ffus•on al vJllage 
level 

LJmJtmg factors for bean producllon are bcmg stud1ed al the m1cro level lo better understand the 
1mportance of d1fferent constramts and the1r mteracllons 

Nursery mult1phcallon Regmnal nursenes and tnals are mulllphed centrally m Rwanda for 
subsequent dJstnbullon lo all test s1tes 

CONCLUSIONS AND FUTURE PERSPECTIVES 

RESAPAC has made bean research m the Great Lakcs more efficJCnt by dJvJdmg respons1b1hlles 
between 1ts partners m other words by avmdmg duphcat1on Even where duphcat1on stJII seems lo 
pemst the md1v1dual actors are well awarc of 11 and 11 JS ofien mtentmnal respondmg lo speclfic 
SJtuallons In dJscussJons w1th the1r management and pohcy makers bean programme rcsearchers m 
the threc countnes regularly stand out by knowmg exactly what Js done m terms of bean rcsearch m 
ne1ghbounng countnes and throughout Afnca and how th1s complements the1r nat•onal efforts 

Th•s dJvJsJon of rcsponsJbJhlles m the context of RESAPAC Js the result of ten years of evolut1on 
S1mple exchange of mformat1on was crucJal for thc partners lo know eachother Common plarmmg 
and executmn of nursery evaluatmns further helped to bUJld confidence m thc strcngths of cachother 
These werc 1mportant mtermcd•ate steps towards JOmt planmng resultmg m a d•v•s•on of 
rcsponsJbJhlles between partners 
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Reg10nal collaborat10n m RESAPAC was spec11ically effic1cnt m the followmg Sltuahon 

shanng the work of d1sease evaluat10n by takmg advantage of ecolog1cal d1ffercnccs 
between the d1fferent rcsearch stahons and the concept of hot spots (reg10nal nursenes) 
reg1on w1de stud1es w1th S1m1lar methodolog1es (seed systems) 
development of a rcsearch methodology m one s1te (farmer part1c1pahon m brcedmg 
1mpact/adophon stud1es) 
dcvelopment of 1deas and ophons m onc s1tc to make adaphve research m othcr s1tcs cas1er 
and faster (mtroduchon of chmbers stakmg mtercroppmg chmbers w1th bananas) 

Vanehcs are thc most cv1dent output of reg10nal collaborat10n wh1ch can be transferrcd w1th 
relahvely httle further tcstmg to other arcas Agronom1c prachccs and ophons to overcomc soc1o 
cconom1c constramts are oftcn more s1tc spcc11ic Many proposals for sub proJects m thcse domruns 
havc bccn refuscd by thc Stecnng Commlttce for the1r s1te spec11iC1ty Y el m order to makc more 
progrcss m non gcnehc solut1ons 11m ay be JUStllied m the futuro lo support more proJCCts rummg at 
thc development of ophons for spec11ic sets of agro-ccologlcal cond1hons RESAPAC has shown that 
1f opt10ns are adapted and adopted by the target farmers adapt1ve rcsearch needed lo dcvclop S1m1lar 
opt10ns for other arcas and cond1hons 1s much eas1cr and faster 

Bottom up approach to management of RESAPAC 1s cruc1al to thc success of the network Most 
potent1al researehers part1c1pate m plannmg workshops and thus feel comm1tted lo the m1d tenn 
plannmg framework The Steenng Comm1ttee has severa) 11m es res1sted the temptat10n of 1mposmg 
sub proJccts cven 1f thc respective top1c had bcen g1ven h1gh pnonty m the plannmg framework All 
sub proJects lo date werc 1mhated by teams of md1v1dual sc1enhsts Th1s ensures thmr commltment 
to the work 

In sp1tc of th1s bottom up approach RESAPAC has demonstrated that 11 1s poss1ble to change the 
oncntat10n of research and to respond qmckly to new S1tuat10ns In 1993 the allocat10n of resourccs 
lo the thrce groups of constrrunts as shown m Table 3 1s reasonably close lo thc goals set m 1989 

Sclf-cvaluat10n 1s cruc1al m ensunng cffic1ency and transparency w1thm RESAPAC lt takes place al 
two mtervals annually all sub projects are evaluated techmcally dunng the Rcg10nal Scmmar m a 
peer rev1ew process and sub proJecl leaders have to g1ve the1r own account on Cl<ecuhon of act1v1hes 
to the Steenng Comm1ttee lnd1cators for the whole network as well as for md1v1dual sub proJecls are 
fonnulated for phases of three years Tablc 4 11lustrates md1cators at nctwork leve) for the prcsent 
phase endmg m 1995 (Ny~rarukundo and Sche1degger 1992) Most of these md1cators ulhmately 
stress 1mpact at farm leve) For md1v1dual sub proJecls the1r leaders have to spec1fy w1th the1r 
md1cators 1f thcy a1m d1rcctly al technology development or al methodolog1cal advancc wh1ch m the 
long run m ay be cqually 1mportant for the overall progress of agncultural research 

Both techmcal plannmg and evaluahon as well as admm1strat1ve proeedurcs m the network rum al 
mRl<lmum transparency and deccntrahzahon of rcspons1b1hty Th1s sccms to be cruc1al for the 
effic1ency of RESAPAC Researehers nahonal programme leaders and membcrs of thc Commlttcc 
of D~rectors are h1ghly comm1tted to the network achv1hes becausc thcy havc bcen JOmtly respons1ble 
for shapmg RESAPAC for claboratmg the m1d tenn plannmg framework and for puttmg up the 
annual workplan and budget Prcsently CIA T personnel m the reg10n acts as sorne kmd of cl<ecutmg 
secrctary m nctwork management Cl<ecutmg the dcciSions of the Stcenng Commlttce and rcportmg 
back lo 11 
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Table 4 lnlroduclory part of planmng framework RESAPAC 1993 1995 

Log1c of mtervenbon 

Global 
ObjeC 
bve 
SpeC1f 
IC 

ObjeC 
bve 
Ex 
pected 
mter 
med1 
ary 
resutts 

lncrease of 
bean produc 
bon 
lncrease of 
bean produc 
bvJty 

1 Severa! 
h1gh-yJeldmg 
vanebes are 
ava1lable 

2 Y1eld 
potenbal of 
beans JS better 
explorted 

3 More ofthe 
1mproved 
vanebes are 
present at farm 
level 

lndJcators (due 1n 1995) 

2000 farmers Jn each of two areas per country 
have adopted a technology wh1ch mcreases theJr 
y1elds by 25% 

Per zone ten vanebes wrth spee~fic adaptabon 
made avaJiable (explort the potenbal of mche 
vanebes) 

25% of entnes 1n the mulblocatJonal tnals outyJeld 
the local m1xture (effecbveness) 
For each long term research project there ex1sts 
an ex ante evaluabon and an acceptabJIJty study 
(relevance) 

30% of farmer collaborators have Jncreased the1r 
y1elds through non-genebc technologJes by 15% 
(effecbveness) 
Two non-genebc technologJes are adopted by 
30% of collaborabng farmers (acceptabJIJty) 

For each of mne d1fferent zones Jn the reg1on one 
acceptable technology Js Jdenbfied (cope wrth 
d1versJty) 

80% of released vanebes are culbvated by at 
least 1% of target farmers (genebc dJversJty) 

Sources of 
venficabon 

Reports of sub­
proJects and 
Nabonal Pro­
grams 
Reports of 
Nabonal Pro­
grams 

Reports of tnals 

Workplan and 
reports of sub­
proJects 

Reports of sub­
projects 

Reports of sub­
projects and 
Nabonal 
Programs 
Reports of sub­
projects and 
Nabonal 
Programs 
Reports of 
Nabonal 
Programs 

10% of farmers Jn the whole reg1on use at least Adopbon 
one released vanety (impact) studJes 

'Acceptamr11y sluo•es(accepl¡¡¡¡jf•lyOCl'moo as conlmuca useoy cO!IaDoralmg farmers) are lo be part 
of mosl sub proJects 

All partners m the nelwork agrced lhal m limes of decreasmg ClA T presence m Afnca CIAT 
sc1enllsls should concenlrale on lhe1r role as researchers ralher lhan on adm1ntstralmg the network 
Therefore as oulhned above lhe nelwork IS evolvmg lowards even more mdependence from CIA T 
The Steenng Commtllee 1s presently recrmlmg a regmnal coordmator lo be h1red locally m 1994 He 
w11l work alongs1de lhe CIA T regmnal represenlallvc as coordmalor of lhe nelwork for one year 
Dunng lh1s lime lhe legal conlexl for lhe nelwork w11l have lo be defined so thal the network w11l 
be m a pos1110n lo h1re personnel and lo recc1ve funds As of 1995 CIA T w11l no longer play a role 
m ne\work adm1mstrahon and management By 1995 the nctwork should be m a pos111on lo take care 
of all admmlslrahvc aspccls (mcludmg rece•vmg funds d•rcclly from donors) wh1ch w11l allow CIAT 
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researchers based m lhe Reg10n lo concenlrale fully on research and on sc1enllfic and lechmcal 
adv1sory aspecls of reg10nal ac1lv11les CIA T w11l conlmue as a partner m the network thereafter 

Th1s process wlll be cas1er as lhe culture of full lransparency 1s already part of lhe network and 
sUJiable admm1slrallve procedures are already eslabhshed The Sleenng Comm1ttec of RESAPAe 
declared 11s mlenllon ofkeepmg lhe legal and admmJslrallve slructures as sleek as poss1ble Usmg lhe 
umbrella of a Na110nal Program or foundmg a non profil organJ7.allon reg1slered m the country of 
res1dencc of lhe reg1onal coordmalor w11l be evalualed as altemallves m 1994 The donor has declared 
1ts mtenllon of conlmued support lo RESAPAe 
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DISCUSSION SESSION VIII REVIEW OF REGIONAL PRIORITIES 

Paper by C Wortmann 

Thc prescntahon shmulatcd d1scussmn on what should be done by Nctwork mcmbcrs lo ach1eve better 
adopt1on and 1mpact al the farmer level 

As the curren! shortage of research resourccs 1s apparently here lo slay research needs lo be better 
largctcd greater use should be made of farmer part1c1palory lcchmqucs lo ach1evc dcvelopmenl m a 
less expens1ve manner and lhe developmenl and use of bcttcr lcchmques for extrapolalmg successful 
lechnology should be promotcd The Stcenng Commlllcc could g1vc cmphas1s lo lower mput 
lechnology 

Many part1c1pants have worked w1th farmers but perhaps we need lo pay more allentmn to whom wc 
are workiRg w1th lo ask oursclves 1f th1s person 1s of thc kmd for whom the technology was 
concelVcd and IS th1s lhe person who w11l make the dec1s1on IR the fam1ly as lo whether th1s 
tcchnology w1ll be adopted (remembenng thatthese are not necessanly the same person) 

Tcchn1ques ex1sl both for ensunng thal the sample of collaborahng farmers 1s represenlahve and for 
ehcllmg accurate responses from farmers Thcse methods should be used Soc1al sc1ent1sls employ 
methods wh1ch are as prec1se as those rouiiRely used by bmlog1cal sc1enhsts 

Paper by U Scbe1degger 

There 1s a RESAPAC sub proJCCI on FPR m breedmg Th1s started from the concem thal specllic 
ecolog1cal and wealth class mches can be found by farmers for many of the hnes d1scardcd m a 
class1cal brecdmg scheme In th1s sub proJeCI farmers VISII the stahon lo selecl from among 50 80 
malenals make comments on the1r sclectmns and are allowcd lo take the1r selectmns home Thcse 
farmers subsequenl dec1s1ons and management of the matenals are momlorcd 

On IRshtulmnalu.atlon of thc Nctwork 11 IS cxpcctcd that RESAPAC by 1995 should be ablc lo 
rece1ve funds d~rect from donors Dr Schc1dcggcr cxprcsscd confidence that the 1mpact bemg ach1cvcd 
w11l contmue lo generale financ1al support for the Network CIA T would then part1c1pate IR thc 
Network as a techn1cal partner and not as admiRistratlve coordmator The trans1honal penod leadmg 
lo 1995 has alrcady becn budgclcd w1th thc donor 
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WORKING GROUPS ON PRIORITIES FOR SUB PROJECT RESEARCH AND 
SUPPORTING ACTIVITJES IN EASTERN AFRJCA 

TASKS 

Four \\Orkmg groups of partlclpants m el to contnbutc to thc Nctwork s cfforts to 1mprovc 1ts 
oncntallon and performance Each workmg group was asked lo do the followmg 

*To rcv1cw thc EABRN plannmg framcwork draftcd by thc Stecnng Comm•ttec (1992) to •dcnt1fy 
any 1mportant gaps m pnonllcs and suggest 1mprovemcnts m corrcspondmg acllvlllcs 

*To 1dcnllfy a sct of mdependcntly vcnfiable md1cators of network performance 

*To suggest md1cators by wh1ch thc performance and ach~evements of cach of the reg10nal sub 
proJCCts should be momtored ovcr thc next two/thrcc ycars 

Part•c•pants workcd m four groups formcd accordmg lo thc1r arcas of mtcndcd rcscarch 1mpact 

(a) Resource poor and scm1 and env1ronmcnts 
(b) H1gher ramfall env1ronments w1th potent•ally h1gher lcvcls of externa! mputs 
(e) S01l rclatcd constramts 
(d) Sccd rclatcd constramts 

AMENDMENTS TO EABRN PLANNJNG FRAMEWORK AND INDJCATORS OF NETWORK 
PERFORMANCE 

ObJect•ve 1 To strengtben and sustam nat10nal researcb programmes 

Amendmenl\ 

Thc role of NARS m lmplcmentallon of EABRN pnonllcs nceds strcngthemng m thc Nctwork s 
organogram mcludmg NARS rcsearch nat10nal cxtens10n efforts 

C.rculat10n of research results w1thm thc rcg1on 1s sllll madequate and nceds more attent10n 

JndiCQ/Or> 

F arm leve! product•on constramts bcttcr undcrstood and rcflectcd m nat10nal work plans Annual 
nat1onal bcan rcsearch work plans ava1lable Rcv1cw mcctmgs on bean rcscarch held regularly Bcan 
rescarch pnonllcs devcloped formally approved and rev1ewcd pcnod•cally 

lmproved ut1hsat•on of avrulablc resourccs by NARS through more cost-cffccllvc methods 

More tcchnology bcmg adoptcd by farmcrs 

Numbcr of rcscarch pubhcallons 
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ObJeCtlve 2 To 1mprove sustamabd1ty of the Network 

Amendmenl> 

lmprovcd flows of mformahon among na110nal programmcs e g roulmc c1rculahon of na110nal bcan 
rcscarchcr hsls na110nal slralcg1c pnonhcs annual bcan rescarch plans and annual rcports 

More sub proJccls should spcc1fy thc mlcrachons lo be calalyscd among part1c1panls mcludmg across 
counlncs 

Pan Afncan collaborahon would be part1cularly cffechve 111 sorne arcas such as drought and lhe 
devclopmcnl of chmbmg beans (both for stratcgy devclopment and for d1stnbut10n of germplasm) 
Grcatcr focus by thc Slccnng Comm1ttce (SC) on overcommg problems cspcc1ally through mulh 
d1sc1phnary approaches Thc SC could also define and pubhc1sc 11s balance among arcas of 
mtervenhon (b10hc vs ab10t.c constramts tcchnology transfer trammg etc) 

Rcg1onal workshops workmg group mcctmgs tnals and nurscncs should contmuc Contmuahon of 
momlonng tours rcce~vcd strong endorscment 

lndicaton 

At least 20% of farmers collaboratmg m tnals have adopled new tcchnology 

Bean y1eld mcreased by 5% and produchon by 7% across thc reg10n m 3 ycars 

ObJectlve 3 To reduce h10t1c and ab10t1c productmn constramts tbrougb genet1c 1mprovement 

Amendment> 

Countncs vary grcatly m the cxtent lo wh1ch they havc attemptcd lo larget the collcchon of local 
gcrmplasm and mercase germplasm d1vcmly by mcans of mulhplc relcascs of new vanehes 

Thc nccd for more cxchange of gcrmplasm among countncs was a rccumng thcmc Gcrmplasm 
nurscncs organ1scd by agro-ecolog1cal I.oncs (and m sorne case on a pan Afncan bas1s) req01rc more 
attenhon m the~r 1mplcmentahon 

lndicaton 

Nat10nal gcrmplasm collcchons catalogued and Simple low-cost rchable storage methods m use 
Nat10nal collechons duphcated elscwhcre for safcty Bctter rcprcscntahon of 1h1s I.onc m global 
collechons 

W1dc gcne11c array avwlablc for selcchon by farmcrs and by rcsearchcrs 

Eastem Afnca 7.onal nurscry and y1eld tnal (EAZBEN and EAZBYT) m opcrahon and brcedcrs sccd 
d~rectly exchanged bclween nat10nal programmcs 

More bean var1chcs rclcased 2 3 ncw vanehcs pcr I.onc of m1crvcn110n Al lcasl 10 advanccd hncs 
developed per I.one of mtervenhon Mulhple vanety rcleascs acceptcd as dcs1rable prac11ce 
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ObJectlve 4 To 1mprove croppmg systems 

Amendmen/1 

G1vc more attcnllon lo non gcncllc solut1ons lo b10t1c constramts e g IPM 

lmprovcd ullhsallon of ava1lablc rcsourccs by farmcrs 

lndlCalor< 

lncrcascd producllv1ty m targct arcas (e g m low potcnt~al or margmal cnv1ronments bcan producllon 
mcreascd by 5% through 1mprovcd croppmg systcms) 

Losscs from targct pests and d1scases rcduccd 

ObJecllve 5 To mcrease tbe market potentlal of beans 

Amendmentv 

Much progrcss was notcd m asscssmg markct prcfcrcnccs but furthcr cfforts are Jusllficd Thc 
dcvclopmcnt of ncw bcan products such as the Kcnya samo1.a warrants followmg up m othcr 
countncs 

Wh1le cxport trade m snap bcans 1s wcll documcnted thc 1mportant cross bordcr tradc m dry beans 
deserves s1m1lar attcnllon 

Indlcaton 

lncreased markct demand for bcans 

Storagc losscs duc lo bruch1ds rcduccd al lcast 10% m targct 1.oncs 

Add a study on human nutnllonal aspects mcludmg bcan quahty 

ObJectlve 6 To 1mprove tecbnology transfer 

Amendmenl< 

lt should be a maJor Nctwork acllv1ty lo mercase farmcrs part1c1pa11on m rescarch On stallon 
evaluallons by farmers has bccn tncd m sorne countncs but clscwhcre needs more encouragcmcnt 
Rcsearchcrs nccd more cxposurc lo FPR tcchmqucs 

Dcvclopmg rcscarch cxtcns1on hnkagc by rcc1procal mv1tallons lo mcetmgs IS 1mportant but not 
adcquatc Expenmcnt w1th mcxpcns1vc rcsearch-<:xtcns10n hnkagc approachcs dunng on farm tcstmg 
and a1m al sohd output of tcchmcal bullctms 

Too httlc 1s bcmg done outs1dc thc Grcat Lakcs reg10n on documcnllng non formal sccd systems that 
could be used m d1sscmmatmg ncw vancllcs Fmancl31 support hcrc would be useful 

A pan Afncan bcans ncwslcttcr would be apprcc1atcd 
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Indica/o" 

Sub pro¡ect on non fonnal seed systems m operatmn m all countnes where these systems are not 
currently ullhsed Non fonnal seed systems better understood 

Pamphlets ava1lable to extensmn and farmers on new agronom1c pract1ces and on vanet1es 

At least one evaluatmn VISII annually by farmers to each bean research statmn m the regmn Al least 
one technology per 'one selected by farmers from on stallon tnals and bemg tested by farmers 

More farmer managed tnals m all '.ones At lcast one farmer des1gned In al m each '.onc 

FPR trammg for all d1sc1phncs m bean rescarch Al lcast onc FPR coursc held m cach pnnc1pal group 
of rcscarchers/tcchmclans Each researcher demonstrates that knowledge gamed from FPR IS 
mcorporated m h1slher programme 

Farmers m all ma¡or soc1o-econom1c categones have better understandmg of the fonnal research 
agenda At least 25% of a sample of farmers m each 'one have tned al least one new vanety released 
w1thm prevmus threc years 

SPECIFIC INDICATORS SUGGESTED FOR CURRENT REGIONAL SUB PROJECTS 

(a) Resource poor and sem1 ar1d env1ronments 

Sub proJeCt Ind1cators 

Vanety development for sem1 and arcas 
(Kenya) 

Drought tolerance (Ethmp1a) Selected genotypes perfonn well m on farm tnals 

Tolcrance lo low mtrogen s01ls (Ethmp1a) and evaluated by nallonal bean program 
Regmnal nursery of selectcd hnes d1stnbuted 

Bmlog1cal mtrogen fixat1on (Eth10p1a) 

Mm1mum llllage (Kenya) Cost effccllve good retum to labour 
F armers adopt the technology 

Water harvestmg (Kenya) T cchmcal m anual produced 
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(b) H1gher ramfall env1ronments w1th potenhally h1gher levels of externa( mputs 

Anthracnosc (Eth10p1a) Y 1cld los ses asscsscd ID thc rcg10n 
Pathogcn raccs 1denhfied ID arcas al nsk 
15 advanecd liDes w1th rcs•stancc ava1lable 

Phoma bhght (Uganda) 1 O rcs1stant vanehes av31lable 
Y 1eld losscs determ IDCd ID m 31n arcas al nsk 

Rust (Eth1op•a/Madagascar) Two or threc res•stant vanehes released 
20 res1stant liDes advanccd ID natl progr310mcs 

Frcnch bcan vanehcs devclopmcnt 5 advanced liDes w1th 1mproved rust res1stance ID 
(Kenya) on farm tnals 

1 00 scgrcgaiiDg populat10ns al F, 
collechon of snapbcan gcnotypcs undergoiDg 
charactensahon 

IPM ID French beans (Kenya) Numbcr of 1Dscehc1des rcduccd from 24 lo 3 
Farmers usiDg altemahves lo pest•c•des IDCrcascd 
from 6% lo 80% 
Peshc•dc res1dues reduced lo a level acceptablc lo 
the export m arket 

(e) S01l related coostramts 

Tolerance lo low phosphorus s01ls Toleran! vanehes 1denhfied and adoptcd 
(Kcnya) Parental liDes •dcnhfied and uscd ID crosses 

V anetal screemng method ava1lable 

Tolerance lo mangancse tox•c•ty Rap1d lab screcmng techmquc av31lablc 
(Uganda) Toleran! m atcnals 1denhficd 

Farmcr adopt1on of toleran! vanches 
Toleran! genotypcs uhhsed ID brccdiDg 

Res1stance lo Macrophomma (Kenya) Ava•lab•hty of res1stant matcnals 
Effechve screcniDg method ID use 
Res•stant liDes uscd ID brccdiDg 
Rcs1slanl var1chcs adoptcd ID dry arcas 

Plant nutncnt lluxcs (Kcnya) Databasc dcvclopcd on nutnent transfer 

Management of ac1d s01ls (Madagascar) (not allemptcd( 

Farmer part1C1patory rcscareh on s01l No of tnals sueeessfully completcd 
fert1hty (Uganda) No of farmers adopiiDg prachces 

No of sc•enhfic papers pubhshed 

Bean stem maggot (Eth10p1a) Res•stant sources •denhfied 
Res•stancc brecdiDg progr310me ID opcrat10n 
Cultural control mcthods developcd 

361 



(d) Seed related constraiDts 

Seed d1ssemmat10n channels (Kenya) Survey completed and findmgs documented 
Recommendallons d1ssemmated 

Seed d1ssemmat10n methods (Eth10p1a) No of farmers rece1vmg seed and amounts 
d1stnbuted documented annually 
Adopt10n and pers•stence of vanelles assessed 

Bruch1ds (Uganda) Technolog1es generated res1stant vanelles and 
management pracllces are avrulable 
Technolog1es made avrulable w1thm reg10n 
(pubhcallons avrulab1hty of vanelles) 
Tcchnology adopted by farmers 

Angular leaf spot (Kenya) ALS pathogen vanatJon understood m the reg10n 
Losses quanllfied 
Res1stant sources •dentJfied 
Reg10nal res•stance nursery d1stnbuted 

Common bactenal bhght (Uganda) Pathogemc vanallon understood 
Pan Afncan nursery d1stnbuted and ul1l".cd m 5 
countncs 
Res1stance •s mcorporated mto 6 landraces 
More vanelles w1th CBB res•stance are released 
Presence or absence of lmkage of res•stancc w1th 
undes~rable trruts determ med 

Bean common mosa1c v1rus (Uganda) 500 lmes screened for res1stance m 10 countnes 
Reg10nal nursery d•stnbuted 
100 genotypes screened for seed transmJssJbJhty 
lmproved procedure for large scale scrccnhouse 
screemng 
50 suspected w1ld hosts evaluated 
Crop losses assessed 

PLENARY SESSION TO DISCUSS WORKING GROUP REPORTS 

The role of farmers 1s menlloned m all sub prOJCCts but why 1s th1s not exphc1t m the EABRN 
organw111onal chart? Agreed that the chart needs lo be mod•fied accordmgly 

ls seed qual•ty really of concem lo farmer producers of th1s crop? Most avrulable studJCs suggest that 
producmg clean bean seed 1s not econom 1c ( expens1ve seed hule y•eld benefit and no y•eld benefit 
beyond the first season) Excepllons seem lo be snap beans and dry beans m Mauntms both probably 
presenl new requ~rements m th•s respect 

Should reg10nal germplasm nursenes be decentral1sed (1 e organ1sed separately for spec1fic constrrunts 
by the pnnc1pal researcher or sub proJect) or centrahsed (w1th the CIAT reg10nal programmc)? lt •s 
log•sllcally eas1er lo send out a smgle un1fied nursery but th1s means more work for collaborators m 
evaluatmg 11 There was a eonsensus m favour of sub proJects (and others) developmg more spec•fic 
targcted nursenes 
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Should thc pcrfonnancc md1cators bcmg dcvclopcd for thc Nctwork and for md1v1dual sub projects 
be apphcd by Nctwork mcmbcrs or should those outs1dc the Network have the respons1b1hty for 
momtonng? Part1c1pants agreed that md1cators should be used by each sub proJeel m self-evalua!lon 
w1th resultmg mfonna!lon bemg prov1ded m rcports for others (e g thc Commlttee of D1rectors) to 
fCVICW 

In conclus10n the Stcenng Comm•ttec •s expccted lo prov1dc feedback to sub proJects on the1r 
perfonnancc md1cators as soon as poss1ble 

REFERENCE 

Rcg10nal Programmc on Beans m Eastem Afnca (1992) Planmng Framework for the Eastem Afnca 
Bcan Research Network In M mutes of Armual Mectmg of the Stecnng Commlttee held al 
Nancth Eth10p1a 20 24 June 1992 pp 14 19 
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CLOSING ADDRESS 

Mrs M N Wabule Assostant Dorector (Hortoculture), 
Keoya Agrocultural Research lnstotute' 

Mr Chaonnan Dostmguoshed Guests CIA T Offictals Partocopants Ladoes and Gentlcmen 1 feel much 
pnvtleged lo be mvtted lo come and close thos workshop whoch 1 constder to be vcry omportant 
because beans play a great role m human nutnlton m eastcm Afnca lt os therefore tmportant that 
bcan scoenttsts should develop appropnatc tcchnology qmckly m order lo mcct thc evcr mcrcasmg 
demands of thts commodtly 1 bchcvc workshops of thos naturc wtll help a great deal lo exchangc 
tdeas on thc lates! dcvclopment of thos crop 1 havc noted wtlh grcat sattsfactoon that the workshop 
has drawn sctenttsts of vanous countncs who are pracltltoncrs m thos field lt os my behef that m the 
course of your fivc days dchbcralton yo u havc been able lo examme the bean crop much more closely 
and tdcnltfy sorne tcethmg troubles affecltng tl 1 would assume that you have m addotton come up 
wtth pracltcal suggesttons on how these problems can be sol ved m order lo tmprovc bean productoon 
1 must assure you that KARI wtll cnltcally study your recommcndaltons and see how best thcy can 
be omplemcnted for thc sake of asstsltng fanners 

Mr Chatnnan bcforc dcclanng thts workshop offictally closcd allow me lo make sorne few remarks 
"hoch 1 constder lo be omportant lo bean produclton m Kenya We all know that beans play a Htal 
role m the eco no m y of thts country as has been clearly rccogm7.cd by govemmcnt m tls vanous pohcy 
papcrs and statements notably thc scss10nal paper No 4 of 1981 on Natoonal Food pohcy and thc 
scss10nal paper No 1 of 1986 on Economtc Managemcnt for Rcncwed growth woth whoch 1 bcheve 
sorne of you are qmtc famthar The first of thcse papers mamly revolvcs around produclton of 
sufficoent food and gcneralton of employmcnt to cater for our rapod growth of populatton prcsently 
esltmatcd lo be over 22 molhon peoplc and expected lo JUmp lo over 35 molhon peoplc by thc tum 
of the century Bcans as a food crop plays an tmportant role m mcctmg thcsc challcngcs partocularly 
m the arca of nutnt10n cmployment forctgn cxchangc cammg and mcomc gcncratton 

Although food and snap bcans are tmportant m thts country thcy are not wothout problems Therc 
are thosc problcms rclatcd lo produclton whoch mvolvc quahty m snap bcans and poor ytclds m food 
bcans To a largc cxtcnt thcse affcct thc lcvcl of productton and thc quahty of produce lt m ust be 
clcarly undcrstood that use of sub standard mputs by fanncrs m ay not only rcsult m rcduccd yoelds 
but m a) m thc long run result m mcrcased buold up of dtseascs and pcsts whtch can be a threat lo 
futurc productoon Wc must also encouragc cffecltvc feedback from fanncrs as thcy also havc thcor 
own expcncnccs whtch could be useful whcn mtcgratcd wtth rcscarch findmgs 

Fmally 1 must pomt outthatthc knowledgc gathercd from thos workshop woll serve no useful purposc 
unlcss tl rcaches the fanncr m thc manner he can undcrstand so that he wtll be ablc to omprove hts 
fannmg pracltces ltherefore trust that you woll dossemmatc the mfonnalton acqmred lo the fanners 
Woth thcsc fcw rcmarks tl os my plcasurc lo declare thts workshop offictally closed 

Thank you 

'Presented by Mr D O Mlchleka D1rector KARI Natlonal Hortlcultural 
Research Stat1on Thlka 
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Plant Patholog1sl Kenya Agncultural Research lnst1tute Reg10nal 
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PUBLICATIONS OF THE NETWORK ON BEAN RESEARCH IN AFRICA 

Worksbop Senes 

No 1 

No 2 

No 3 

No 4 

No 5 

No 6 

No 7 

No 8 

No 9 

No 10 

No 11 

No 12 

No 13 

No 14 

Proceedmgs of lhe Bean Fly Workshop Arusha Tan,.ama 16 20 November 1986 
D J Allen and J B S m tlhson (Eds) 

Proceedmgs of a Workshop on Bean Research m Easlem Afnca Mukono Uganda 
22 25 June 1986 R A Ktrkby (Ed) 

Proccedmgs of a Workshop on Sml Fertthty Research for Bean eroppmg Systems m 
Afnca Addts Ababa Elhtopta 5 9 Seplember 1988 e S Wortmann (Ed) 

Proccedmgs ofa Workshop on Bean Yanelallmprovemenl m Afnca Maseru Lcsotho 
30 January 2 February 1989 J B Smtlhson (Ed) 

Acles du Trotsteme Semmauc Reg10nal sur L Amehorallon du Hancol dans la Rcgton 
des Grands Lacs Ktgah Rwanda 18 21 Novembre 1987 P Nyabyenda and J He 
Davts (Eds) 

Proceedmgs of Ftrsl SADee Reg10nal Bean Research Workshop Mbabane 
Swanland 4 7 Oclober 1989 J B Smtlhson (Ed) 

Proceedmgs of Second Workshop on Bean Research m Easlem Afnca Natrobt 5 8 
March 1990 J B Smtlhson (Ed) 

Acles de 1 Aleher sur la Ftxallon Btologtque d A'ole du Hancol en Afnque Rubona 
Rwanda 27 29 Oclober 1988 P Nyabyenda A Hakutmana J Ktpe Nolle J H C 
Davts and W Graf (Eds) 

Acles du Qualncme Semmmre Reg10nal sur L Amehorallon du Hartcol dans la Reg10n 
des Grands Lacs Bukavu Zatrc 21 25 Novcmbre 1988 P Muktsht J He Davts and 
U e Schetdegger (Eds) 

Proeeedmgs of a Workshop on Nallonal Research Plannmg for Bean Produclton m 
Uganda Kampala Uganda 28 January 1 Fcbruary 1991 W Gnsley (Ed) 

Proceedmgs of lhe Ftrsl Meelmg of lhe Pan Afncan Workmg Group on Bean 
Enlomology Nmrobt Kenya 6 9 Augusl 1989 J K O Ampofo (Ed) 

Progress m lmprovemenl of Common Bean m Easlem and Southem Afnca 
Proceedmgs of lhe Nmlh SUA/eRSP and Second SADeC/CIAT Bean Research 
Workshop Morogoro Tan,.anta 17 22 Seplember 1990 J B Smtlhson (Ed) 

Proceedmgs of a Workmg Group Meelmg on Vtrus Dtseases of Beans and Cowpca 
m Afnca Kampala Uganda January 17 21 1990 D J Allen (Ed) 

Proceedmgs of lhe Ftrsl Meelmg of lhc SADeCteiAT Workmg Group on Droughl 
m Beans Harare Ztmbabwe M ay 9 1 1 1988 O T EdJe (Ed) 
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No 15 

No 16 

No 17 

No 18 

No 19 

No 20 

No 21 

No 22 

No 23 

No 24 

No 25 

No 26 

No 27 

No 28 

Proceedmgs of the F trst Pan Afncan Workmg Grop Meetmg on Anthracnose of Beans 
Ambo Ethtopta February 17 23 1991 R A Buruchara (Ed) 

Acles du Cmqmeme Semmatre Regtonal sur 1 Amehoralton du Hancot dans la Regton 
des Grands Lacs BuJumbura Burundt 13 18 Novembre 1989 1 N"menya W Graf 
and U C Schetdegger (Eds) 

Acles du Stxteme Semmatre Reg10nal sur 1 Amehoratton du Hancot dans la Regton 
des Grands Lacs 21 25 Janvter 1991 P Nyabyenda and U C Schetdegger (Eds) 

Acles de la Confcrcncc sur le Lanccmcnt des V ancles la Produclton el la Dtstnbulton 
de Semcnccs de Hancot dans la Rcgton des Grands Lacs Goma Zatre 2 4 Novcmbre 
1989 L Spcrhng (Ed) 

Rccommcndaltons of Workmg Groups on Croppmg Systcms and Sotl Fcrtthty 
Rcscarch for Bcan Produclton Systcms Natrobt Kenya 12 14 February 1990 O T 
EdJc and C S Wortmann (Eds) 

Procccdmgs of Ftrsl Afncan Bean Pathology Workshop Ktgah Rwanda 14 16 
Novembcr 1987 J B Smtlhson and P Trutmann (Eds) 

Sotl Fcrtthly Rcscarch for Mau.c and Bcan Productton Systcms of thc Eastern Afnca 
Htghlands Proceedmgs of a Workmg Group Mcctmg Thtka Kcnya 1 4 September 
1992 C S Wortmann and J K Ransom (Eds) 

Acles de 1 Ateher sur les Stratcgtes de Seleclton Vanetalc dans la Regton des Grands 
Lacs Ktgah Rwanda 17 20 Janvtcr 1991 L H Camacho and U C Schetdcgger (Eds) 

Proccedmgs ofthe Pan Afncan Pathology Workmg Group Mcctmg Thtka Kcnya 26 
30 May 1992 R A Buruchara and U C Schctdcggcr (Eds) 

Proccedmgs of a Workshop on Bcan Rescarch Plannmg m Tan/.anta Uyolc Rcscarch 
Centre 18 24 May 1992 C S MUsht and W C Youngqmst (Eds) 

Sccond Mectmg ofthc Pan Afncan Workmg Group on Bcan Entomology Hararc 19 
22 Scptcmbcr 1993 J K O Ampofo (Ed) 

Bcan lmprovemcnt for Low Fertthty Sotls m Afnca Procecdmgs of a Workmg Group 
Mcctmg Kampala Uganda 23 26 May 1994 C S Wortmann (Ed) 

Thtrd SADC/CIAT Bcan Rcscarch Workshop Mbabane SwvJiand 5 7 October 1992 
D J Allcn (Ed) 

Proccedmgs ofThtrd Multtdtsctplmary Workshop on Bean Rescarch m Eastcrn Afnca 
Thtka Kcnya 19 22 Apnl 1993 J B Smtthson (Ed) 
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Occas10nal Pubhcabons Senes 

No 

No 2 

No 3A 

No 38 

No 4 

N S Talckar 1989 AgromY7Jd Pests of Trop1cal Food Legumes a B1bhography 

R A Kukby J B Sm1thson D J Allen and G E Hab1ch (rev1sed by J Mullmba) 
1989 CIAT TraiDIDg ID Afnca 

J B Sm1thson 1990 F1rst Afncan Bean Y1eld and Adaptat1on Nursery (AFBYAN 1) 
Part 1 Performance ID lnd1v1dual Envuonments 

J B Smllhson and W Gnsley 1992 F1rst Afncan Bcan Y1eld and Adaptat10n Nursery 
(AFBY AN 1) Part 11 Performance across Env1ronments 

C S Wortmann 1992 Assessment of Y1eld Loss caused by B101lc Stress on Beans 
ID Afnca 

No 5 C S Wortmann 1992 lnterprctallon of Fohar Nutnent Analys1s ID Bean the 
D1agnos1s and Rccommendallon lntcgrated System 

No 6 

No 7 

No 8 

No 9 

No 10 

No 11 

No 12 

No 13 

No 14 

No 15 

C S Wortmann C Bosch and L Mukandala 1993 The Banana Bcan lntercropp1Dg 
System ID Kagera Reg1on of Tanzama Results of a D1agnosllc Survey 

J K O Ampofo 1993 Bean Stem Maggot Research Methods A TramiDg Course al 
BuJum bura Burund1 1 8 Novem ber 1991 

D P G1ga J K O Ampofo S Nahdy F Negas1 M Nah1mana and S Nch1mb1 
Msolla 1993 On Farm Storage Losses to Bean Bruch1ds and Farmers Control 
Strateg1cs a Travelhng Workshop ID Eastem and Southem Afnca 

J Mullmba 1993 A TraiDIDg Manual for Bean Rcsearch 

M F1schler 1993 Bean Gcrmplasm Conservallon based on Seed DryiDg w1th S1hca 
Gel and Low Mo1sture Slorage 

C S Wortmann and D J Allen 1994 Bean Producllon Env1ronments ID Afnca 
Charactensllcs and Constramts 

L Sperhng U C Schc1degger R A Buruchara P Nyabyenda and S Munyanesa 
1994 lntcns1fy1Dg Producllon among Smallholder Farmers The lmpact of lmproved 
ChmbiDg Beans ID Rwanda 

L Sperhng 1994 Analys1s of Bean Secd Channels ID the Grcat Lakes Reg1on South 
K1vu Zwrc Southem R wanda and Selcct Bean Growmg Zones of Burund1 

J B Sm1thson HE Gndley and W C Youngqu1st 1995 Sccond Afncan Bean Y1eld 
and Adaptallon Nursery (AFBY AN 11) 

L Sperhng U Sche~dcggcr and R Buruchara 1995 Enhancmg Small Farm Seed 
Systems Pnnc1ples Denved from Bean Research ID the Grcat Lakes Reg1on 
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Reprmt Senes 

No 1 

No 2 

No 3 

D J Allen M Dessert P Trutmann and J Voss Common beans m Afnca and the1r 
constramts In H F Schwartf and M A Pastor Corrales (Eds ) Bcan Produchon 
Problcms m thc Trop1cs 2nd Ed CIAT Cah Colombia pp 9 31 

A K Karcl and A Autnquc 1989 lnsccts and other pcsts m Afnca In H F 
Schwart7 and M A Pastor Corrales (Eds ) Bcan Produchon Problems m the Trop1cs 
2nd Ed CIAT Cah Colomb1a pp 455 504 

J B Sm1thson O T Edje and K E G11ler 1993 DiagnoSIS and correchon of sml 
nutnent problems of common bcan (Phaveoluv vulganv) m thc Usambara Mountams 
of Tan7.ama 1993 Journal of Agncultural Sc1ence 120 233 240 

No 4 C S Wortmann T Sengooba and S Kyamanywa 1992 Banana and bean 
mtcrcroppmg research factors affectmg bean y1cld and land use effie~ency 

Expcnmcntal Agnculturc 28 287 294 and 

No 5 

No 6 

No 7 

No 8 

No 9 

No 10 

C S Wortmann and T Sengooba 1993 The banana bcan mtercroppmg systcm bean 
gcnotypc x croppmg systcm mtcract10ns F1cld Crops Rcsearch 31 19 25 
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