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PREFACE 

This volume is the seventh in a publications series that docul'll\lnts the 
findings of researchers on bean (Phaseo1us vulgar1s) in Africa These 
proceedings form part of the activities of the pan-African bean research 
network which serves to stimulate focus and co-ordinate research efforts on 
this crop 

The network is organizad by the Centro Internacional de Agricultura 
Tropical (CIAT) through three interdependent regional projects for the Great 
Lakes region of Central Africa for Eastem Afnca and in conjunction with 
SADCC for the Southern Africa region 

Publications in this series include the proceedings of workshops held to 
assess the status methods and futura needs of research in selected tapies 
that constrain production or productivity of this crop in Africa The present 
publication documents recent research carried out in Eastern Africa and 
includes results peer reviews and futura plans of collaborative regional 
projects supported by the network 

Publications in this series currently comprise 

No 1 
.) 2 

No 3 

No 4 

No 5 

No 6 

No 7 

Bean Fly Workshop Arusha Tanzania 16-20 November 1986 
Bean Research 1n Eastern Africa Mukono Uganda 22-25 June 1986 
So11 Fert 1lity Research for Bean Cropping Systems in Africa Addis 
Ababa Ethiopia 5-9 September 1988 
Bean Improvement in Africa Maseru Lesotho 30 January-2 February 
1989 
L Ameliorat1on du Haricot dans la Region des Grands Lacs Kigali 
Rwanda 18-21 Novembre 1987 
First SADCC Regional Bean Research Workshop Mbabane Swaziland 4-7 
October 1989 
second Workshop on Bean Research in Eastern Africa 
Nairobi 5-8 March 1990 

Financia] support for the regional bean projects comes from the Canadian 
International Development Agency (CIDA) the Swiss Development Corporat10n 
(SDC) and the United States Agency for International Development (USAID) 
This publication was supported by CIDA and USAID 

Further information on regional research activities on bean in Africa is 
available from 

Regional Co-ordmator SADCC/CIAT Regional Programme on Beans in southern 
Africa, P O Box 2704 Arusha Tanzania 

Regional Co-ordinator CIAT Regional Programme on Beans in Eastern AfricA 
P O Box 67 Debre Zeit Ethiopia 

Coordinateur Regional CIAT Programme Regional pour 1 Amelioration du 
Haricot dans la Region des Grands Lacs 8 P 259 Butare Rwanda 
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SESSION 1 OPENING SESSION 

WELCOME ADDRESS 

Mr S K Njuguna 

Director Nat1onaT HortJcu1tura1 Research Centre Thfka 

Director KARI Dr Cyrus G Ndiritu CIAT Regional 
A K1 rkby CIAT representat JVes Workshop orgam zers 
Part1cipants Ladies and Gentleman 

Coordinator Dr Rogar 
Distinguished guests 

It is a great pleasure to welcome you to Na1robi Kenya for the Second 
Regional Workshop on Bean Research 1n East Afr1ca Although the first 
workshop was held at Mukono Uganda approximately three years ago the 
resolutions and recommendations emanating from that workshop have been a major 
cata 1 yst on bean deve lopment in thi s reg1on In Kenya beans are important 
and indeed in eastern Africa because they are a major source of protein for 
m1llions of the people in the region The total area under bean production in 
Kenya between 1977/78 and 1986/87 rose from 282 983 hectares to 525 749 
hectares with corresponding average yield increase from 704 kg/ha to 829 kg/ha 
(Gitu and Ngalyuka 1989) This yield increase was made possible by ralease 
of s1x high yielding bean variet1es with multiple resistance to maJor bean 
diseases such as bean common mosa1c virus anthracnose halo blight and 
angular leaf spot 

Beans are also known to be efficient in fixing atmospheric nltrogen 
thereby enriching the soil and minimJZing the need for costly commerc1al 
fertilizers Beans are an important component of mixed cropping systems which 
are typical of small scale subsistence farming These aspects emphasize the 
relevance of this workshop 

I therefore hopa that this Second Regional Workshop on Bean Research 
w11l provide an appropriate forum for discussing ways 'and means of enhanc1ng 
the development of this important commodity Th1s workshop has attracted 
eminent bean scient1sts from Kenya Madagascar Maurit1us Sudan Tanzania 
Uganda CIAT and other invited guests who will be expected for the next four 
days to come out with recommendations which w1ll contribute significantly 1n 
giving direction for future bean research activ1ties in eastern Africa 

I am gratif1ed to have been associated with your past performance and I 
am confident that this seminar will be a success To the sponsors of this 
workshop we are very thankful 

Finally 1t 1s now my great privilege to reQuest the gentleman who made 
the present collaboration between CIAT and KARI possible and that 1s nona 
other than Dr Cyrus Ndiritu Director Kenya Agricultura] Research Institute 
to address the participants and open the workshop officially 

Thank you very much 

References 

Gitu K W and A K Ngalyuka 1989 Agricultura] and Livestock Data 
Compendium Ministry of Planning and National Development Nairobi 



OPENING ADDRESS 

Dr C G Ndiritu 

01rector Kenya Agr1cultural Research Inst1tute 

Mr Cha1rman D1st1nguished Guests Offic1als of CIAT USAID and CIDA 
Lad1es and Gentleman 

It g1ves me great pleasure to be w1th you on th1s important occas1on of 
the Second Regional Workshop on Bean Research 1n Eastern Afr1ca On behalf of 
the Government of Kenya and the Kenya Agr1cultural Research Institute perm1t 
me to have the honour to welcome all of you to Nairobi for the workshop To 
our VlSltors from outs1de Kenya I w1sh to extend a very warm hand of KARIBU to 
Kenya and urge them to take advantage of any ava1lable opportunity outside the 
workshop t1me to see for themselves what Kenya can offer 1n other fields e g 
tour1st scener1es and other areas 

Mr Chanman I am informed that this workshop is the second one of its 
k1nd addressed to legume improvement to be held in Nairobi since 1979 
However under the ausp1ces of CIAT s regional programme on beans 1t comes 
after the one which took place in Uganda sorne three years ago We in Kenya 
feel pr1vileged to be afforded the opportunity to be hosts to this 1mportant 
bean forum 

The role of bean 1n human nutr1tion 1n the reg1on 1s indeed very 
apprec1able It prov1des almost half of total dietary protein 1n Burundi and 
Rwanda and forms a maJar supplement to the starch d1ets (ma1ze and sorghum) in 
eastern Afnca The bean crop is also seen as essential to redress protein 
def1c1enc1es usually observed 1n starch-based diets e g banana based diets 1n 
Uganda 

In Kenya common bean 1s the most 1mportant pulse and second only to 
ma1Ze as a food crop 1t is estimated that over 500 thousand hectares of 
beans are cult1Vated annually with an average yield of 500 kg/ha These 
y1elds are remarkably low considering potential bean yields Furthermore the 
demand for beans is expected to 1ncrease with rise in population with1n a 
l1m1ted land ava1lable for cultivation Nutritionally beans contribute 4 6% 
of calor1es and 10 2% of protein to Kenya s national diet 

In 1983/84 it was est imated that 13 4% of Kenya s hi gh and margina 1 
agr1cultural potential land was under maize and bean 1ntercrop Production of 
beans during the period 1980 to 1985 ranged between 1 3 and 3 2 million bags 
Kenya s National Food Pol1cy Strategy Paper estimated a domestic bean 
requ1rement of 344 thousand tonnes in 1989 for self sufficiency This demand 
1s expected to rise to over 500 thousand tons by the year 2 000 Unless 
product1on is 1ntensified it is unlikely that this and future targets could 
be ach1eved Yet the crop is so important that taken together with peas and 
groundnuts beans provide both more protein and calories per kilogram basis 
and in the high potential and marginal areas per hectare basis than do beef ~ 
and other meat sources Since these other protein sources are too expensive 
to be consumed in nutritionally adequate quantities by the poor increase in 
production of beans has a majar bearing on most Kenyan s health 

2 



\ 

Mr Cha1rman 1 have taken the liberty to detail the cr1tical importance 
of beans in our food economy to set the background for my next area of address j 

which is a central theme in this workshop today The regional bean research 1 

programme as most participants know has three majar objectives These 
may be summarized as 

1 to increase the productivity and production of food beans through 
breeding and selection of higher yielding genotypes 

2 to develop more productiva systems of cropping using new cultivars and 
varietal mixtures 1 e genetic improvement and 

3 to strengthen national research programmes to make them appropriate 
and sustainable nat1onally 

To meet these objectives the network has three separately fundad 
regional bean programmes implementad in such a way that it exploits advantages 
of decentralization supports national programmes in conceptualizing planning 
and carrying out field research and encourages and funds purposeful 
collaboration among national research programmes 

This approach is operational through several research activities namely 

1 collaborative research 

2 germplasm exchange 

3 on-farm research and 

4 training 

Br1efly the collaborative activ1ties integrate regional tr1als in 
nat1onal programmes rather than let them stand alone through efficient use of 
l1mited resources through concentration of effort of different national 
programmes u pon complementary aspects and enhanci ng the pl ann1 ng and 
analytical ability of national programme scientists Germplasm exchange 
enables access to promising germplasm and allows quick 1dentif1cat1on of new 
variet1es useful in extension programmes The on-farm research programme 
enables clear understanding of farmers constraints and fac11 itates better 
entry of mnovations acceptable to producers and consumers Train1ng an 
integral part of the programme aims to develop sustainable national human 
resources through informal and formal regional courses and degree courses 

1 would 11ke to point out that KARI supports this collaborat1ve work 
facilitated by CIAT a1med at finding solutions to bean production constraints 
A survey of bean product1on constraints has been conducted in some parts of 
the country and the exchange of elite bean germplasm has been facilitated In 
addit1on several of our research scientists have received short-term training 
at CIAT headquarters The programme has also enabled Kenyan scientists to 
have access to regional and international conferences Meetings like this 
also/facilitate contacts and exchanges of technical information among research 
scient1sts 1 am convinced therefore that under the CIAT regional 
programme Kenya and other participating countries stand to benefit 
substant i a 11 y 

1 
1 
1 
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Mr Chairman our national object1ves as they relate to bean research are 
meant to contr1bute enormously to the country s food secur1ty and food 
demands These object1ves 1nclude the real1zat1on of 1ncreased and stab111zed 
y1elds through the development of appropr1ate bean var1et1es and 1mproved 
technology in product1on and ut111zat1on 

The strategy for atta1ning the des1red object1ves 1nvo1ves a 
mult1disciplinary approach requ1ring the collaboration of plant breeders 
agronom1sts pathologlsts entomolog1sts seed experts soc1o-econom1sts and 
extension staff 

KARI allocates a majar part of the budget to human resource development 
as 1t bel1eves that any strengthen1ng and sustainabil1ty of the programme w111 
depend on the capability of local personnel This is an area where CIAT can 
ass1st KARI tremendously and we would like to appeal for more effort 

Lad1es and Gentleman I have notad from the programme that many 
sc1entists papers will be presentad in the course of this workshop all 
attempting to provide answers to bean production constraints During this 
occasion sc1entists from different countr1es will have the opportunity to know 
one another and exchange scient1fic views This should auger well for bean 
research and development in the region and internationally Nevertheless we 
should bear in m1nd that our prime target is the farmer In this respect the 
results of your deliberations would have to be translated in a manner 
beneficial to the farmer 

Mr Chal rman I wish to challenge you that for this workshop to be 
considerad a success you should come out with firm and affordable strategies 
on how to address maJor constraints facing food beans in the various countries 
of this region The princ1pal natural constraints are diseases and pests low 
so1l fert1l1ty and so1l moisture deficits Failure to apply fertilizers and 
pest1cides results in poor yields and current production increases are 
achieved ma1nly through area expansion We currently have a narrow local 
germplasm while the ident1f1ed sources of genet1c resistance to diseases occur 
1n poorly adapted types which are also not preferred by consumers 

There 1s also need to more aggressively train scientists in bean research 
as we 11 as provide adequate facilities and i nfrastructure This programme 
should also more aggresslVely address the issue of information exchange on 
research methodology bean germplasm literatura and results among national 
programmes so that such 1nformation can reach not just bean researchers but 
also other scient1sts extension officers and even policy makers It is only 
through efficient and t1mely information transfer of any breakthrough or 
potential successes that we can claim to have achieved our objectives in the 
research and development of this important food crop 

Mr Chairman I wish to take this opportunity to express our gratitude to 
CIAT for facilitating this workshop and to CIDA and USAID for the financial 
support they are giving the programme I would like to assure them of 
continuad Kenya Government support in this noble course 

Mr Chairman before I conclude I would like to draw your attention to 
one related activity I am informad that immediately after this workshop 
from 9 to 13 March you will hold your Annual Regional Bean Steering Committ6e 
Meeting r am informad that apart from reviewing the regional progross 
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reports and summary of 1989 research highl1ghts this meeting will consider 
proposals for new collaborative research projects in priority areas I would 
like to let you know that we shall be keenly following the meeting agenda and 
are going to expect a useful output from this forum as this will be all 
important for the success of our national bean research and development 
programmes in our respective countries Before I conclude my remarks Ladies 
and Gentleman let me wish you very fruitful and successful delfberation in 
this workshop I also wish our visitors a pleasant stay in Kenya 

Ladies and Gentleman it is now my very pleasant duty to declare this 
Second Regional Workshop on Bean Research in Eastern Africa Officially Open 

Thank you 

\ 
\ 
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INTROOUCTION TO THE WORKSHOP DEVELOPMENT OF A 
COLLABORATIVE RESEARCH NETWORK OH BEAN IN EASTERN AFRICA 

R A Kirkby 

CIAT RegJona 1 Programme on Beans in Eastern A frica Ethiopia 

This meeting is the second multidisciplinary workshop on Phaseolus bean 
research to be held in eastern Africa since the start of the regional 
programme It is a pleasure to see many of the participants from our first 
workshop held in Uganda in 1987 as it is to meet many relativa newcomers to 
the network We are 53 participants from seven countries in the region and 
from several international organizations including the Canadian International 
Development Agency (CIDA) and the United States Agency for International 
Oevelopment (USAID) The financial support of CIDA and USAID has been crucial 
to the development of these and other regional act1vities 

Kenya is a very appropnate meet1ng place for us It is the region s 
largest producer of beans and 1ncludes areas where the crop is of particular 
1mportance 1n people s diets In parts of Kisii District in Nyanza Province 
hav1ng a population density above 500 persons per square kilometre bean 
product ion averages 66 k 1lograms per person most 1 y consumad at home 
Research on bean is being carried out at several locations in Kenya and papers 
w11l be presentad from the Kenya Agricultural Research Institute from the 
Univers1ty of Na1rob1 and from the Laikipia Rural Development Project 

The regional network in eastern Africa developed out of two consultative 
meetings of national research programmes and CIAT held in Malawi and in 
Colombia early in the 1980s Attention was drawn to the fact that production 
1ncreases were be1ng obtained through area expansion rather than by yield 
1ncreases More recently Gitu and Ngalyuka (1989) have shown that area 
expansion in Kenya has been much greater for bean than for maize Analyses 
by CIAT suggest that demand for beans in Africa will grow by about 1 7 million 
tonnes or 72 per cent between 1g95 and 2000 (Table 1) This growth in 
demand much larger than is expected in Latin America is attributed partly to 
urbanization in Africa and to low average incomes Economic pressures which 
can result 1n a sh1ft from a meat-based to a bean-based diet are not unknown 
even to participants at this workshop 

Table 1 Recent Bean Product1on Versus Future Bean Demand 

Afr1ca 
Lat1n Amer1ca 

Product1on 
1984-86 
( 000 t) 

2352 
445g 

Demand 
2000 

( 000 t) 

4046 
5g4o 

Required 1ncrease 

( 000 t) 

1694 
1481 

(per cent) 

72 
F 33 
~ ' -----------------------------------------------------------------

Source FAO (1985 1986 1987) CIAT (1g89) / ./ 

Since 1985 an active network of bean researchers 
Africa principally among the countries of Ethiopia 

6 

has grown up in east~ 
Kenya and Uganda wnere 

/ 

1 

1 

/ 

/ 
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the crop is most important Regional scientists in agronomy breeding 
economics and training are attached to the national programmes of either 
Ethiopia or Uganda and work across the region The network also meshes with 
similar bean networks in the Great Lakes and southern Africa to ensure 
scientific exchange across the bean growing areas of Africa (Figure 1) 

Collaborative Research 

Satisfying the increase in demand for beans expected during the 15 years ¡ 1 

following the start of this network will not be easy Even if the area under 
bean were to continua to expand at the historie annual rate of 1 9 per cent 
average yields must increase by 308 kg/ha or 48 per cent Ethiopia and Uganda 
in particular have devoted considerable effort to improving their 
understanding of bean production diagnosing constraints and identifying 
research opportunit ies Among the most frequent 1 y ment ioned research 
opportunities are the development of new cultivars having improved levels of 
resi stance to bacterial blight anthracnose and beanflies and tolerant to 
soils of low fertility Ovar 4 000 germplasm materials have been evaluated by 
these two national programmes since 1986 many from CIAT but also from other 
national programmes in Africa and elsewhere 

Advancing of materials within national programmes feeds back into 
reg1onal nurseries now being developed in eastern Afr1ca following a model 
originating in the Great Lakes (Figure 2) and 1nto an African Bean Yield and 
Adaptation Nursery (AFBYAN) The AFBYAN in turn has been useful for example 
in Uganda as a source of adapted materials that can produce relatively rapid 
raleases New cultivars released by national programmes include a growing 
number that have resultad from collaboration with either CIAT or through the 
reg1onal networks (Table 2) The development of on-farm trials has been 
another vital component in testing promising germplasm and cultural practicas 
for performance and acceptability when managed by farmers 

Besides regional trials and nurseries a second mode of collaborative 
research is the regional research subproject A set of regional subprojects 
agreed by member countries enables a division of labour around priority 
top1cs avoiding unnecessary duplication of effort As with all network 
activities subprojects are approved and funds allocated by a Steering 
Committee in which each country 1s representad 

New proposals which may be submitted by any national scientist or group 
are evaluated by the following criteria 

' 

- Does the proposal respond to a regional priority? 

- Are useful results 11kely within a reasonable per1od? 

- Ooes the proposer adequately define the collaborators and their 
responsib1lities and the national and regional contributions that 
would be needed? 

- Can the lead country or countries provide researcher(s) with adequate 
experience basic research infrastructure and suitable agroecological 
conditions or hotspots? 
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F1gure 2 Scheme for l1nk1ng nat1onal and reg1onal bean var1ety tr1als 

Nat~onal Reg~onal Pan-Afr~can 

IntroductionsjBreed~ng ~-- D~sease Nurseries 
Other constraints Nurser~es 

Screening Nursery 

1 
Prel~m~nary Y~eld Tr1a1----~)~Evaluat1on Nursery 

1 1 
Mult~locat~on Y1eld Tr1al~Yield Tr~al 

1 
On-Farm Tr~al AFBYAN 

1 
Extens~on 

Source after Dav1s (1989) 

Table 3 Lead Countries in Regional Research Subprojects in Africa 1989 

--------------------------------------------------------------------------
Topic 

Eastern 
A frica 

Great 
Lakes 

Southern 
A frica 

--------------------------------------------------------------------------
Breeding/Protect 1on 

ALS 
Anthracnose 
Ascochyta 
BCMV 
CBB 
Rust 
Beanflies 
Bruchids 
Aphids 
Nematodes 

~f'OI!CDY 
Ni~gen fixation 
Low PI'Osphorus/acid soils 
Climbin~ be ' technology 
Maize/be•,n a Jciation 
Drought \ 

~ ~ 

1 

Uganda 
Uganda 
Uganda 
Ethiopia 
Ethiopia 
Soma11a 

Ethiopia/Uganda 

Ethiopia 

9 

Zaire 
Burundi/Rwanda 
Rwanda 
Rwanda 
Burundi 

Burundi 

Rwanda 
Zaire 
Rwanda 
Zaire 

Malawi 

Tanzania 
Tanzania 

Tanzania 
Tanzania 

Zambia 
Tanzania 

Malawi 

Zambia 
Malawi 

1 



Table 2 Bean Cult1vars Released 1n Afr1ca from CIAT Germplasm 
and Act1v1t1es 

-----------------------------------------------------------------
Country 

Burund1 

Rwanda 

Za1re 

Eth1op1a 

Uganda 

Tanzan1a 

Zamb1a 

Maur1t1US 

Cult1var name 

Cal1ma 
Khaki 

Rubona 5 
Ik1nyange 
RWR 221 
Umubano 
Muhondo 
Unu1nk1ng1 
Puebla 

Rubona 5 

Roba-1 
Awash-1 
Sholla 

Rubona 5 
G 13671 

Uyole 84 

Carioca 
(Prelease 11nes 

BAT 1296 
BAT 1297 

CIAT Ident1fication 

G 4435 (D1acol Cal1ma) 
A 410 

G 4523 (¿CA Palmar) 
A 197 
Rubona 5 x Wulma 
G 2333 
G 858 
G 685 
G 3444 

~ 523 (ICA Palmar) 

A 176 
Ex-Rico 23 
BAT 338 

G 4523 (ICA Palmar) 

G 1821 (Garbanc1llo) 

G 4017 (Car1oca) 
PAT 10 PAI 78 XAN 76) 

- Preferably does the workplan include programme strengthening 
components such as the development of key methods or training? 

Nine subprojects are currently operating on eight topics in eastern 
Africa complementad by those in other regions (Table 3) The more advanced 
subproJects are now working collaboratively with neighbouring countries by 
sending out a regional nursery or assisting in surveys We hope that further 
development of these leadership roles will gradually take the place of many of 
CIAT s regional staff positions 

Further proposals have been received and over time the award of 
subprojects has become more competitiva Annual requests for renewals are 
scrutinised by past performance including the extent to which the subproject 
s benefiting other countries The realization of mutual benefits for members 

is a condition for a sustainable network and ours is continuing to evolve 
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Tra1n1ng and Workshops 

51 nce 1986 20 key sc1ent 1 sts most 1 y 1 n bean b reed 1 ng and e rop 
protect1on have rece1ved spec1al1zed tra1n1ng of two to three months at CIAT 
headquarters A total of 364 nat1onal programme part1cipants are benefiting 
from locally organizad courses including agronomic research methods (three 
courses) experimental design analysis and use of computar packages (two 
courses) on-farm research methods for extension staff (two courses) training 
for research technicians in field techniques (four courses) and econom1c 
methods (two courses) Several of these short courses were conducted 
collaboratively with other research centres particularly CIMMVT and !ITA for 
topics relatad to farm1ng systems and to grain legumes in general 

Training materials have been extensively d1stributed to bean researchers 
research librarles and universities throughout the reg1on Audiotutor1al 
units (boxed sets of slides with taped commentary and study guide-book) on six 
new topics have been developed by CIAT specifically to meet needs in Africa 

Postgraduate training has benefited 15 bean researchers either for 
complete scholarship support or for partial support to enable them to conduct 
more relevant thesis research in their own countries The first three 
recipients have already returned to their duties 

Three series of workshops are organised by this and other regional been 
networks in Africa (Table 4) Besides multidisciplinary regional workshops 
such as the present meeting speciallZed workshops and working group (WG) 
meetings are held periodically on a pan-African basis and f1eld monltoring 
visits for small groups are organizad usually around subproJect research A 
total of 268 participants from eastern Africa have been registered at 
workshops since 1986 

Table 4 Sean Research Workshops for Eastern Afr1ca 

1986 
1987 
1988 

1989 

1990 

Mult1d1SClpl1ne 

Reg1onal (Kampala) 

Reg1ona1 (Na1rob1) 

Spec1al1zed 

Beanfl1es (Arusha) 
Pathology (K1gal1) 
So11 Fert1l1ty (Add1s) 
N1trogen F1xat1on (Rubona) 
Drought WG (Harare) 
Breed1ng (Maseru) 
Intercropp1ng Research 

Methods (Lllongwe) 
Cropp1ng Systems WG (Nalrobi) 
So1l Fert1l1ty WG (Na1rob1) 
Entomology WG (Na1rob1) 
V1rology (Kampala) 
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~ Role of This Workshop 

The general objective of this workshop is to encourage interdisciplinary 
c011111unication among bean researchers in eastern Africa As the organisers 
received more appl ications for attendance than could be supported priority 
was given to papers that focus on recent research results 

Session Two is devoted to reviewing progress in each of the region s 
subproJects Thi s is our fi rst attempt at having subproject leaders report 
back to a regional group of peers The discussions are intended to assist 
authors and Steering Committee members alike- their annual meeting is to be 
held immediately following this workshop We hopa also that informal contacts 
established here w1ll lead to new collaborators JOining part1cular 
subproJects for example by requesting or contr1buting to a regional nursery 
Remember subproJ&Ct funds are awarded competitively for the benefit of the 
region as a whole obJective cr1ticism is useful to all scientists 

A further specif1c obJ&Ctlve is to seek the views of the region on where 
the futura prior1ties of the regional programme should lie The final session 
focuses on th1s aspect CIAT s present thinking is that more research 
emphas1s should be given to soil fertility in cropping systems where beans are 
grown On the institut1onal side we look forward to subproJects taking on 
leadership roles 1n the reg1on 1n research in training and through technical 
adv1sory visits We foresee distinctions developing over the next five years 
between activ1t1es managed by scientists of the network as 1t becomes 
stronger complementary act1vities and those of the regional programme 
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SESSION II REGIONAL COLLABORATIVE RESEARCH 

Stabf11ty of Yte1ds of Entrtes 
tn Afrtcan Bean Y1e1d and AdBPtatton Nursery (AFBYAN) 

from 1986 to 1989 
p 

J B Smithson1 and H E Gridley2 

Agrlcu1tura1 Research Instttute se11an Arusha Tanz~n1a 1 

and Kawanda Research Stat1on Kampala Uganda 

Abstract 

Appl1catton of the stabillty analys1s of Eberhart and Russell (1966) 
to y1eld data from the African Bean Y1eld Adaptatlon Nursery showed 
that for most entnes b values d1d not d1ffer s1gntf1cantly from 
un1ty and dev1at1ons from the regress1on were not s1gn1ficantly 
greater than zero For PVA 1272 Nbala Local and Nuh1nga the 
regress1ons were s1gmf1cantly less than umty and for G 13671 and 
Ik1n1mba they were s1gn1f1cantly greater Dev1at1ons from the 
regress1on were s1gn1f1cantly greater than un1ty only 1n the cases of 
G 2816 Car1oca and BAC 76 Stabil1ty parameters can be d1storted by 
the compos1t1on of the set of entnes from whlch they are denved and 
must be treated with caut1on 

Introduction 

The use of regress1on of the yields of indiv1dual entr1es on 
environmental means to examine variat1on in yields across a ser1es of 
envi ronments was fi rst proposed by Yates and Cochrane more then f1 fty years 
ago F1nlay and Wilkinson (1963) appl1ed a s1milar approach but using 
logarithms rather than actual y1elds Eberhart and Russel (1966) were the 
first to suggest using dev1ations from regression as well as regress1ons on 
environment mean yields as stab1lity parameters Regress10n methods have 
s1nce been developed further by Jinks and others at Birmingham Univers1ty in 
the UK (see Freeman 1973) to examine the 1nher1tance of stab1lity and have 
been assessed more recently by L1n et al (1986) 

He re we app 1 y Eberhart and Rus se 11 s methods to the ana 1 y ses of data 
from AFBYAN I and discuss thei r implicat ions and the dangers encountered 1 n 
deriving and interpreting these k1nds of stabllity parameters 

Materials and Methods 

The entr1es together with the1r countries of or1gin and seed and plant 
types are shown in Tabla 1 and the environments in Table 2 

// 

......__ Since entries were not common to all trials fwe separata analyses were 
~onducted~to derive stabil1ty parameters as follows 

' 1 .11 environments omitting Hbala Local (Entry 12) Ikinimba (17) Na1n de 
Ky~ndo (20) and BAC (= XAN) 76 (25) - parameters for all other entr1es 
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Tabla Countnes Contnbuting and Charactenst1cs of Entne5 in AFBYAN 1 
between 1986 and 1989 

Entry 

Black De551e 
Red Wola1ta 
PVA 1272 
G 13671 
G 2816 
T 3 
T 23 
Kaban1ma 
K 20 
ZPV 292 
Ca noca 
Mbala local 
Urubonobono 
K1rundo 
Ca l1ma 
Rubona 5 
Ik 1 mmba 
K1lyumukwe 
A 197 
Na1n de Kyondo 
Muh1nga 
PVA 880 
PVA 563 
G 12470 
BAC 76 

Other 
1dent lty 

Japones 
Garrapato 

Lyamungu 85 

Gayaza 8 

Peru 14-2 
XAN 76 

Country 

Eth1op1a 
Eth1op1a 
Rwanda 
Rwanda 
Rwanda 
Tanzama 
Tanzan1a 
Uganda 
Uganda 
Zamb1a 
Zamb1a 
Zamb1a 
Burund1 
Burund1 
Burund1 
Rwanda 
Rwanda 
Rwanda 
Rwanda 
Za1re 
Za1re 
Rwanda 
Rwanda 
Rwanda 
Rwanda 

Seed type 

S1Ze Colour 
Plant 
type 

S 
S 
L 
L 
S 
S 
L 
L 
L 
L 
S 
L 
S 
L 
L 
M 
M 
L 
L 
S 
M 
M 
M 
L 
S 

Black t3b 
Red 3b 
Red/whlte fleck 1 
Cream/black fleck 3 
Cream 3 
Red 3b 
Red/wh1te fleck 1 
Red/wh1 te fleck 1 
Red/whlte fleck 1 
Purple mottle 3b 
Brown/cream striped 2b 
Yellow-whJte m1xed 4a 
Whlte/black fleck 3 
Yellow 3 
Red/cream fleck 1 
Red/cream fleck 1 
Black 3 
Purple 2 
Cream 1 
Wh1te 3 
White/black 5tr1ped 3 
Red/wh1te fleck 1 
Red/wh1te fleck 1 
Purple/wh1te fleck 1 
Cream 2 

2 Env1ronment5 1-11 om1tt1ng Ik1n1mba and BAC 76 - parameter5 for Mbala 
Local 

3 All env1ronment5 except K151nd1 (6) om1tt1ng Mbala Local Na1n de Kyondo 
and BAC 76 - parameter5 for Ik1n1mba 

4 Env1ronment5 1-12 om1tt1ng Mbala Local Ik1n1mba and BAC 76- parameter5 
for Na1n de Kyondo 

5 All env1ronment5 except Fifamanor (2) om1tt1ng Mbala Local Ik1nimba and 
Na1n de Kyondo - parameter5 for BAC 76 

Thu5 parameters from the 21 entnes common to all env1ronment5 are not 
d1rectly comparable w1th tho5e of Mbala Local lk1nimba Nain de Kyondo anV 
BAC 76 though the different e5tlmate5 d1d not dwerge sub5tant1ally ~rom 
each other 
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Tab1e 2 Environments in wh1ch AFBYAN I was Grown between 1986 and 1989 

----------------------------------------------
Locat1on Season Country Sow1ng date 
----------------------------------------------

_.--Me1kassa 1987 Eth1op1a 30 June 
F1famanor 1988 Madagascar 1 March 
Kachwekano 1987F Uganda 25 Apr1 1 
Kawanda 19865 Uganda m1d October 
Kawanda 1987F Uganda 9 Apr11 
K1s1nd1 1987F Uganda March 
Rubona 1987F Rwanda 8 October 
Mu1ungu 1987F Za1re October 
Msekera 1987 zamb1a 8 January 
Msekera 1988 Zamb1a 10 January 
Mba1a 1988 Zamb1a 13 January 
Se1 1an 1989 Tanzan1a 30 March 
Se1 1an 1989 Tanzan1a 4 Apr1 1 
!rente 1989F Tanzan1a 15 Apr1 1 
----------------------------------------------

The significance of the divergence of regression coeff1c1ents (b) of 
1nd1vidua1 entr1es from unity were determinad by compar1son with the standard 
error of their dev1ations from regress1on by means of t tests 

t = 12=..1 
sb 

The significance of their deviat1ons from regress1on were determ1ned by 
compar1son of the1r deviat1on mean squares w1th the pooled error mean square 
by means of F tests 

Resu1ts and Discuss1on 

The regression coefficients coefficients of determ1nat1on (r2) and 
standard errors of dev1at1ons from regression (sb) for the 25 entries are 
shown in the Tab1e 3 

Various repenses were exhibited among the 25 entries 1n AFBYAN I Most 
had b va1ues not signlficant1y d1fferent from unity and dev1at1ons from 
regress1on not Slgnificant1y greater than zero - for examp1e PVA 563 (Flgure 
1) Three entries (PVA 1272 Mbala Local and Muhinga) exh1bited b values 
significantly smal1er than unity - for example PVA 1272 (Flgure 2) Two (G 
13671 and Ikinimba) had b values greater than umty - for example Ikimmba 
(F1gure 3) - and three had deviations from regress1on greater than zero (G 
2816 Caneca abnd BAC 76) - for example G 2816 and Carioca (Figures 4 and 
5) 
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Table 3 stab1l1ty Parameters for Seed Y1elds (kg/ha) of 25 Entr1es in AFBYAN 
I grown between 1986 and 1989 

Entr1es 

Black Dess1e 
Red Wola1ta 
PVA 1272 
G 13671 
G 2816 
T 3 
T 23 
Kaban1ma 
K 20 
ZPV 292 
Car1oca 
Mbala Local 
Urubonobono 
K1rundo 
Ca 11 ma 
Rubona 5 
Ik1n1mba 
K1lyumukwe 
A 197 
Na1n de K1yondo 
Muh1nga 
PVA 880 
PVA 563 
G 12470 
BAC ( =XAN) 76 

b 

1 04 
o 94 
o 83** 
1 20* 
1 06 
o 91 
o 89 
o 95 
1 07 
1 08 
1 25 
o 81* 
1 1 3 
o 99 
o 85 
1 1 1 
1 33** 
o 96 
o 90 
o 68* 
o as** 
o 92 
1 01 
1 04 
1 22 

o 94 o 074 
o 95 o 064 
o 96 o 047 
o 95 
o 75 

o 083 
o 177*** 

o 92 o 075 
o 93 o 073 
o 95 o 064 
o 90 o 101 
o 94 
o 88 

o 079 
o 132** 

o 92 o 080 
o 96 o 070 
o 96 o 059 
o 92 o 073 
o 96 o 069 
o 94 o 105 
o 93 o 078 
o 96 o 056 
o 76 o 120 
o 98 o 038 
o 94 o 066 
o 99 o 030 
o 95 
o 92 

o 066 
o 112* 

There are var1ous considerat1ons 1n the 1nterpretat1on of such data 

F1rst the magn1tudes of the regress10ns and the dev1at1ons from them 
w1ll almost certa1nly change w1th changes 1n the sets of genotypes and 
env1ronments from wh1ch they are der1ved To be meaningful the sets of both 
genotypes and env1ronments should sample the total genotypic and env1ronmental 
var1ab1l1ty to be character1zed Th1s 1s rarely ach1eved 

Instead mult 1locat 10n tests usuall y 1 nvo 1 ve sma 11 numbers of entries 
that have already been 1ntenswely selected for particular s1tuations and 
therefore compnse a very small proport1on of the total ava1lable genotyp1c 
var1ab1llty 

Moreover envHonment mean y1elds are 1 ikely to be heav1ly we1ghted by 
the response of entnes of s1milar h1story therefore respond1ng 1n s1milar 
manner to the env1ronments to wh1ch they are be1ng exposed In th1s s1tuat1on 
the regressions of the entr1es d1fferent 1n response w1ll dev1ate (pos1t1vely 
and negat1vely) from un1ty and the1r deviat1ons from regress1on w1ll be 
greater than those of the other entr1es But they can not be considerad less 
stable the1 r response (or stab1l1ty) merely differs to that of the entries 
that predom1nate 
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W1th regard to env1 ronments spat ial vanab1 llty can be accommodated by 
selection of appropr1ate locations but sets of entr1es are changed from season 
to season as new entr1es from a prev1ous stage replace poor performers that 
are d1scont1nued and supenor perfonners that are promoted Env1ronment mean 
y1elds are therefore composed d1fferently from season to season so cannot 
str1ctly be used to character1ze seasonal responses 

In the case of AFBYAN I the environments are spatially d1Verse but 
temporally too few to prov1de an adequate sample of seasons The entries were 
contr1buted by nat1onal programmes but ten of the 25 are determ1nate and e1ght 
of these are Cal1ma types and although the histories of many of them are not 
clear probably of s1m1lar ong1n The env1ronmental 1ndex must be heav1ly 
we1ghted by the1r react1ons to env1ronments _so 1t is not surprising that only 
one of them (PVA 1272) shows any dev1at1on from the index Also because of 
the we1 ght 1 ng we cannot say that those that do show devi at 1ons are less 
stable but merely that they d1ffer 1n the1r response to env1ronments 

However the mere d1fferences and s1milar1t1es 1n response are of 
1nterest The s1m1lar behav1our of most of the detenn1nate types 1s remarkable 
1n 1ts conf1rmat10n of what would be expected and underlines the need for 
greater vanab1llty Also remarkable 1s that PVA 1272 although detenninate 
and w1th a Cal1ma type seed does appear to perfonn relat1Vely better in 
poorer y1eld1n9 env1ronments thereby demonstrat1n9 the ex1stence of greater 
var1ab1l1ty even among determ1nate types 

All classes of responses are representad among the 1ndeterm1nate types 
wh1ch d1ffer 1n the slopes of the1r regress1on l1nes and their deviat1ons from 
regress1on This too would be expected s1nce there 1s the opportun1ty for much 
greater var1at1on 1n plant type and also 1n response to environmental changes 
than among determ1nate plant types 

Stab1l1ty analys1s is a step aheaa of convent1onal analys1s of var1ance 
1n part1t1on1ng the 1nteract10ns sums of squares into linear and non-linear 
components In so do1ng 1t helps us to detect aberrant genotypes and may lead 
to the 1dent1f1catTon of some of the factors 1nfluenc1ng yields 

For example the s1gn1f1cant dev1at1ons from regress1on of G 2816 result 
ma1nly from 1ts super1or1ty at Hulungu One of the features that distingu1shed 
Hulungu from other env1ronments was heavy beanfly damage Th1s would therefore 
lead us to explore the beanfly res1stance of G 2816 In contrast the 
dev1at10n from regress1on of Canoca results ma1nly from lts supenonty at 
Kawanda 1n the f1rst season of 1987 Unfortunately we have neither suff1cient 
env1ronmental nor other plant character data from th1s trial to even guess at 
the reasons for the aberrant behav1our 1n th1s case but at least there is sorne 
1nd1cat1on of an env1ronmental feature causing a maJor d1fferent1al response 
that should be sought 1n further tr1als w1th Car1oca 1n th1s env1runment 

In arder to make further progress 1n y1eld improvement we do need more 
complete understand1ng of the environmental factors affecting y1elds and the 
ways 1 n wh1ch they i nteract wlth pl ant growth and development Stabil1ty 
analys1s merely enables us to charactenze interactions it does not enable 
the 1dentif1cat1on of the factors 1nvolved There are many possible 
approaches We are presently exam1n1ng plant character and env1ronmental data 
from the AFBVAN ser1es with a view to eluc1dating the ma1n factors 
contr1buting to g x e interactions in beans (Smithson and Grisley in pre~s) 
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Reg1onal C017aborative Research ProJect on Catrnon Bactenal 
B11ght Xanthamonas campestr1s pv ohaseoli (Sm¡th) 

Oye of Common Bean (Phaseolus vulgaris L ) 

S M Musaana and A F Opio 

Kawanda Research Station Kampala Uganda 

Abstract 

The work carned out from 1987 to 1989 is descnbed It mcluded 
1dent7f1catton of su1table methodolog1es for screen1ng for res1stance 
to common bactena1 bl¡ght (C8B) breedmg for res1stance to CBB 
format 1on of the East African Reg t-ona 1 Common Bactena 1 8 7 i ght 
Nursery (EARCBBN) and eva1uat1on of vanous chem1cals for 7ts 
control The prospects of producmg d1sease free seed in dry areas 
were 1nvest1gated and future plans are outl1ned 

CBB scores were max1mum where spreaders were sown 1n a box format1on 
one to two weeks befare and around every 6 to 8 test 11nes The best 
sources of CBB res1stance were G 4399 XAN 159 XAN 112 BAT 1500 a 
5448 GN Jules GN Tara and PI 247262 Copper chem1cals reduced the 
seventy of CBB but none complete/y e11mmated 1t The chemica1 
treatments produced s1gn¡f¡cant1y heav1er y1elds than the control 
Ory area seed product1on Wlth furrow 1rr1gat1on may be the best 
solut¡on to the seed product¡on problems of Uganda and probably other 
parts of Afnca 

Just1f1cat1on 

Common bacterial bl1ght caused by Xanthomonas campestns pv phaseoli 
(Smlth) Oye {Xcp) 1s one of the f1ve most 1mportant d1seases of bean in Uganda 
{Leakey 1963 Sengooba 1985) The other four are angular leaf spot 
(Phaeo1sanops1s gnseola) rust (Uromyces phaseoli var phaseo1¡) 1n low 
altltude areas and halo bllght (Pseudomonas synngae pv phaseol¡cola) and 
ascochyta bl1ght (Phoma ex1gua var d1verspora) in the hlghlands Of these 
angular leaf spot and common bacter1al bllght (CBB) are most prevalent 
(Sengooba 1985) 

CBB 1s also of ser1ous concern 1n other parts of eastern Afr1ca It 1s 
regarded as a maJor problem of bean 1n Eth1op1a (Habtu 1g87) Kenya (Mukunya 
et al 1981) and Burund1 (Perreaux et al 1986) It 1s also prevalent 1n 
low alt1tude areas of Tanzan1a 

Although CBB was 1dent1f1ed as an 1mportant disease of bean 1n Uganda 1n 
the early 1960s (Leakey 1963) no particular attent1on was given to 1t 
Rather breed1ng programmes focused on anthracnose and later angular leaf 
spot {Sengooba 1987) Because of lack of res1stance to the d1sease 1n 
commerc1ally acceptable cultivars and landraces the Uganda seed 
multlplication proJect faced a problem w1th bean seed 1n the early 1980s 
There was an outbreak of CBB at the1r main seed multipl1cat1on farm and bean 
seed mult1pl1cat1on was abandonad 
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Bean cultivars with res1stance to CBB have been developed in temperate 
countries They include XAN 159 XAN 112, the Nebraska selections (GN Jules 
GN Tara GN Nebraska selection 27 PI 207262) (Coyne and Schuster 1969 Coyne 
et al 1963) These cultivars are however poorly adaptad to the tropics 
and hence appear susceptible (Webster et al 1983) There is therefore need 
to develop res1stant bean cultwars well adaptad within the region itself 
Matenals developed by CIAT that show resistance to CBB require study to 
develop an integrated approach to controlling the disease 

The project is handled on a regional level because of the importance and 
w1despread natura of CBB in the region Countries included in the 
collaboration are Ethiopia Kenya Burundi Rwanda Zaire and Tanzan1a S1nce 
these countries share ecological zonas with Uganda results and materials w1th 
resistance can be qu1ckly d1stributed to them thus reducing duplicat1on of 
effort The project was approved 1n 1987 

ObjectlVes 

1) To 1dent1fy su1table methodolog1es for evaluation of bean germplasm for 
res1stance to CBB under field and/or greenhouse conditions 

2) To control CBB of bean through breeding 

3) To develop a CBB nursery for eastern Afr1ca 

4) To study the variat1on and host range of CBB 10 eastern Afr1ca 

5) To control CBB us1ng chem1cals and dry areas for seed product1oo 

6) To study the symptomatology of CBB oo beao 

7) If oecessary to study the 10her1taoce aod her1tab1l1ty of res1staoce to 
CBB to develop breediog methods 

The study of symptomatology (No 6) was removed Stud1es of the seed 
traosm1ss1on aod survival of the pathogeo were started 10 1990 

Results 

The progress w1th each obJect1ve w1ll be descr1bed 1n the above arder In 
the area of Uganda where the tr1als have been conducted there are two cropp1og 
seasoos The fi rst wh1ch commeoces around March 1 s des 1 gnated A aod the 
second wh1ch beg1ns 10 September/October is des1gnated B 

IdentJflcatJon of SuJtable HethodologJes for Eva1uat1on of Sean Gennplasm for 
ResJstance to Common BacterJal 81Jght 

Three trials were sowo in two seasoos (1987 aod 1988) to determ1oe the 
t1me of sowiog (relative to a set test lines) frequeocy and arrangement of 
spreaders to obtain uniform and maximum disease pressure All tnals were 
spht-spl it plots with the same twelve test lines as ma1n plots aod the 
spreader treatments as sub-plots replicated three times In all tr1als the 
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spreaders were 1noculated and CBB scored on scales of 1 to 9 at flowenng~ 
(R6) podding (R8) and physiological maturity (R9) 

In the time of sowing trial spreaders were sown 1 2 and 3 weeks befare 
the test lines In the frequency and arrangement trials spreaders were sown 
e1ther in s1ngle or double rows every 2 6 8 and 10 test lines With the 
double rows spreaders were also sown across the ends of the test 11nes after 
a path of 60 cm to produce a box format1on 

CBB react1ons were greater 1n 1988 than in 1987 In all trials there 
were s1gn1f1cant d1fferences among test lines spreader treatments and stages 
of seor1ng (Tabla 1) CBB seores were sign1f1eantly largar at R9 than at R6 or 
RS beeause pod reaet1ons were also assessed 1n the later seore or due to the 
1nerease 1n d1sease with plant age (Tablas 2-4) Although differenees among 
test l1nes were s1gn1fieant nona showed h1gh res1stanee to CBB In the time 
of of sow1ng tr1al for example react1ons at R9 ranged between 4 11 and 4 58 
1n 1987 and 6 50 and 8 67 in 1988 (Tabla 2) In both seasons and overall 
Kanyebwa Kampul1ke and K20 all loeally cult1vated had largar seores than 
other entr1es There were also s1gn1ficant interaet1ons of stage of scoring 
w1th test l1nes and spreader treatments in all tnals exeept the t1me of 
sow1ng trial in 1988 

Tabla 1 Mean squares from analysis of varianee of CBB scores 
sow1ng and frequeney and arrangement of spreaders trials 
1988 

in time of 
1n 1987 and 

Time of sowing 

Souree Mean squares 
df --------------- df 

Reps 
Test l1nes (TL) 
Error (a) 

2 
11 
22 

Sub-plots (SP)e 2 
TL X SP 22 
Error (b) 48 

Stage of 
seore (SC) 

TL X SC 
SP x SC 
TL X SP X SC 
Error (e) 

2 
22 

4 
44 

144 

1987 1988 

o 11 
15 30** 
o 49 

14 oo** 
o 68 
o 41 

193 61** 
11 24** 

3 oo** 
o 45 
o 27 

3 36 2 
11 42** 11 
o 79 22 

14 5s** 3 
1 28 33 
1 60 72 

193 os** 
o 66 
2 92** 
o 65 
o 52 

2 
22 

6 
66 

192 

Frequency and arrangement 

Mean squares 

1 55 
23 48** 
o 84 

10 61** 
8 76* 
o 97 

863 27** 
4 n** 

12 99** 
o 62 
o 59 

1 38 
20 01** 
o 62 

11 48** 
1 72 
o 38 

366 04** 
4 n** 

11 s9** 
o 95 
o 54 

o 03 
10 es** 
o 63 

10 02** 
1 05 
o 04 

357 32** 
4 24** 
8 29 
o 29 
o 30 

2 45 
11 59** 
o 66 

14 34** 
o 76 
o 62 

386 n** 
3 19** 
s 1o** 
o 51 
o 44 

-------------------------------------------------------------------------------* and ** = signifieant at P = o 05 and O 01 respeetively 
a spreaders 1n single rows b spreaders 1n box format1on 
e time of sowing frequency and arrangement of spreaders 
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/ In the time af sawing trial differences amang entries were small at R6 
but increased at R7 and R9 (Tabla 2) Disease scares an the test lines were 
significantly greater when the test 1 ines were sawn 1 and 2 weeks after the 
spreaders than when they were sawn 3 weeks later (Tabla 3) the increase being 
mast abviaus at R9 accaunting far the significant interaction between time af 
planting and stage af scaring Sawing spreaders 1 ar 2 weeks befare the test 
lines and scaring at R9 therefare appear ta produce the maximum disease 
pressure 

Tabla 2 Mean Disease Scares at R6 R8 and R9 far Test Lines in 1987 & 1988 

Test 
l1nes 

CATU 
BAC 36 
Cariaca 
BAT 1220 
K20 
Kanyebwa 
B/Haricat 
W/Haricat 
A 140 
A 83 
A 162 
Kampul1ke 

S E± 
e v <:~:> 

1987 

R6 R7 R8 

3 00 3 43 4 22 
3 00 3 49 4 48 
3 00 3 52 4 23 
3 00 3 56 4 23 
3 00 3 99 4 43 
3 00 4 09 4 58 
3 00 3 43 4 24 
3 00 3 41 4 28 
3 03 3 33 4 18 
3 00 3 43 4 11 
3 00 3 46 4 12 
3 03 4 06 4 39 

o 93a 
9 3 

Mean 

3 55 
3 67 
3 58 
3 60 
3 81 
3 89 
3 56 
3 56 
3 51 
3 51 
3 53 
3 83 

o 12b 

1988 

R6 R7 R8 

3 00 4 08 7 00 
3 00 4 25 6 83 
3 00 4 33 7 00 
3 00 4 50 7 00 
3 00 6 00 7 92 
3 00 6 42 8 67 
3 00 4 08 7 08 
3 00 4 08 7 25 
3 08 3 83 6 83 
3 00 4 08 6 50 
3 00 4 17 6 58 
3 08 6 25 7 83 

1 65a 
12 6 

Mean 

4 69 
4 69 
4 78 
4 83 
5 64 
6 03 
4 72 
4 78 
4 58 
4 53 
4 58 
5 72 

Mean 

4 12 
4 18 
4 18 
4 21 
4 72 
4 96 
4 41 
4 17 
4 04 
4 02 
4 05 
477 

Mean 3 00 3 60 4 29 3 63 3 01 4 67 7 21 4 96 4 32 

S E + 

ad test l1nes x stage af scar1ng b test lines e stage af scar1n9 
test lines combinad acrass years e years 

In bath years whether spreaders were in single raws ar bax farmatian 
CBB scares were significantly larger where spreaders were sawn every 2 test 
lines than where they were every 10 test lines (Table 4) but the differences 
were sl1ght It is cancluded that maximum CBB d1sease pressure can be 
abta1ned by sawing spreaders 1 ta 2 weeks befare every 6-8 test l1nes 1n 
s1ngle raws ar in bax farmatian 

Breeding for Res1stance to Cammon Bacteria/ Blfght 
\ 

XAN 159 XAN 112 G 4399 PI 207262 GN Jules GN Tara XNA 93 and GN 
Nebraska No 1 Sel 27 were faund resistant in Internatianal CBB Nurser1es at 1 

Kawanda in 1987 and 1988 
~¡ 
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Tabla 3 Mean Disease Scores/at R6 R8 and R9 for Test L1nes w1th Spreaders 
Sown 1 2 and 3 Weeks Prev1ously in 1987 and 1988 

/ 

T1me 1987 1988 
of 
SOWlnga R6 R7 R8 Mean R6 R7 R8 

1 3 04 4 58 5 10 4 24 3 33 4 94 5 97 
2 3 00 4 52 4 98 4 17 3 09 4 42 6 14 
3 3 02 4 51 4 58 4 04 3 00 4 69 5 42 

S E + o nb o ose o 12b 
e V (%) 24 6 16 2 

Mean 3 02 4 54d 4 89 4 15 3 14 4 68d 5 84 
S E ± o 06 6 1 o 

~ delay 1n sowing of test l1nes after sgreaders (weeks) 
t1me of plant1ng x stage of scor1ng t1me of planting 

~ stage of scor1ng e t1me of plant1ng combinad across years 
years 

Mean 
Mean 

4 75 4 50 
4 55 4 36 
4 37 4 21 

o 41c o 26e 

4 55 
o 24f 

At Kawanda 1n 1989A the donar parents G 4399 and XAN 112 were crossed 
w1th the recurrent parents Kanyebwa Rubona 5 K20 ZPV 292 and Red Wolaita 
Success ranged up to 40% In 19898 F1 populat1ons were grown alongside their 
parents Plant type and colour were used to detect fa1 led crosses At R6 
black root appeared 1n the nursery and by R9 the F1s w1th G 4399 and XNA 112 
as parents had been completely killed 

Further crosses were made at 8ukalasa in 19898 GN Nebraska No 1 Sel 27 
GN Jules GN Tara XAN 159 XAN 112 and PI 207262 were the donar parents with 
the same recurrent parents as 1n 1989A and Namunye Successful crosses 
amounted to 60% F1s of crosses with XAN 112 and XAN 159 as parents were lost 
due to black root The other F1s were harvested as single pods and a single 
seed descent/pedlgree select 1on system wi 11 be u sed to advance generat1ons 
accompan1ed by backcrossing 

In the Internat10nal C88 Nursery 1989-1990 black root was observad 1n 
XAN 159 and XAN 112 In v1ew of the problems with black root in futura 
materials without the I gene Wlll be used as donar parents but th1s greatly 
reduces the number of donar parents in use 

Another crossing blockl Wlth GN Jules GN Tara PI 207262 GN Nebraska 
No 1 Sel 27 XAN 6 IAPAR 16 ICA Linea-64 Amanda (75-20) G 09857 MX 259-
8 as donar parents and the same recurrent parents that were used in 1989 has 
been establ1shed at Kawanda 

28 



Tabla 4 Mean Disease Scores at R6 RB and R9 for Test L1nes w1th Spreaders 
in Single Rows at Four Frequenc1es in 1987 and 1988 

----------------------------------------------------------------------
Freq- 1987 1988 
uencya ----------------------- ----------------------- Mean 

R6 RB R9 Mean R6 RB R9 Mean 
----------------------------------------------------------------------
2 4 00 4 62 5 35 4 67 3 54 4 20 6 06 4 60 4 63 
6 3 99 4 67 5 26 4 64 3 05 4 40 6 23 4 56 4 60 
8 4 00 4 55 5 22 4 59 3 19 4 18 6 19 4 52 4 55 
10 3 95 4 54 5 19 4 56 2 81 4 10 6 32 4 41 4 45 

S E + o 15b o 16c o 04b o ose 
e v (%) 17 3 16 2 

Mean 3 98 4 59 5 25 4 61 3 15 4 04 6 20 4 56 

S E + o 06d 1 o5d o 22e 
----------------------------------------------------------------------a number of test lines between ea eh pair of ~preader rows b frequency X stage of sconng e frequency stage of scon ng e years 

The Oevelopment of a Common Bacter1a1 Bllght Nursery w1th1n Eastern Afr1ca 

The aim of this study 1s to 1dent1fy bean mater1als res1stant to CBB in 
the reg1on to compose the-East African Reg1onal Common Bacterial Bl1ght 
Nursery (EARCBBN) The EARCBBN will serve for NPs 1n the reg1on to ident1fy 
res1stant l1nes for parents 1n breeding programmes 

In 1989A 118 local collections and introduct10ns that had previously 
shown resistant react1ons to CBB together w1th others of 1ntermediate and 
suscept1ble react1ons for companson were grown at Kawanda In 1989 30 
l1nes rece1ved from Eth1op1a and s1x Burundl l1nes that had shown resistance 
to CBB 1 n Rwanda and Bu rund 1 we re added to th i s nurse ry wh 1 eh was sown at 
Bu ka lasa 

Unfortunately most of the 1n1t1al 118 l1nes have been affected by black 
root and may have to be reJected It is expected to obtain additional 
resistant mater1als from Kenya Tanzan1a Zambia and Za1re before the end of 
the year 

Varlat!on 1n PathogenJcity of Xanthamonas camoestr1s pv phaseo17 (Xcp) 

Deta1led studies of var1at1on in Xcp have now started at Kawanda on 
collect1ons from var1ous ecolog1cal zonas of Uganda several common bean (P 
vulgaris L ) and tepary bean (P acutJfo1Jus) materials with differ1ng levels 
of resistance to CBB are being used Bacteriophages will also be used to 
d1fferent1ate 1solates At a later stage these studies will be extended 
1nit1ally to Eth1opia and then to Tanzan1a and Kenya 
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Control of CBB of beans 

Chem1cal Control 

Seven chem1cals were tested 1n a random1Zed complete block expenment 
w1th four repl 1cates at Kawanda for three seasons from 19878 to 1989A The 
plot s1ze was 4 8 x 5 m The chem1cals and the1r rates 1n 5 1 of water per 
plot (in parenthesis) were as follows cupric sulphate (2 5 g) cuprous oxide 
(2 O g) cup~ic nitrate (2 5 g) copper chlonde (3 O g) and streptomyc1n 
sulphate (5%) The solut10ns were appl1ed as fol1ar sprays at two weekly 
1ntervals unt1l phys1olog1cal matur1ty Five l1tres of water were appl1ed to 
the control plots Seventy was assessed using a scale of 1 to 9 at three 
stages (R6 R7 and R8) Total and clean y1elds wer~ recorded 

In 1988A and 19888 CB8 scores at R7 and R8 were reduced signif1cantly (P 
O 05) by the appl 1cat 10n of chemicals (Table 5) In 1989A nene of the 

chem1cals reduced C88 scores at R7 although f1Ve of them d1d so at R8 
D1fferences among chem1cal treatments were not s1gn1f1cant The disease 
1ncrease rate was reduced by all the chem1cals although differences among 
treatments were not s1gn1f1cant 

The total and clean seed Ylelds were larger 1n most cases where chem1cals 
were appl1ed but the 1ncreases were s1gn1f1cant only w1th cupr1c carbonate and 
sulphate and cuprous ox1de 1n 1988A 

In 19898 cupr1c carbonate and cupr1c sulphate were combined w1th 
chem1cals prev1ously recommended as seed d1sinfectants for bacterial diseases 
to exam1ne the prospects of better control The seed dress1ngs were mercur1c 
chlor1de alcohol (70%) and streptomyc1n They were applied to three cultivars 
(Kanyebwa K20 and Ik1nimba) using a spl1t plot des1gn with cult1vars as ma1n 
plots and chem1cals as sub-plots 

Table 5 C88 Scores at R7 and R8 of Treatments 1n Chem1cal Evaluat1on Study 
at Kawanda in 1988A 19888 and 1989A 

1988A 19888 1989A Mean 

Treatment R7 R8 R7 R8 R7 R8 R7 R8 

Cupnc sulphate 4 75a 5 25a 2 75a 2 75a 2 85a 4 25a 3 45 4 08 
Cuprous ox1de 4 75a 5 50a 2 75a 3 75a 3 61a 3 96a 4 29 4 40 
Cupr1c carbonate 4 75a 5 50a 2 75a 3 75a 2 76a 4 07a 3 42 4 41 
Cupnc chloride 4 ODa 4 75a 3 ooa 4 ooa 2 72a 4 26ab 3 24 4 34 
Cupnc n1trate 4 25a 5 ooa 2 75a 3 75a 3 20a 4 32ab 3 48 4 37 
Copper oxychlor1de 4 ooa 4 75a 3 ooa 4 ooa 3 20a 4 OOa 3 42 4 25 
Streptomyc1n + 
copper oxychlor1de 4 ooa 5 25a 3 50a 4 50a 3 22a 3 96a 3 57 4 61 

Water alone 6 OOb 7 75b 5 50b 7 25b 3 50a 4 68b 5 50 6 56 

S E ± o 365 o 352 o 364 o 359 o 968 o 145 
Mean 4 56 5 47 3 28 4 34 3 00 4 20 
e v (%) 19 5 13 5 22 o 16 2 24 4 13 7 
------------------------------------------------------------------------------
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Table 6 Means of Clean and Total Y1elds Dur1ng Seasons 19aaA 19aa8 & 19a9A 

Ylelds of m1ddle 
5 rows (g) 

V1eld of 
5 plants (g) 

19aaA 19aa8 19a9A 
Treatment 

Cupr1c sulphate 
Cuprous ox1de 
Cuprlc carbonate 
Cupnc chloride 
Cupnc mtrate 
Copper oxychlor1de 
St reptomyc 1 n + 
copper oxychlor1de 

Water alone 

S E ± 
Mean 
e v (t) 

Total 

940ab 
910ab 

1010a 
690bc 
a70abc 
700bc 

764abc 
602bc 

a7 7 
a11 
21 6 

Clean Total 

793ab 
a10ab 
a75a 
60abc 
763ab 
595bc 

750abc 
4aOc 

ao a 
601 
23 2 

930a 
7a5a 
910a 
asa a 
a45a 
640a 

650a 
700a 

117 5 
790 
30 o 

Clean Total 

saaa 
510a 
660a 
515a 
410a 
475a 

515a 
400 

95 4 
509 
3a 6 

100 Da 
773a 
90 5a 
63 oa 
79 4a 
79 4a 

75 2a 
73 Oa 

a 12 
79 7 
21 9 

Clean 

as 7a 
70 9a 
73 Da 
54 aa 
66 1a 
66 4a 

66 3a 
57 7a 

7 05 
67 6 
20 9 

Note scores 1n the same column followPd by the same letter are not 
s1gn1f1cantly different at P = O 05 accord1ng to Duncan s Mult1ple Range 
Test 

All the chem1cals S1gn1f1cantly reduced C88 scores 1n 19a98 and sorne of 
them 1n 19a9A but the d1fferences among chem1cals were not s1gn1f1cant (Table 
7) 

In 19a98 there were no dlfferences among treatments 1n total y1eld but 
all comb1nat1ons of cupr1c carbonate w1th seed d1s1nfectants produced 
s1gn1f1cantly greater clean y1elds (P O 05) than the control Fewer pods 
were 1nfected where cupr1c carbonate was appl1ed so the 1mprovement 1n clean 
seed y1elds may have ar1sen from cupr1c carbonate reduc1ng the spread of C88 
to the pods 

Seed Product1on 1n Dry Areas 

None of the chem1ca1 treatments appl1ed would be useful for clean seed 
product1on because as l1ttle as O 5% C88 1nfected seed 1s suff1c1ent to cause 
ep1dem1cs when env1ronmental condlt1ons (hlgh temperatura and hlgh hum1d1ty 
plus ra1n splash) are favourable Dry areas may be more su1table for produc1ng 
clean seed The prospects of dry areas for produc1ng clean seed were exam1ned 
in off-seasons 1n 19aa and 19a9 at Mobuku wh1ch 1s 1n a dry ra1n shadow area 
but w1th furrow 1rr1gat1on fac1l1t1es F1ve landraces were sown 1n random1zed 
complete block des1gns w1th four repl1cates C88 was scored on a scale of 1-9 
at Ra 
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Table 7 CBB Scores at RB of Treatments 1n the Chem1cal Evaluat1on Study 
us1ng Comb1nat1ons of Two Fol 1ar Sprays Two Seed Dressings and 
Three Cult1vars of Bean 1n 19B9a and 19B9b 

Treatment 19BBA 19BBB 1989A 
----------------------------------------------------------------
Mercur1c chlor1de + cupr1c sulphate 4 40abc 5 60a 5 05 
Mercur1c chlor1de + cupr1c carbonate 4 20ab 5 60a 4 90 
Alcohol + cupr1c sulphate 4 50abc 5 BOa 5 15 
Alcohol + cupr1c carbonate 4 50abc 5 60a 5 05 
Streptomyc1n + cupr1c carbonate 4 10a 5 40a 4 75 
Alcohol 4 30abc 5 BOa 5 05 
Streptomyc1n 4 60c 5 70a 5 15 
Mercur1c chlor1de 4 20ab 5 90a 5 05 
Water alone 4 60c 7 50b 6 05 

S E ±. o 127 o 547 
Mean 4 3B 5 B8 
e v (%) 10 1 15 9 

Note scores 1n the same column followed by the same letter are not 
s1gn1f1cantly d1fferent at P = O 05 accord1ng to Duncan s Mult1ple Range 
Test 

In 19B8 and the f1 rst off-season 1 n 19B9 CBB scores were very 1 ow 
(max1mum of 2) In the second off-season 1989 ra1ns cont1nued and CBB scores 
at R7 were large (mean of 6) These results support the use of dry cond1t1ons 
for clean seed product1on and the 1ntens1f1cat1on of the search for su1table 
s1tuat10ns 

It 1s concluded that chem1cals alone are 1nadequate for clean seed 
product10n but that 1t 1s poss1ble to produce clean seed 1n dry s1tuat10ns 
w1th the a1d of furrow 1rr1gat1on 

Future Work 

Future work on CBB w1ll emphas1ze the follow1ng obJectlves-

To 1 ncorporate res1 stance to CBB 1 nto landraces and estab 11 sh quant 1-
tat1ve d1fferences among the dlfferent res1stant sources w1th respect to 
suscept1b1l1ty to CBB 

2 To study the 1nterrelat1onsh1ps between res1stance to CBB and other 
qual1ty tra1ts 1n common bean 

3 To 1dent1fy the stages where select1on 1n segregat1ng populat1ons 1s 
rel1able 

4 To establ1sh the relat1onsh1ps between seedl1ng and adult plant 
res 1 stance and compare greenhouse and growth chamber methods for 
pred1ct1ng f1eld res1stance 
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5 To study pathogenic var1ation in Xcp 1n eastern Afr1ca 

6 To determine whether there are d1fferences among genotypes 1n the1 r 
ability to transm1t CBB w1th a v1ew to select1n9 for low seed 
transmiss1on eff1c1ency 

7 To study the surv1val of CBB on weeds and non-hosts and 1n so1ls 

8 To continua 1dent1fy1ng entr1es for the EARCBBN 

It 1s expected that all the obJectlves will be accompl1shed by Oecember 
1992 

Work Plan for 1990 

Pathology 

1 Stud1es of the vanat1on 1n Xcp w1ll cont1nue 1n 1990 ma1nly 1n the 
screenhouse Collection of 1solates to be cont1nued 1n Uganda 1n seasons 
A and B 

2 Seed transm1ss1on stud1es 1n the laboratory screenhouse and f1eld 

3 Stud1es of the survlVa 1 of Xcp to be started 1n 1990A and cont 1nue 
throughout the year 

4 The EARCBBN to be screened at Kawanda The nursery 1s to be modlfled 
Those entr1es that were affected by black root w1ll be om1tted and other 
ent r1 es added 

Breedmg 

Observations of F1 populat1ons 1nvolv1ng rec1procal crosses where donor 
parents hav1ng the !-gene were used as males 

2 More crosses involv1ng new donor parents and recurrent parents from other 
collaborating countr1es 

3 To determ1ne whether d1fferent mechan1sms confer res1stance 1n d1fferent 
plant parts 

4 Stud1es of the seed res1stance of donor parents 
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Progress 1n Stud1es of Phama 817ght of Common Bean 
7n Eastern Afnca 

T Sengooba and B S Male-KayJwa 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

Progress 1s reported m the breed1ng and pathology of Phoma bl7ght 
(PB) (Phoma ex1gua var d!vers!spora) of bean 7n7t7ated m 1987 
Extens1ve screen1ng has been conducted at Kachwekano 1n south-western 
Uganda D1sease pressure var1ed across seasons Res1stance was very 
rare among bush bean genotypes but was fa¡rly stable m G 4603 ANO 
556 and G 17098 Hore res1stants were found among cl7mbers the best 
bemg G 12582 G 10747 and VRA 81051 A number of e_ cocc1neus lmes 
exh7b7ted very good res 1stance Crosses were started m 1989 to 
1mprove loca 1 genotypes and for mhentance stud1es A reg1ona 1 
nursery has been establ1shed 

PB tended to be more severa 1n beans 1n assoc1at1on w1th ma1ze than 
m pure stand espec1a1ly when ma1ze was between rows of beans but 
the d¡fferences were not a lways S7gn7f7cant Genotype X croppmg 
system 1nteract1ons were not s¡gn¡f¡cant Fung7c7da1 appl7cat7on 
s7gn7f7cantly reduced PB 1nfect1on Rogu1ng also tended to do so but 
the d1fferences were not s!gn7f7cant Clean1ng 1nfected bean seeds by 
sow1ng 1n a d7sease free area proved prom1s1ng 

Introduction 

Phoma blight (PB) caused by Phoma ex1gua var d7vers7spora (CIAT 1988) 
occurs 1n many bean grow1ng areas of the world In eastern Afr1ca PB 1s of 
notable 1mportance under cool hum1d cond1t1ons wh1ch tend to preva1l at h1gh 
altitudes Areas where PB 1s a constra1nt to bean product1on 1n eastern 
Afnca 1nclude the h1ghlands of south-western Uganda the slopes of Mount 
Elgon the h1ghlands of Kenya the 1sland of Madagascar and almost the whole 
of Rwanda and Burund1 (van Schoonhoven 1980 personal commun1cat1ons) 
encompass1ng a large and 1mportant bean product1on zone 

A reg1onal sub-proJect was 1n1t1ated 1n 1987 to 1nvest1gate the breed1ng 
and pathology aspects of PB 1n eastern Afr1ca where there had formerly been 
very llttle work on th1s d1sease The reg1onal sub-proJeCt was expected to 
facil1tate access to a wide ranga of var1ation 1n terms of germplasm 
environments and pathotypes and to contr1bute to faster progress and 
susta1nable results 

Though measures for the control of PB have been documentad (Schwartz and 
Galvez 1980) these have not been evaluated for their effectJVeness and 
appl icab1 1 ity under eastern Afnca cond1t1ons Attempts to bread for PB 
res1stance 1n bean have had l1mited success CIAT (1987 1988) reportad 
res1stance 1n P vuTgans climbers but not in bush bean Follow1ng extenslVe 
select1on and intensiva crossing programmes CIAT established a PB nursery 1n 
1987 The genotypes 1n th1s nursery w1ll be useful 1n eastern Afr1ca only 1f 
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they are also res1stant there 

S1nce the occurrence of PB fluctuates violently across seasons somet1mes 
caus1ng heavy losses stud1es of the epidem1ology and control of PB are 
necessary Because intercropp1ng has been reported to reduce d1sease (van 
Rheenen et al 1981 Alt1er1 and L1ebman 1986) PB levels in bean 1n pure 
stands and 1n associat1on w1th ma1ze have been compared 

Most of the f1eld trials descnbed were conducted at Kachwekano 1n two 
seasons the f1rst (des1gnated A) start1r19 in March and the second (B) in 
October/November 

ObJectwes 

The sub-proJect was 1n1t1ated w1th the follow1ng obJeCtlves 

To screen a wide range of germplasm locally to 1dent1fy 
res1stant to PB 

genotypes 

2 To compase a reg10nal PB nursery (EARPBN) to study res1stance across 
s1tes and explo1t the pathogen1c var1at1on and host-pathogen 1nteractions 
that occur 1n the region 

3 To develop res1stant genotypes through hybr1dizat1on 

4 To study the 1nher1tance of res1stance so as to 1dent1fy su1table 
breed1ng strateg1es 

5 To study the ep1dem10logy of PB 1n pure stand and 1n assoc1at1on w1th 
malZe 

6 To develop 1ntegrated control measures 

Results 

A number of stud1es have been conducted 1n accordance w1th these 
obJect JVes 

Germplasm screen1ng for resJstance to PB 

Some 1000 l1nes have been screened for PB at Kachwekano 1n southwestern 
Uganda (Table 1) Three metre rows repl 1cated at least tw1ce were used 
except 1n the case of the VEF of 86 and other CIAT accessions where there was 
no repl 1cat 1on A spreader row was planted after every entry In 1987 and 
1988 some tnals were 1noculated at flowenng stage (R6) by spread1ng PB 
d1seased leaves on the crop In 1989 a spore suspension prepared from 
1nfected leaves was used PB was recorded at in1t1al flowenng (R6) pod 
f1ll1ng (R7) and pod npen1ng (R8) 1n 1noculated trials and at R7 only 1n 
non-1noculated tnals on a scale of 1 to 9 where 1 was d1sease free and 9 
total destruct1on 
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Tabla 1 Summary of Tr1als and Number of Entr1es Screened for Phoma Bl 1ght 
Resistance from 1987 to 1989 

-----------------------------------------------------------------

Season Tr1als 

Source 
of 

seeds 

Total 
number 

of 
entr1es 

% entr1es 
scor1ng 

1-2 at 
R7 

-----------------------------------------------------------------
1987B Bush Nursery CIAT 62 32 

Bush Nursery Kawanda 
Cl 1mber Nursery CIAT 13 85 

1988A Cl 1mber Nursery Kawanda 14 14 
AFBYAN I Afncan NPs 25 o 

1988B IBYAN p cocc1neus spp 
polyanthus (cl1mbers) CIAT 10 70 

VEF 86 and CIAT 
access1ons (bush) CIAT 648 40 

1989A Great Lakes Reg1onal 
Tr1 al (e 1 1 mbers) Rwanda 1 6 37 

G L R Tr1al (bush) 
VEF 87 select1ons 
from VEF 86 and 

access1ons Rwanda/CIAT 108 9 

1989B AFBYAN II/reg1onal 
nurser1es and tr1als Afncan NPs 147 3 

Internat1onal Nurser1es 
Cl1mbers CIAT 1 2 25 
Bush CIAT 1 2 o 

--------------------------------------------------------------

Entr1es selected for further screen1ng and for use 1n crosses had 
res1stance/tolerance to other maJor d1seases espec1ally halo bl1ght 
( Pseudomonas phaseo T1co la) and anthracnose ( Co 7 Tetotnchum 7 1ndemuth1anum) 
both of wh1ch can be ser1ous 1n cool cond1t1ons 

The results of the screen1ng tr1als are presentad 1n Table 1 Res1stance 
was not cons1stent across seasons among bush beans Fa1rly stable res1stance 
was recordad for G 4603 (P1ntado) and ANO 556 Catu Car1oca and EMP 117 were 
extremely suscept1ble and are now be1ng used as spreaders 1n screen1ng tr1als 
IBYAN (P cocc1neus subs polyanthus) entr1es exh1b1ted good levels of 
res1stance the best l1ne be1ng G 35182 The l1nes that have been 1dent1f1ed 
for 1nclus1on 1n the EARPBN are G 35182 G 4603 ANO 556 Na1n de Kyondo 
BAT 1416 BAT 1565 and Urubonobono 

Hybr1d1zat1on Programme and Inher1tance Stud1es 

Follow1ng the 1n1t1al screen1ng 1n 1987 four bush bean genotypes (G 
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4603 BAT 1416 PAI 119 and BAT 1569) and two climbers (G 10747 and VRA 81051) 
were selected for cross1ng In 1989A four crosses (Rus1p1 x BAT 1416 Namunye 
Red x BAT 1416 PAI 119 X BAT 1416 and PAI 119 X BAT 447) were accomplished 
and the F1s were grown 1n 1989B 

Crosses for the 1nher1tance study were made at Kawanda and Kachwekano 1n 
1989B Th1rteen bush bean crosses were completad at Kawanda Problems 
encountered 1n these crosses 1ncluded BCMV and black root which led to the 
loss of sorne crosses and poor pod set espec1ally 1n the cl1mbers At 
Kachwekano the season was exceedlngly wet hum1d and wmdy and few crosses 
succeeded The successful crosses w1ll be advanced and the cross1ng w1ll be 
repeated 1n 1990A 

Phoma 8l1ght 1n Bean 1n Pure Stand and 1n Assoc1at1on w1th Ha1ze 

The behav10ur of PB 1n pure stand and 1n assoc1at10n w1th maJZe and 
fluctuat10ns 1n d1sease levels from season to season were exam1ned 1n two 
expenments the f1rst 1nvolved cropp1ng patterns and maize densit1es and 
the second compared a range of bean genotypes 

The Effects of Cropp1ng Patterns and Ma1ze Dens1t1es on PB 

Random1zed complete block tr1als w1th three repl1cates were conducted at 
Kachwekano 1n 1987B and both seasons of 1988 The plot s1ze was 3 6 x 6 m 
The treatments 1n a 2 (or 3) x 2 x 3 factor1al arrangement 1ncluded two (or 
three) genotypes two croppmg patterns (ma1ze w1th1n or between bean rows) 
and ma1ze at three dens1t1es (11 111 16 666 and 33 333 plants/ha) Two extra 
treatment~ (pure stand bean and farmers pract1ce) were 1ncluded In farmers 
pra~t1ce ma1ze was planted at 120 x 100 cm between bean rows The bean was 
spaced at 60 x 10 cm PB was recorded on a scale of 1 to 9 at R6 R7 and R8 

In 1988A d1sease pressure was very low and d1fferences between 
treatments were not s1gn1f1cant In none of the tr1als were there s1gn1f1Cant 
d1fferenceJ 1n PB levels between genotypes or ma1ze dens1t1es PB scores were 
larger where malle was between bean rows than where ma1ze was wlth1n bean 
rows the dlfferences be1ng s1gn1f1cant at R6 1n 1987B and 1988B and at R7 1n 
1988B (Table 2) Malle w1th1n bean rows appeared stunted and less able to 
1nfluence the m1cro-env1ronment than mal7° between bean rows 

In 1987B 24 bean genotypes were compared 1n a spl1t plot des1gn w1th three 
repl1cates w1th cropp1ng patterns (bean 1n pure stand or 1n double rows 
between ma1ze rows spaced at 90 x 30 cm) as ma1n plots and bean genotypes as 
sub-plots The tr1al was repeated 1n 1988A and B but w1th 40 bean genotypes 
In 1989 the same layout was 1ntroduced for a reg1onal PB tnal w1th 20 
entr1es The obJect1ves of the reg1onal tr1al were to study the resistance to 
PB across the reg10n of a range of selected genotypes to explolt d1fferent 
sources of res1stance to PB and to conf1rm the behav1our of PB 1n pure stand 
versus 1ntercrop 

In 1989B to wcrease the prec1s1on of the companson of PB 1n pure 
stand and 1n assoc1at1on w1th malle a two factor random1zed complete block 
exper1ment w1th 5 repl1cates was 1n1t1ated The two factors were genotypes 
(3) and cropp1ng patterns (2) Plot s1ze was 4 5 x 6 m PB was assessed on a 
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scale of 1 to 9 at R5 
number of lesions were 
plot 

R6 R7 and R8 
a 1 so recordad 

In 1989 percentage leaf 1nfect1on and 
on ten randomly selected plants 1n each 

Table 2 Phoma 8l1ght Levels on 8ean Genotypes 1n Pure Stands and W1th1n and 
8etween Ma1ze Rows at Kachwekano 1n 1987 and 1988 

Stages of growth 

Season eropp1ng patterns R6 R7 R8 

19879 W1th1n rows 6 55 7 55 8 27 
P tween rows 7 00 7 94 8 39 

S E + o 16 o 12 o 16 
e V % 10 3 6 6 8 3 

19889 W1th1n rows 1 88 3 65 4 1 6 
9etween rows 2 41 4 03 4 1 7 

S E ± o 18 o 21 o 25 
e v ~~> 45 4 28 6 32 1 

P8 1n 8ean Genotypes 1n Pure Stand and 1n Assoc1at1on w1th Ma1ze 

In 19898 the percentage of 1nfected leaflets and number of les1ons were 
s1gn1f1cantly more on beans 1n assoc1at1on w1th malZe than 1n beans 1n pure 
stand but as d1sease levels mcreased w1th stage of growth dlfferences 
d1sappeared (Table 3) In none of the tnals were there s1gn1f1cant 
d1fferences 1n P8 scores between beans 1n pure stand and 1n assoc1at1on w1th 
ma1ze As expected there were cons1stent s1gn1f1cant d1fferences among 
genotypes 1n P8 scores PVA 563 (from CIATJ Urubonobono (Burundl) and Na1n 
de Kyondo (Zane) all AF8VAN entnes and P1ntado from the CIAT 1987 
1nternat1onal P8 nursery exh1b1ted the smallest P8 scores 

Control of Phoma 817ght 

Three chem1cal and cultural measures to control P8 were 1nvest1gated on 
three genotypes 1n a 4 x 3 random1zed complete block tr1al w1th three 
rep 1 1 cates and a p 1 ot s 1 ze of 4 21 x 6 m at Kachwekano 1 n 19888 1989A and 
19898 The control treatments were seed dress1ng w1th Benomyl seed dress1ng 
w1th 8enomyl plus fol1ar appl1cat1on of Mancozeb at 1ntervals of ten days from 
three weeks after germ1nat10n to phys10l0g1cal matunty rogu1ng 1nfected 
seedl1ngs from emergence to the second tnfol10late leaf stage (V4) and a 
control Percentage leaf 1nfect1on by P8 number of les1ons and PB score were 
recordad at R6 R7 and R8 

Seed dress1ng w1th 8enomyl comb1ned w1th follar appl1cat1on of Mancozeb 
s1gnif1cantly reduced the number of P8 les1ons at R6 1n all tr1als and at R8 
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Table 3 Phoma 8l1ght Development on 8eans Grown 1n Pure Stand and 1n 
Assoc1at1on Wlth Ha1ze at Kachwekano 1n 19888 

Percentages 
of 1nfected 
leaflets 

Numbers of 
les1ons 
per ten 
plants 

PB seo re 
( 1 to 9) 

Cropp¡ng 
system 

Pure 
ASSOClated 

S E + 
e V % 

Pure 
ASSOClated 

S E + 
cv % 

Pure 
Assoc1ated 

S E + 
e V % 

R5 

41 4 
48 7 

1 53 
22 9 

40 1 
58 5 

4 1 1 
19 2 

3 13 
3 46 

o 15 
1 5 7 

S t a g es of growth 

R6 R7 R8 

49 8 57 6 NR 
48 4 60 3 NR 

2 08 1 79 NR 
18 7 29 4 NR 

134 4 170 5 NR 
129 8 154 3 NR 

8 08 4 71 NR 
32 8 30 4 NR 

4 53 5 80 6 46 
4 80 6 07 6 46 

o 1 5 o 1 1 o 26 
20 6 13 9 10 8 

---------------------------------------------------------------
NR = not recordad 

1n 19888 (Table 4) Rogu1ng tended to decrease the d1sease 1n both seasons of 
1989 though not s1gn1f1cantly Percentage leaf 1nfect1on by P8 was also 
s1gn1f1cantly reduced by the comb1ned seed dress1ng/fol1ar appl1cat1on of 
Mancozeb In 19898 there were s1gn1f1cant increases 1n d1sease w1th t1me (b -
O 88) and reduct1on 1n P8 (13 5%) due to seed dress1ng/fol1ar appl1cat1on of 
Mancozeb In 1989A seed y1elds were 1ncreased s¡gn1f1cantly by seed 
dress1ng/fol1ar appl1cat1on of fung1c1des but y1eld d1fferences were not 
s1gn1f1cant 1n the other two seasons Angular leaf spot was severa 1n 1989A 
ctnd 1ts control may have contr1buted to the s1gn1f1cant 1ncreases 1n y1eld due 
to fung1c1de appl1cat1on PB was very severa 1n 1989B and the 10 day spray 
1nterval may have been too long to control the d1sease 

CTean1ng Seed by Grow1ng 1n a D1sease Free Env1ronment 

S1nce PB 1s seed borne seed product1on 1n lower alt1tude warmer 
env1ronments could be a useful control measure 

Seed from a heav1ly 1nfected crop (90-100% plant infect1on) was harvested 
from Kachwekano 1n 1989A and planted at Kawanda 1n 1989B PB was recordad 1n 6 
x 10 cm randomly chosen plots and percentage plant 1nfect1on was computad 
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Table 4 The Effects of Cultural and Chem1cal Control on Numbers of PB 
Les1ons per Ten Sean Plants Transformad to Square Roots (actual 
values 1n parentheses) and Seed Y1elds at Kachwekano 1n 1988 and 
1989 

--------------------------------------------------------------------------
Stages of growth Seed 

------------------------------ y1elds 
Sea son Treatment R6 R8 (kg/ha) 
--------------------------------------------------------------------------
19888 Benlate + Mancozeb 1 39 ( 1 78) 1 47 ( 2 11) 1592 

Benlate 3 45 ( 12 89) 4 32 ( 18 71) 1436 
Rogu1ng 3 62 ( 14 11 ) 4 58 (21 10) 1422 
Control 3 40 ( 12 78) 4 01 (16 11) 1460 

S E ± o 28 o 24 143 4 
e v t 28 4 19 6 29 1 

1989A Benlate + Mancozeb 2 73 ( 7 45) 2 91 ( 8 47) 1704 
Benlate 4 20 (20 17) 3 91 ( 15 29) 1094 
Rogu1ng 4 07 (17 58) 3 39 (20 16) 1015 
Control 4 34 ( 21 67) 4 40 ( 19 36) 990 

S E ± o 39 o 49 117 9 
e v % 35 3 46 7 34 o 

19898 Benlate + Mancozeb 6 09 ( 38 58) 11 00 (124 00) 624 
Benlate 8 12 (70 08) 11 63 (137 00) 595 
Rogu1ng 7 08 (52 50) 11 22 (P8 67) 572 
Control 7 28 (55 92) 11 37 ( 131 25) 520 

S E ± o 36 o 36 38 2 
e v% 17 6 11 2 22 8 

------------------------------------------------------------------------

Percentages of 1 66-1 83 and 6 50-8 67 were recorded at flower1ng and at 
pod-n pemng respect lVe 1 y Th1 s suggests that produc1ng seeds 1 n warmer 
lowland areas could el1m1nate seed 1nfect1on but further work 1s requ1red on 
th1s aspect 

Conclusions and Future Plans 

1 Res1stant lines have been 1dent1f1ed The breed1ng programme w11l be 
1ntens1f1ed P cocc1neus subsp polyanthus access1ons w1ll be 1ntroduced 
as donor parents Gene pyram1d1ng and mutat10n breed1ng w1ll be 
utilized 

2 Entr1es have been ident1f1ed for the EARPBN and others are be1ng sought 
The EARPBN w1ll be evaluated across locations 

3 Pathology work will sh1ft emphas1s from stud1es of PB development 1n 
pure stand and 1n assoc1at1on to stud1es of the ep1demiolog1cal factors 
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wh1ch cause PB levels to fluctuate so w1dely across seasons and poss1bly 
locations The study of PB pathotypes in the region has been started and 
w1 11 be expanded Infect 1on rates and transmi ss 1on requ1 re increased 
attention 

4 Resistance d1sease forecast1ng and chem1cal control are important 
components of the 1ntegrated control package we are aiming at and hope to 
ach1eve 1f the study is funded for two and half more years 
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liBan Rust Its Importance, Eptd8f/lfo1ogy and control In 
The Eastem Afrfca liBan Productfon Systflfll 

Habtu Assefa 

Ne7kassa Research Center Nazreth Eth1opfa 

Abstract 

The fmportance epidemio7ogy and control of rust (Uromyces 
aOPend7cu7atus) of phaseo7us bean ttere studied m greenhouse and 
f7e7d experiments in Ethiopia Rust ttas found ttide7y distributed 1n 
southern Ethiopia especia77y on state farms and research centers 
Its severity and preva 7ence under farmers condft 1ons ttere sma 7 7 
Damage by rust to c0111111on bean ttas studied m ffe 7d expenments at 
Ambo and Attassa Years 7ocat 1ons and cu 7t fvars affected the damage 
equat 1on but that rust reduces the y1e 7d of bean is estab 7 fshed 
Studies of the pathogenicfty of three rust popu7at7ons revea7ed the 
ex1stence of a high degree of variabf 77ty among and ttithm regfons 
In var1eta1 resistance studies severa7 genotypes ttere found to 
possess mu7t7p1e res1stance These 7mes ttf71 be 1mportant for bean 
product1on mam7y in southern Ethfopfa tthere envfronments are most 
favourab 7e for rust An fntegrated contra 7 program must be 
estab77shed for the region 

Introduct1on 

Common bean (Phaseo7us vu7garfs L ) suffers from a wide ranga of leaf 
stem and root diseases 1ncluding common bacterial bl1ght rust anthracnose 
angular leaf spot web bl1ght and bean common mosa1c virus In Ethiopia 
common bacterial blight rust and anthracnose are most 1mportant and widely 
distnbuted wh11e the rest though important are much more restncted in 
their distributions 

Among these numerous diseases of beans in Afr1ca rust causad by Uromyces 
appendfcu7atus (Pers ) Unger var append7cu7atus merits clase attention A 
preliminary survey (Habtu 1987a) conducted 1n Ethiopia indicated bean rust 
to be important 1n bean production but did not address the prevalence and 
intensity of bean rust under farmers conditions and practicas Surveys need 
to be conducted at regular intervals to describe the geograph1c distribution 
of d1seases (Zadoks 1961 James 1969 King 1972) to monitor changas in 
their relativa importance and elucidate the1r epidemiology 

Sean rust is a majar cause of low average yields of common bean in 
Ethiopia estimated to be about 600 kg/ha Severe incidences of bean rust 
were reportad in southern south-western and mid altitude cooler reg1ons 
(Habtu 1987a) A severe out break of rust resultad in nearly total yield 
loss in highly susceptible cultivars at Awassa (Habtu 1987b) In Tanzania 
(Howland and Hacartney 1966) highly susceptible varieties were found 
completely defoliated by mid-flower resulting in severe reductions of grain 
yield Early work in eastern Africa suggested that severe infection by rust 
could decrease bean yields by 10% (Padwick 1956) In Kenya (Singh and 
Husiy1mi 1981) 37111 yield loss was reportad 
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Most of these conclusions were based on either visual observation or 
preliminary field work and few data exist on the relationship between disease 
reaction and yield loss It is thus important to develop functions to relate 
damage to temporal and spatial injury with respect to crop growth and 
development 

Host plant resistance is a long-practised method of rust control 
Evaluation of local germplasm and introduced materials have been conducted and 
good sources of resistance have been 1dentified In Eth1op1a the cultivars 
Mex1can 142 Black Dess1e and Brown Speckled were recommended for the1r 
resistance to diseases Now however the widely cultivated Mexican 142 
appears susceptible to most foliar diseases particularly bean rust Cultivars 
w1th black seeds (Black Dessie and Negro Mecentral) continua to express 
excellent disease resistance but are not acceptable to farmers because of 
their seed color Attempts to identify genotypes with stable resistance and 
acceptable seed type did not succeed because those resistant at one location 
preved susceptible at others (Habtu unpubl1shed) 

All genet1c studies of rust resistance in beans to date indicate a 
monogenic mode of 1nheritance (Dias and da Costa 1968 Grafton et a1 1985) 
Such resistance does not provide permanent protection because the fungus is 
highly variable 1n pathogenicity Variation in the fungus has been reportad 
from the u S A (Stavely 1984) Australia (Ballant1ne 1978) South America 
(Augustin et a1 1972) and Tanzania (Mmbaga and Stavely 1988) The pattern 
of races found in eastern Africa is not well understood 

Following rev1ew of the importance distribution and control of rust it 
was found necessary to study in detail its epidemiology and management Thus 
a bean rust sub-project was propasad and approved by the Eastern Africa 
Regional Bean ProJect Steering Committee in 1987 with the following 
ObJ8Ct1V8S 

1 understand bean rust status under Eth1opia conditions 

2 assess y1eld loss of dry bean due to bean rust 

3 1nvest1gate the phys1ological races of the bean rust fungus and study 
patterns of race distribution and 

4 strengthen the screening program in clase collaboration with bean 
breeders and 1nitiate a regional bean rust nursery 

Materials and Methods 

The project s central activity was coordinated by the Institute of 
Agricultural Research experiment stat ion at Me 1 kassa Laboratory and 
greenhouse act i vit i es were conducted at Me 1 kassa and Ambo wh i1 e f i e 1 d 
experiments were conducted at Ambo Awassa Areka Debre Zeit and Arsi 
Negelle Regional rust nursery sites include Kawanda (Uganda) Thika (Kenya) 
Zambia Rwanda and Tanzania 
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Sean Rust Survey 

The rust survey was conducted 1n major bean product1on centers 1n the 
R1ft Valley and southern Eth1op1a Sample f1elds were selected at 1ntervals 
of 20 km along ma1n roads Sample po1nts 1nclude farmers f1elds and state 
farms General 1mpress1ons of slope s1ze and management were recordad before 
select1ng sample f1elds and plants Sample plants were selected from 
spec1f1ed numbers of equally spaced paces along 1nverted V d1agonals The 
nearest plant to the r1ght foot was chosen as the sample un1t F1ve to ten 
sample un1ts were selected 1n each f1eld sampled Rust was assessed on a 1-9 
scale (CIAT 1987) at growth stages close to R8 

Assessment of Losses 

F1eld exper1ments were conducted at Ambo and Awassa 1n spl1t-plot designs 
with f1ve repl1cat1ons Bean cultivars (Negro Mecentral 6R-395-08 Red 
Wolaita Mexican 142 and Nazret Small-03) were m main plots and fungicide 
treatments (unsprayed and system1c fung1c1de oxycarb1noxin - Plantavaz at 
O 1~ concentration - at 5 10 15 and 20 day intervals until matur1ty) in sub­
plots 

In 1987 and 1988 all entries were 1ncluded but 1n 1989 Red Wola1ta was 
omitted due to sim1larit1es in its rust1 reaction to Nazret Small-03 Negro 
Mecentral was also omitted because of its high resistance to rust 

In 1987 and 1988 susceptible var1eties were severely damaged by 
anthracnose compl1cating the interpretation of results In 1989 seeds were 
treated w1th benomyl in an attempt to control anthracnose 

01seases were mon1tored weekly commenc1ng with the fi rst spray Other 
data collected 1nclude pods/plant seeds/pod seed size and seed yield 

Rsce Identificstion 

Samples of bean rust populations were collected from Ambo Awassa Ars1 
Negelle and J1ma The isolates were inoculated on 20 standard differentials 
(sea Tablas 9 and 10) supplied from CIAT in both field and screenhouse 

F1eld tests 

A randomized complete block design w1th three replications was usad The 
plots were single rows 3 m long and 60 cm apart and the susceptible cultivars 
Nazret Small-03 and Mexican 142 were sown every five rows Disease react1ons 
were rated three times at flowering early podd1ng and maturity 

Greenhouse tests 

Five seeds each of the differentials were sown in 6 inch diameter pots 
and seedlings inoculated with the rust isolates 10¡12 days after sowing using 
an atomizad sprayer and concentrations of 2 x 10 spores/ml Rust reactions 
were recordad da1ly from five days after inoculation to full pustule 
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development Rust reaction and intensity were rated at 12 days after 
inoculation according to Davison and Vaughan (1963) 

Rust Screenfng Nursery 

Field experiments were carried out at IAR Research Station Awassa and 
Plant Protection Research Center Ambo in 1987, 1988 and 1989 Rainfall 
humidity and temperatura data for the three year period are shown in Tabla 1 
The nursery consisted of 99 entries in 1987 and 94 entries each in 1988 and 
1989 

Tabla 1 Meteorolog1cal Data for some Test S1tes 1987-89 

Alt1tude Ra1nfall 
(mas 1) (mm) 

Ambo 2100 NR 
Awassa 1700 929 
Melkassa 1500 687 
Adam1 Tulu 1650 607 
J1ma 1750 1059 
Bako 1550 1046 

NR = not recordad 

A H 
<•> 

74 
65 
63 
55 
65 
61 

Temperatura (°C) 

M1n1mum Max1mum 

1 1 8 23 4 
12 1 27 5 
14 7 29 1 
12 8 28 1 
10 8 26 3 
14 o 27 o 

The plot size was 3 m x 60 cm Hixed susceptible cultivars were sown 25 
days prior to the test entries and resistant intermediate and susceptible 
checks were sown every ten test entries Though the nurseries were generally 
exposed only to natural rust inoculum in some cases they were inoculated with 
local rust populations 

Rust reactions were evaluated 30-40 and 50-60 days after sowing on a 1-9 
scale where 1 no visible rust symptoms 3 = resistant only fi!W and 
generally small pustules on most plants covering approximately 2' of the 
follar area 5 = intermediate generally small or intermediate-sized pustules 
on all plants cover1ng approximately 5% of the foliar area 7 = susceptible 
most 1 y 1 arge pus tul es often surrounded by eh 1 orot i e ha 1 os cover i ng 
approximately 10% of the foliar area and 9 = highly susceptible presence of 
larga and very larga pustules with chlorotic halos covering more than 25% of 
the foliar tissue and causing prematura defol}ation 

Fertilizers were not applied The nursery was weeded at least twice at 
two weeks after emergence and just prior to flowering 
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Results and D1scuss1on 

Bean Rust Survey 

There were differences in prevalence and severity of rust among regions 
and farming practicas (Tabla 2) In the hot and dry areas of the Rift Valley 
where ra1nfal1 is normally erratic and temperaturas rather warm rust 
prevalence and severity are low and in soma cases non-existent In these 
regions the most prevalent disease is common bacterial blight In southern 
Ethiopia where weather conditions are favourable rust poses a serious 
threat to bean production On research stations at Melkassa Areka Ambo 
Debre Zeit and Awassa rust was prevalent but of varying intensity Rust 
reactions recorded 1n 1988 were greater than those 1n 1987 and 1989 
Comparison of rust prevalence on farmers fields state farms and research 
stations indicated that severity and prevalence are much on research stations 
intermediate on state farms and slight in farmers fields 

Table 2 Disease React1ons of Beans on Research Stations State Farms and 
Farmers Fields in the Rift Valley and Southern Ethiopia 

Reg1on 

R1ft Valley 

Southern Eth1op1a 

Research Centers 
State Farms 
Farmers flelds 

Cult1Var 

Mex1can 142 

Several 
Mex1can 142 
M1xed (Red 
Wola1ta common) 

D1sease react1onsa 

Rust CBBb 

1 

3 
2 

1 

2 

3 
1 

2 

ALS 

o 

2 
o 

o 

ANTH BCMV 

2 
2 

1 

1 

2 
1 

1 

a o= no react1on 1 = sl1ght 2 = moderate 3 = severa 
b CBB = common bacter1al bl1ght ALS =angular leaf spot ANTH = 

anthracnose BCMV = bean common mosa1c v1rus 

On research stations intensiva production of bean in concentrated areas 
has allowed gradual build-up of the pathogen aggravated by the inclusion 1n 
trials of susceptible lines State farms grow bean on very large areas They 
also use a single cultivar - Mex1can 142 - which is susceptible to rust 
Disease increase is favoured by aggregation of host crops in space and time 
(Zadoks and Schein 1979) Thus bean rust has become endemic and severity has 
been i nc reas i ng 

On farmers fields scattered occurrences of rust are observad ma1nly 
along main roads but severity is much less than on either research stations 
or state farms There are many possible reasons Farmers in Sidamo and Gamo 
Goffa grow many different cultivars sometimes with seeds of mixed colour 
size and shape Farmers bean fields are also rather scattered and in most 
cases associated with either maize enset or coffee The value of associated 

47 

1 1 



cropp1ng 1n pest management is well-documented (van Rheenen et a1 1981 
Moreno 1985) 

Rust is more prevalent and severa in the south probably due to optimum 
temperatura and rainfall conditions while differences within the region are 
mostly due to cultural practicas Haximum rust severities are found 
associated with aggregation of farm practicas cultivation of susceptible 
cult1vars concentrated in space and optimum temperaturas and rainfall 

Dur1ng the survey only limitad fields were selected and other important 
foliar d1seases were not considerad A study in this area in the futura must 
address other components of bean production systems such as severities of 
other d1seases for example CBB wh1ch has been found more widespread tnan 
prev i ous 1 y suspected We must a 1 so estab li sh the p 1 a ce of bean rust as a 
component in the multiple phytosystem that now prevails in bean production 

Y7e7d Loss 

The effects of bean rust on seed yields of haricot bean were studied at 
Ambo and Awassa As Ambo and Awassa represent two different environments with 
d1fferent disease severit1es the results are analyzed separately 

Ambo 

No results are presentad for 1987 as there was high incidence of 
anthracnose and most of the crop was completely destroyed In 1988 natural 
infect1on of bean by rust in sprayed and unsprayed plots produced mean rust 
severit1es ranging between 3 and 5 (Table 3) Differences among treatments in 
rust reactions were not s1gn1f1cant probably due to delays in spraying Though 
there were differences among treatments in seed yields there were no 
cons1stent trends 

In 1989 there was high incidence of rust and the three entries showed 
moderate to larga rust reactions relatad to their levels of resistance All 
spray schedules reduced disease reactions (Tabla 4) the least disease 
occurr1ng w1th the most frequent sprays The trend was consistent for all the 
three entr1es D1fferences in seed yields were also observad 

Assigning an 1ndex of 100 to the dried seed yield at the lowest infection 
level y1eld was reduced by 10-73% in Hexican 142 8-67% in Nazreth Small-03 
and 3-15% in SR-395-08 Regressions of seed yield on rust reactions for the 
1nd1v1dual entr1es (Tabla 5) showed that y1elds of Hexican 142 were reduced by 
203 g/plot (8 1%) for each umt increase in disease reaction For Nazret 
Small-03 th1s was 127 g (6 5%) for Red Wolaita it was 132 g (54%) and for 
SR-395-08 it was 82 g/plot (6 07%) For Negro Hecentral (resistant) there 
was no relat1onsh1p between disease reaction and seed yield 

In 1989 (with Negro Hecentral and Red Wolaita omitted) the relationships 
between seed y1elds and rust reactions were highly significant accounting for 
83-96% cf the variation in seed yields Per cent yield losses for every unit 
1ncrease in d1sease reactions were 11 O% for Hexican 142 8 7% for Nazret 
Small-03 and 3 9% for 6R-395-08 Rust causad very larga reductions in yields 
of Hexican 142 in both seasons followed by Nazreth Small-03 and SR-395-08 
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Table 3 Effect of Bean Rust on Disease Reactions and Seed Yields of Haricot 
Beans at Ambo 1n 1988 

----------------------------------------------------------------

Entr1es 

Spray 
1nterval 

(days) 

01sease 
sever1ty 

( 1-9) 

Seed 
y1eld 

(g/plot) Index 

Per cent 
change 

1n y1eld 
---------------------------------------------~------------------

Mex1can 142 

Nazreth 
Small-03 

6R-395-08 

Red 
Wola1ta 

Negro 
Mecentral 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

Control 

4 
4 
5 
5 
4 

3 
4 
5 
5 
5 

4 
4 
4 
5 
5 

3 
4 
4 
4 
5 

4 
4 
4 
4 
5 

1800 
1830 
1600 
1380 
1450 

1315 
1630 
1240 
1660 
111 o 

1865 
2090 
1920 
1830 
1390 

1065 
1135 

975 
1070 

900 

1100 
1315 
1375 
1130 
1250 

100 o 
101 7 
88 9 
76 7 
80 6 

100 o 
123 9 

94 3 
126 o 
84 4 

100 o 
112 o 
103 o 

98 1 
74 5 

100 o 
106 5 

62 3 
91 5 
84 5 

100 o 
120 o 
125 o 
103 o 
114 o 

o 
+1 7 

-11 1 
-23 3 
-19 4 

o 
+23 9 
-5 7 

+26 o 
-15 6 

o 
+12 o 

+3 o 
-1 9 

-25 5 

o 
+6 5 

-37 7 
-8 5 

-15 5 

o 
+20 o 
+25 o 

+3 o 
+14 o 

The r2 values were also hi9her for Mexican 142 and Nazreth Small-03 and 
slightly less for GR-395-08 

Awassa 

In 1988 rust reactions were rated several times during the growing 
period but only disease reactions at maturity were used to relate to yields 
as in Ambo There were significant differences 1n rust react1ons among entr1es 
and spraying with fungicide s1gnificantly reduced the rust reactions of 
Mexican 142 Nazret Small-03 6R-395-08 and Red Wolaita (Table 6) but not of 
Negro Mecentral which 1s resistant to rust The most frequent sprays 
consistently produced the least d1sease reactions and the largest yields 
(1ndex = 100X) Yield losses were small for Negro Mecentral (O 3-4 1%) and 6R-
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Table 4 Effect of Bean Rust on Disease React1ons and Seed Vields of Haricot 
Beans at Ambo in 1989 

-----------------------------------------------------------------
/ Spray D1sease Seed Per cent 

interval sever1ty y1eld changa 
Entr1es (days) (1-9) (g/plot) Index 1n y1eld 
-----------------------------------------------------------------
Mex1can 142 5 1 8 1267 100 o o 

10 3 2 1144 90 3 -9 7 
15 3 8 1108 87 5 -12 5 
20 4 2 1071 84 5 -15 5 

Control 6 8 341 26 9 -73 1 

Nazret 5 1 6 1246 100 o o 
Small-03 10 3 2 1145 91 2 -8 8 

15 4 o 1016 81 5 -18 5 
20 4 6 1007 80 8 -19 2 

Control 8 o 417 33 5 -66 5 

6R-395-08 5 1 4 1496 100 o o 
10 2 8 1447 96 7 -3 3 
15 3 2 1359 90 8 -9 2 
20 3 8 1352 90 4 -9 6 

Control 5 2 1271 85 o -15 o 
-----------------------------------------------------------------

Table 5 Coefficients of Regressions of seed Vields on Rust React ions and 
Percentage V1eld Losses due to Rust of Entries in Trials at Ambo in 
1988 and 1989 

Entries 

Mex1can 142 
Nazret Small-03 
6R-395-08 
Red Wolaita 
Negro Mecent ra 1 

1988 

Regression 
coefficient 

-203 3 
-127 3 
-131 7 
-82 5 
+20 o 

r 

o 30 
o 08 
o 65 
o 40 
o 01 

% 
loss 

8 1 
6 5 
5 4 
6 1 
o 

-

Regression 
coefficient 

-191 o 
-133 5 
-60 7 

NT 
NT 

1989 

r 

o 90 
o 96 
o 83 

NT 
NT 

% 
loss 

11 o 
9 7 
3 9 
NT 
NT 

395-08 (0-5 3%) larga for Nazret Small-03 (19 2-27 6%) and intermediate for 
Mex1can 142 (3 1-17 8%) 

In 1989 the responses to appl1cation of fungicide were largar Losses 
ranged between 4 1 and 23 3% in Mexican 142 15 2 and 35 1% in Nazret Small-03 
and 8 3 and 13 6% 1n 6R-395-08 (Tabla 7) 
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Regress1ons of seed yield on the rust reactions for the individual 
entries (Tabla 8) showed that yields of Mexican 142 were reduced by 4 4% for 
each unit increase in disease reaction For Nazreth Small-03 this was 7 8% 
for Red Wolaita 1t was 6 3% and for 6R-395-08 it was 3 9% For Negro 
Mecentral (resistant) there was no relationship between disease reaction and 
seed yield In 1989 the yields of Mexican 142 decreased by 3 2% for each 
unit 1ncrease in d1sease reaction by 5 4% for Nazreth Small-03 and by 2 6% 
for 6R-395-08 

Table 6 Effect of Bean Rust on Disease Reactions and Seed Yieldsof Haricot 
Beans at Awassa in 1988 

Entr1es 

Mex1can 142 

Nazret 
Sma11-03 

6R-395-08 

Red 
Wola1ta 

Negro 
Mecentral 

Spray 
1nterva1 

(days) 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

Control 

5 
10 
15 
20 

control 

5 
10 
15 
20 

control 

5 
10 
15 
20 

Control 

Disease 
sever1ty 

( 1-9) 

1 5 
2 3 
3 8 
4 5 
5 3 

1 7 
2 8 
4 o 
4 o 
5 5 

2 5 
1 7 
2 5 
2 5 
3 o 

1 5 
2 8 
2 7 
3 3 
5 3 

1 5 
1 5 
1 5 
1 7 
2 5 

Seed 
y1eld 

(g/plot) 

1339 
1297 
1275 
1129 
11 o 1 

1781 
1344 
1320 
1440 
1290 

2894 
2914 
2741 
2902 
2743 

1518 
1389 
1344 
1239 
111 7 

2441 
2449 
2341 
2439 
2434 

Index 

100 o 
96 9 
95 2 
84 3 
82 2 

100 o 
75 5 
74 1 
80 8 
72 4 

100 o 
100 7 

94 7 
100 3 
94 7 

100 o 
91 5 
88 5 
81 6 
73 6 

100 o 
100 3 

95 9 
99 9 
99 7 

Per cent 
changa 

1n y1eld 

o 
-3 1 
-4 8 

-15 7 
-17 8 

o 
-24 5 
-25 9 
-19 2 
-27 6 

o 
+O 7 
-5 3 
+O 3 
-5 3 

o 
-8 5 

-11 5 
-18 4 
-26 4 

o 
+O 3 
-4 1 
-o 1 
-o 3 

In 1989 as other diseases were practically unimportant and rust 
severities correlated well with yield rust is most likely responsible for 
observad crop losses relativa to the yields of the most frequently sprayed 
plots Crop loss variad among entries years and locations which can be 
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Table 7 Effect of Sean Rust on Disease Reactions and Seed Yields of Haricot 
Sean at Awassa in 1989 

--------------------------------------------------------------
Spray Disease Seed Per cent 

interval severity yield change 
Entnes (days) (1-9) (g/plot) Index m yield 
--------------------------------------------------------------
Mex1can 142 5 1 o 1955 100 o o 

10 1 6 1875 95 9 -4 1 
15 2 4 1550 79 3 -20 7 
20 3 2 1565 80 o -20 o 

Control 5 4 1500 76 7 -23 3 

Nazret 5 2 o 1740 100 o o 
Small-03 10 2 o 1760 101 1 +1 1 

15 3 8 1475 84 8 -15 2 
20 3 4 1360 78 2 -21 8 

Control 7 8 1130 64 9 -35 1 

6R-395-08 5 1 4 1990 100 o o 
10 2 o 1825 91 7 -8 3 
15 2 o 1760 88 4 -11 6 
20 2 4 1825 91 7 -8 3 

Control 5 o 1720 86 4 -13 6 
--------------------------------------------------------------

Table 8 Coeff1cients of Regressions of Seed Yields on Rust Reactions and 
Percentage Y1eld Losses due to Rust of Entries in Trials at Ambo in 
1988 and 1989 

Entnes 

Mex1can 142 
Nazret Small-03 
6R-395-08 
Red Wolaita 
Negro Mecentral 

1988 

Regress1on 
coefficient r 

-63 3 o 86 
-127 o o 71 
-123 9 o 43 
-103 5 o 93 
+22 4 o 00 

% 
loss 

4 4 
6 8 
3 9 
6 3 
o 

Regression 
coefficient 

-101 2 
-102 7 
-51 7 

NT 
NT 

1989 

r 

o 68 
o 85 
o 50 

NT 
NT 

% 
loss 

5 2 
5 5 
2 6 
NT 
NT 

expected due to d1fferences in disease res1stance and variations in weather 
and the1r subsequent impact on rust initiation and development Obviously the 
relat1onships demonstrated are valid only within the l1mits of these 
exper1ments but the more 1nformation of this sort that can be assembled the 
greater will be the accuracy with which we can assess the yield losses due to 
rust and other d1seases across environments 
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Among other factors f1nal crop yields are influenced by the sever1ties 
of the diseases that occur during crop growth which are also relatad to the 
ratas of disease progress The apparent infection rate (van der Plank 1963) 
plays an 1mportant role in establishing a prediction modal for crop loss The 
results presentad here follow a cr1tical point modal Critical point models 
estimate yield losses for any level of disease at a time when a specified 
level of disease is reached (James and Teng 1979) They assume that years 
env1ronments and cultivars are typical in terms of durat1on and t1me of onset 
of disease and stabil1ty of 1nfection rate This may not be so under natural 
cond1tions so futura experiments should examine the role of 1n1tial infection 
and its subsequent development 1n yield loss 

Moreover more than a single disease can be present at any one time (for 
example angular leaf spot and common bacter1al bl1ght at Awassa and 
anthracnose and ascochyta blight at Ambo) and thei r contribut 1on to yield 
loss cannot be neglected 1n establishing predict1on models It is thus 
essential to collect more precise data to establish multiple point models by 
continu1ng field experiments repeated both in t1me and space 

Pathogenfcfty of Rust IsoTates 

Studies of the react1ons of the 20 rust different1als to Eth1op1an rust 
isolates began in 1988 

In greenhouse tests at Melkassa three 1solates collected from Ambo Arsi 
Negelle and Awassa were readily distinguished on the 20 different1als The 
rust isolate from Ambo produced large pustules (500-800 microns 1n diameter) 
on Kentucky Wonder 780 Mountaineer and Olathe medium-s1zed pustules (300-
500 m1crons) on Kentucky Wonder 765 and Redlands P1oneer small pustules (less 
than 300 microns) on US No 3 CWS 643 Pinto 600 Early Gellat1n Brown 
Beauty and Aurora and 1nduced no react1ons on Mex1co 235 and 51051 (Table 9) 

In nine of 20 cases the Ambo and Arsi Negelle isolates induced similar 
responses However the isolate from Arsi Negelle 1nduced large pustules on 
Mountaineer medium-s1zed pustules on US No 3 P1nto 600 and Brown Beauty and 
no reaction on Mexico 235 Mexico 309 NEP 2 51051 and CNC These results and 
reactions on Golden Gate Wax ind1cate differences 1n pathogen1c1ty between the 
two isolates 

In most cases reactions to the isolate from Awassa were s1milar to 
either one or both of the isolates from Ambo or Ars1 Negelle Reactions 
differed on Golden Gate Wax Ecuador 299 and Mexican 235 - on Golden Gate Wax 
pustule size was between 300-500 microns on Ecuador 299 less than 300 m1crons 
and on Mex1co 235 only necrotic spots were produced 

Considering all three isolates s1milar reactions were produced on CSW 
643 Kentucky Wonder 765 Early Gellat1n Mountaineer A x S 37 and 51051 
51051 was immune to all three isolates A x S 37 induced only a necrotic 
response csw 643 and Early Gellatin gave small pustules Kentucky Wonder 765 
produced medium-sized pustules and Mounta1neer large pustules for all 
isolates However the three isolates appear dist1nct they not only differ 
one from the other but there are indications of m1xtures of isolates in each 
collection 

53 



Table 9 React1ons of 20 Differential Bean Cultivars to Three Ethiopian Rust 
Isolates 

Isolates 

D1fferent1als Ambo Ars1 Negelle Awassa 

US No 3 3 4 3 
csw 643 3 3 3 
P1nto 600 3 4 4 
Kentucky Wonder 765 4 4 4 
Kentucky Wonder 780 5 4 4 
Kentucky Wonder 814 3 2 2 
Golden Gate Wax 3 5 4 
Early Gellat1n 3 3 3 
Mounta1neer 5 5 5 
Redlands P1oneer 4 3 3 
Ecuador 299 2 2 3 
Mex1co 235 1 1 2 
MeXlCO 309_ 2 1 1 
Brown Beauty 3 4 3 
Olatne 5 4 4 
A X S 37 2 2 2 
NEP 2 2 1 2 
Aurora 3 2 2 
51501 1 1 1 
CNC 2 1 2 

In the field stud1es h1gh incidences of rust occurred at Awassa and Ambo 
1n 1988 and 1989 1nc1dences were intennediate at Debre Zeit and slight at 
Me 1 kassa 1 n 1988 and rust was absent from Debre Ze i t and Me 1 kassa and on 1 y 
sl1ght at Arsi Negelle 1n 1989 Table 10 summarizes the reactions of the 20 
dlfferentials to some Ethiopian rust populations at Ambo and Awassa in 1988 
and 1989 and Debre Ze1t and Melkassa in 1988 only 

The class1f1cat1on was based on a 1-9 scale where 1-3 was considerad 
res1stant (R) 4-6 intennediate (I) and 7-9 susceptible (S) On this basis at 
least ten d1fferent responses can be dlstinguished indicating the occurrence 
of at least 8 d1fferent 1solates The most prominent interactions were 
recordad on the differentials Golden Gate Wax Olathe Kentucky Wonder 780 
and P1nto 600 

In the greenhouse and f1eld studies variability in rust reactions 
occurred among 1solates 1ndicating the presence of more than one isolate of 
the pathogen The frequent occurrence of several isolates in collections of 
Uramyces append1cuTatus 1s common (Stavely 1984) 1ndicating the existence of 
a w1de range of natural d1versity The isolates used here were not collected 
from ind1v1dual plants ne1ther were they properly described during 
collection For clear ldentification of physiologic races of bean rust 
homogeneous isolates need to be used and the date place and cultivar of their 
collect1on should be recordad Moreover local and 1mproved cultivars must be 
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Tabla 10 Reactions of Differential Bean Cultivars to Ethiopian Rust 
Populations at Ambo Awassa Debre Zeit and Melkassa in 1988 and/or 
1989 

--------------------------------------------------------------
1988 1989 

--------------------------- -------------
D1fferent1als Ambo Awassa DZ Melkassa Ambo Awassa 
--------------------------------------------------------------
Gol den Gate Wax S S S R I R 
us No 3 S I I I S S 
csw 643 S I R R S S 
Olathe I S S R I S 
Brown Beauty I I I R R R 
Redlands P1oneer I I R R I R 
Early Gellat1n I I R R R R 
Kentucky Wonder 765 I I R R S S 
Mounta1neer I R R R I R 
Kentucky Wonder 780 R S I R R S 
P1nto 600 R I S S R I 
A X S 37 R I R R I I 
Kentucky Wonder 814 R R R R R R 
Ecuador 299 R R R R R R 
MeXlCO 235 R R R R R R 
MeXlCO 309 R R R R R R 
NEP 2 R R R R R R 
Aurora R R R R R R 
51051 R R R R R R 
CNC R R R R R R 
--------------------------------------------------------------

included amon9 the differential set to detect new local rust 9enotypes that 
may not be distinguished by standard differentials alone 

Varieta7 Res1stance 

The rust reactions of entries in the 1987 1988 and 1989 rust nurser1es 
are summarized in Tablas 11 and 12 In 1987 rust and anthracnose were severa 
at Ambo and common bacterial bli9ht at Melkassa The scores for bean rust 
ran9ed from 1 to 9 with a mean score of 3 22 Entries Cuva-168-N Negro 
Jalpanta9ua-12 BAT 76 BAT 336 BAT 1629 Compuesto Ch1maltenango EMP 110 
XAN 97 XAN 158 ZAA 84005 Black Turtle Soup B 191 and CATU were found 
highly resistant with no evidence of rust Overall 12 entries were 
susceptible 24 moderately res1stant and 64 resistant When anthracnose and 
common bacterial blight are cons1dered A 409 BAT 73 EMP 87 PVAD 1022 XAN 
135 XAN 41 BAT 24 BAT 1629 EMP 110 Redland Pioneer XAN 77 XAN 135 ZAA 
84057 Bonita 42 Negra and ICA Pijao showed good levels of resistance to all 
three diseases 
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Table 11 D1sease Reactions of Entr1es in Rust Nurseries at Ambo and Melkassa 
in 1987 

-------------------------------------------------
Rust CBB Anth 

Entr1es (Ambo) (Melkassa) (Ambo) 
-------------------------------------------------
Aguascalientes 13 9 5 7 
ACV 84053 4 2 4 
A 177 7 6 2 
A 197 4 5 6 
A 409 2 2 3 
Bountiful 181 5 6 3 
Brown Beauty 5 4 3 
BAT 73 2 2 2 
BAT 1210 2 3 7 
BAT 1426 5 4 2 
BAT 1427 4 4 2 
BAT 1428 4 4 2 
BAN 24 2 2 5 
BAT 1572 2 4 3 
Canario 101 4 4 2 
CC-GB-44 (G 3607) 2 4 2 
CIAT 22 (G 5273) 4 5 2 
Cuilapa 72-1 (G 4489) 2 4 2 
Cuva 68-N 1 4 8 
EMP 87 2 3 2 
BAT 1287-1C-1C 3 4 3 
G 13079 3 6 2 
G 13145 3 5 2 
G 13133 5 5 2 
Jalisco 33 9 4 9 
Kentucky Wonder 765 7 3 3 
Mexico 6 7 4 3 
Mex1co 12 4 4 2 
BAT 1257 2 4 2 
MeXlCO 309 (G 5652) 2 4 6 
Negro Jalpantagua-72 1 2 7 
P1nto 650 8 2 9 
PVAD 1022 2 2 3 
N 128 (7641-501) 3 4 6 
RAB 211 2 4 6 
Turrialba 1 (G 4485) 2 4 4 
Turnalba 4 (G 4465) 2 4 3 
Veracruz 10 7 5 2 
XAN 135 2 3 3 
XAN 41 2 3 3 
XAN 87 2 3 4 
XAV 84078 .. 4 5 2 
ZAA 84006 3 4 3 
ZAA 84044 4 2 2 
ZAA 84065 4 4 2 
51051 (G 3834) 2 4 2 
-------------------------------------------------
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-------------------------------------------------
Table 11 (continuad) 
-------------------------------------------------

Rust CBB Anth 
Entries (Ambo) (Melkassa) (Ambo) 
-------------------------------------------------
A 316 2 4 2 
BAT 24 3 3 2 
BAT 48 2 8 2 
BAT 93 2 2 6 
BAT 260 2 5 3 
BAT 76 1 5 2 
BAT 336 1 4 7 

1 BAT 448 2 4 2 
BAT 1629 1 2 2 

1 

BAT 308 2 4 5 
California Small White 8 5 4 
Guerrero 6 4 3 3 

11 
Guanajuato 1D-A-5 2 5 3 
Cocacho 4 4 3 

1 
Compuesto Chimaltenango 1 3 6 
Epi cure 2 4 4 
Ecuador 299 (G 5653) 2 4 2 
EMP 87 2 5 2 
EMP 110 1 3 2 
G 109g 2 4 3 
Kentucky Wonder 780 7 4 8 
Mulatinho A 3 4 2 

1 Mexico 235 2 4 2 
Negro 150 4 2 3 

1 Ormiston 4 5 2 
Redland Greenleaf C 5 5 2 1 

1 

Redland Greenleaf B 4 4 2 1 

Redland Pioneer 3 2 2 1 

RAB 128 4 5 8 1 
1 

RAD 34 5 4 7 

1 

RIZ 43 5 4 2 
us No 3 6 4 6 
VRA 81024 5 4 4 

1 
VRA 81028 2 4 2 
VRA 81035 2 3 2 1 

VRA 81066 2 4 2 
XAN 97 1 4 6 
XAN 77 2 2 2 
XAN 158 1 3 3 
ZAA 84005 1 3 4 
ZAA 84057 2 3 2 
ZAA 84093 2 4 1 
A 176 (80 VEF 516) 2 4 2 
CC-25-9 2 4 2 
Black Turtle Soup 1 4 8 
Bonita 42 Negra 2 2 2 
B 191 (20290) 1 2 8 
EMP 8-1C (78 VEF 211-1) 2 2 4 
-------------------------------------------------
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Tabla 12 

Tabla 11 (continuad) 

Entrias 

CATU 
ICA Pijao 
Red Kloud 
BAT 1102 
Nazrat Small-03 

Mean 
S E 

Rust CBB Anth 
(Ambo) (Malkassa) (Ambo) 

1 
2 
7 
7 
8 

3 22 
o 202 

4 
2 
4 
4 
4 

377 
o 110 

5 
3 
2 
4 
4 

3 51 
o 200 

Disaasa Raactions of Entr1as in Rust Nursarias at Ambo 
1989 

in 1988 and 

--------------------------------------------------------------------------------
1988 1989 

------------------- -----------------------
Entnes Rust ANTH ASC ANTH ASC CBB Rust 
--------------------------------------------------------------------------------
Olatha 9 7 5 6 5 2 3 4 7 
BAT 448 2 3 o 4 o 2 2 4 2 5 
p I 3388 6 2 5 7 o 2 5 4 5 4 4 5 
997-CH-73 3 5 o 3 5 4 4 5 2 5 2 5 
Varacruz 10 5 4 o 4 o 5 5 3 5 4 5 3 5 
BAT 48 3 3 o 3 5 2 5 2 4 2 5 
Pogomom 8 2 o 6 o 2 4 5 4 5 3 5 
Redland Autumn Crop 5 3 o 6 5 2 5 4 2 4 5 
Brown Beauty 6 3 o 4 5 3 5 5 4 5 4 
MCO 254 3 2 5 3 5 2 3 2 4 
BAT 520 3 2 5 6 o 4 5 2 5 2 2 5 
Redland Greenleaf (G 5746) 8 3 o 5 5 2 5 4 5 3 5 
BAN 24 3 5 5 3 5 1 5 3 2 4 
A 316 3 2 5 4 5 3 3 4 2 5 
BAT 260 3 3 o 4 5 2 4 3 3 
ZAA 84065 3 3 o 5 o 5 5 4 2 2 5 
Mexico 309 3 9 o 5 o 6 2 5 2 2 
XAN 147 3 3 o 6 5 2 5 2 5 3 5 2 
ZAA 84005 3 2 5 5 5 2 2 5 3 3 5 
Compuesto Ch1maltenango 3 3 5 3 5 3 5 4 2 3 
BAT 1572 3 3 o 3 5 3 5 4 4 5 5 
PAN 47 3 5 5 5 5 3 4 2 2 5 
XAN 41 3 3 5 4 o 3 5 4 4 2 
Guanajuato 10A-5 5 3 5 5 5 3 4 3 5 3 
Mulat1nho A 5 4 5 7 o 5 5 2 3 5 4 5 
Bountiful 181 6 4 o 7 o 4 5 2 3 5 6 
Jalisco 33 8 8 5 4 o 8 3 1 4 
A 409 7 4 5 3 5 2 5 4 3 6 5 
--------------------------------------------------------------------------------
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--------------------------------------------------------------------------------
Tabla 12 (continuad) 
--------------------------------------------------------------------------------

1988 1989 
------------------- ----------------------------

Entries Rust ANTH ASC ANTH ASC CBB Rust 
--------------------------------------------------------------------------------
Epi cure 9 5 5 6 5 8 1 5 1 5 5 
ZAA 84093 3 3 o 7 o 2 5 5 2 3 5 
Turrialba 4 2 4 5 3 5 4 3 3 3 5 
EMP 81 5 5 o 4 5 4 2 4 5 5 
RAB 30 5 6 o 2 5 2 5 2 5 4 3 5 
Canario 101 5 2 5 3 5 2 4 5 3 5 6 
Guerrero 6 3 7 o 6 o 5 5 2 5 5 3 5 
RIZ 43 2 2 o 4 5 3 2 5 3 5 3 
Negro Jalpantagua 72 2 6 o 5 o 5 3 5 2 2 
BAT 1210 3 7 5 4 5 4 2 5 1 3 5 
Mexico 6 9 4 o 3 o 5 1 2 4 5 
Mantequilla 8 3 5 5 o 1 5 6 3 7 
NAG 37 5 6 o 8 o 4 5 3 5 2 5 
BAT 76 3 3 o 4 5 2 5 3 5 3 3 
Puerto Rico 5 2 8 o 6 5 5 5 3 2 3 
ZAA 79 5 3 o 7 5 3 4 5 3 5 
Negro 150 9 2 5 7 5 5 2 3 5 6 
Kentucky Wonder 765 9 5 o 8 5 3 2 2 5 7 5 
Compuesto Chimaltenango 3 2 o 5 5 3 3 3 3 
California Small White 9 5 5 9 o 5 2 3 6 5 
XAN 43 8 3 o 6 o 2 3 5 2 5 
BAT 1427 3 2 o 8 5 2 4 5 2 4 5 
XAN 97 2 6 5 6 o 7 3 2 3 5 
Ormiston 2 5 o 6 5 2 6 2 4 
ZAA 84044 5 2 o 8 5 2 6 5 4 
Panpadour Cacha 6 2 o 6 5 1 5 5 3 4 
EMP 110 2 4 o 6 5 4 5 3 5 4 3 
Turrialba 4 (G 4465) 2 3 5 7 o 3 4 4 4 5 
A 197 6 7 o 4 o 3 5 4 2 5 3 
XAN 158 3 3 o 3 o 4 5 2 3 2 5 
Cuilapa 72 2 5 5 6 5 3 5 4 4 5 2 5 
BAT 93 2 6 o 6 o 3 3 5 3 1 5 
ZAA 39 3 3 o 3 o 5 3 3 5 2 5 
EMP 87 2 3 o 3 o 5 3 2 5 5 5 
Mexico 235 2 3 5 4 5 3 3 2 2 5 
RAD 34 3 5 5 4 o 4 5 3 3 2 
XAN 87 3 8 o 3 o 5 2 2 2 5 
Kentucky Wonder 814 3 7 5 6 5 5 5 3 5 4 5 4 5 
Kentucky Wonder 780 8 9 o 5 o 8 2 2 2 
XAN 135 2 3 o 4 o 6 5 3 2 2 
Aguascalientes 13 9 3 5 3 o 4 5 3 2 8 5 
ZAA 72 3 3 5 4 5 1 5 3 5 2 3 5 
XAN 77 2 4 5 6 5 4 5 3 2 5 2 
Compuesto Negro Chimaltenango 2 3 5 4 o 5 5 2 2 5 1 5 
CC-GB-44 6 2 o 2 5 3 3 2 5 4 
BAT 1629 2 2 5 2 5 3 3 2 5 3 5 
DOR 62 2 2 o 2 5 3 3 3 2 
--------------------------------------------------------------------------------
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--------------------------------------------------------------------------------
Tabla 12 (continuad) 
--------------------------------------------------------------------------------

1988 1989 
------------------- ----------------------------

Entries Rust ANTH ASC ANTH ASC CBB Rust 
--------------------------------------------------------------------------------
ANO 175 2 2 5 2 5 2 3 5 5 1 
BAT 336 2 4 5 6 5 4 5 3 5 3 2 
ACV 17 2 2 o 7 5 3 3 3 5 2 
ZAA 65 5 2 o 6 5 2 3 5 2 4 
RAO 211 2 6 5 2 5 7 3 5 4 1 
Cornell 149242 8 2 5 5 o 3 3 5 4 2 
Veracruz-1-A-6 5 8 o 4 o 3 5 3 5 3 5 2 
CAN 27 5 2 5 4 5 3 4 5 3 5 6 
Guerrero 9 2 2 5 2 o 3 3 3 5 3 
51051 3 3 o 4 o 6 4 3 5 2 
Pinto 650 9 7 5 3 o 5 5 2 5 2 5 
BAT 308 3 5 5 5 5 5 5 3 5 3 2 
M8X1CO 12 9 4 5 3 5 4 5 3 2 5 5 
Ecuador 299 3 3 o 3 5 2 3 1 2 
cuva 168-N 2 7 o 4 o 3 5 3 2 2 
Redland Greenleaf (G 5653) 8 2 5 3 5 2 5 3 2 5 
Gol den Gata Wax 9 4 5 7 5 4 3 1 5 4 
Redland P1oneer 5 3 o 6 o 1 5 3 5 5 4 
US-3 9 7 5 7 5 3 4 5 2 2 

Mean 4 40 4 25 5 03 3 74 3 33 2 95 3 
S E o 25 o 198 o 174 
-------------------------------------------------------------------------------

In 1988 94 entries were included in the nursery There was a high 
1ncidence of rust at Ambo accompanied by anthracnose and ascochyta blight 
Scores for rust ranged between 2 and 9 with an overall mean of 4 4 The 
pathogen induced no reaction 1n 54 entries Entries BAT 48 MCO 254 XAN 158 
ZAA 49 EMP 87 BAT 1629 DOR 62 ANO 175 Guerrero 9 and Ecuador 299 showed 
l1ttle or no reaction to all three diseases 

The same 94 entries were included in the nursery in 1989 All showed some 
reaction to rust Scores ranged between 1 5 and 8 5 with a mean of 3 62 
Entr1es with least reactions to the four diseases included Mexico 309 XAN 
145 XAN 141 Negro Jalpantagua 72 BAT 93 RAO 34 Compuesto Negro 
Ch1maltenango ANO 75 and RAO 211 BAT 448 BAT 93 Mexico 235 ANO 75 ACV 17 
and Ecuador 299 showed the least reactions to all four diseasas 

Resistance 1n bean to rust and other diseasas is not unique Savaral 
sources of res1stanca to bean rust anthracnose common bacterial blight and 
bean common mosaic virus are reportad (Coyne et a1 1973) Tha results 
reportad here confirm these findings and also indicate that thera is a good 
possibility of identifying genotypes with resistanca to one or more disaasas 
in Ethiopia Entries such as Redlands Pionaer Ecuador 299 and BAT 448 were 
also found resistant to rust in Uganda and other diseases in Zambia The 
regional rust nursary which will begin in 1990 should provide information on 
the distribution of races across the ragion and help identify genotypes with 
stable resistance to rust 
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Ana1ysfs of Serotypes and strafns of Bean COiJIJJon 
/fosafc Virus (BCIIV) fn Countrfes tffthfn CIAT s 

Regfona 7 ProgrlliiiiiiJ on Beans fn Eastern A frica 

s A P Ovara 

Department of Crop Scfence Nakerere Unfversfty Kampa1a Uganda 

Abstract 

One hundred and seventy nfne samp1es of bean p1ants sho~lng virus or 
virus-11ke symptoms ~ere co11ected from major bean producfng areas of 
Uganda and Ethiop7B A11 ~ere tested agafnst antfsera of t~o stra1ns 
of BCHV (NL3 and NY15) ten other v1ruses and t~o monoc1ona1 
antfbodfes (BCHV-1-3 and BCMV-11-197) using a d1rect ant7body 
sand~ich type of ELISA The tests 7ndicated that of the samples that 
~ere infectad ~fth BCNV in Uganda the vast ma;onty ~ere necrot1c 
strains and m Ethlopia non-necrotic Incidences of other vfruses 
~ere very 1~ 

Introduction 

The objectives of the sub-proJect are to 

1 survey and 1dent1fy BCMV strains in eastern Africa 

2 evaluate/screen gennplasm collections for resistance to BCMV strains 
prevailing 1n eastern Africa 

'3 conduct comparativa studies of pathotypes aga1nst promising materials 
and 

4 identify alternate hosts of BCMV and other viruses 

A lthough dry bean is an important source of edible proteins in most 
tropical countries it is not immune to infection by seed transmitted viruses 
which pose serious risks in production and in improvement programs Like other 
leguminous plants bean is susceptible to natural infect1ons by many viruses 
Indeed there are reports in literatura of approximately 30 d1fferent types 
of viruses affecting the grain legumes bean broadbean cowpea lentil pea 
peaout and soyabean Of the 34 taxonomic groups of plant viruses approved by 
the International Committee on Taxonomy of Viruses 12 contain at least one 
mamber which is seed transmitted in legumes They are most numerous in the 
potyvirus group (nine) followed by the comoviruses (five) sobemoviruses 
(four) with one in each of the alfalfa mosaic bromo- carla- furo- ilar­
nepo- pea enation- tobamo- and tobraviruses 

The major seed-transmitted viruses in grain legumes and their natural 
hosts are bean common mosaic virus (BCMV) of bean and mung bean blackeye 
cowpea mosaic virus (BCMV) of cowpea cowpea aphid-borne mosaic (CAMV) cowpea 
mild mottle (CMMV) and cucumber mosaic viruses (CMV) of bean cowpea and mung 
bean pea seed borne mosaic virus (PSbMV) of lentil and pea pea early 
browning virus (PEBV) of pea peanut mottle (PMV) peanut stnpe (PSTV) 
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peanut stunt (PSV) and southern bean mosaic viruses (ISBMV) of bean and 
cowpea sunn-hemp mosaic virus (SHMV) of cowpea and soyabean mosaic (SMV) and 
tobacco ring-spot viruses (TRSV) of soyabean 

In the majority of cases transmission via seed is a consequence of 
infection of gametes leading to formation of infectad embryos Depending on 
the virus/host combination seed transmission ranges from zero to 100' 
Infection rates of 10-20% are c0111110n with a number of legumes A notable 
exception to embryo infection appears to be sunn-hemp mosaic virus which is 
largely conf1ned to the testa there is no convincing evidence that the embryo 
1s 1nfected In many cases of embryo infect1on germination of the seed 
results in 1nfected seedlings which depending on the virus may exhibit 
symptoms 1n youngest leaves In the case of sunn-hemp mosa1c virus infection 
of the seedl1ng probably arises from mechanical inoculation of the seedling by 
virus released from the seedcoat dur1ng germinat1on 

Whatever the source of 1nfection the control of virus infection depends 
upon a clear understanding of epidemiological variables such as virus source 
chance of transmission susceptibility of the target crop and the influence of 
env1ronment El1minat1on of source preventing transmission which is usually 
very spec1fic or changing the target by using resistance or tolerance or 
even a complete sh1ft to a d1fferent crop may prove useful 

Viable v1rus control and disease management starts with reliabll 
detection and 1dentif1cat1on of strains of plant viruses Two basic types ot 
test are commonly used to detect viruses especially in seeds The first is 
b1ological depend1ng upon the appearance of symptoms in seedlings (growing-on 
test) or in indicator plants inoculated with seed extract The method has 
been used extensively and constitutes a useful first step in appraising a 
sample of seed for the presence of vi rus but it is necessary to follow the 
test with definitiva ident1fication methods It is the usual method of 
erad1cat1ng virus from germplasm collections The infect1Yity assay method 
has been used in the detect10n of pea seedborne mosaic virus in comnercial 
seed lots 

The second type of test ut1lizes various serological techniques 
espec1ally immunoduffusion for example Enzyme-Linked Immuno-Sorbent Assay 
(ELISA) and Immuno-Sorbent Electron Microscopy (ISEM) Immunodiffusion 
methods are suitable for detect ion of isometric vi ruses but when used for 
detection of some f1lamentous viruses modification of the gel medium or the 
ant1gen with detergents of alkaline PA is usually necessary to disassemble the 
nucleopept1de subunits so that they may diffuse more rapidly 

In this proJect ELISA has been used extensively to detect BCMV strains 
in bean This method 1s especially useful for group testing of seeds in which 
seed infection 1s low (1-5') Such low levels are not amenable to detection by 
immunodiffus1on methods because of their lower sensitivity Development of 
broad spectrum serological probas which can detect a wide range of viruses 

within a specif1c virus group may find apphcation in detecting seed-borne 
vuuses and already a number of laboratories are investigating their 
application 

ISEM has been usad to some extent especially to circumvent problems with 
use of EL ISA under condit ions of high background absorbance It may be a 
useful assay for relatively small numbers of samples but is unlikely to 
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replace ELISA which in most instances is easier and cheaper to implement 
Complementary DNA (cONA) may find application for detecting viruses in bean 
seed extracts It has been applied successfully in peanut seed infectad with 
PMV and PSTV at lower levels than can be detectad using ELISA However its 
use will probably be limitad because most seed testing facilities do not have 1' 
rad1o isotope fac1lities and the disposal of radioactiva waste is a problem 
Substitut1on of isotopically labelled cONA by cold probas such as biotin 
would facilitate use of the technique Criteria of increasing complexity can 
be usad in virus identification and the choice of which to apply will depend 
on the facilities available Immuno-sorbent assay has been the chief means of 
BCMV characterization in this sub-project 

Mater1als and Methods 

Several bean growing areas of Uganda and Ethiopia have been surveyed for 
the purpose of collecting BCMV infectad samples In all cases surveys were 
carefully planned to coincide with flower1ng to podd1ng stages of bean crops 
when BCMV symptoms are most conspicuous Bean samples showing virus and 
virus-like symptoms were collected particularly from farmers fields in 
various districts of Uganda and Ethiopia w1th emphasis on diversity of 
environments 

Samples were analysed 1n a direct antibody sandwich (DAS) form of ELISA 
Those samples wh1ch showed strong positiva reactions and also others which 
gave negativa reactions but carne from plants which showed symptoms sim1lar to 
BCMV in the fields at the time of sampling were run through infectiv1ty tests 
Sap transm1ssion evaluations were conducted using cultivars Bountiful Saxa 
Black Turtle II and other test plants such as Nicotisns benthsmrans N 
c1eve1sndri and Chenopodfum quinos Cultivar Monroe was especially used for 
local lesion tests 

In all cases the samples were testad against ant1sera to the following 
common viruses bean common mosaic potyvirus strain NL3 representing serotype 
A bean common mosaic potyvirus strain NY15 representing serotype B blackeye 
cowpea mosaic potyvirus soyabean mosa1c potyvirus pea seedborne mosaic 
potyvirus peanut mottle potyvirus peanut stripe or azuk1 bean mosaic 
potyvirus cowpea mild mottle carlav1rus clover yellow vein potyvirus 
southern bean mosaic sobemovirus bean mild mosaic virus and squash leaf curl 
gem1nivirus The monoclonal antibodtes BCMV-I-3 (specific for serotype A 
isolates of BCMV) and BCMV-II-197 (reactive with most BCMV isolates and w1th 
sorne other potyviruses) were used in the tests 

Differential varieties developed by DriJfhout 1n Wageningen (Tabla 1) 
were used in strain typing of both Ugandan and Ethiopian isolates Because of 
the absence of greenhouses and screenhouses at Makerere it has not yet been 
possible to initiate germplasm screening for BCMV resistance but it is hoped 
that it may be possible to conduct field inoculations in the forthcoming 
growing season (March-June 1990) using CIAT materials 
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Table 1 Differentiation and Grouping of Strains of BCMV 

Non-necrotic strains Necrotic strains 

Cult wars 
I 

Nl1 
11 
NL7 

IVa Va VII 
Fla NY15 NL4 

III IVb Vb Vla Vlb 
NL8 NL6 NL2 NL3 NL5 

Dubbele Witte + + + + + + + + + + 
Stringless Green + + + + + + + + + + 
Sutter Pink + + + + + + + + + + 
Redland Greenleaf C + + +to + + + +to + 
Puregold Wax + + +to + + + +to + 
!muna +to + +to + + + +to + 
Redland Greenleaf B + + + + + 
Great Northern 123 + + + +to +to 
Sanilac + + + + + 
M1chelite 62 + + + + + 
Red Mexican 34 + + + + + 
Pinto 114 + + + + 
Monroe + 
Great Northern 31 + 
Red Mexican 35 + 
Widusa +n -/+n +n +n 
Black Turtle Soup +n -/+n +n +n 
Jubila +n -/+n +n +n 
Topcrop -/+n -/+n +n +n 
Improved Tendergreen - -/+n -/+n +n +n 
Aman da +n 
--------------------------------------------------------------------------------
+ = suscept1ble systemic mosaic +to = susceptible but tolerant 
systemic mosaic symptoms questionable or very weak - = resistant 
no systemic symptoms +n - susceptible systemic necrosis 
not dependent upon temperatura -/+n = susceptible or resistant 
dependent on temperatura mostly only a few plants with systemic 
necrosis var1able and increasing w1th temperatura 

Results 

In total 179 samples from Uganda and Ethiopia were testad against the 
antisera Where reactions occurred it was usually with BCMV antisera with 
occas1onal m1ld reactions to blackeye cowpea mosaic virus (Tablas 2 and 3) 

A large proportion of Ugandan isolates gave positiva reactions with 
antibodies to BCMV-I-3 and in only rare cases were there reactions with an 
antiserum to BCMV-NY15 This pattern of reaction suggests that a vast 
majority of BCMV isolates from Uganda are serotype A isolates and are likely 
to be necrotic strains that cause systemic necrosis (black root) in bean 
cultivars possess1ng the dominant necrosis gene 

Incidences of other viruses such as cowpea mild mottle virus are very low 
among the samples testad In one case from a sample collected from a bean 
field 40 km North of Kampala a gemini virus was detectad using an antiserum 
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to squash leaf curl virus The validity of the reaction was confirmad using a 
test monoclonal antibodY 11-197 

There appeared to be differences 1n the d1stribution of pathotypes among 
locat1ons Serotype A was more common 1n m1d-alt1tude (1 200 masl) warm areas 
(20-23°C) than 1n h1gh alt1tude (1 400-1 800 masl) cool (12-16°C) mountainous 
reg1ons It can be inferred therefore that cool areas tend to favour 
serotype B 1solate d1stribut1on 

Table 2 Serological Reactions of BCMV Samples Collected 1n Uganda 1n 1988 

-----------------------------------------------------------------
Reactionsa 

--------------------------
Sample BCMV BCMV 
no Symptoms 1-3 NY15 B1CMV II-197 
-----------------------------------------------------------------
Bukalasa Lwero Distrtct 

U01 crtnkled o o o o 
U02 BCMV +++ + + +++ 
U03 BCMV +++ o o +++ 
U04 BCMV +++ o o +++ 
U05 BCMV o o o o 
U06 BCMV +++ o o ++ 
U07 BCMV ++ o o +++ 
U08 BCMV o o o o 
U09 BCMV ++ o o +++ 
U10 BCMV + o o +++ 
U11 BCMV o o o o 
U12 BCMV ++ o o + 
U13 BCMV +++ o o ++ 
U14 vetn necros1s/BR? o o o o 
U15 ve1n necrosis/BR? o o o o 
U16 ve1n necros1s/BR? o o o o 
U17 ve1n necros1s/BR? o o o o 
U18 ve1n necros1s/BR? o o o o 
U19 ve1n necros1s/BR? o o o o 
U20 BCMV o o o o 
U21 BCMV +++ o o ++ 
U22 BCMV o o o o 
U23 BCMV o o o o 
U24 BCMV o o o +++ 

K1ryandongo Mastndt otstrtct 

U25 BCMV? o o o o 
U26 BCMV? o o o o 
U27 BCMV? o o o o 
U28 BCMV? o o o o 
U29 BCMV? o o o o 
U30 BCMV? o o o o 
--------------------------------------------------
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Table 2 ( contlnued) 

-----------------------------------------------------------------
ReactJons 

--------------------------
Sample BCMV BCMV 
no Svmptoms I-3 NY15 BlCMV II-197 
-----------------------------------------------------------------
U31 BCMV? + o o + 
U32 BCMV? o o o o 
U33 BCMV? o o o o 

3 ka N of Mbale Mbale D1str1ct 

U34b nutr1ent deficiency? o o o o 
U35b nutr1ent deficiency? o o o o 
U36b nutr1ent deficiency? o o o o 
U37b nutrtent deftc1ency? o o o o 
U38b nutrtent defJcJency? o o o o 
U39b nutnent deflcJency? o o o o 

Toro ro Toro ro D1stnct 

U40 BCMV? ++ o o ++ 
U41 BCMV? o o o () 

U42 BCMV? o o o o 
U43 v 1 rus? o o o o 
U44 virus? o o o o 
U45 virus? o o o o 
U46 virus? o o o o 
U47 VIrus? o o o o 
U48 SUSplClOUS one plant o o o o 

Nakabongo JinJa D1str1ct 

U49 Plot 142 BR? + o o + 
U 50 Plot 144 BR? + o o + 
U 51 Plot 222 BR? o o o o 
U 52 Plot 243 BR? o o o o 
U 53 Plot 253 BR? + o o ++ 
U 54 Plot 255 BR? o o o o 
U 55 Plot 314 BR? o o o o 
U 56 Plot 324 BR? o o o o 
U 57 Plot 345 BR? o o o o 
U 58 Plot 345 BR? o o o o 
U 59 Plot 353 BR? ++ o o ++ 
U60 Plot 124 BR? + o o ++ 
U61 Plot 132 BR? + o o + 
U62 Plot 122 BR? + o o +++ 

Kachwekano Kabale DIStnct 

U63 edge chlorot1c o o o o 
U64 cultivar Rushare SUSplC10US o o o o 
-----------------------------------------------------------------
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Tabla 2 (continuad) 

React1ons 

Sample BCMV BCMV 
no Symptoms I-3 NV15 B1CMV II-197 

U65 
U66 
U67 

crippled and variegated leaves 
plant completely yellow BR? 
mosaic not BCMV 

Mparo Kabale D1str1ct 

U68 
U69 
U70 
U71 
U72 
U73 
U74 
U75 

BCMV? 
chimera other mosaic 
mild mosaic 
yellow speckles 
crumpling with mild mosa1c 
mottled leaves BCMV? 
mottled leaves BCMV? 
susp1cious clean field 

Seta Mp1gi D1str1ct 

U76 
U77 
U78 
U79 
uso 
U81 

severa leaf roll 
typ1cal BCMV symptom 1n field 
typical BCMV symptom in f1eld 
typ1cal BCMV symptom 1n field 
typ1cal BCMV symptom 1n field 
typical BCMV symptom in field 

Nakaseka Lwero D1str1ct 

BCMV? 
BCMV? 
BCMV? 
BCMV? 
BCMV? 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

+++ 
o 
o 
o 
+ 
+ 

o 
+ 
o 
o 
+ 

U82 
U83 
U84 
U85 
U86 
U87 
U88 
U89 
U90 
U91 
U92 
U93 
U94 

plant yellowed 
BCMV? 
BCMV? 

photo by Wortmann O 
o 
o 

BCMV? 
BCMV? 
other virus? 
rugosed leaves 
typical BCMV 

+++ 
o 
o 
o 

+++ 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 

o 
o 
+ 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
++ 
o 
o 
o 
o 
o 
o 
o 

~ +++ = strong ++ = moderate + = weak O = no react1on 
collected in off-season BR = black root 
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Table 3 Serolog1cal React1ons of BCMV Samples Collected 1n 
Eth1op1a 1n 1988 

Sample 
no Symptoms 

Melkassa 

700 
701 
702 
703 
704 
705 
706 
707 

708 

709 
710 
711 
712 

713 
714 
715 
716 
717 

BCMV 
leaf rugos1ty 
? 

? 

? 

very m1ld BCMV 
bl1ster mosa1c 
severe leaf d1stort1on not 
system1c 
very m1ld leaf d1stort1on not 
system1c 
yellow speckle 
yellow speckle 
BCMV? atyp1cal 
seedborne BCMV? 
d1stort1on 
mosa1c (genetlc?) 

system1c 
not system1c 

on young leaf 
severe leaf 

golden yellow mosa1c 3 plants 
? 

? 

d1ffuse mottle 

Alemtena 

718 
719 
720 

deformat1on 
m1ld ve1n band1ng 
yellow mosa1c not system1c 

6 km S of Mek1 

721 
722 
723 

724 
725 
726 

m1ld BCMV 
m1ld BCMV 
1nterve1nal green1ng cotyledons 
BCMV 
f1ne yellow speckles 
system1c leaf deformat1on 
m1ld BCMV-llke not system1c 

Z1way Agr1cultural College 

727 crumpl1ng 

BCMV 
1-3 

o 
o 
o 
o 
o 
o 
o 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 

o 
o 

O? 
o 
o 
o 

o 

React1ons8 

BCMV 
NY15 B1CMV 11-197 

+ 
o 
o 
o 
o 
o 
++ 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 

o 
o 

o 
o 
o 
o 

o 

o 
o 
o 
o 
o 
o 
o 

o 

O? 
o 
o 
o 

o 
o 
o 
O? 
o 
o 

o 
o 
O? 

o 
o 

o 
O? 
0? 
o 

o 

++ 
o 
o 
o 
o 
o 

+++ 

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
++ 
o 

o 
o 

o 
o 
o 
o 

o 
-----------------------------------------------------------------
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Table 3 (cont1nued) 

Sample 
no Symptoms 

BCMV 
I-3 

728 
729 
730 

731 
732 
733 
734 

very severe leaf crumpl1ng LR O 
severe leaf crumpl1ng and LR O 
s1ngle shr1velled leaf not 
system1c O 
system1c leaf malformat1on O 
severe leaf curl O 
seedborne BCMV? leaf deformation O 
severe leaf crumpl1ng O 

Awasa-Shashamene (large field) 

735 
736 
737 
738 

Awasa 

739 
740 
741 
742 
'743 
744 

H1rna 

745 
746 
747 
748 
749 
752 

seedborne BCMV? 
BCMV? 
BCMV? 
yellow1ng nutr1ent defic1ency? 

m1ld mottle 
m1ld mosa1c (BCMV?) 
m1ld mosa1c (BCMV?) 
sllghtly necrotic ve1ns 
some leaves with necrot1c ve1ns 
spectacular necros1s few leaves 

o 
o 
o 
o 

+ 
o 
o 
o 
o 
o 

Mg def1c1ency? O 
Mg def1ciency? O 
BCMV-llke ve1n bandlng not syst O 
genet1c mosa1c small plant O 
1nconsp1cuous 1ntervenal chlor O 
nutr1t1onal defect? O 

Alemaya (1960 masl) 

753 
754 

755 
756 
757/8 
759 
760 
761 

1nterve1nal f1ne spots 
sl1ght leaf deformat1on 
chlorot1c spots 
severe yellow1ng 
mosa1c one leaf only 
like 756 but apparently systemic 
BCMV? 
seedborne BCMV? 
malformation (genetlc?) 
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Table 3 (cont1nued) 

-----------------------------------------------------------------

Sample 
no symptoms 

BCMV 
I-3 

762 
763 
764 
765 
766 

767 
768/9 
770 

771/2 
773/4 

mosa1c (genet1c?) 
BCMV 
BCMV 
m1ld mosa1c not system1c 
mosa1c (genet1c?) leaf 
malformat1on 
br1ght yellow spott1ng 
golden yellow mosa1c system1c 
sl1ght leaf deformat1on/ 
d1scolorat1on 
severe leaf pucker1ng 
f1ne chlorot1c spots 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

Fenkele 

775 
776 
777 
778 
779 
780 
781 

782 
783 
784 

M1esso 

785 
786 

Alemaya 

790b 
791 
792 
793 
794 
795 

Z1way 

796 

mosa1c not BCMV O 
ma1ze 
ma1ze 
ma1ze 
chlorot1c spots necrot1c centre O 
old plant O 
sweet potato d1ffuse chlorot1c 
spots 
ve1n band1ng O 
sl1ght leaf deformat1on O 
l1ke 779 o 

cowpea 

chlorot1c mosa1c (070) 
leaf deformat1on mosa1c 
m1ld mosa1c (072) 
ve1nal mottle (073) 
leaf deformat1on/cr1nkle 
chlorot1c mottl1ng (075) 

( 071 ) 

(074) 

mottle and ve1n band1ng (076) 

72 

o 
o 

o 
o 
o 
o 
o 
o 

o 

React1ons 

BCMV 
NY15 B1CMV II-197 

o 
o 
+ 
o 

o 
o 
o 

o 
O? 
o 

o 

o 
o 

o 
o 
o 

o 
o 

++ 
o 
o 
o 
o 
o 

+++ 

o 
o 
o 
o 

o 
o 
o 

O? 
O? 
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Table 3 (contlnued) 

React1ons 

sample BCMV 
no Symptoms 

BCMV 
I-3 NY15 B1CMV II-197 

-----------------------------------------------------------------
Awasa (Shallo) 

797 chlorot1c mottl1ng (077)b o o o 
798 chlorot1c mosa1c (078) o o o 
799 typ1cal BCMV-llke mosa1c (079) o o o 
800 ve1n band1ng leaf d1stort1on 

(080) o +++ o 
801 leaf deformat1on narrow1ng of 

young leaves ve1nal chloros1s o o o 

D1re Oawa 

802 dlStlnCt chlorot1c mottl1ng (082) o o o 

a +++ = strong ++ = moderate + = weak o = no react1on 
? = doubtful react1on 

b numbers 1n parentheses are Dr Abdulrazak s sample numbers 
BR = black root 

o 
o 
o 

+++ 

o 

o 

There was a marked contrast between the Ugandan and Ethiopian isolates 
Whereas the Uganda isolates were predominantly A isolates of BCMV the 
Ethiopian isolates were largely B isolates reacting consistently positively 
with antisera to BCMV-NY15 and not with ant1serum to BCMV-I-3 (Table 3) 
These differences between Ugandan and Ethiopian 1solates have important 
implications in developing BCMV programmes for the two countries and exchange 
of breeding materials between them 

Futura Plans 

Futura plans are to 

1 attend and participate in a workshop in Kampala on potyviruses 

2 prepare a report on progress made in the year 1989 and also draw up a 
budget for 1990 

3 survey viruses present in farmers fields in lowland and highland areas 
of Kenya to compare Kenyan strains of BCMV with strains collected in 
Uganda and Ethiopia (the main purpose of this exercise is to draw up an 
inventory of BCMV strains occurring in Eastern Africa) 

4 assist the CIAT breeder with field screening of segregating materials 
particularly for resistance to black root 
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5 carry out greenhouse screen1ng aga1nst BCMV - type and NL-3 1n Uganda 

6 request M1chael omunyin to conduct similar greenhouse screening of bean 
materials against the prevalent strains in Kenya 

7 conduct field screening for BCMV resistance of materials from Uganda 
national program at two locations in Uganda 

8 prepare manuscript for Morogoro workshop 

9 attend Morogoro workshop and use opportunity to discuss work on BCMV in 
Tanzania with Professor Femi Lana of Sokoine University 

10 analyse results 

11 prepare progress report and 

12 prepare manuscript for publication in either Plant Oisease Annals of 
Applied Biology or Crop Protection Journal 
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Integrated #lluJBgaiiBnt of &Nmf1y (OphfOI!WfB Dhaseolt) 
on Hartcot &Jan 

Melaku Wale 

Institute of Agricultural Research Nelkassa Station Ethiopia 

Abstract 

In sCNing date x plant population trials grain yields and beanfly 
infestat ions were greater at Awassa than at Ne lkassa Beanfly 
infestations and dsmage and grain yields increased with increasing 
plant populations at both locations Bsanfly mfestation and dsmage 
increased at Hslkassa and decreased at Awassa with delays in Sotilng 
At Awassa grain yields were 7ess in the last sot~ing but sowing date 
did not affect grain yields at Nelkassa Among fifty entries screened 
for beanfly resistance at Awassa OOR 62 A 114 Carioca A 176 G 
3844 and BAT 338-1C shotied less beanfly infestation but there was no 
relationship between beanfly infestation and grain yields 

Introduct1on 

Beanfl1es (Ophiomyia spp ) are the most important 1nsect pests of beans 
in several countr1es of eastern Africa In Ethiopia beanfly (OphtomyJa 
phaseoli) can cause a total failure of haricot bean under extreme conditions 
Infestation levels of up to 100% are common and yield losses range from 14 to 
35% 

Insecticidas host plant resistance and improved cultural practicas 
provide dependable opportun1ties for small farmers Against this background 
screening sowing date and plant ~pulation trials were conducted at Nelkassa 
and Awassa in 1989 

Sow1ng Date x Plant Populat1on Tr1als 

Trials were sown in split plot designs with four sowing dates (26 June 
and 6 15 and 24 July at Melkassa and 27 June and 7 17 and 27 July at 
Awassa) as main plots and five plant populations (100 200 \00 400 and 500 
thousand plants/ha) as sub-plots The main plot size was 20 m Data recordad 
included per cent dead plants per cent infestation with bean fly numbers of 
plants with adventitious roots numbers of bean flies numbers of parasites 
stand counts and grain yields Analysis of variance was computad for each 
parameter 

Grain yields and beanfly infestations were greater at Awassa than at 
Melkassa (Table 1) At both locations beanfly infestation and damage 
decreased and grain yields increased with increasing plant population Beanfly 
infestation and damage increased at Melkassa and decreased at Awassa as sowing 
was delayed At Awassa gra1n yields were reduced in the latest sowing but 
there were no significant effects of sowing date on grain yields at Melkassa 
At Awassa the numbers of paras1tes also declinad with delays in sowing 
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T bl 1 Eff t f sowt g D te d Pl t Pop 1 tt on B fly J fe t tton 
nd Yt ld f H tcot Be tA and M lk 1 1181 

H lk • 
• • • N of No of No of 

• b fly a ' Ft t b fly d t b fly p tt pl t a tn 
d d ' f t yi ld t d ' f t ttt p 20 p 20 h yt ld 

T tm t pl t tt (kg/h ) t tt ot1 a Pl t pl t t d ( kg/h ) 

s wi a d t 

26/27 J 13 03 21 33 1008 .U9 5b 83 00 8 87 8 00 46 93 353 4b 3324 
6/7 J ly 9 51 29 67 b 1256 553 2 98 OOb 1t 67 6 93b 22 33b 438 o 3418 
15/17 J 1y 7 32 u 33b 1170 526 2 77 33 30 OOb .. 27 b 12 13b 401 1 3369 
24/27 J ly 13 90 52 67 925 549 8 73 33 51 67 3 20 • 73 428 o 2891b 

H 10 74 36 75 1105 519 7 82 92 25 00 5 35 21 53 404 6 3251 
S E 1 94 2 82 115 2 10 01 3 88 2 20 o 80 3 31 12 85 122 8 
e v I•J 8 88 21 8 40 • 7 6 17 2 34 2 43 • 69 • 12 3 14 • 

Pl t d ttie (000 plant /h 

100 13 27b 47 08b 788 165 3 89 58b 24 68 7 87 34 74 120 2 2531 
200 14 37b 37 50 b 989b 328 7d 79 17 22 08 7 00 26 .Ub 254 Bd 3281b 
300 9 83 36 25 b 1131 b 534 1 84 58 b 29 58 5 50b 20 17b 422 o 3580 
400 8 18 31 25 1298 732 7b 82 08 25 42a 3 87 b 14 17 d 577 lb 3487 b 
500 9 08 31 87 1339 839 8 79 17 23 33 2 92 12 17d 649 1 3394 b 

H 10 94 38 75 1105 519 7 82 92 25 00 5 35 21 53 404 8 3251 
S E 1 09 2 40 84 8 8 10 1 98 2 87 O T8 2 80 11 10 83 5 
e v ,., 34 5 22 • 20 3 5 4 8 2 37 o 50 2 41 8 9 5 8 9 

M lthl Juran f llow d by the ame 1 tt t 
1g 1ft tly dlff t f "" h the t p o os d1 g t 

"" M lt1pl R 9 T t 

Varietal Resistance 

F1fty entries were screened for their resistance to beanfly at Melkassa 
and Awassa At Awassa (Tabla 2) DOR 62 A 114 Carioca A 176 G 3844 and BAT 
338-1C had sl1ghtly lower infestation by beanflies but only G 3844 exhib1ted 
no beanflies in a five plant sample There was no relationship between ~rain 
yields and numbers of beanflies and paras1tes 

Tabla 2 Screen1ng of har1cot bean 11nes for res1stance to beanfly at Awassa 
in 1989 

-------------------------------------------------------------------------------------
11: plants No of 

11: plants advent- No of paras1tes No of O rain 
No of infestad 1t1ous beanfly/ per 5 plants y1eld 

Entries plants beanfly roots 5 plants plants harvested (kg/ha) 
----------------~--------------------------------------------------------------------

G 5253 28 o 100 1 5 1 5 10 o 21 5 2098 
G 2005 27 5 100 1 o 1 5 14 5 19 5 4665 
G 5773 28 o 100 o 5 5 5 24 o 19 5 3!122 
G 2472 30 o 100 2 o 3 5 18 5 25 o 4367 
G 3844 22 o 80 1 o o 13 o 21 o 3184 
G 158 28 5 90 o 5 1 5 12 o 21 o 1709 
Mex1can 142 30 5 90 2 o o 8 5 20 o 2755 
Red Wola1ta 29 5 100 1 5 1 5 15 5 22 5 3483 
A 410 29 5 90 1 o 1 5 17 o 24 o 2787 
BAT 338-1C 25 o 80 1 o 1 5 18 o 16 o 3614 
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Tabla 2 (continuad) 
-------------------------------------------------------------------------------------

1 plants No of 
1 plants advent- No of parasites No of O rain 

No of infestad itious beanfly/ per 5 plants yield 
Entries plants beanfly roots 5 plants plants harvested (kg/ha) 
------------------------------------------------------------------------------------- 1 

Ex Rico 23 30 o 100 o 5 o 13 o 23 5 3920 ¡' 
Oiacol Calima 30 5 100 1 o 1 o 21 5 25 5 3730 
Carioca 26 5 70 o 3 5 7 o 21 5 4744 
ceo 3579 27 o 90 o o 5 16 5 22 o 3097 
ICA 15551 29 o 100 o 5 i o 22 5 25 5 3557 
ANO 327 29 5 100 1 o 1 5 13 o 21 5 3177 
BAT 1629 27 5 100 2 o 1 5 19 o 20 5 3082 
XAN 158 28 o iOO o 5 4 5 18 5 21 5 36i8 
ANO 388 29 o 100 1 o o 5 23 5 19 o 3917 
Acc No 325726 31 o 100 o 5 1 o 19 o 21 5 2459 
AFR 191 28 5 100 i o 3 o 11 o 24 o 3400 
RIZ 22 27 o 100 o 1 o 24 5 18 5 3632 
HAL 3 29 o 90 1 o 1 5 11 5 20 5 3999 
G 841 28 o 90 o 5 1 5 22 5 21 5 3744 
A 114 28 5 80 o 5 2 o 18 o 20 5 4769 
ANO 326 27 5 90 o 5 o 5 14 o 23 5 3184 
ANO 305 30 5 100 o 5 2 5 9 5 21 o 2935 
ANO 336 31 5 100 2 o o 5 5 5 22 o 3587 
Guerrero 6 28 o 100 1 5 2 5 8 5 21 5 4215 
EMP 87 29 5 90 1 o o 5 12 5 20 5 4513 
DOR 62 28 5 60 o 5 3 o 15 o 22 o 4525 
Ikinimba 29 5 100 1 o 3 o 22 5 22 5 3910 
A 265 26 5 100 1 o o 5 6 o 19 o 3727 
A 445 28 5 100 o 5 1 o 22 o 24 5 3930 
A 422 28 5 90 o 5 1 5 9 o 23 5 3954 
BAT 85 27 o 100 o 5 1 o 7 5 21 o 3715 
A 6¿ 30 5 100 2 o 1 o 15 o 22 5 1683 
A 176 29 5 80 o 5 o 5 9 o 20 o 3184 
BAT 1281 22 5 100 o 1 o 15 o 16 o 2502 
PAN 135 28 5 100 o 5 1 5 13 5 23 5 3985 
BAT 1198 27 5 100 o o 12 o 20 5 3717 
A 262 29 o 90 o 5 2 5 9 5 21 o 2935 
A 483 32 o 100 1 o 2 o 32 5 24 o 3767 
Negro Mecentral 26 5 100 1 5 2 o 18 o 21 5 2494 
G 2816 27 o 90 1 o 4 o 21 5 19 o 3039 
GLPX 92 27 5 100 o 5 o 5 33 5 21 5 3799 
ANO 371 31 5 90 1 o 2 o 23 o 24 o 3065 
PAN 112 31 5 90 1 5 o 5 11 5 26 o 4032 
ANO 280 30 o 90 o 1 5 17 5 25 o 3507 
PAN 134 29 o 90 o 5 1 5 20 5 22 5 3849 

Mean 28 5 94 o 8 1 6 15 9 21 7 3495 
S E 1 62 6 4 o 53 1 03 5 21 1 72 401 
e v (1) 8 o 9 6 89 9 92 6 46 3 11 2 16 2 
------------------------------------------------------------------------------------
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Mod1f1ed Work Plan for 1990 

Folloving is the research proposal for 199G-91 

Beanf1y Reststance Reconftnnatton Nursery 

ObJectwe 

To reconfirm the resistance of cultivars reportad to be resistant to 
beanfly in Ethiopia and other environments 

Procedures 

Design 
Main plots 

Sub plots 

Split plot 3 replications 
1) Endosulfan treated seeds 
2) Untreated seeds 
11 bean cultivars (including local check) 

Entry number Entry neme 

1 EMP 81 
2 G2U2 
3 G 3696 
4 G 5353 
5 G 5773 
6 Ik1nimba 
7 BAT 1373 
8 A 74 
9 ZPv 292 

10 A 55 
11 Loca 1 check 

Plot s1Ze 8 rovs X 2 m 
Crop management Local practica 
Locations Avassa and Melkassa 
Data to be collected 

\ 

One veek after emergence Stand count 

Four veeks after emergence Seedling mortality rate 
(no /rov) damping off 
dead plants 
plant vigor on 1-9 scale 
(1 = vigorous 9 = very 
poor) 
uproot 10 adjacent plants 
and rate them indiv1dually 
for advent1t1ous roots and 
stem cracking 
dissect stems and count 
larvae and pupae per plant 

Matur1ty y1eld data on central rovs 
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Segregat1ng Popu1at7ons and Beanf1y 

Prom1s1ng entr1es w1th good 
with good seed quahties 
res1stance 

ObJect 1ves 

bean fly res1stance have been crossed with l1nes 
These crosses are to be testad for bean fly 

To select w1th1n and among segregat1ng bean populat1ons plants that are 
super1or for yield and bean fly res1stance 

1 
1 

Procedures 1 

Populat1ons - 58 F2s 

For bush types use 10-20 cm between seeds and 50-60 cm between rows 

For sem1-cl1mbers use support systems (stakes malle) 60-100 cm apart for 
1nd1v1dual select1on of plants at harvest 

Cultural practicas -
Locat1ons 

Data to be collected 

grow where un1form bean fly pressure 
Melkassa and Awassa 

growth hab1t 
d1seases on a scale of 1 to 9 where no 
damage and 9 severa damage 

- vegetatlVe v1gor at flowenng ( 1 to 9 
scale 1 very v1gorous 9 dead or dy1ng) 
reproduct1ve eff1c1ency (v1sual est1mat1on 
of pod load at harvest 1-9 scale 
1 excellent 9 very poor) 
Number of 1nd1v1dual plants selected from 
the populat1on when a ped1gree strategy 
1s used If the seed 1s hdrvested 1n bulk 
or s1ngle pod descent th1s should be 
1ndicated 

Cooperators - Awassa (IAR) 
Teshome G1rma Melkassa (IAR) 
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Gratn Legllltlfl storage Pest Control in Soala1ia 

Abd1rallllan A Guled 

Central Agricu1tural Research Station Afgoi Soma1ta 

Abstract 

A survey in Lo11er and HJdd1e Shabe11e Provinces of Soma1ia 1n 
February 1990 ind1cated that co11pea is the most important grain 
1egume 11ith mungbean and Phaseo1us spp accorded 1ess priority The 
three spec1es are gro11n in both seasons usua11y in association 11ith 
ma1ze or sorghum Insects are major constraints in fie1d and store 
Lack of appropnate husbandry practices birds rodents and drought 
are also limit1ng Drums sacks underground p1ts and other containers 
(for examp1e ugu1otl) are used to store 1egume seeds Drums are the 
most eff1cient and sacks the 1east Of seven co11pea 1ines from liTA 
tested 1n the laboratory for the1r resistance to Ca11osobruchus 
macu1atus three (IT81D-1007 IT84S-2246-4 and IT85F-2205) sholled 
less 1nfestat ion and damage and 11111 undergo further test ing 
Treatment of co11pea seeds 111th groundnut and sesame oi1s proved to 
give good control of Q_ macu1atus in a laboratory test and lli11 be 
exammed further Seed treatment 11ith neem seed oi 1 and banana ash 
11ere 1ess effective 

Introduction 

Several species of gra1n legumes are cultivated extensively by 
smallholders in Somalia including cowpea (Vigna unguiculata L ) mungbean (V 
radiata) and lima bean (Phaseo1us 1unatus) (bu1uko) Ninety percent of farmers 
intercrop grain legumes with cereals mainly maize The grain legumes are 
usually broadcast among the main crops and continue growing and producing 
after the cereal crop is harvested This system results in very poor grain 
legume y1elds The use of grain legumes in pure stand is limitad by heavy 
insect attack at different stages of crop growth which reduces farmers 
interest 1n gra1n legume production Poor cultural and storage practicas also 
contribute to the poor yield 

Stored grain pests of grain legumes are serious in the tropics where 
temperaturas and humidities are suitable for insect growth and reproduction 
The most destructiva pests are the weevils Ca11osobruchus macu1atus on cowpea 
and Acanthoscelides obtectus and Zabrotes spp on common bean 

Techniques that keep beans in storage free of insect pests would clearly 
provide economic benefits to bean growers and bean consumers as well as 
providing markets with better quality produce 

The objectives of the present study were threefold to survey storage 
practices to screen introduced cowpea lines for resistance to storage pests 
and to assess the value of seed treatment with various vegetable oils and with 
banana ash for control of storage pests 
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Materials and Methods 

Survey 

A questionnaire was preparad to survey areas 1n middle Juba 1n 1988 and 
Lower and Middle Shabelle Provinces 1n 1990 For the latter 21 farmers 
growing grain legumes were selected in 15 villages Cropping systems storage 
facilities control measures against pests and methods of utilization were 
noted and losses due to major constraints 1n field and store and gra1n yields 
were estimated 

Screening for Resistance 

The resistances of eight cowpea genotypes were assessed They included 
seven 1 ines considerad to have resistance to bruchids introduced from the 
International Institute for Tropical Agricultura at Ibadan in Nigeria and a 
local check 

Seed Treatment 

Newly harvested seeds of a local cowpea cultivar were mixed with 
groundnut sesame and neem seed oils at the rate of 5 ml of oi 1 per kg of 
seed For the banana ash treatment the ash was sieved through a 1 mm mesh to 
eliminate large particles and mixed thoroughly with the cowpea seeds at the 
rate of 200 g ash per kg of seed 

Infestat ion 

Adult bruchids were introduced into glass bottles conta1ning about O S kg 
freshly harvested seeds of a local cowpea cultivar left four days for egg 
deposition and then removed 

One hundred grammes of seeds of each treatment (for both screening and 
seed treatment trials) were placed in each of four glass bottles infestad 
with 10 newly emerged adults and covered with perforated lids - on 28 
September 1989 for the screening trial and 29 September for the seed treatment 
tri al 

Observat1ons and Ana1ysis 

The numbers of eggs and holas per 100 seeds and of adults in each bottle 
were counted three times at various intervals (see Tables 6 and 7) after 
infestation The data were transformad to log (x+1) and means separation was 
by Ouncan s Multiple Range Test 

Results and 01scuss1on 

Survey 

Average farm size is 11 ha and most of the area is under crops in both 
gu and der seasons (Tabla 1) More than half the farmers cultivated less than 
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5 ha of land 

Tabla 1 Farm S1zas (ha) and Land Araas cult1vated 1n Gu and Der Seasons 1n 
M1ddle and Lowar Shabelle 1n 1990 

Season of crop 
No of Average --------------

Farm SlZe farmers farm SlZ8 gu der 
-----------------------------------------------------
Less than 2 5 5 1 2 1 2 1 2 
2 6-5 o 7 4 o 3 3 3 1 
More than 5 1 9 21 8 17 8 18 5 

Total/mean 21 11 o 9 o 9 3 

Most farmers cult1vatad gra1n legumes (espec1ally cowpea) 1n assoc1at1on 
w1th ma1ze 1n both der and gu seasons (Tabla 2) The gra1n legumes are 
broadcast among the grow1ng ma1ze Only a few farmers grow common bean wh1ch 
1s broadcast around the adges of f1elds and accorded 11ttle pr1or1ty sesame 
(1n tha dry season) and ma1ze are frequently grown 1n pure stand ma1nly by 
1 arger farmers 

Tabla 2 Araas (ha) 1n Pura Stand and Assoc1ated Cropp1ng for D1fferent Farm 
S1zes 1n Middle and Lowar Shabelle 1n 1990 

Farm s1ze (ha) 

Less than 2 5 
2 6 to 5 
More than 5 1 

Total 

1 2 
4 o 

21 8 

Pure stand 

gu 

o 05 
o 96 
4 39 

der 

o 10 
o 07 

11 50 

ASSOClated 

gu 

o 70 
2 75 
9 40 

der 

o 65 
1 64 
6 40 

In both rag1ons survayed the four major crops are maize sesame cowpea 
and mungbean Except for sesame y1elds are 9reater 1n the gu season (Tabla 
3) Most farmers grow sesame for o11 wh1ch has a sat1sfactory pr1ce in the 
market Cowpea is always 1n assoc1at1on w1th maize and 1ts y1eld 1s generally 
poor due to sparse populat1ons and heavy insect attack Mungbean y1elds less 
than cowpea and its cult1vation has been largely abandonad due to shatter1ng 

All farmers suffered losses due to 1nsects (Tabla 4) In the f1eld the 
major 1nsects observad 1n both provinces were Haruca testu1a11s aph1ds 
suck1ng bugs and beanfl1es In store bruch1ds were destructiva 1n cowpea and 
mun9bean Othar problems ancountered by farmers 1ncluded d1seases (3 3X) 
b1rds (48 6X) and rodents and p1gs (12%) 
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Table 3 Gra1n Y1elds (kg/ha) 1n M1ddle and Lower Shabelle 1n 1990 

cowpea mungbean ma1ze ses ame 
--------- --------- ---------- ----------

Farm S1Ze (ha) gu der gu der gu der gu' der 
-----------------------------------------------------------------
Less than 2 5 280 320 220 180 1700 100 20 240 
2 6 to 5 350 80 90 NR 2500 580 NR 560 
More than 5 1 311 70 27 72 1355 120 NR 544 

Mean 314 157 112 84 1852 267 7 448 

Table 4 Percentage of Fanners having Problema in Growing Grain Legume Crops 
in Middle and Lower Shabelle in 1990 

Farm s1ze (ha) 

Less than 2 5 
2 6 to 5 
More than 5 1 

All farms 

Number of 
farmers 

5 
7 
9 

21 

Rodents 
I nsects O 1 se ases B 1 rds and p 1 gs 

100 
100 
100 

100 

o 
o 

1 1 

3 3 

60 
42 
44 

48 6 

o 
14 3 
22 

12 

For storing grain about 82 per cent of farmers surveyed used drums in 
which grains can be kept for a period of one to two years with little or no 
infestation (Table 5) Farmers stated that this kind of storage is effective 
only if drums are maintained full and air tight About 10 per cent of farmers 
used sacks as a means of storage mostly as unthreshed grains This method 
was reported to be ineffective and could not be relied on for more than one 
week because of rapid infestation by bruchids About 5 per cent of farmers 
used underground pits for unthres'hed grains The method was reported 
effective for control of bruchids for a period of one year but seeds become 
hard and take a longer t1me to cook and lose germination ability Other 
methods used include the ugu1ow (a fabricated basket) usually hung over the 
f1replace to be disinfected but this method is ineffective 

Seeds of the local check and the UTA line IT86D-534 had significantly 
more eggs and holes per 100 seeds and more adults than the other treatments at 
most times of sampling (Table 6) Seeds of IT81D-1007 IT84S-2246-4 and IT85F-
2205 had s1gnificantly less infestation and damage than other entr1es at most 
times of sampling and IT84S-275-9 IT86D-472 and IT81D-1137 were intermediate 

Numbers of adults were much fewer than numbers of eggs indicating that 
many of the eggs laid must have failed to hatch Also there was considerable 
mortality of young adults in the first time of sampling especially in entries 
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Table 5 Methocls of Storage Average Periocl of Conservation and Level of 
Losses of Grain Legumes in Middle and Lower Shabelle in 1990 

-----------------------------------------------------
Dur-

Per cent at1on 
Storage method of farmers (months) 

Level 
of 

loss 
-----------------------------------------------------
Underground p1t 
Drum 
sack 
Other 

5 5 
81 9 
10 8 

1 8 

14 
12-24 

1 
6 

1, ght 
1 lght 
heavy 
heavy 

-----------------------------------------------------

Table 6 Numbers of Eggs and Holas par 100 Seeds and Numbers of Bruch1d 
Adults on Threa Occas1ons 1n Seads of Cowpaa L1nas infestad w1th e 
maculatus 

Entr1es 

IT860-534 
IT84S-275-9 
IT81D-1007 
IT86D-472 
IT84S-2246-4 
Local check 
IT85F-2205 
IT81D-1137 

CV(%) 

Nos of eggs/ 
100 seeds Numbers of adults 

1198 
38c 
44c 
36c 
34c 
52b 
20d 
55b 

9 7 

39 

1878 5188 
88ab 136bc 
37c 99bc 
54b 124bc 
35c 93c 

147a 620a 
54b BBc 
72b 205b 

9 3 13 o 

48 

2 00 
22 50 

1 75 
1 50 
1 75 

22 50 
1 75 
2 50 

?? ? 

53 

27 75 
6 75 

11 00 
5 25 
7 50 

14 75 
15 50 
7 75 

?? ? 

58 

38 ooa 
3 ooc 
2 OOc 

15 50b 
o 75d 

20 50ab 
3 ooc 
5 75b 

30 

Nos of holes/100 seeds 

47 

40 OOb 
5 75c 
6 75c 
8 50c 
8 OOc 

62 508 
6 25c 
9 50c 

30 

59 

89 soa 
29 OOb 
14 50cd 
26 SObe 
10 25d 
37 OOab 
6 soe 

19 25c 

29 

66 

119 75a 
18 75c 
17 OOc 
25 50c 
13 OOd 
59 OOb 
12 OOd 
39 50b 

23 
8-~~~~~;-~;-~~~;-;;~~;-j~;~;~;~j~~--------------------------------------------------
Maans 1n the sama column followad by the sama lattar do not d1ffer 
s1gn1f1cantly from aachothEÍr at P = O 05 

IT81D-1007 IT84S-2246-4 and IT85F-2205 Although there appeared to be clear 
d1fferences among entries in infestation and damage there was no attempt to 
study the mechan1sms 1nvolved 

One or more of the three entries with the least bruchid infestation and 
damage may be released to farmers for practical field assessment and promotion 
if their y1elds and agronomic and cooking qualities are satisfactory Even 
relat1vely poor yields may be acceptable 1f the lines survive well in farmers 
stores 

Further resistant lines will be sought from liTA if progresa is made with 
the1r other agronomic propert1es including resistance to field pests 
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Seed Treatment 

At the first two times of sampling there were significantly fewer eggs on 
seeds treated with banana ash than on seeds treated with vegetable oils or 
untreated (Tabla 7) At the thi rd time of sampling seeds treated with 
banana ash or untreated had significantly more eggs than seeds treated 
with vegetable oils among which groundnut and sesame oils appeared to give 
best control Banana ash may have hampered oviposition on seeds initially but 
subsequently settled exposing seeds to oviposition 

As in the screening trial adults were much fewer than eggs laid Their 
numbers were significant ly fewer in seeds treated with banana ash than in 
seeds treated with vegetable oils or untreated at the first two times of 
sampling except for the sesame oil treatment at the second sampling By the 
third sampling differences between treatments were not significant 

Seeds treated with vegetable oils had s1g01f1cantly fewer holes than 
seeds treated with banana ash or untreated 

Thus sesame and groundnut oils proved to be effective in controlling e 
macu7atus reducing egg deposition and damage Similar results have been 
obtained elsewhere in Africa For instance Pera et a7 (1985) reportad that 
sunflower oil can effectively control bruchids the rate of only 2 ml oil/kg 
seed giving virtually complete control In our trials oil applied at 5 ml/kg 
seed gave satisfactory control of bruchids Although various neem products 
have been reportad to control insect pests in a variety of conditions the 
neem seed oil treatment in this trial was less effective than sesame and 
groundnut oi 1 s at similar ratas Ses ame and groundnut oil s may prove to be 
suitable for recommendation to smallholders but further work is required to 
define the ratas of oil to be used 

Tabla 7 Numbers of Eggs and Holas per 100 Seeds and Numbers of Bruch1d 
Adults on Three Occas1ons 1n Seeds of Cowpea Treated and Infestad 
w1th e macu 7atus 

Nos of eggs/ 100 seeds Numbers of adults Nos of holes/100 seeds 

Treatment 29 37 11 18 50 37 43 57 

Groundnut o11 25 10a 69 OOb 80 25c 4 50a 2 ooa o 25 4 60b 4 OOc 3 OOb 
Sesame o11 20 33a 70 OOb 81 50c 4 50a 1 50b o 25 3 25b 8 OOc 4 75b 
Neem seed o 11 29 50a 80 25a 140 25b 4 ooa 3 508 4 50 6 OOb 19 OOb 4 50b 
Banana ash 14 50b 50 75c 343 75a Ob 1 20b 3 25 19 75a 73 ooa 28 25a 

Control 34 01a 84 75a 284 50a 3 50a 2 50a 2 50 15 25a 67 ooa 11 ooa 

e v (:1:) 9 7 9 3 13 o 5 o 23 o ?? ? 40 30 33 
--------------------------------------------------------------------------------------
a number of days after 1nfestat1on 
Means 1n the sama column followed by the sama 1 et ter do not d1ffer 
s1gn1f1cantly from eachother at P = o 05 
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Banana ash reduced egg deposit1on initially but egg lay1ng 1ncreased in 
the later sampl1ngs producing a huge population by the end of the experiment 
It may be that the ash treatment was not as effective as 1t would be in 
pract1ce because the experimental mater1al was frequently disturbad by 
sampl1ng In th1s connect1on 1t is worth notmg the low counts of eggs and 
adults in the f1rst sample 
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Revtet1 of Results of Afr1CBn l1fllln Drought Nurssry 
tn 1988 and 1989 

K1dane Georg1s and Amare Abebe 

Inst1tute for Agr7cu1tura1 Research H81kassa Research Center 
P O Box 436 Nazreth Eth1op1a 

Abstract 

The drought res1stance character1st1cs of 25 bean cu1t1vars and 
breed1ng 11nes were exammed 1n 5 x 5 tr1p1e 1att1ce exper1ments 1n 
Eth1opfa and Kenya dur1ng 1988 and 1989 to fdent1fy genotypes su1ted 
to semf-ar1d areas of eastern and southern Afrfca In 1988 A 422 A 
410 G 2816 (and an ILCA tepary bean) produced the heavfest and most 
stab1e yfe1ds In 1989 G 4830 A 422 P 133 and Haro1d Pfnk were 
best m Ethtop1a and G 5201 performed 11871 fn Kenya 

Introduct1on 

In most parts of eastern Africa rainfall is the major limiting factor in 
crop production The annual mean rainfall exceeds the potential evaporation 
from an open water surface on only 2 or 3 per cent of the land area (Dagg and 
Wangati 1964) Distribution of rainfall is also erratic usually starting 
late and ending early In addition the soils are shallow and have problems 
of compaction and surface crusting or sealing which lead to poor water 
infiltration and high runoff (Kidane 1982) As a result rainfed agricultura 
is a risky enterprise being more so when the rainfall is below normal or 
when very long dry periods occur during the growing season 

Although bean is adapted to relatively dry areas its yield is greatly 
influenced by variation in amount and distribution of rainfall Yield losses 
are particularly large when drought occurs at flowering or pod filling Even 
though precise estimates are not available bean yield losses in water stress 
areas can easily reach 50% or more Further the probabil ity of yield loss 
due to drought influences the utilization of fert1lizer and other inputs 
Drought therefore is probably responsible for much greater economic loss 
than is appreciated 

Drought is the major constra1nt to bean production in many countries of 
Africa In Ethiopia bean is grown in the lowlands and rift valley areas 
where drought is a major problem Neighbouring countries produce bean under 
similar conditions In these areas bean production appears to be affected 
more by regional variation in the timing and total supply of rain than by 
other factors Drought-tolerant cultivara can provide a cost effect1ve means 
of reducing fluctuations in regional grain production in these and other areas 
lacking capital and increase the seasonal stability of food production for 
small-scale farmers 

To min1mize the effects of mo1sture stress and increase crop production 
in drought prone areas several countries in the semi-arid parts of Africa 
have launched breeding programs to develop drought tolerant cultivars of 
maize sorghum cowpea and other cereals However very little attention has 
been paid to bean 
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In view of this a bean drought nursery subproject was approved by the 
Steering Comm1ttee of the Regional Programme on Beans for Eastern Africa in 
1987 and research activity started in 1988 w1th the evaluation of early 
maturing bean cultivars provided by CIAT Subsequently dur1ng a workshop on 
drought resistance in bean held 1n Harare 9-11 May 1988 it was dec1ded that 
the sub-project should also 1nclude drought affected areas of southern Africa 
(Lesotho Malawi Botswana Zimbabwe Tanzania and Zambia) Thereafter the 
orig1nal nursery was renamed the Afr1can Bean Drought Nursery to be conducted 
on an Africa-w1de basis 

The stated obJectlves of the nursery were to 

1 evaluate the performance of promising cultivars identif1ed under drought 
cond1t 1ons in Ethiopia and Latin Ame rica across a wide range of dry 
environments 1n Africa 

2 develop a regional test1ng network for bean in Africa and 

3 exam1 ne and i nterpret genotyp1 e responses to d 1 ffe rent drought 
patterns 

In th1s paper we rev1ew only the highlights of the bean drought nursery 
from Eth1opia and Kenya Results from Malaw1 and Tanzania have been desc1bed 
elsewhere (Mkandaw1re 1990 Mkandawire and Gundo in press Tesha in press) 

Mater1als and Methods 

F1eld expenments were conducted at fwe locations in 1988 and six in 
1989 1n Eth1opia (Table 1) and ene location (Katumani) during the 1989 long 
ra1ns 1n Kenya The design used was a 5 x 5 triple lattice with 25 treatments 
and three replicates The entries are listed 1n Tables 2 and 3 The plots were 
4 rows 40 cm apart w1th 10 cm between plants within the rows thinned to 
appropriate dens1ty after emergence In Ethiopia the trials were sown during 
the f1rst week of July (main ra¡ny season) and in Kenya in 1989 on 12 April 
Data were collected from the two middle rows The times to emergence 

Table 1 Charactenst1cs of Locations of African Bean Drought Nursery in 
Eth1opia in 1988 and 1989 

Locat1on Lat1tude 

Melkassa 8°24 N 
Wolench1t1 3°20 N 
Z1way 7°09 N 
Me1so 9°20 N 
Kobbo8 12°02 N 
S1r1nk~8 15°50 N 
Bab1l~ 9°10 N 
JlJ98 NR 

Long1tude 

29°21 E 
20°21 E 
18°07 E 

NR 
39°38 E 
39°47 E 

NR 
NR 

Alt1tude 
(masl) 

1550 
1400 
1650 
1600 
1470 
1850 
1350 
1650 

Ra1nfall 
(mm) 

761 
550 
600 
650 
610 
839 
550 

NR 
------------------------------------------------------------a 1988 season only b 1989 only NR = not recordad 
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Tabla 2 Sources and Contributing Countries of Entries in African Bean 
Drought Nurseries in 1988 and 1989 

Treatment 
numbers Entr1es 

Countnes of 
or1g1n 

Contn but 1 ng 
programmes 

1 G 5059 Braz1l CIAT 
2 G 4446 MeXlCO 
3 G 8025 
4 BAT 477 CIAT 
5 BAT 125 
6 G 5201 MeXlCO 
7 G 4830 Braz11 
8 EMP 105 CIAT 
9 A 54 

10 BAT 798 
11 Aguascallentes-13 Mex1co Eth1op1a 
12 EMP 175 CIAT 
13 PAN 133 CIAT 
14 ANO 197 CIAT 
15 ICA 15506 Colomb1a 
16 A 410 CIAT 
17 ANO 338 CIAT 
18 A 422 CIAT 
19 BAT 338 1C CIAT 
20 Ex-RlCO 23 
21 Local check - farmers cult1var 
22 Mex1can 142 
23 Local check - standard bean cult1var 
24 Local check - standard cowpea cult1var 
25 Local check - farmers cowpea cult1var 

flower1ng and maturity stands after thinning and at harvest and plant height 
were recordad Total dry matter was estimated Seeds were weighed to determine 
yield per un1t area and 100 seed weiaht adjusted to 10' mo1sture 

The data from each location were analyzed individually In 1989 separata 
combinad analyses were conducted for locations which received h1gh and well­
distributed rainfall and those which suffered moisture stress 

Results and Discussion 

In both seasons there were signif1cant differences among entnes for 
grain yield seed size and days to flowering In 1988 G-2816 A410 ICA7380 
and Ex-Rico 23 were the heaviest yielders across locations (Tabla 4) In 1989 
in dry conditions Harold Pink A-422 PAN-133 G 4830 and Aguascalientes 13 
produced the best grain yields (Tabla 5) though d1fferences among entries 
were not marked 
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Tabla 3 Sources and contr1but1ng countries of entrias in African Bean 
Drought Nurseries in 1989 

--------------------------------------------------------------
Treatment Countries of Contributing 

numbers Entr1es orig1n programmes 
--------------------------------------------------------------

1 Harold USA Lesotho 
2 G 2818 (Flor de Mayo) Mexico CIAT 
3 Ex-R1co 23 CIAT 
4 Rosa Lesotho 
5 A 422 CIAT Ethiopia 
6 ANO 338 ClAT 
7 NW 590 U S A Lesotho 
8 A 410 CIAT Ethiopia 
9 ICA 15506 Colomb1a 

10 ANO 197 CIAT 
11 G 5059 (Mulatinho) Braz1 1 CIAT 
12 G 8025 CIAT 
13 G 4446 (Puebla 152) Mex1co CIAT 
14 BAT 477 CIAT CIAT 
15 PAN 133 CIAT Eth1opia 
16 Olathe USA Lesotho 
17 EMP 175 CIAT Eth1op1a 
18 BAT 338-1C CIAT 
19 Aguascal1entes 13 Mexico 
20 G 4830 Brazil CIAT 
21 V1V8 Lesotho 
22 EMP 105 CIAT 
23 A 54 CIAT CIAT 
24 BAT 798 CIAT 
25 G 5201 Mexico CIAT 

T bl 4 Gra1 y1elds (kg/ha) of e tr1es 1 Af 1ean Bean D ought Nursery 1 
Eth1op1a 1n 1988 

Loe t1ons8 

M 1 Mal 
E tr1es Kob 1 t 2nd M1o S1r w 1 Z1w Mean Rank 

------
G 5059 924 3036 950 2056 720 1038 2622 1735 9 
G 4446 753 4078 1038 2082 444 1409 2163 1112 10 
G 8025 625 3318 1031 1683 392 1037 3060 1620 13 
8AT 4T7 743 3594 812 2014 611 1265 2527 1652 12 
BAT 125 789 2642 711 1602 465 1099 1913 1 27 23 
G 5201 588 2917 881 1458 525 1227 1888 1355 21 
o 4630 682 3370 864 1343 661 1509 2743 1598 16 
EMP 105 1546 3264 904 1510 438 1327 1422 1487 20 
A 54 1176 2727 970 1468 450 1052 1594 1348 22 
BAT 798 1043 3316 970 2700 810 1122 1940 1700 11 
Agu sea He tes 13 1581 3492 472 2318 924 1355 2161 1758 7 
EMP 175 1305 3291 1094 1140 331 1137 2458 1537 18 
PA~ 133 2022 3332 821 1946 930 1193 2690 1848 5 
A~D 197 1116 3551 7T7 1671 273 1434 2489 1616 14 
!CA 15506 659 3245 1135 1237 359 1042 1019 1242 24 
A 410 1099 4087 1270 2226 1125 1457 3920 2169 2 
ANO 338 1195 3748 824 1222 1034 1163 1811 1571 17 
A 422 1301 3873 1632 1879 864 1953 1910 1913 4 
BAT 338 1C 794 3530 969 1585 672 1223 1907 1526 19 
E R1eo 23 1284 4378 919 2032 660 1059 1987 1766 5 
G 2816 1461" 4588 1351 2701 850 2485 3167 2373 1 
He tcan 142 810 3745 417 2094 639 1679 1835 1603 15 
TVx 309-10 1463 3368 295 2315 1314 2367 1028 1736 8 
B lackeye Be n 1047 936 567 1278 319 975 423 792 25 
ILCA 7380 2109 2457 1093 2799 1571 2049 1593 1953 3 

Men 1124 3387 911 1862 696 1385 2164 
S E 71 90 48 62 55 58 132 
Rai fall ( ... ) 460 506 260 349 656 370 520 

K b K bbo Mal 1st Melkassa 1st pla t1ng 
Me1 2 d Melkassa 2nd pla t1ng Mio M1asso S1r S1r1nka 
WOl Nolench1t1 Z1w Z1wa1 

90 



Combined analysis of the 1989 data revealed a significant difference only 
between the best (G 4830) and poorest yielders (ICA 15507) (Table 5) Under 
wet conditions (Melkassa and Ziway) A 422 A 140 G 5059 G 4446 and EMP 15 
were the heaviest y1elders but only G 5059 produced statistically greater 
yield than the check Ex-Rico 23 In addit1on the entries by locations 
interactions were not significant during the 1989 season indicating similar 
rankings entries across locations Th1s is encouraging because identifying 
genotypes with minimum interactions with environments and maximum stab1lity 
(Allard and Bradshaw 1964) is important especially for regions where 
environmental fluctuations are considerable and means of modifying the 
environment are remota (Kombal and Mahmoud 1978) 

Cultivars such as A 422 G 4830 PAN-133 and Viva Pink produced good 
grain yields under both dry and wet conditions in 1989 (Table 5) indicating 
adaptation to both situations Early maturing entries like Harold Pink and 
Aguascalientes-13 were among the h1ghest yielders under dry-conditions (Tabla 
3) probably due to drought escape 

Tabla 5 Graln Ylelds (kg/ha) of Entrles In Afrlcan Bean Orought Nursery In 
Ethlopla In 1989 

Ory cond1t 1ons Wet condltlons 

Me1 8 

Treatrnents 2nd Wol Mle Bab Mean Rank 
Hel 
1st Zlw Mean Rank 

Harold Plnk 
G 2816 (Flor de Hayo) 
Ex Rico 23 
flosa Plnk 
A 422 
ANO 338 
NW 590 
A 410 
ICA 15506 
ANO 197 
G 5059 (Hulat1nhol 
G 8025 
G 4446 (Puebla 152) 
BAT 477 
PAN 133 
Olathe 
EHP 175 
BAT 338-1C 
Aguascallentes 13 
G 4830 
Viva Plnk 
EHP 105 
A 54 
BAT 798 
G 5201 

HB8R 
l S O (P O 05) 
e v <:~:> 
Ralnfall (nm) 

1192 1499 770 562 1006 
752 1450 708 531 860 
810 797 447 625 670 

1109 787 582 645 781 
1330 1303 322 562 879 
810 667 447 526 612 

1260 746 644 437 772 
1046 1007 250 437 685 

738 593 406 351 522 
747 911 531 422 653 
625 1322 281 479 676 

1113 780 510 458 715 
1035 1259 281 374 737 
767 1212 676 490 764 
762 1536 968 666 983 

1117 949 374 375 703 
786 1005 249 479 629 
675 1220 239 520 664 
746 1510 947 541 936 

1159 1273 375 541 1087 
1121 867 427 500 728 
958 728 197 354 559 
766 877 302 390 584 

1172 862 229 479 685 
700 1061 489 518 692 

930 1033 507 490 
285 423 779 501 

22 27 25 30 
260 270 347 247 

740 
512 

22 

• Mal 2nd Helkassa (2nd sowlng) Wol Wolench1t1 

2 
6 

18 
8 
5 

22 
9 

16 
25 
20 
17 
12 
10 
7 
3 

13 
21 
19 

4 
1 

11 
24 
23 
15 
14 

Mle Melsso Bab Bablle Mal 1st Helkassa (1st sowlng) 
Z1w Zlway 
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1875 3459 2667 
2824 3372 3098 
2628 4145 3387 
2488 2769 2628 
3227 4247 3737 
2111 3964 3038 
2204 3655 2930 
3142 4106 3624 
2023 3405 2714 
2281 4114 3198 
2725 5120 3922 
2828 3819 3324 
3357 4080 3719 
2068 4338 3203 
2117 4090 3104 
2541 3630 3086 
2588 4090 3339 
2143 3993 3068 
2070 3523 2796 
2263 4517 3390 
2692 4134 3413 
2810 4551 3681 
1987 3857 2922 
2357 3041 2699 
2408 3547 2977 

2470 3903 
884 1239 1062 

21 19 20 
530 545 

24 
14 
8 

25 
2 

17 
19 

5 
22 
12 

1 
10 

3 
11 
13 
15 
9 

16 
21 

7 
6 
4 

20 
23 
18 



In both seasons there were also significant differences among entr1es 
1n seed s1ze and number of days to flowering (Tables 6 7 and 8) 

At Katumani in Kenya in 1989 there were sign1f1cant differences among 
entries in gra1n y1elds time to flowering and seed size but growth was poor 
and grain y1elds were small ranging from 279 to 618 kg/ha G 5201 produced 
the largest grain yield and A 154 the poorest (Table 9) 

Table 6 Oays to Flowering of Entries in African Bean Orought Nursery in 
Ethiop1a 1n 1988 

Entnes 

G 5059 
G 4446 
G 8025 
BAT 477 
BAT 125 
G 5201 
G 4830 
EMP 105 
A 54 
BAT 798 
Aguascallentes-13 
EMP 175 
PAN 133 
ANO 197 
ICA 15506 
A 410 
ANO 338 
A 422 
BAT 338 1C 
Ex-R1CO 23 
G 2816 
Mex1can 142 
TVx 309-1G 
Blackeye Bean 
ILCA 7380 

Mean 
L S O (P = O 05) 

Kob 

54 
54 
51 
54 
55 
53 
53 
56 
53 
51 
45 
52 
52 
45 
52 
48 
50 
46 
50 
47 
47 
55 
63 
57 
52 

52 
7 

Mel 
1st 

50 
48 
47 
47 
50 
48 
49 
47 
49 
47 
40 
51 
47 
42 
44 
40 
43 
42 
47 
41 
38 
47 
64 
56 
43 

47 
2 

Locationsa 

Mel 
2nd Mie Sir Wol Ziw 

45 
45 
44 
45 
46 
45 
45 
45 
45 
44 
40 
45 
45 
40 
42 
40 
40 
41 
45 
41 
40 
44 
62 
59 
40 

45 
1 

59 
56 
57 
57 
58 
57 
59 
59 
59 
62 
48 
59 
56 
51 
54 
47 
54 
51 
54 
51 
47 
60 
68 
62 
47 

56 
4 

53 
55 
50 
52 
53 
53 
53 
50 
53 
48 
50 
55 
53 
46 
54 
48 
53 
50 
52 
50 
44 
50 
51 
50 
59 

51 
6 

40 
41 
41 
42 
42 
42 
40 
42 
42 
42 
38 
41 
42 
38 
40 
38 
38 
38 
42 
38 
38 
41 
44 
44 
38 

41 
2 

50 
51 
44 
45 
51 
50 
50 
52 
50 
50 
44 
51 
44 
47 
45 
45 
47 
47 
49 
43 
45 
51 
45 
64 
44 

48 
4 

Mean 

50 
50 
48 
49 
51 
50 
50 
50 
50 
49 
44 
S1 
48 
44 
47 
44 
46 
45 
49 
44 
43 
50 
57 
56 
45 

--------------------------------------------------------------------------
a Kob = Kobo Mel 1st = Melkassa 1st plant1ng 

Mel 2nd = Melkassa 2nd plant1ng M1e = M1eso S1r = S1r1nka 
Wol = Wolench1t1 Z1W = Z1wa1 
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Table 7 Weight of 1000 Seeds (g) of Entries in African Bean Orought Nursery 
in Ethiopia in 1989 

Entries 

Harold Pink 
G 2816 (Flor de Mayo) 
Ex-Rico 23 
Rosa P1nk 
A 422 
ANO 338 
NW 590 
A 410 
ICA 15506 
ANO 197 
G 5059 (Mulatinho) 
G 8025 
G 4446 (Puebla 152) 
BAT 477 
PAN 133 
Olathe 
EMP 175 
BAT 338-1C 
Aguascalientes 13 
G 4830 
Viva Pink 
EMP 105 
A 54 
BAT 798 
G 5201 

Mean 

Mel 
1st 

299 
280 
200 
276 
265 
413 
282 
317 
463 
428 
228 
198 
285 
209 
172 
323 
261 
154 
348 
148 
250 
179 
172 
176 
157 

Mel 
2nd 

215 
189 
143 
219 
226 
290 
195 
233 
205 
364 
148 
140 
182 
189 
144 
231 
142 
133 
221 
117 
191 
162 
156 
173 
120 

Locations 

Z1w 

328 
375 
199 
319 
291 
504 
315 
379 
572 
640 
252 
205 
336 
247 
233 
384 
209 
189 
437 
197 
275 
255 
246 
219 
185 

Wol 

312 
363 
160 
270 
258 
372 
259 
351 
422 
465 
182 
149 
241 
189 
141 
328 
160 
165 
450 
146 
247 
181 
195 
176 
164 

Mi e 

277 
300 
210 
270 
307 
337 
320 
323 
443 
580 
227 
220 
320 
230 
193 
150 
270 
167 
490 
187 
237 
213 
207 
227 
197 

Bab 

250 
210 
190 
193 
207 
340 
180 
233 
267 
300 
170 
167 
190 
183 
180 
203 
177 
190 
307 
127 
177 
183 
180 
177 
127 

J1g Means 

195 
222 
143 
181 
163 
237 
193 
232 
300 
264 
210 
204 
257 
187 
160 
216 
179 
158 
265 
144 
167 
152 
146 
128 
128 

267 
276 
209 
275 
285 
377 
294 
296 
282 
438 
203 
183 
259 
205 
175 
262 
197 
165 
364 
182 
221 
190 
186 
182 
154 

L S O (P = O 05) 79 2 46 6 52 o 41 7 102 74 1 91 5 

a Mel 1st = Melkassa (1st sow1ng) M&l 2nd = Melkassa (2nd sowing) 
Ziw = Ziway Wol = Wolenchiti Mie = M1esso Bab = Bab1le 
Jig = Jijgab 

In conclusion although the results 1ndicated that sorne genotypes have 
the abi hty to produce good gra1n yields when subJected to moisture stress 
the trial should be repeated at a wider range of locations in the region using 
a larger number of parameters associated w1th tolerance to water stress 
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Table 8 Oays to Flowering of Entries in African Bean Orought Nursery in 
Ethiopia in 1989 

Entries 

Ha ro ld Pink 
G 2816 (Flor de Mayo) 
Ex-Rico 23 
Rosa Pink 
A 422 
ANO 338 
NW 590 
A 410 
!CA 15506 
ANO 197 
G 5059 (Mulatlnho) 
G 8025 
G 4446 (Puebla 152) 
BAT 477 
PAN 133 
Olathe 
EMP 175 
BAT 338-1C 
Aguascal1entes 13 
G 4830 
Vwa Pink 
EMP 105 
A 54 
BAT 798 
G 5201 

Mean 
l S O (P = O 05) 

Mel 
1st 

43 o 
43 o 
43 o 
43 o 
45 o 
43 7 
43 o 
43 o 
45 o 
43 3 
49 7 
47 o 
49 7 
48 3 
48 3 
43 o 
48 7 
47 7 
43 o 
49 o 
43 o 
47 o 
48 3 
47 7 
49 o 

44 1 
1 6 

Mel 
2nd 

34 7 
36 3 
37 7 
31 o 
37 7 
37 7 
34 7 
36 o 
40 o 
38 6 
43 7 
43 o 
39 7 
40 3 
43 7 
34 7 
45 o 
43 7 
36 7 
43 3 
34 3 
41 3 
43 3 
29 7 
43 7 

39 6 
2 6 

Locationsa 

Ziw 

37 o 
38 3 
43 o 
39 7 
42 o 
45 o 
38 6 
43 3 
43 o 
45 o 
46 o 
46 o 
42 o 
44 o 
45 o 
38 7 
46 o 
45 o 
39 o 
44 o 
38 o 
44 o 
47 7 
47 3 
47 7 

Wol 

33 7 
32 3 
36 o 
36 o 
37 3 
35 o 
35 o 
38 3 
36 3 
34 o 
44 3 
40 3 
41 7 
43 1 
44 o 
32 3 
45 3 
42 1 
35 o 
43 o 
33 7 
42 7 
41 7 
41 o 
43 3 

Mi e 

30 o 
35 o 
42 o 
35 o 
38 o 
36 o 
36 7 
40 7 
40 3 
36 3 
51 3 
47 o 
48 3 
49 7 
47 7 
31 3 
50 7 
48 o 
36 7 
48 o 
31 3 
46 7 
47 o 
51 7 
48 3 

Bab 

51 o 
41 3 
45 7 
43 7 
42 o 
44 7 
43 o 
54 o 
47 o 
42 7 
53 3 
49 o 
53 6 
54 7 
52 o 
44 o 
40 o 
49 7 
42 7 
50 7 
45 3 
50 o 
52 3 
54 o 
54 7 

42 1 38 7 42 1 48 1 
48 34 77 99 

a Mel 1st = Melkassa (1st sow1ng) Mal 2nd = Melkassa (2nd so 
Z1W : Ziway Wol : Wolench1t1 Mie : M1esso Bab : Babile 

Future Research 

Mean 

38 2 
39 4 
41 2 
41 4 
40 3 
40 3 
38 6 
40 3 
41 9 
39 8 
48 1 
45 4 
46 o 
46 8 
46 8 
37 3 
46 o 
45 8 
38 8 
46 3 
36 3 
45 9 
46 7 
45 2 
47 8 

The experiments w111 be carried out for one more season as previously 
planned and the number of entries reduced to a manageable size In Phase II 
of the programme studies w1ll be conducted to identify the traits associated 
with drought res1stance or tolerance and incorporate them into a breeding 
programme 
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Tabla 9 Character1st1cs of Entr1es 1n Afr1c11n Sean Orought Nursery at 
Katuman1 1n Kenya 1n 1989 

-----------------------------------------
Gra1n We1ght 

y1elds Oays to of 1000 
Entr1es (kg/ha) flower seeds (g) 
-------------------------------------------
Harold P1nk 494 44 7 215 
G 2816 (Flor de Mayo) 416 44 o 250 
Ex-R1co 23 470 43 3 179 
Rosa P1nk 448 42 3 203 
A 422 404 46 o 195 
ANO 338 598 44 7 163 
NW 590 516 45 7 157 
A 410 480 45 o 191 
ICA 15506 408 46 o 197 
ANO 197 455 ___ 44 7 192 
G 5059 (Mulat1nho) 290 37 o 359 
G 8025 570 47 o 180 
G 4446 (Puebla 152) 545 443 214 
8AT477 290 38 3 484 
PAN 133 361 400 464 
Olathe 564 36 3 319 
EMP 175 419 38 3 470 
BAT 338-1C 455 38 7 250 
Aguascal1entes 13 495 43 o 160 
G 4830 354 39 o 180 
V1va P1nk 600 35 3 327 
EMP 105 413 39 7 168 
A 54 279 39 3 346 
BAT 798 300 45 o 132 
G 5201 619 37 7 145 

L S O (P = O 05) 203 8 5 6 72 1 
-----------------------------------------------------------

The parameters to be collected w111 1nclude leaf water potent1al 
stomatal res1stance leaf extens1on rate leaf area 1ndex (LAI) root1ng 
dens1ty and pattern heat tolerance and so11 water potent1al 

L1ne source spr1nker 1rr1gat1on system w111 be used to monitor the des1re 
level of water stress requ1red 1n test1ng genotypes for the1r stress 
tolerance s1nce ra1nfall 1nterferes w1th evaluat1on dur1ng the ra1ny season 

Two sow1ng dates 1n a s1ngle season w111 also be continuad to obta1n 
d1fferent patterns of stress 1n the sama season 

Monitor1ng tours w111 be 1n1t1ated to assess progress and exchange 1deas 
and exper1ences of researchers of cooperat1ng countr1es 1n the reg1on 
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Preli111inary studies of Bio1ogica1 Nitrogen Fixation 
by Haricot Bean on Ttto Soi 1 Types in Hararghe Ethiopia 

M1t1ku Ha11e 

Plant Science Department Alemaya University of Agricultura 
Dire Dawa Eth1opia 

Abstract 

Sean (Phaseolus vulgans) is important as a source of protein and 
cash for sma11ho1ders in Ethiopia Yields are very poor because of 
scarcity of fertilizers Sean is produced mainly 1n assoc1atton wfth 
other crops but there fs fncreasfng fnterest fn pure stands 
Studfes are fn progress of the need for fnoculat1on w1th Rh1zobfum in 
dffferent croppfng systems There were s1gnificant (P = O 01) 
differences among 19 strains of rh1zob1a for nodule number and plant 
fresh weights of bean in pure stand and in bean dry matter weight in 
assoc1at ion w1th sorghum Appl1cat 10n of n itrogen depressed 
nodulation and variation in nodulation has been demonstrated among 
bean cult1vars Native rhizobia strams appear to be meffective 
Tests are proposed of a wider range of Rhfzobium strains and bean 
genotypes in pure stand and fn assoc1ation 

Introduction 

In Ethiopia haricot bean (Phaseolus vulgans) is most common in 
altitudinal ranges of 1 400-2 000 masl in pure stand in the Rift Valley and 
in association with other crops in other areas It is considerad both a cash 
crop and a protein source Economically it is an important export commodity 
The yield level is estimated to be 650 kg/ha (Amare 1987) This 1s 
attributed among other reasons to the cultivation of beans on soils poor in 
nutrients previously used for grow1ng other crops Amare (1987) reportad that 
bean responds to N when grown on poor soils Previous studies (Dagnew 1981 
Amare and Birhanu 1984) indicated the benefits of grow1ng bean 1n associat1on 
with cereals Expected benefits from nitrogen fixation and improvements in 
soil fertility have not been realued Moreover nativa rhuobial stra1ns 
appear ineffective in nitrogen fixation (Amare 1987 NSSP 1989) 

In Ethiopia haricot bean is plantad on all types of soils but yields 
are poor since the crop requires high fertility The same has been reportad 
in Uganda (Mukas 1970) where bean also nodulates poorly (Stephens 1967 
Acland 1971 Anderson 1973) Previous studies of inoculation in Ethiop1a 
were basad on surveys outside the main bean producing areas (Amare 1987) 
Inoculation is not practised by farmers in Ethiopia The need for inoculatio~ 
and the benefits of symbiotic nitrogen fixation are realizad by farmers in 
eastern Africa However this was not verified for cropping systems in eastern 
Afr1ca in general and Ethiopia in particular 

Experiments were therefore initiated in 1989 to study the role of 
nitrogen fixation by haricot bean in different cropp1ng systems in the context 
of bean improvement in eastern Africa with the specific objectives of 
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1 studying the effects of bean on the yield of sorghum 
2 study1ng the effects of sorghum on yield of bean 
3 compar1ng bean y1elds in assoc1at1on and pura stand 
4 comparing nodulation of bean in assoc1ation and in pura stand 
5 compar1ng nodulat1on of bean by different rhizobial strains 
6 study1ng the effects of N on bean nodulation and yield 
7 1nvest1gat1ng genotyp1c var1ation in nodulation and yield 
8 conduct1ng a survey of nodulation in farmers fields 

Mater1als and Methods 

Surveys of Farmers Fie lds 

Twenty fwe farms (Figure 1) were surveyed in August 1989 The farm: 
were selected randomly to represent d1fferent agro-ecological zonas and soi 
cond1t10ns From each farm cultwat1ng hancot bean six random plants wen 
dug so1l part 1cles carefully separated from the roots and nodules examinel 
for posltion on roots color s1ze and number accord1ng to CIAT (1988) 

Greenhouse Exper¡ment 

N1neteen Rh7ZOb7um strains from CIAT were used to inoculate seeds of F 
vulgans l1ne A 422 sown 10 earthen pots in a randomized block design w1t 
four repl1cat 10ns The pots were each f11led with 4 kg of A lemaya senes 
degradad Haplustalf so1l def1cient 1n N A basal dressing of P2o5 KCl MgO 
borax and Znso4 was applled 1n powder and solution forms The soil wa 
equ1l1 brated wlth suffic1ent water to ensure umform mo1 sture Subsequen 
water1ng kept so1l mo1sture at 75 per cent of f1eld capacity Five clea 
seeds of A 422 were sown 1n a c1rcular arrangement 1n each pot Plants wer 
1noculated at the three leaf stage with one teaspoonful of peat-base 
1noculant placed near the stem base and covered with clean stenle sand 
Nodule volumes and numbers were recordad on three plants at fifty per cen 
flower The fresh and dry (follow1ng drying at 60° for 48 hours) weights e 
the tops were recordad Total N was determ1ned by the KJeldahl method 

F1e Id Tna ls 

Four tnals were conducted at Alemaya and Hamaressa in 1989 The soi 
character1st1cs of the two sites are summarized in Tabla 1 

Ra1nfall d1stnbut1on of the area 1s b1modal The small rains begin 1 

February extend1ng to the f1rst week of May A dry spell ensues towards ti 
end of May and the whole of June pr1or to the large rains which start 1n Jull 
Long term averages show annual total rainfall to be 810 mm 60% of which fal· 
between July and September Temperatura variations encountered m the an 
also need to be cons1dered In valley bottoms cold temperaturas result 
frost wh1ch can damage late matur1ng haricot bean (personal observation) 

The tnals were all randomized complete block designs with thrE 
repl1cates Except where otherwise 1ndicated har1cot bean was sown in rows • 
cm apart w1th 10 cm between plants along the rows in a plot s1ze of 4 5 x 4 
m Nodulat1on was exam1ned on each occas1on according to CIAT (1988) on 
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F1gure 1 D1stnbut10n of farms sampled for nodula!lon and s01l charactenst!Cs 1n Harargue 1n 1989 
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Table 1 So11 Charactenst1cs of the Tr1als Sites 

-----------------------------------------------------------------
Tr1al 
1ocat1on So1l type Texture 

p 
(ppm) 

AWC 
(mm/cm) 

-----------------------------------------------------------------
Alemaya Typ1c 

Pellustert Clay 1 6 7 9 7 5 42 8 

Haplustalf 
(degradad) Sandy loam 1 5 6 8 3 1 27 o 

Hamaressa Rhodustalf Clay 2 4 6 2 1 8 32 o 
-----------------------------------------------------------------

carefully dug plants par plot The weights of grains harvested (bean and 
sorghum) were recordad 

In one trial four haricot bean cultivars (Mexican 142 Ex-Rico 23 Black 
Dessie and a local cultivar) and two sorghum cultivars (ETS 2752 - tall - and 
IS 9333 - short) were comparad in pura stand and in association on a 
Rhodustalf Sorghum was sown on 29 Apr11 and bean three weeks later The 
sorghum was in rows 80 cm wide with 20 cm between plants Nodulation was 
examinad at mid flowering 

The effects of N were examinad in three trials In two trials (on a 
Rhodustalf and Pellustert) four levels of N (O 23 46 69 kg/ha) were banded 
under the seed during planting ensuring seed and fertilizar separation The 
haricot bean cultivar was Alemaya White Nodulation was assessed at ten day 
intervals 

Another trial examinad nine haricot bean cultivara and lines from 
National Yield Trials with and without 23 kg/ha N applied in the form of urea 
at sowing Nodulation was assessed at ten day intervals 

Results and Discussion 

Survey of Fanners Fie1ds 

Haricot bean production was restricted to altitudes below 2 330 masl 
(Tabla 2 Figure 1) above which other legumes such as faba bean and field pea 
assumed importance Vertisols Alfisols Oxisols and Entisols were the 
predominant soil types for haricot bean production Specific deficiency 
symptoms reflectad the variability in the soils Haricot bean grown on 
slightly acidic soils tended to be least vigorous 

Organic matter ranged from 1 1 to 2 9X with a mean of 1 7X which is 
extreme1y poor and indicates a need for nitrogen Low available f> was 
associated with low pH values - soma fields with high P had been fertilizad 
during the current season Haricot bean occurred in pura stands in only six 
fields In the remaining fields bean was associated with other crops - mainly 
sorghum in low rainfall areas and chat coffee or maize where rainfall was 

100 



Tabla 2 Nodulat1on Survey of Har1cot Bean 1n Harargha Eastern Eth1op1a 

----------------------------------------------------------------------------------------
locat1on Alt1- Ra1n- Nodule!< 

---------------- tuda fall So11 OH p Sys- Cult- ----------------------
No N ame (m) (mm) pH typa lll (ppm) tem 1var No S1ze Color S1te 
---------------------------------·--------~---------------------------------------------

6 Sher1 f Ka11d 1890 810 6 1 Alf1so1 1 2 8 ASS Kan ya 38 S-M p1nk TR 
4 D1re layara 2020 830 6 5 Alf1so1 1 5 10 ASS Kan ya 31 M whlte TR 
2 Woldya 1430 750 7 3 Ent lso 1 1 6 12 ASS Whlte 84 M-l plnk RH 
3 Erervalley 1360 680 8 5 Entlsol 1 5 8 PS Wh1te 35 S whlte RH 
1 Bab11e 1650 700 7 3 Alflsol 1 1 9 ASS Whlte 41 S-M whlte TR 
7 Fed1s 1780 820 6 2 Alflsol 1 4 8 ASS Kenya 27 l p1nk TR 
8 Muleta 2100 850 6 9 Alf1so1 1 7 11 ASS Kenya 16 l p1nk TR 
9 Kurfachele 2130 870 7 3 Vert1so1 12 1 14 ASS Kenya 78 l ptnk TR 

10 Bedeno Tokuma 1910 1320 6 2 Alf1so1 1 5 6 ASS Whtte 36 S-M whlte RH 
11 Burka T1rttna 1720 850 7 8 Verttsol 1 7 10 ASS Kenya 80 S-l W/P TR 
12 Kobo 2300 930 6 8 Enttsol 1 8 12 PS Kan ya 46 S-M whtte RH 
13 Boreda 2330 980 8 1 Vert1so1 2 1 15 PS Kenya 72 M-l whtte RH 
14 Feresama 1780 830 7 5 Vert1so1 1 9 13 ASS Kenya 15 M-l whtte RH 
15 Amens1s 1830 1100 8 1 Verttsol 2 2 9 ASS Kenya 64 S-l whlte TR/RH 
16 Melkabello 1650 870 6 5 Alftsol 1 3 8 ASS Kenya 18 S-M whtte TR 
17 Bedessa 1720 1250 6 3 Alftsol 1 4 7 ASS Kenya 22 S M whlte TR 
18 Bedessa 1710 1250 7 6 Vertlsol 1 8 12 PS Kenya 58 M l whlte Rlf 
19 Bedessakutor 1960 1250 8 1 Vert1so1 2 3 13 PS Kenya 65 S-L whlte Rlf 
20 Wachu 1780 1250 8 3 Vertlsol 1 7 9 ASS Kenya 54 S-M W/P RH 
21 Boke T1ko 1960 820 7 6 Holl !sol 2 9 16 ASS Kenya 62 S-H whlte RH 
22 Gelmso 1820 1250 7 8 Verttsol 1 8 12 PS Kenya 73 S M W/P TR 
23 Kutur 16 1870 1250 5 5 Ox lsol 1 2 7 ASS K en ya 16 MI whlte fUI 
24 Dereku No 29 2030 1250 5 3 Oxlsol 1 5 9 ASS Kenya 18 M-L whlte 1111 
25 M1cheta 2120 1250 5 6 Oxlsol 1 7 8 ASS Kenya 19 M-l whlte RH 

5 F1nk11e 1980 810 6 5 Alf1so1 1 6 19 ASS Kenya 25 S-M wh1te TR 
----------------------------------------------------------------------------------------
ASS - tn assoc1at ton PS - pure stand S small M medtum 
stze l = large TR - tap root RH - root ha1rs numbers refer to 
locat1ons 1n Figure 1 

suff1c1ent Bean 1n assoc1at1on w1th sorghum or ma1ze 1s broadcast when the 
cereals are knee-h1gh W1th chat or coffee bean 1s 1n the alleys The only 
cult1vars were Kenya and Wh1te Nodule numbers ranged from 16 to 84 tend1ng 
to be more on Vert1sols and less on Ox1sols and Alf1sols 

Tremendous var1ab111ty was observad 1n nodule s1ze color and pos1t1on on 
roots Small med1um and larga nodules were found on the sama plants The 
largar nodules were on (or near) the taproots the smeller and med1um-s1zed 
nodules mostly appeared on root ha1rs Except on very few f1elds nodules were 
wh1te 1n color Where p1nk1sh nodules occurred they were relat1vely larga 

Nat1ve rh1zob1a were capable 1n all cases of 1nfect1ng the host but were 
not suff1c1ently effect1ve to produce leghaemoglob1n Var1at1on 1n populat1ons 
and 1nfect1v1ty also 1nfluence the number s1ze and effect1veness of the 
nodules Although har1cot bean had been grown cont1nuously on the farms 
surve)led 1noculant had nevar been usad Prev1ous stud1es (Amare 1988) 
1nd1cate that 1noculat1on w1th rh1zob1a 1ncreases the y1eld of har1cot bean 
but 1noculat1on w1thout adequate phosphorus and m1cronutr1ents w111 not 
produce substant1al N f1xat1on (Macartney and Watson 1966 Stephens 1967 
Keya, 1977) 
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The ineffectiveness of nativa rhizobia may be due to their senetic make­
up which has been also observad by other investigators in eastern Africa 
(Denaria 1968 Souza 1968) or to adversa edaphic conditions In high 
rainfall areas haricot bean showed symptoms of zinc and molybdenum deficiency 
whereas in soils with high pH values lime-induced iron chlorosis was 
observad 

Besides adversa soil conditions and variations in weather biological 
factors also influence nodulation and N f1xation Parasites, predators 
antlbiosis and other organisms that may affect the symbiosis should be 
considerad In fields where root knot nematodes were observad nodulation was 
poor This could be due to interference and competit1on for nodule sitas 
Earlier reports confirm the prevalence of nematodes on haricot bean (Ngunda 
1973 Habtu 1987) 

Greenhouse Experiment 

There were significant differences (P = O 01) among Rhizobium strains in 
nodule numbers and fresh weights of the tops of A 442 (Tabla 3) Tap and 
lateral roots of inoculated plants were better nodulated than uninoculated 
plants wh1ch produced comparatively high proportions of ineffective white 
nodules The ineffectiveness may be due to antibiotics inh1biting nativa 
strains from producing pink nodules (NSSP 1989) Exotic strains produced 
effective nodules although numbers variad tremendously This clearly 
indicates that inoculation with suitable strains can improve the N fixation 
ab1lity of haricot bean 

Umnoculated plants had the smallest fresh we1ghts Fresh weight was 
1mproved by 30 percent by inoculation with strain 274 comparad with 
uninoculated plants Similar observations were made in Kenya (Bumps 1957) 
It is evident that there is little difference among strains in dry matter 
produced and 

1
httle relationship with nodulation the strain which gave the 

least number of nodules produced 47 percent more dry matter than the 
uninoculated treatment Similarly differences among strains in total N in the 
tops did not differ significantly but strain 632 fixed more than three times 
the total N than uninoculated plants Thus profusa nodulation may not 
substantially increase the amount of N fixed in the host (Keya 1977) 
However the N remaining in the soil from nodule senescence and excretion may 
be greater from plants with more effective nodules 

Intercropping 

In the intercropping trial the number and volume of nodules of haricot 
bean were unaffected by cropping systems (Tabla 4) All entries were infectad 
but the nodules in all cases were ineffective Black Dessie produced the most 
nodules with the largest volume in both pura stand and in association with ETS 
2752 (tall) sorghum NOdule number and volume were least in Ex-Rico 23 in 
association with ETS 2752 possibly due to low light intensity restricting N 
fixation 
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Table 3 The Effect of Inoculation with Rh1zob1a on Nodule Number and Volume 
Fresh and Dry Matter and Total N Y1eld of A 422 in a Greenhouse 
Test 

------------------------------------------------------------
Nodules 

---------------
Number Volume Fresh Dry 

Stra1ns (ml) we1ghta mattera Na 
------------------------------------------------------------
274 591 5 8 80 82 15 14 09 o 154 
348 572 o 2 27 74 26 12 99 o 175 
876 536 8 9 22 78 45 13 95 o 126 

57 536 5 10 05 79 54 14 74 o 161 
151 492 o 8 52 75 95 13 00 o 140 
Un1noculated 473 5 8 27 57 20 8 02 o 061 
113 466 o 6 25 11 3 53 14 53 o 123 
899 448 8 8 68 77 20 14 72 o 119 
112 435 8 6 75 70 07 13 95 o 129 

5 405 5 6 25 76 85 13 59 o 108 
639 398 5 7 60 81 77 14 17 o 119 
613 393 3 6 75 73 43 13 89 o 105 

45 392 8 6 62 65 19 12 39 o 126 
166 395 8 7 02 74 39 14 12 o 126 

2 375 3 6 05 62 22 1 1 43 o 119 
144 375 o 6 27 68 66 13 1 1 o 119 
640 356 5 7 40 65 69 13 00 o 11 5 
652 347 5 6 47 78 02 14 48 o 109 
7001 345 5 5 32 66 40 14 00 o 122 
632 227 3 6 85 79 04 15 03 o 198 

S E + 40 96 o 93 4 41 1 15 o 022 
e v (~) 19 1 6 4 1 1 o 16 6 35 2 
--------------------------------------------------------------
a g/3 plants 

There were s1gnificant 1nteractions between cropping systems and entr1es 
for top dry matter yields Black Dess1e produced more dry matter 1n 
associat1on with tall sorghum than in e1ther pure stand or in assoc1at1on w1th 
short sorghum suggest ing that this late-maturing cultivar 1s tolerant of 
shading The top dry matter y1elds of the other entr1es did not appear to be 
affected by cropping system 

The gra1n yields of the local cultivar and of Ex-Rico 23 were much less 
in association with sorghum than in pure stand (Table 5) In contrast the 
yield of Black Dessie was much greater in association with short sorghum than 
in pure stand or in association with tall sorghum and the yields of Mexican 
142 were little affected by cropping system Thls suggests the occurrence of 
cultivar differences in suitability for assoc1ation with sorghum Sorghum 
yields were reduced in association w1th haricot bean perhaps attributable to 
competition for nutrients water light or rooting space (Kurtz et al 1952 
Pendleton et al 1963 Enyi 1973) Land Equivalent Ratios (LERs) indicated 
considerable yield benefits of associated cropping over pure stands of haricot 
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Table 4 Nodule Numbers and Volumes and Top Ory Hatter Y1elds of Har1cot Bean 
1n Pure Stand snd Assoc tated w1th Sorghum on a Rhodustalf at 
Hamaressa 1n 1989 

-----
Nodule number Nodule volume (ml) Ory matter (g/6 plants) 

Pure Ass Ass Put e Ass Ass Pura Ass Ass 
Entrtes stand 2752 9333 Mean stand 2752 9333 Mean stand 2752 9333 Mean 

---
Black Oess1e 187 o 163 o 86 o 145 3 3 03 3 60 1 70 2 17 18 1 39 3 9 o 22 1 
Ex Rico 23 99 3 49 6 131 3 93 4 2 53 o 46 1 60 1 53 17 3 12 5 13 5 14 4 
Mexican 142 81 6 17 3 61 6 73 5 1 60 1 23 1 36 1 39 15 8 21 1 25 o 20 6 
Local 96 6 104 o 141 3 113 9 1 60 1 43 1 50 1 51 14 9 14 5 10 4 13 3 

S E + 8 67 37 99 o 633 o 686 5 54 4 94 e v (~) 18 7 61 o 54 3 

Mean 1 16 98 4 105 o 2 19 1 68 1 54 16 5 21 9 14 5 
S E 36 13 o 49 5 09 

--- - --- - -- - --- ---- -------- ----- ------- --- -

Table 5 Grain yields and LERs of Haricot Bean and Sorqhum in Pura Stand and 
Associated on a Rhodustalf at Hamaressa in 1989 

Haricot bean (kg/ha) Sorghum (kg/ha) LER 

Pure Ass Ass Ass Ass Ass Ass 
Entries stand 9333 2752 Mean 9333 2752 Mean 9333 2752 Mean 

Local 1653 775 1562 1169 1093 17 41 1417 23 1 75 1 49 
Ex-Rico 23 2999 2223 1854 2039 1253 1931 1592 1 61 1 51 1 56 
Mexican 142 2823 2725 2556 2641 1151 1990 1571 1 76 1 82 1 79 
Black Dessie 1656 2334 1386 1860 1033 1769 1401 2 13 1 65 1 89 

Pure stand 1445 2166 1806 

S E + 439 7 324 1 113 6 150 5 
e v (%) 37 8 16 5 

Mean 2283 2014 1840 1195 1919 1 68 1 68 
S E + 251 8 256 7 
-------------------------------------------------------------------------------

bean and sorghum 
assoc1at 10n w1th 
genotypes 

The best LER (more than 2) was produced by Black Dess1e in 
short sorghum reflect1ng the compat1b1l ity of these two 

In th1s expenment sorghum yields d1d not beneflt from N fixation by 
har1cot bean perhaps due to the ineffectiveness of nativa Rhizobrum strains 
Prev1ous work (Agboola and Fayemi 1972 Chowdhury and Misangu 1979) has 
shown that N f1xed by inoculated legumes is used by associated cereals thereby 
1ncreas1n9 cereal yields Other stud1es (Henzell 1970) 1nd1cate the absence 
of any apprec1able d1rect flow of N from legumes to associated crops cereals 
do not benefit from associated beans sown at the same time unless the nodules 
are formed early and senesce to ralease the f1xed N Futura studies of 
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intercropping systems need to cons1der aspects of inoculation planting dates 
of the associated bean rotations and sequential cropping to understand the 
benefits of N fixation 

Effects of N1trogen on Nodulatton and Y1eld 

On an Alf1sol at Hamaressa haricot bean nodule numbers and volumes 
increased up to 35 to 45 days after sow1ng then declined (Table 6) Between 25 
and 55 days after sow1ng nodule numbers and volumes decreased signif1cantly 
with 1ncreasing levels of N Nodulat1on was not 1nhibited even at h1gh levels 
of n1trogen but in all cases the nodules were 1neffective 

Table 6 The Effects of N1trogen Appl1cat1on on the Nodule Numbers and 
Volumes of Har1cot Bean on an Alf1sol at Hamaressa in 1989 

--------------------------------------------------------------------------
Nodule numbers Nodule volumes (ml) 

--------------------------- ------------------------------------
Days N (kg/ha) N (kg/ha) 
after -------------- ----------------------
sowing o 23 46 69 Mean S E o 23 46 69 Mean S E 
--------------------------------------------------------------------------
25 80 48 36 12 44 12 82 o 4 o 2 o 1 o 1 o 2 o 05 
35 83 64 37 19 50 10 93 o 70 o 43 o 33 o 27 o 43 o 07 
45 77 53 33 17 45 5 24 o 77 o 57 o 30 o 20 o 46 o 03 
55 72 46 25 11 38 7 01 o 70 o 50 o 20 o 20 o 40 o 06 
65 63 43 20 8 33 5 22 o 50 o 30 o 20 o 10 o 27 o 01 
75 41 33 15 5 23 3 41 o 40 o 20 o 20 o 10 o 22 o 01 

Mean 69 47 27 12 o 57 o 33 o 21 o 15 

Nodule numbers and volumes were much greater on the Vert1sol at Alemaya 
(Table 7) but although they decreased w1th 1ncreas1ng levels of N the 
differences among treatments were not s1gn1f1cant and nodulat1on was never 
totally curta1led Nodule numbers and volumes reached max1ma much later dur1ng 
the growth cycle (60 days after sow1ng) on the Vert1sol than on the Alf1sol 

The application of N had no s1gn1f1cant effects on gra1n y1elds Y1elds 
of har1cot bean grown on the Vert1sol (2407 kg/ha) were nearly tw1ce as much 
as y1elds on the Hamaressa Alfisol (1251 kg/ha) even w1thout N However on 
the Alfisol y1elds decllned much sooner w1th success1ve 1ncrements of N 
(1056 1407 1334 and 1210 ±58 4 kg/ha for the four N treatments) than on the 
Vert1sol where y1eld responses cont1nued up to 46 kg N/ha (2107 2266 2749 
and 2509 ±147 3 kg/ha) These preliminary studies 1nd1cate the need for 
fert1lizer application if hancot bean product1on 1s to be successful in 
Hararghe particularly when grown in pure stands 

On a degraded Alfisol nodules were fewer where N was appl1ed and there 
were sign1ficant differences among nine bean hnes and cultlVars 1n nodule 
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Table 1 The Effects of Nitrogen Appllcation on the Nodule Numbers and 
Volumes of Haricot Bean on a Vertisol in 1989 

------------------------------------------------------------------------------
Nodule numbers Nodule volumes (ml) 

------------------------------- ------------------------------------
Days N (kg/ha) N (kg/ha) 
after ------------------ ----------------------
SOW1ng o 23 46 69 Mean S E o 23 46 69 Mean S E 
------------------------------------------------------------------------------
30 151 117 108 38 103 31 2 2 3 1 2 o 9 o 2 1 15 o 75 
40 183 172 143 82 145 37 8 3 2 2 1 1 5 o 5 1 82 o 22 
50 320 254 203 201 244 98 8 8 9 4 7 7 8 2 9 6 07 2 19 
60 338 466 275 251 332 78 5 9 5 11 1 8 3 5 2 8 52 3 12 
70 307 284 241 181 253 99 3 10 2 5 3 6 o 4 6 6 52 2 41 
80 269 240 192 154 213 125 4 5 8 8 o 3 3 7 o 6 03 2 32 
90 99 65 47 36 61 16 1 1 1 1 o o 7 o 6 o 85 o 24 

Mean 238 228 172 134 193 5 9 4 8 4 1 3 o 4 45 
-----------------------------------------------------------------------------

numbers at 40 days after sow1ng when N was applied and at 30 40 50 and 70 
days after sow1ng w1thout N (Table 8) Again all the nodules were 
1 neffect we 

T ble 8 Nolule Numbers and V1elds (kg/ha) of Nine Har1cot Bean Cult1vars and 
llnes Grown Wtth and W1thout Nitrogen on a Oegraded Alftsol at 
A lema ya tn 1989 

------ -
Nttrogen No n1trr>gen Gra1n 

yields 
Days after sowtng Days after sowtng (k9/ha) 

Entnes 30 40 50 60 10 80 Mean 30 40 50 60 10 80 Mean +N N 

Local Wllte 11 44 46 111 100 40 58 188 245 251 221 182 81 296 2419 1551 A 116 13 16 33 131 135 61 65 93 116 112 191 101 95 129 2551 1160 A 265 28 43 43 162 118 12 61 210 263 283 310 251 12 248 2618 1834 Mulatinho A 22 21 45 16 65 29 44 185 218 211 380 161 96 220 2069 1934 A 62 20 21 21 52 41 32 33 50 16 19 84 38 29 59 2128 1423 
BAT 85 48 52 82 160 125- 64 88 111 205 212 295 113 102 203 2121 1598 Car1oca 36 59 80 186 120 95 96 215 212 219 299 182 121 224 2883 1669 
991 CH 173 29 41 95 201 101 104 97 80 83 131 213 95 14 112 2941 2668 
A 445 23 31 64 238 165 83 101 205 261 326 343 119 143 243 3103 2668 

Mean 25 38 51 141 108 51 12 155 190 230 259 152 102 181 2730 1831 
S E + 12 5 9 5 24 8 49 3 50 4 39 2 21 6 7 8 33 7 39 7 27 3 51 8 

In the sama tr1al there were s1gn1ficant differences among entries in 
nodule volume at 40 and 80 days after sowing where N was applied and 40 50 
and 60 days after sowing without N (Table 9) 
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Table 9 Nodule Volumes of Nine Haricot Bean Cultivars and Lines Grown With 
and Without Nitrogen on a Degradad Alfisol at Alemaya in 1989 

Entries 

Local White 
A 176 
A 265 
Mulat1nho A 
A 62 
BAT 85 
Carioca 
997-CH-173 
A 445 

30 

o 09 
o 09 
o 20 
o 31 
o 16 
o 43 
o 23 
o 23 
o 13 

Nitrogen 

Oays after sowing 

40 

o 25 
o 10 
o 23 
o 20 
o 10 
o 17 
o 40 
o 27 
o 23 

50 

o 33 
o 30 
o 28 
o 47 
o 13 
1 27 
o 53 
o 87 
o 97 

60 

3 3 
2 7 
2 8 
2 7 
2 2 
3 4 
2 7 
7 1 
9 9 

70 

1 3 
2 8 
4 1 
2 7 
1 8 
4 3 
5 9 
5 7 
5 9 

80 

2 8 
2 o 
o 3 
3 3 
o 8 
1 2 
1 9 
5 9 
4 2 

Mean 

1 34 
1 35 
1 41 
1 61 
o 86 
1 79 
1 94 
3 34 
3 55 

30 

2 7 
1 4 
2 o 
2 8 
o 4 
2 o 
3 1 
o 7 
3 8 

No nitrogen 

oays after sowing 

40 

6 2 
2 1 
3 9 
3 5 
1 5 
2 6 
5 4 
1 2 
5 5 

50 

7 4 
1 1 
6 S 
3 8 
1 9 
2 2 
6 3 
1 1 
5 6 

60 

6 3 
4 o 
4 9 
3 o 
3 o 
4 1 

10 o 
10 8 
8 9 

70 

5 8 
5 3 
2 9 
3 8 
1 8 
3 1 
6 4 
5 1 
7 2 

80 

2 6 
6 1 
S 1 
1 9 
3 8 
4 1 

10 9 
4 2 
8 1 

Mean 

5 1 
3 S 
4 6 
3 1 
2 o 
3 1 
1 o 
4 8 
6 5 

Mean 
SE (+) 

o 20 o 21 o 51 4 o 3 9 2 5 1 89 21 38 47 61 46 52 44 
o 13 o 06 o 35 2 31 1 63 1 12 o 71 1 12 1 44 1 34 1 22 2 03 

Differences in gra1n yields among the 11 entries were not signiflcant 
(Tabla 8) The largest yield 1ncrease (48%) due to N appl1cation was obtained 
from A 62 Mulat inho-A showed the smallest yield response (7%) The absence 
of yield differences among entnes conf~rms the need for N fertilization 
Notwithstand1ng inoculation with rhizobia and ability to f1x N will benefit 
the N status of these so1ls Subsequent trials need to 1nclude sorne of these 
entries with and w1thout 1noculat ion in pure stands and associat ion with 
sorghum 

Recommendations and Futura Research Needs 

These preliminary results indicate the need for inoculation of haricot 
bean Promismg Rh7zobwm stra1ns Wlll be testad 1n the field in pure stand 
and 1n association w1th sorghum Selected bean genotypes will be grown under 
a uniform canopy of sorghum to evaluate the1r nodulating capacity Greenhouse 
experiments w1ll be continuad to st~y the effect of nutrients on nodulat1on 
and nutr1tion of har1cot bean These trials w1ll be conducted for a further 
two years 
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SIJ4MARY OF DISCUSSIONS 

Smithson and Gridley 

The purposes of the AFBYAN are to d1ssem1nate improved cultwars among 
NPs and to compare performance in d1fferent agro-ecological zonas including 
Latin America 1n order to assess the importance of environmental features in 
determ1ning y1elds Bes1de associations between ra1nfall and diseases there 
are many other factors to consider 

Musaana and Opio 

For seed production 1t 1s 1mportant to ensure that clean seeds are usad 
by qual1ty tests In Uganda the soc1al costs of CBB are larga because every 
seed production attempted has become 1nfected to the extent that it is no 
longer poss1ble to produce seed It 1s a very ser1ous problem 

In the stud1es spreader rows and 1noculat1on are usad in an attempt to 
obtain un1formly severe levels of d1sease 

It 1s the general comment from the house that the futura plans are very 
amb1t10US 

Sengooba and Male-Kayiwa 

Future plans are more realist1c than those for the CBB subproJect 

Habtu Assefa 

A set of internat1onally accepted standard differential vaneties was 
used for determ1ning races of rust In crop loss assessment trials the crop 
was art1f1c1ally 1noculated 

The regress1on equation developed may not reflect all farmers 
cond1t1ons but does cover widely different levels of disease 

In d1sease loss assessment other diseases were controlled by treat1ng the 
seed ~ 

The time span of futura work 1s three years 

The express1on of partial resistance will be determinad by measuring such 
characteristics as 1ncubation period and sporulation 

It is important to include other countries in the region 1n assessing 
d1sease losses due to rust 
/ 

OWera 

The ELISA method is cheaper than immuno-diffusion in virus identification 
and kits have been developed to screen materials in the field 
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Necrotic strains of BCMV were not collected dunng the survey in 
Eth1opia The reason is not clear 

There were some problems with cross reaction but over t1me it was 
possible to eliminate the effect 

It may not be poss1ble to screen all seed samples before sow1ng even 1n 
breeding work but for spec1al studies th1s can be done 

It is not pract1cal to ldentify BCMV stra1ns in insect vectors but 1t 1s 
relat1vely easy in seed or growing plants 

Kidane Georgis 

The 1mportance of other env1ronmental factors m enhanc1ng or mask1ng 
drought effects was discussed Concern was expressed about temperatura effects 
on drought tolerance It was suggested that evaluat1on be done under 
controlled condit1ons in a screen house It was pointed out however that 
the importance of root morphology to drought tolerance made pot expenments 
undesi rable It was suggested that stat 1st ical procedures are ava1lable to 
separata the effects of the var1ous factors such as temperatura ra1nfall and 
diseases from those of drought 

As no drought stress occurred in some of the tr1als the1r means were very 
high relativa to the overall mean It was pointed out that these h1gh y1elds 
greatly 1nfluence the overall means of the entr1es that do espec1ally well 1n 
good env1ronments lt was suggested that the data from hlgh y1elding trials 
be we1ghted to el1m1nate the1r distortlVe effects or that they be excluded 
from the analysis so that only stress environments are considerad 

Select10n based on differences in leaf size pubescence root s1ze or 
leaf temperatura was discussed and it was suggested that evidence may be 
lack1ng on the value of bas1ng select1on for drought tolerance on such 
characten st i es 

It was pointed out that responses of entnes 1n the drought nursery 
agreed with those observad at CIAT 

There was no discuss1on of the proposed plans for future research 

Mitiku Haile 

It was suggested that total N should be used rather than 70N when 
evaluating nitrogen f1xation The value of nodule counts relat1ve to the use 
of acetylene reduction was quest1oned but apparently the equipment for 
acetylene reduction is not available to the research proJect 

Further collect1on isolat1on and evaluation of native stra1ns was 
recommended and it was agreed that th1s will be a future activity The value 
of inoculat1ng w1th single strains relativa to m1xtures of stra1ns was 
questioned and it was agreed that 1t should be 1nvestigated 

The feasibility of inoculating seed to be sold to fanmers was discussed 
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The speaker po1nted out that several Afr1can countr1es are produc1ng rh1zob1a 
1nocula at low cost and 1noculated seed should be acceptable to farmers 

Management factors affect1ng n1trogen f1xat1on were d1scussed Levels of 
weed control may be 1mportant to BNF and the speaker sa1d survey data would be 
analyzed to determ1ne effects of weeds The effects of appl1ed phosphat1c 
fert1l1zers and m1cronutrlents are to be 1nvest1gated BNF may be stud1ed 1n 
low ra1nfall areas 1n collaborat1on w1th FAO 

It was suggested that l1nes 1dent1f1ed at CIAT w1th early nodulat1on and 
long durat1on of nodulat1on should be stud1ed 1n Eth1op1a 
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SESSION 111 REPORTS FROM EASTERN AFRICA ANO ADJACENT AREAS 

Dry Bean Research and Product ron rn the Eastern 
Semr-Arfd Areas of Kenya 

W K Rono and A Shakoor 

Nattona1 Drylands Farmtng Research centre Nachakos Kenya 

Abstract 

Dry bean (Phaseo1us vu1gans L ) 1s a maJor food 1egume and source 
of 1ncome to farmers in the eastern semt-arfd areas of Kenya These 
areas are charactenzed by a 1ow b1modal ramfa11 (500-700 mm) wh1ch 
fs erratfc and recetved usua11y m the ffrst four to s1x weeks of 
each season Ory bean fs matn1y grown 1n assoc1atton w1th ma1ze 
However assoc1at1ons w1th other crops such as sorghum vegetab1es 
and young fruft trees are found 

Early maturtng and heat to1erant cu1tfvars have been deve1oped for 
cu1tfvatfon 7n these areas These cult1vars mature w1thm 60-65 
days of p1antmg and y1eld an average of 1500 kg/ha m pure stand 
a1though hlgher y1elds may be attamed Wlth recommended agronom1c 
pract1ces The1r performance 1n drought d1sease and msect pest 
stress cond1 t 1ons 1mpact product 1on constra 1nts and research 
act¡v¡tfes are dfscussed 

1ntroduct1on 

Kenya is primarily an agricultural country the industry support1ng the 
smallholder low-income rural farmers who represent over 80% of the country s 
population Dry bean (Phaseolus vulgar1s L ) is the most 1mportant food crop 
after maize (Zea mays l ) in Kenya and grown usually in association w1th ma1ze 
and other crops The majonty of Eastern Prov1nce 1 1es 1n sem1-arid zones V 
and VI wh1ch are the main produc1ng areas of dry bean The prov1nce alone 
accounts for 35% of the country s total production w1th an average yield of 
735 kg/ha (Kangethe and Ngalyuka 1989) The nat10nal average y1eld is 700 
kg/ha Dry bean suffers from water stress at all stages of growth Stress at 
flower1ng and pod f1lling coupled with high ambient temperaturas causes flower 
drop and pod absc1ssion and hence losses 1n y1eld 

Dry bean 1s grown in most parts of Kenya However the crop 1s usually 
not grown under 600 masl where temperaturas are too h1gh for good sett1ng of 
pods under ra1nfed conditions (Stoetzer 1983) 

The climate of Kenya is diversa ranging from cool wet hlghlands to hot 
ar1d low and med1um altitude areas These areas are conveniently grouped 1nto 
s1x main agroecological zonas I to VI basad on ra1nfall altitude and 
temperatura (Jaetzold and Schm1dt 1983) W1th the rapid 1ncrease in 
population farmers are 1ncreasingly mov1ng into and and semi-and zonas V 
and VI wh1ch occupy 85% of the total land mass 
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Proc:luction 

In eastern semi-arid areas dry bean is produced on small farms often in 
association with other crops such as maize sorghum young fruit traes and 
vegetables A survey by Njuguna et al (1981) between 1974 and 1975 indicated 
that in Kenya 94% of the area plantad with bean was in association and only 
6% was in pure stand Kenya is the largest single producer of bean in eastern 
Africa (Schwartz and Pastor-Corrales 1989) Eastern Province alone produces 
over 130 000 metric tons per season (Kangethe and Ngalyuka 1989) which 
constitutes 35% of Kenya s total proc:luction Inputs such as fertilizar 
chem1cals insecticidas and fungicides are rarely used in bean production 
Due to seasonal rotat1on and intercropping with maize which is often 
fertilizad e1ther with farmyard manure or inorganic fertilizers bean benefits 
1ndirectly 

Beans are produced both for home consumption and to earn income The 
major cultivars grown are the local landraces Mwezi Mmoja Mwitemania and 
Katuman1 Bean 1 Katumani Bean 2 and Katumani Bean 9 pre-released cultivars 
(Rono 1988) and Rose Coco in wetter higher altitude areas (Ministry of 
Agricultura 1988) Seed colour preferences are usually determinad by market 
requirements A notable increase in the cultivation of Rose Coco 1n sem1-ar1d 
areas has been observad This is due to the attractive market prices 
associated with the seed colour both locally and w1th the Nat1onal Cereals and 
Produce Board (NCPB) 

Product1on Constraints 

The ra1nfall pattern is very erratic with extreme variation in both the 
monthly and annual amounts of rainfall The times of beginning of both the 

long and short rains are very variable mak1ng it d1ff1cult to determine 
plant1ng dates when one can be assured of suff1cient mo1sture for germination 
and crop growth However Bakhtri et al (1982) and Itulya (1985) suggested 
that the best time to sow dry bean seeds in semi-arid areas 1s befare the 
expected onset of rains 

There is a wide gap between the yields observad in experimental plots and 
those 1n farmers fields (Tabla 1) The major constraints are unavailability 

/ of improved good quality seed diseases and insect pests lack of inputs 
poor soil fertility and drought stress These factors usually 1n 
combinat ion reduce yields Disease and 1nsect pest inc1dence and severity 
vary greatly depending on prevailing weather cond1tions and among seasons 
years and locations (Stoetzer 1983) The common d1seases of semi arid areas 
are anthracnose common bacterial blight scab rust charcoal rot (ashy stem 
blight) bean common mosaic virus (BCMV) and root and stem rots (Smit 1983) 
The main insect pests of bean in the sem1-arid areas are the pod-borer 
(Haruca testulalis) pod-sucking bugs beanflies and bean bruchids 

Ory bean does not nodulate well w1th nativa rhizobia so nodulation is 
poor Released cultivars have been shown to respond to nitrogenous and 
phosphatic fertil1zer application (Grain Legumes Project 1986) 

Farmers often use seed preservad from the previous harvest or from the1r 
ne1ghbours for cult1vat1on 1n the next season Seed may also be obta1ned from 
the market Commercial seed compan1es supply 11m1ted quant1t1es of cert1f1ed 
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Table 1 Mean Yields (kg/ha) of MalZe and Gra1n Legumes in On- / 
Farm Tr1als 1n Mat1l1ku Cluster Machakos D1str1ct from 
1986 to 1988 

Crop 

Ma1ze 
Sean 
P1geonpea 
Cowpea 

1986 

1145b 
410 
289 
367 

Season8 

1987 

844 
468 
350 
252 

1988 

2673 
330 
398 
117 

---------------------------------------------------
~ Means of two seasons 

Means of s1x farmers 

seed However most of their cultivars are suitable only for cultivation in j 
high potential high rainfall areas Little certified seed of cultivars such ' 
as GLP 1004 is available Due to limitad sales there is also a tendency by 1¡ 
seed retailers to carry forward seed through several seasons resulting in ¡

1

1 

poor seed quality and hence low yields due to poor germination 

Most seed companies have little interest 1n multiplying bean seed 
cultivars suitable for cultivation in semi-arid areas due to low sales and 
hence low profits associated with high r1sks and uncertainty due to climatic 
conditions The most effective means of availing superior seed varieties of 
high quality to the farmers has been through non-governmental organisations 
(NGOs) and projects such as Machakos Integrated Development Project (MIDP) and 
Embu-Meru-Isiolo Projects (EMI) Limited amounts of seed have also been 
distributed by Laikipia Rural De~elopment Project (LRDP) 

ut1lizat1on 

In eastern Africa bean is mainly consumad in dry 
together with young tender leaves In Eastern Province 
predominantly in the dry form with the green form in small 
bean leaves are rarely consumad 

and green forms 
bean i s consumad 

quantities Tender 

Bean grains and maize are mixed together to cook githeri or dehulled 
maize may be m1xed with beans to cook muthokof Boiled beans may be fried 
alone or with meat or with green vegetables and eaten as a relish with uga1i 
chapati or rice Pre-soaking of beans before cooking is rarely practised in 
eastern semi-arid areas Beans are also canned mainly for sale in urban areas 
and for export 

Research Achievements 
/ 

Research in dry bean has been in progress for several years in Kenya 
Research was initially mainly conducted at the National Horticultural 
Research Centre (NHRC) Thika and the University of Nairobi Dry bean 
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research for are as 1 300 mas 1 and be 1 ow wi th h i gh temperatu res was 
1nitiated by the National Oryland Farming Research Centre (NDFRC) at Katumani 
in 1979 The main objectives were to develop high yielding drought and heat 
tolerant early maturing cultivars which are resistant to major diseases and 
1nsect pests having acceptable organoleptic qualities and plant types 

The NHRC developed and released GLP 1004 a mwezi moJa bean type and 
Mwitemania These cultivars flower within 30-34 days and yield 1-1 5 tons/ha 
1n pure stand GLP 1004 is suitable for cultivation 1n cooler semi-arid areas 
At NDFRC-Katumanl three determinate cultivars have been developed and pre­
released to farmers (Rono 1988) These cultivars are Katumani Bean 1 (Kat 
81) Katuman1 8ean 2 (Kat 82) and Katumani 8ean 9 (Kat 89) Kat 81 has a 
yellowlsh-green seed whereas the seed of Kat 82 is cream These cultivars 
are resistant to rust and 8CMV and have some tolerance to angular leaf spot 
and charcoal rot Yields also vary from 1-1 5 t/ha in pure stand However 
y1elds of over 2 O t/ha may be obtained using recommended agronomic practices 
Kat 89 has red seeds and is su1table for cultivation in altitudes 1 000 masl 
and below 1t is heat tolerant The three cultivars are medium to larga 
seeded and flower 1n 30-34 days 

Although l1ne-spr1nkler 1rrigation is promising commercially it is not 
rel1able for screening lines for drought and heat tolerance (Masumba 1984) 
Screen1ng under field stress condit1ons and making selections based on seed 
y1elds (S1ngh and Mukunya 1987) appears effective especially where expensive 
equ1pment 1s not available 

Tepary bean (P acut¡fo11us) has been introduced for cultivation in 
sem1-ar1d areas but was reJected in eastern semi-arid areas due to small seed 
s1ze taste and d1fficulty in cooking However some lines have been released 
to farmers in semi-arld areas such as Turkana and West Pokot Districts 
where bean was not cultivated previously 

Interspeciflc hybnd1Zat1on between dry bean and tepary bean has been 
attempted to obtain drought and heat tolerant lines but promising lines have 
not been obtained due to segregat1on of the hybrids back to their original 
parents However the dry bean hybridization programme at NDFRC-Katumani has 
identifled h1gh y1elding mwezi moJa and rose coco bean types similar in 
matur1ty to commerc1al types In addition an extra-early determinate 
mwitemania (P1nto bean) type has been identified suitable for cultivation in 
lower alt1tude lower ra1nfall areas Although such a variety has critical 
source l1m1tations (White and Izquierdo 1989) modifications of planting 
pattern and dens1ty may enhance rate of crop cover and 1mprove yields 

On-Farm Trials 

Among the pulses 1n on-farm trials bean produced better yields than 
cowpea and pigeonpea (Table 1) Improved cultivars and recommended agronomic 
pract1ces were used A survey from 1986 to 1988 showed that maize/bean was the 
most common association practised by 41 3% of the surveyed farmers (Table 2) 
Dry bean was not observed 1n pure stand The most common row arrangements are 
1 1 1 2 and 2 2 for maize/bean associations the most popular being 1 2 -
adopted by 25% of the surveyed farmers Other common row arrangements are 
1 1 1 and 1 2 2 for maize/bean/cowpea and 1 2 1 and 2 2 1 for 
maize/bean/pigeonpea assoc1ations 
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Tabla 2 Percentages of Different Crop Combinations with Maize in Matiliku 
Cluster Machakos District for Five Seasons from 1986 to 1988 

Crop 
assoc1at1on 

Ma1ze/bean 
Ma1ze/cowpea 
Ma1ze/p1geonpea 
Ma1ze/greengram 
Ma1ze/bean/p1geonpea 
Malze/bean/cowpea 
Malze/cowpea/pigeonpea 
Others 

Percentage 
of farms 

41 3 
11 2 
10 o 

2 5 
12 5 

7 6 
6 3 
8 6 

A row arrangement of 1 1 maize/bean and 1 2 1 maize/bean/pigeonpea 
associations gave land equivalent ratios (LER) of 1 3 and 2 3 respectively 
A 1 1 row arrangement at 45 or 60 cm row width is more suitable dur1ng seasons 
of lower rainfall whereas a 2 2 arrangement of similar row width 1s suitable 
during seasons with favourable rainfall (Thairu and Ariithi 1988) Farmers 
with largar farms (10 ha and above) obtain better yields par hectare than 
farmers having smaller farms This trend is probably due to purchase by 
largar farmers of modero yield-increasing 1nputs such as chemical fertilizers 
and better agronomic management 

Conclus1ons 

Dry bean 1s a major source of protein and income for farmers of the 
eastern semi-arid areas of Kenya Eastern Province is the leading producer 
and accounts for 35!11 of the country s total production Larga and med1um 
seeded varieties and rose coco mwezi moja pinto and red seeded types are 
most preferred Types with yellowish-green and cream seeds are also 
acceptable to limitad consumers 

Drought stress weeds the diseases - anthracnose charcoal rot and 
common bacterial blight - the insects - beanflies podborers pod sucking bugs 
in the field and bean bruchids in stores - are important factors limit1ng 
yields Unavailability of good quality seed of improved cultivars and of 
modero yield increasing technologies also contributes to poor yields There 
is need to develop promiscuous nodulating lines which are early in nodulation 
and have a prolongad period of N-fixat1on 

Maize/bean is the most preferred crop association In lower altitude 
hotter areas sorghum/greengram is common A 1 2 row arrangement of maize/bean 
i s most preferred by farmers a 1 though 1 1 gi ves a hi gh LER ( 1 3) A row 
arrangement of 1 2 1 maize/bean/plgeonpea is also common More research 
should be done on 1 1 1 2 row arrangements for maize/bean and 1 2 1 
arrangements for maize/bean/pigeonpea in associat1on In addition breeding 
for resistance to the major diseases and insect pests is expected to 
contribute much to increasing bean production in Kenya 
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Possib1e Genetic So1utions to Besn (Phaseo1us vu1garis L ) 
Product1on eonstraints in ~stern Kenya 

G O Racn1er 

Western Agr1cultural Research Centre Kakamega Kenya 

Abstract 

Western Kenya (Bungoma Busia and Kakamega Distr1cts of Western 
Prov1nce and Nand1 and S1aya D1str1Kts of Nyanza Province) covers an 
ares of more than 13 thousand kllf lfith a population of nearly 3 
m1ll1on It has h1gh potent ia 1 for agricu lture and 75 one of the 
ma;or bean producmg areas of Kenya The c11mate 75 mainly humid 
sub-humid and sem1-hum1d but the soi ls (N7toso1s Acrisols 
Vert1sols Luv1sols and Ferralsols) are relatively mfertile The 
agr1culture 1s at subs1stence levels produc1ng maize bean banana 
slfeet patato and local vegetables lfith same sorghum finger millet 
groundnut sugar cane fru1t trees coffee and tea Sean is found fn 
pure stand or 1n assoc1ation lf7th other crops mainly maize but also 
lf7th sorghum cassava cotton sugar cane coffee or banana The main 
constramts to bean production mclude diseases 1nsects poor sofl 
fert1l1ty excess1ve and inadequate ra1nfall inappropriate cultivars 
and labour shortage Breed1ng offers the most appropriate solution to 
these constra1nts and the 1mprovement of bean production fn lfestern 
K en ya 

Introduction 

Nyanza and Western Provinces together form western Kenya s1tuated 
between 34°-35°E and 1°N-1°S The Western Agr1cultural Research Centre 
(alt1tude 1 585 masl average annual rainfall 1 935 mm average mean 
temperatura 20 6°C) caters for Western Province and Siaya and NandJ D1str1cts 
1n all agncultural actlVities covering an area of 13 462 km w1th a 
population of about 3 million people (Table 1) The region has high potential 
for agricultura and is one of the major bean growing areas of Kenya (Table 2) 
(F1gure 1) 

Phys1cal Environment 

Topography 

Most land to the east in Kakamega Bungoma and Nand1 consists of 
uniform undulating uplands with a succession of valleys and highland areas 
In Busia and Siaya the land is mainly plains which slope very gently 
westwards to Lake Victor1a 

Cl1mate 

Most of the area is covered by humid sub-humid and sem1-hum1d zonas 
(Tablas 3 and 4 Figure 2) The rainfall is more or less continuous with 
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F1gure 1 The Geograph1cal D1stnbu11on of the Ma1n Bean Growmg D1stncts 1n Kenya 

1 Nyanza 
2 Western 
3 Rtft Valley 
4 Central 
S Eastern 
6 North Eastern 
7 Coast 

One dot represents 10.000hectares 
¡-n---

6 

Scale 1 6{X'!JIX1J 
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Table 1 Area Populat1on and Density by District of ~andate Area of Western 
Agricultural Research Centre 1979 

--------------------------------------------------------------
District Total Agricultural Popul- Popul- Agric-

land land ation ation ultural 
are~ ar~a ( OOOs) den~ity land 
(km ) (km ) (km ) (ha/person) 

--------------------------------------------------------------
Bungoma 3 074 1 992 500 4 163 o 40 
Busia 1 626 1 349 300 o 185 o 45 
Kakamega 3 495 2 548 1 300 o 372 o 20 
Nandi 2 745 1 926 300 o 109 o 64 
Si aya 2 522 2 059 474 o 188 o 43 

Total 13 462 9 874 2 874 4 214 o 34 

Source Anon (no date) 

Table 2 Area Product1on and Yield of Bean in Kenya by Province 

-----------------------------------------------------------------
Prov1nce Are a (ha) Product1on (tons) Y1eld (kg/ha) 
-----------------------------------------------------------------
Central 86 166 54 184 629 
Eastern 178 896 131 545 735 
Western 90 106 50 639 562 
Rlft Val ley 120 782 89 191 738 
Nyanza 61 065 50 816 832 
Coast 3 412 2 158 632 

Total 540 533 378 533 701 
-----------------------------------------------------------------
Source Anon (1g89a) 

little dist1nct1on between the first and the second rains due to the daily 
westerly winds from Lake Victoria which converge with south-easterly trade 
w1nds Th1s causes a1r tojr1se and produce heavy showers especially in the 
afternoons result1ng injrelatively wet agro-ecological zonas The average 
annual ra1nfall in Bungoma Distr1ct ranges from 1 000 to 1 800 mm with annual 
mean temperaturas of 21-22°C Kakamega and Nandi Districts receive annual 
rainfalls of between 1 000 and 2 200 mm with annual mean temperaturas from 18 
to 20°c and 8 to 26°C respectively In Siaya and Busia Districts the 
average annual ra1nfall is around 1 000 mm accompanied by relatively high 
humid1ty due to the proximity of Lake Victoria 

Sol1S 

The dominant soils in western Kenya include Nitosols Acrisols and 
Vertisols in addition to Luvisols and Ferralsols in Siaya and Busia 
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F1gure 2 Agroecolog•cal Zones of Western and Nyanza Provmces of Kenya 
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D1str1cts They are generally not fertile because they contain little recent 
volcanic or other young nutrlent-rich parent material It is established that 
they are r1ch in potass1um (though th1s has been depleted to deflcient levels 
by continuous cropp1ng in many situations) and vary greatly 1n mtrogen and 
phosphorus contents (Table 5) In the tea zone the soils are moderately 
acid1c wh1ch results in apparent calc1um defic1ency Because of these 
problems manure and fertllizer are needed to 1mprove agr1cultural 
productiv1ty 

Table 3 Class1f1cat1on of Agr1cultural Land (km2) in Western Province S1aya 
and Nand1 D1str1cts according to cl1mate 

D1str1ct 

Bungoma 
Kakame9a 
Bus1a 
S1aya 
Nand1 

Total 
land 
are a 

3 074 
3 495 
1 626 
2 522 
2 745 

Hum1d and 
sub-humld 

1 210 
1 918 

927 
985 

1 136 

Agr1cultural land 

Sem1-hum1d Seml­
transltlonal ar1d 

782 o 
630 o 
422 o 

1 054 20 
790 o 

Total 

1 992 
2 548 
1 349 
2 059 
1 926 

--------------------------------------------------------------
Source Jaetzold and Schm1dt (1982a) 

Table 4 Ma1n Agro-Ecolog1cal Zones of Western Kenya 

Potent1al maJor crop 

Upper hlghlands (UH) pyrethrum 
Lower hlghlands ( LH) tea 
UM 1/UM2 coffee 
UM3/UM4 ma1ze/sunflower 
LM 1/LM2 sugar cane 
LM3/LM4 cotton 

UM = upper m1dlands LM = lower m1dlands 
Source Jaetzold and Schm1dt (1982b) 

Farming Systems in Western Kenya 

i!lí of total 

o 37 
1 1 57 
13 47 
15 10 
41 29 
18 16 

The maJority of farmers practice subsistence farming with average 
agricultura] land per household of O 56 ha Nearly all farmers 9row maize 
bean banana sweet patato and local ve9etables Other crops include sorghum 
finger millet groundnut sugar cane fruit trees coffee and tea Most 
farmers also keep livestock All farmers grow maize and beans in association 
(mixed cultivars) There are cases of maize and bean in association with 
coffee sorghum or cassava Maize is planted in rows and bean in between the 
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rows at the onset of rains Table 6 shows the area and production of majar 
crops in Bungoma D1strict 

Table 5 So11 Analys1s for Farms 1n Kakamega D1str1ct 

Arable farm Tea plantat1on (clays) 

So11 
character1st1c 

pH 
Sod1uma 
Potass1um 
Calc1um 
Magnes1um 
Manganesa 
Phosphorus (ppm) 

No of 
samples Mean 

8 5 30 
8 o 140b 
8 o 115 
8 1 08 
8 1 03c 
8 o 65& 
8 8 

Organ1c carbon (~) 4 1 
oob 
13d 

Hp 6 1 62 

S E ± 

o 130 
o 040 
o 026 
o 383 
o 165 
o 052 
o 926 
o 119 
o 210 

No of 
samples Mean 

8 4 94 
8 o 088b 
8 o 075b 
8 o 425 
1 Trace 
8 o 53~ 
8 6 75b 
4 1 06d 
8 2 15 

S E ± 

o 046 
o 027 
o 015 
o 045 

NA 
o 038 
o 648 
o 078 
o 107 

-----------------------------------------------------------------
~ expressed 1n meq/100 g so11 where other un1ts not shown 

half or more of the samples were at levels cons1dered 
cr1t1cally def1c1ent 

e four of the samples had trace quant1t1es only 
d all samples at levels cons1dered to be tox1c 
Source Anon (1989b) 

Table 6 Areas Harvested and Product1on of MaJor Crops 1n 
Bungoma 01str1ct 

--------------------------------------------------
Area harvested Product1on 

Crop ( 000 ha) ( 000 t) 
--------------------------------------------------
Ma1ze 78 00 141 84 
Bean 31 00 16 99 
Sorghum 1 50 o 99 
F1nger M1 llet 41 19 2 26 
Cassava 1 60 23 20 
Sweet potato 1 90 26 60 
Coffee 4 05 1 07 
Cotton 4 96 o 15 
Sunflower 9 04 o 14 
Sugar cane 292 00 43 40 
--------------------------------------------------

Source Anon (1985) 
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Bean Production and Its constraints 

Product¡on Systems 

Western Kenya is a maJor bean growing area of Kenya (Table 7) An old­
established system of production is intercropping bean with maize Other 
1ntercrops 1nclude bean w1th sorghum cassava cotton and sugar cane There 
are areas where maize and bean are grown in association with coffee or 
banana 

01seases 
-

In the National Bean Performance Trials conducted 1n the region angular 
leaf spot anthracnose scab floury leaf spot rust bean common mosaic virus 
and ascochyta bl1ght are all recordad Reports 1ndicate that diseases are the 
ch1ef l1m1t1ng factors to bean production in western Kenya aggravated by 
constantly warm temperaturas and mo1st cond1t1ons 

Table 7 Area Product1on and Y1eld of Bean 1n Western Kenya by 
D1str1ct 

D1str1ct Are a Product1on Y1eld 
(ha) (t) (kg/ha) 

---------------------------------------------------------
Kakamega 41 310 33 048 800 
Bungoma 31 353 14 211 543 
BUS la 1 1 967 6 939 580 
S1aya 17 526 8 763 500 
Nand1 5 357 4 919 918 

Total 107 513 67 880 668 
---------------------------------------------------------

Source Anon (1989a) 

Insects 

Bean 1s grown continuously cropped and in assoc1at1on wh1ch encourage 
the build-up of pest populations The major insect pests of western Kenya 
are beanfly (Ophiomy¡a phaseo17) thnps (Mega1urothnps sjostedff) aphids 
(Aph7s spp ) and bean weevil (Acanthosce17des obtectus) 

Insects damage the crop through defoliat1on stem attack eating leaves 
and pods sucking JUice from young growing points and spread of diseases 

Low So¡T Fert717ty 

Most soils in western Kenya are poor in phosphorous and nitrogen 
statuses Because of these problems large amounts of manure and fertilizar 
are needed for improved bean production 
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C1fmats 

Excessive rainfall often causes poor germination and severe disease 
incidence in Kakamega Bungoma and Nandi Districts In Siaya and Bus1a 
Districts stress due to low moisture can occur Too warm temperaturas cause 
flower abortion in Siaya and Busia Districts 

Cu1tivars 

There are several local landraces and improved cultivars 
local landraces are susceptible to common bean diseases 
anthracnose angular leaf spot rust halo blight and BCMV 

grown The 
for example 

Improved cultivars of determinate growth hab1t include GLP 2 (Rose Coco 
type seed) GLP 24 (Canadian Wonder) GLP 585 (Red Haricot) GLP 1004 (Mwez1 
MoJa) GLPX 92 (Pinto - Mwitemania) and GLPX 1127A (New Mwezi Moja) GLP 2 
has medium to good yield and matures early but has poor pod clearance It 
shows early resistance to angular leaf spot and m1 ld resistance to BCMV and 
rust GLP 24 is poor yield1ng and late maturing with very poor pod clearance 
but with some res1stance to angular leaf spot BCMV and rust 

Bean cult1vars with resistance to d1seases and adapted to cult1vation in 
assoc1ation with ma1ze are lacking 

SocJo-econamJc Aspects 

Labour shortages are considerad to seriously constrain bean product1on 

The Challenge and Solutions 

The challenge in western Kenya is to devise means of achieving 
significant improvement in productivity of bean without heavy rel iance on 
added inputs and without adversely disrupting ex1sting cropping systems 
Oiseases are the most 1mportant constraints to bean production in western 
Kenya followed by insect pests (part1cularly beanflies) poor soil fertility 
lack of suitable varieties for intercropping and drought 

Fortunately all these constraints lend themselves to genetic solutions 
The fi rst gift agricultural science can offer a crop producer is a range of 
improved cultivars that are adapted to local env1ronments and have bu11t-in 
res1stance to as many 1mportant disease and pests as possible Most d1seases 
can only be controlled by genetic resistance Resistant variet1es cost 
farmers nothing nor does their adoption necessarily disrupt farming systems 
As such genetic solutions - screen1ng selection and breeding - to the above 
constraints are of utmost importance for the improvement of bean production in 
western Kenya through the following strategies 

Expansion and EvaJuatfon of GennpJasm 

The objective is to increase germplasm collection of bean to to identify 
suitable new cultivars 
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Breedrng for Resfstance to Najor Bean Diseases 

This ~ould focus on angular leaf spot anthracnose rust BCMV and halo 
blight and is achievable through transferring single genes such as the Are 
gene for anthracnose resistance and other resistance genes to popular (common) 
bean types of the reg1on transfer and 1ncorporation of characters like halo 
blight resistance by pedigree breeding ~here complications exist due to the 
number of stra1ns of different pathogenic character 

Screenrng for Insect Resistance 

In particular for beanflies The objective ~ould be to identify 
germplasm resistant to beanfly attack through screening available genmplasm 

Screen rng for Low Phosphorous To 1erance 

To 1dent1fy su1table cultwars for the lo~ soil fertility areas in the 
reg1on The objective ~ould be ident1fy genotypes that eff1ciently use 
m1nimal amounts of phosphorous from the soil 

Screemng for Nrtrogen Frxatron 

There is strong evidence of maJar differences among bean genotypes in 
ab1l1ty to f1x nitrogen Climbing and strongly indetenminate cult ivars are 
cons1stently superior to those of most bush cultivara There 1s good 
potent1al for climb1ng bean in Kakamega Bungoma and Nandi Districts due to 
high available mo1sture and predominately intercropp1ng systems Modest 
est1mates from Kabate put nitrogen f1xat1on at 55 kg/ha 

It 1s est1mated (CIAT 1987) that a seed yield of 2 000 kg/ha requ1res 
the accumulat1on of 80-110 kg/ha N in the plant and seed This sho~s potential 
for N-f1xat1on to 1ncrease the y1elds of bean 1n Kenya considerably 

Se1ectron and Breedrng to Combrne Other Important Characterfstics 

These include pod clearance su1tability for mixed cropping ecolog1cal 
adaptab1l1ty and drought resistance 
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Ccmnon Sean (PhaSB01us vu1garfs) Productfon and 
Research in the Sudan 

Salih H Salih A G Bushara and M E Khalid Ali 

Hudefba Research StatJon Ed-Oamer Sudan 

Abstract 

In the Sudan common bean Js the second most important food legume 
It Js cultJvated on an area of about 23 thousand hectares Nost of 
thJs area Js m the south Here yfelds average about 400 kg/ha 
wh1Te Jn the north where the crop Js Jrrfgated the average yie1ds 
are about 1 300 kg/ha Bean research has been conducted sfnce 1960 
mamly at Hude1ba Research StatJon fn northern Sudan Important 
productJon constramts at whfch research has been d1rected mclude 
poor yJelds solls prob1ems such as sa11nfty and sodfcity 1nsect 
pests especJa11y whJtefly and dfseases especia11y cur1y top virus 
Genotypes have been se1ected that are to1erant to some of these 
hazards Wh1tef1y has been successfu17y contro71ed by chennca1s 
SelectJon for Jmproved n1trogen fJxatfon Js 1n progress 

Importance of Common Bean in the Sudan 

Common bean (Phaseo1us vulgarfs) 1s one of several food legumes that have 
been cultivated 1n the Sudan for many years The list of legumes includes 
faba bean ch1ckpea dry pea cowpea lentil pigeon pea lupin hyacinth bean 
and fenugreek The area under bean in the Sudan is estimated to be about 23 
thousand ha most of wh1ch 1s 1n the south Only 3 to 4 thousand ha are grown 
1n the north There 1s little information on production practicas in the 
south so the work reportad here applies mainly to northern Sudan 

The cult1vated area 1n northern Sudan was in excess of 7 thousand ha in 
the s1xt1es but has s1nce decl1ned dueto the following reasons 

a) competit10n from other legume crops especially faba bean whose area 
has more than doubled during the past two decades 

b) common bean is grown on privately-owned sma llholdings and due to 
shortage of fuel supply and consequently irrigation water farmers tend 
to grow perenn1al crops that suffer less from water shortage and 

e) bean suffers from many environmental hazards especially soil salinity 
which makes extens1on of the crop to areas distant from the Nile or to 
newly reclaimed areas difficult since their soils usually contain larga 
amounts of salts 

Crop Husbandry 

In the north common bean is grown as an irrigated crop It is found to 
be best suited to the rich alluvial soils near the river (geref land) or to 
the basins that are formad by the receding water of the Nile These soils are 
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generally very fertile and their salt content is low so they produce 
moderately high yields 

In areas subject to flooding by the N1le bean is grown with minimum 
tillase operations the seeds being sown by means of a digging-stick In areas 
distant from the Nile so1ls are usually preparad by animals or tractors 
Usually neither fertilizers nor chemicals to control pests or diseases are 
applied and the crop receives 4 to 6 1rrigations 

In the north bean 1s cultwated in monoculture as a winter crop sown 
usually 1n late October or early November The crop 1s harvested after about 
90 days Meteorologica 1 data from Hudeiba Research Stat ion (elevat 1on 350 
masl) situated in the centre of the bean growing area is presentad 1n Table 
1 

Table 1 Meteorological Data (Averages of Ten Years) for Hudeiba ( 11° 34 N 
13° 56 E) 

Mean temperatura 0 c 
Month 

Max1mum 

January 29 7 12 9 
February 33 o 15 o 
March 36 1 17 4 
Apr1 1 40 o 21 3 
M ay 42 3 24 8 
June 42 4 26 6 
July 39 8 25 8 
August 39 7 25 5 
September 41 o 25 2 
October 39 2 23 2 
November 34 5 18 9 
December 30 4 14 3 

R H % 
at 0600 
hrs GMT 

43 
35 
27 
22 
20 
25 
42 
47 
37 
33 
40 
45 

1 Evaporat 1 o na 
(Plche) 
mm/day 

12 2 
15 6 
19 7 
23 2 
22 4 
22 g 
19 5 
18 9 
18 4 
18 3 
15 3 
12 5 

-------------------------------------------------------------
a averages of f1V9 years 

Types Grown 

The dominant cultivars are climbing with rectangular white glossy seeds 
that measure 1-1 2 cm in length and weigh about 20-25 g per 100 

constra1nts L1m1t1ng Product1on 

The principal constraints to production of common bean are 
1 Poor cultural practicas - late sowing infrequent irrigation and lack of 

fertilization 

2 Competition with other higher-value crops 
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3 Biotic constraints including white fly (Bemfsfa tabacf) which is 
believed to transmit viral diseases 

4 Soil salinity- in areas distant from the Nile 

5 Lack of certified seeds and modern seed cleaning equipment 

Bean Research Programme 

Research on bean has been conducted at Hudeiba Research Station since its 
establishment in the early 1960s but has now been extended to other stations 

Breed1ng and Cult1var Improvement 

The ma1n objectives have been to 

- bread for high y1eld potential and yield stability 

- screen for tolerance to curly top disease and 

- screen for tolerance to sodium toxicity 

Seed Yield 

Introduct ions from the United States CIAT and African countries and 
co 11 ect 10ns made in di fferent parts of the Sudan ha ve been e va 1 usted 
Introduced materials except for soma Great Northern American cultivars which 
y1elded similarly to local cultivars have proved 111-adapted The programme 
has concentrated mainly on screen1ng local materials which has the 
disadvantage of reliance on a narrow genet1c base However a cultivar callad 
Ro/2/1 a good y1elding line moderately tolerant to sodium toxicity has been 
released and another HRS 545 which is also good yielding tolerant to sodium 
lnJury and w1th good yield stability ovar years and localities 1s a candidata 
for ralease 

Curly Top Oisease 

Curly top disease is causad by a virus thought to be transmitted by the 
whitefly (8 tabacf) Vetten (personal communication) was able to isolate 
cowpea mild mottle virus (CMMV) from all bean samples from Sudan suggesting 
that this virus which is transmitted by the whitefly is the causal agent of 
the disease 

A programme of selection for resistance was started in local materials 
in 1969 (Yassin 1970-73) but nothing with worthwhile resistance was 
1dent1fied Reliance on natural infection may account for the lack of 
conclusive results 
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Tolerance to Sodium Toxicity 

Genotypic differences in susceptibility to sodium toxicity were reportad 
by Ayoub (1974) Snap bean lines were more susceptible than the dry beans 
P1nto and Red Mexican (Tabla 2) 

Soil amendment is another approach to sodium toxicity Ayoub (1975) found 
that gypsum and wheat straw mulch reduced the translocation of sodium from 
roots to stems and leaves under high external sodium levels and thus could be 
usad to ameliorate the cond1tion 

Table 2 Survival of Bean Cult1vars in a Sodic So1l (Ayoub 1974) 

Cult1var Mortal1ty 5I> 

Top Crop 99 1 
Contender 97 8 
Extender 96 8 
Tender Green 96 2 
Tender Crop 90 8 
Ro/2/1 52 8 
Red Mex1can 22 1 
P1nto 21 1 

Agronom1c Resesrch 

Trials to identify improved agronomic practicas have been conducted s1nce 
1961 It is now established that the best yields are obtained by sowing durin9 
the last two weeks of October Bean produced better y1elds on ridges 60 cm 
w1de than on 120 cm beds and at spacings of 60 x 20 cm or 60 x 10 cm than at 
wider spacing Current practica is to sow seeds at 60 x 20 cm apart with two 
seeds/hole on both sidas of 60 cm ridges Irrigation at 7 or 10 day intervals 
gives the best bean yield (Taha 1982) 

ControT of Pests D1sesses snd Weeds 

Pests 

Bean is attacked from growth to harvest by a number of insects and 
vertebrate pests (Tabla 3) The most important of these is the whitefly 
Besides d1rect damage this pest also transmits virus diseases In years of 
heavy infestation the pest completely devastates the crop Other pests seldom 
reach a level which necessitates control Of these the most important 1s 
Aphfs craccfvors wh1ch attacks the crop late in the season Early sown crops 
usually escape damage 

Bean seeds can be stored for years without danger from storage pests 
The most important storage pests in northern Sudan are Bruch1d1Us mcsrnstus 
and Trogoderms grsnsrfum 8 1ncarnatus lays eggs on the seeds but the young 
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Table 3 Pests of P vulgar1s 1n Northern Sudan 

Common name 

Red melon beetle 
Cowpea aph1d 
Wh1tefly 
Thr1ps 
Thnps 
Thr1ps 
Jass1ds 
Pod borers 
Slugs 
Flea beetles 
Lygus bug 
Sp1der m1tes 
Sp1der m1tes 
W1ld rabb1ts 
N1 le rat 
House sparrows 

Lat1n name 

Aulacephora afr1cana (We1ss)* 
Aph1s cracc1vora (Koch ) 
Bem1s1a tabac1 (Genn ) 
Cal1othr1ps 1mpurus (PR) 
Ca11othr1ps sudanens1s (Bagn & Cam) 
Frank7m7e71a schultz1 (Tryb) 
Erythroneura Tub1ae (ch1na) 

~~~;~~~~~7=r~!~~~~~c7:~ug)* 
Podagr1ca punct7co771s (We1se) 
Tay7or77ygus vosseler1 (Popp) 
Tetranychus telar1us (h ) 
Tetranychus s1nnabr1nus (Bo1sd) 
undeterm1ned spec1es 
Arv1canthus n170t7cus 
undeterm1ned 

* recordad from southern Sudan 

larvae d1e imrnediately after penetrating the seed coat Though the exact 
mechanism of resistance has not been determinad it is possibly an antibiosis 
reaction T grananum is found as a secondary pest on seeds previously 
damaged by He7ioth7s arm1gera 

Research on the problem of wh1tefly was d1rected at assessment of their 
econom1c 1mportance and screening insecticidas Infestation reduced seed 
y1elds by almost 80% 1n some years Of the many insect1cides testad s1nce 
1984 the most prom1s1ng are Tem1k (aldicarb) carbofuran and Sumicidin 
(fenvalerate) (Tabla 4) 

D1seases 

Three d1seases are known to 1nfect bean 1n northern Sudan 
curly top seedl1ng bllght and mosa1c 

These are 

Curly top as 1nd1cated above 1s probably causad by the cowpea m1ld 
mottle virus The 1nc1dence of the disease 1s influenced by sowing date Ali 
et al (1988) reportad that curly top 1nc1dence was s1gnificantly more in bean 
sown on 1 October than at other times (Tabla 5) 

The seedling blight (Hacrophom¡na phaseo77na) occurs early in the season 
caus1ng seedling mortality Its inc1dence is also influenced by sowing date -
sow1ng 1n early October results in greater incidence than later sowings 
(Table 5) (Ali et a7 1988) Seed dressing with Aldrex A Benlate and 
Fernasan significant ly reduced disease mcidence on bean in pots (Ibrah1m 
1973) In the field Captan provided some protection (Freigon 1975) but th1s 
requires conf1rmat1on 
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Table 4 The Effects of Insecticidas on Numbers of Whitefly/Leaf and Seed 
Yields (kg/ha) of Bean Cultivar Ro/2/1 at Hudeiba Research Stat1on 
from 1984 to 1985 

---------------------------------------------------------------------
Seasons 

1984/85 1985/86 1986/87 1987/88 
---------- ----------- ----------- ----------- Mean 

Insect1c1de Y1eld No Y1eld No Y1eld No Y1eld No y1eld 
--------------------------------------------------------------------
Tem1k 387 2 5 1159 9 8 1026 1 8 1486 8 8 1014 
carbofuran 190 13 9 1215 18 2 1078 2 4 1337 10 9 955 
sum1c1d1n NT NT 1249 16 9 1041 3 o 1492 10 o 1261 

Untreated 54 54 4 1076 29 9 639 4 2 860 22 9 

S E + 32 8 3 8 58 5 4 2 54 9 o 89 68 2 1 71 
----------------------------------------------------------------
NT = not tested 

Tabla 5 Effect of Sowing Date CultlVar and Whltefly Control on the 
Incidence (percentages transformad to square root of x+1) of Dry 
Bean D1seases on Two Soil Types 

671 

Seedl1ng bl1ght Curly top Un1 dent 1 fl ed 
Treatment 

Sandy 
el ay 

Clay Sandy 
el ay 

Clay Sandy 
el ay 

Clay 

---------------------------------------------------------------------
Sow1ng date 

10 Oct 3 09 2 57 3 28 2 13 6 13 5 01 
20 Oct 1 13 1 38 2 73 2 00 1 87 1 59 
09 Nov 1 10 1 01 2 55 1 83 1 12 1 00 
29 Nov 1 00 1 00 2 37 2 60 1 00 1 01 

S E ± o 17 o 10 o 18 o 12 o 27 o 18 

Cultlvar 

p 1 49 1 47 2 68 2 08 2 41 2 22 
R6/2/1 1 67 1 51 2 79 2 20 2 65 2 09 

S E± o 12 o 07 o 13 o 09 o 19 o 13 

Wh1tefly control 

Sprayed 1 53 1 51 2 64 2 04 2 30 2 27 
Unsprayed 1 64 1 47 2 83 2 24 2 76 2 04 

S E ± o 12 o 07 o 13 o 09 o 19 o 13 
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Mosaic 1s believed to be causad by bean common mosaic virus but 1ts 
incidence is generally low 

Weeds 

Of the many herbicidas testad over four seasons Basagran resultad in the 
best bean yield and the least number of weeds per square meter while treflan 
resultad 1n the poorest y1eld and weed control (Mohamed and Taha 1983) 

Nitrogen Flxatlon 

Bean genera11y nodulates poorly in the Sudan Nitrogen s1gnificantly 
1ncreases bean yields (Abdel Gabar 1970 1971) but not phosphate Habish and 
Ishag (1974) reportad considerable response to 1noculation with Rhizobium 
Screen1ng for more eff1c1ent strains is now in progress 
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Current Sean Research m Sana1fa 

A S Farah and A M Abikar 

Central Agncultural Research Stat1on Afgo¡ Somal¡a 

Abstract 

In Somal1a there are two mam growtng seasons 11M and der of wh1ch 
the former 1s longer and more re l7ab le Common bean 1s not wfde ly 
grown but offers potent1al Bush bean and empoasca resistant 
mater1als from CIAT are earl1er and produce better ytelds than local 
cu1t7vars but a11 are susceptible to fusanum w1lt 

Introduction 

In Somal1a there are two ma1n growing seasons gu (Apr11- June) and der 
(October-December) Monthly ra1nfall from several centres are shown 1n Table 1 
and mean ra1nfall in Figure 1 

Although ra1nfall 1s 1rregularly d1stnbuted 1n both seasons the gu /' 
season is the longer and more reliable Furthermore the gu rains are 1 

supplemented by coastal showers (haga¡) occurring from the end of June to \ 
August up to 60 km from the coast Dur1ng the per1ods of the coastal showers 
temperaturas are cooler than in other months of the year (max1mum 28°C and ¡1 minimum 20°C) The der season 1s generally concentrated in the months of ~ 
October to November From November onwards hot dry weather preva1ls 1n the 
Shabelle Jubba and Bay Regions 

Beans are not w1dely grown 1n Somal1a but are scattered 10 very 1solated 
and negl1gible areas of the country Common bean 1s grown to a small extent at 
J1l1b in the Jubba Reg1ons and parts of the Shabelle Reg1ons Some common 
bean 1s growo for green pods and l1ma beao for gra1n purposes by 1solated 
farmers on the Shabelle and Jubba R1vers (F1gure 2) 

Bean is not a trad1tiooal crop but has potent1al 1n Somal1a 
Observat1on ourser1es are therefore planned to test 1ts adaptab1l1ty aod to 
ideot1fy genotypes with res1stance to pests and d1seases of eceoem1c 
1mpertance and that f1t ex1st1ng agr1cultural systems Pulses w1ll help solve 
da1ly preblems ef a large populat1on m1gratiog te the towns Furthermere 
pulses are the ma1n source ef protein fer the poor and lew 1ocome groups ef 
urban and rural areas because of the high prices of an1mal preducts (meat 
m1 lk cheese and eggs) 1ncreas1ng day by day 1n relat1oo to 1nflat1oo 
There are no ether a 1 ternat i ves fer the poor man thao use ef the pu 1 ses 
available te the farming cemmuo1ty These problems have st1mulated the 
1n1tiatieo ef bean research 10 Somal1a 

Mater1als and Methods 

Bean 1 ines 1ntroduced from CIAT were tested at the Central 
Research Station Afgo1 1n the der (October-December) 1988 and 
June) 1989 seasons at elevat1ons between zero and 200 masl 
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Table 1 Mean Monthly and Annual Ra1nfall (mm) at Selected Stat1ons 1n 
Soma11a (Means of at least 10 Years) 

-----------------------------------------------------------------------------------
Stat1on Reg1on Jan Feb Mar Apr Hay Jun Jul Aug Sep Oct Nov Dec Total 
-----------------------------------------------------------------------------------
Borans Awdal 15 18 41 53 58 41 66 117 69 10 18 2 508 
Bargeles W-Galbeed 2 8 25 61 61 58 43 81 58 10 8 2 417 
Burao Togdheer 3 1 5 30 58 18 10 13 25 20 13 3 199 
Er1gavo Sanaag 18 13 33 38 81 63 10 41 114 8 13 2 434 
Gardo Bar1 o o 7 23 30 4 1 3 6 18 4 3 99 
Garowe Hugaal 2 o 3 29 14 o o o o 15 o o 63 
Galkayo Hudug o 1 2 26 57 3 o 1 2 45 19 1 157 
Beledweyne H1 raan o o 6 55 66 8 3 2 9 59 27 5 240 
Jowhar M1ddle Shabelle 5 1 22 94 87 24 26 16 12 104 84 21 496 
Balad M1ddle Shabelle 9 2 9 94 69 36 22 12 16 75 94 30 468 
Mogad1shu Banaad1r o o 8 58 62 88 84 42 23 33 41 8 447 
Afgo1 Lower Shabelle 2 3 5 82 85 57 54 24 7 55 91 29 494 
Wanlaweyn Lower Shabelle 6 4 8 165 95 30 33 18 14 94 71 27 565 
Janaale Lower Shabelle 1 o 4 76 74 81 55 47 22 32 53 26 471 
Sablaale Lower Shabelle 4 o o 94 108 40 32 8 8 14 65 27 400 
A llessandra M1ddle Juba 2 1 8 139 111 54 53 18 18 74 60 48 586 
Bardheere Gedo 5 5 20 93 56 13 20 5 6 65 68 28 384 
Lugh Ganana Gedo 2 4 28 113 40 1 3 o 1 47 55 15 309 
D1nsoor Bay 4 o 21 130 53 8 18 12 2 96 94 13 451 
Baldoa S ay 2 4 23 147 115 15 18 6 13 128 87 13 571 
Kuddur Bakool 2 1 11 108 69 2 5 1 9 100 50 4 362 
- ----------------------- - -------------------------------------------------------
Source A non (1988) 

The seed mater1als are categor1zed as follows-

a Bush Bean Nursery (256 entr1es) 

b Empoasca Res1stance Nursery (20 entries) 

The l1nes were sown in s1ngle rows 4 m long and 75 cm apart Plant to 
plant spac1ng was 20 cm withm rows with one plant/hlll No fertil1zer was 
appl1ed but other standard cultural operations were practised and the crops 
were 1 rngated 

Results 

Bush Bean Nursery 

From the 256 entnes evaluated 1n der 1988 the 25 most promis1ng were 
retested 1n gu 1989 (Tabla 2) 

The der season of 1989 was unfavorable for all crops because of unusually 
heavy ra1n which d1sturbed the effectiveness of the evaluat1on prevent1ng 
sorne cultural operat1ons 

The entr1es testad were similar 1n plant v1gour and flowered from 26 to 30 
days except the local check All were susceptible to Fusar1um spp but there 
was l1ttle damage due to beanfl1es flower thr1ps or common bacter1al blight 
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Table 2 Character1st1cs of Entr1es 1n Bush Bean Nursery at Afgo1 
1n Gu 1989 

CIAT Harvest 
entry Entry 
nos names 

plant Vlg­
count our OFF 

15 
27 
43 
81 
82 
93 
95 
105 
147 
154 
157 
158 
165 
166 
179 
197 
201 
214 
217 
219 
221 
224 
230 
225 

ABA 20 38 
ABA 37 30 
ABA 64 46 
Fleetwood 49 
o 77196 49 
BLM 83 59 
D 158 24 
RGR 14 37 
WAF 55 32 
WAF 63 12 
WAF 67 34 
WAF 69 37 
WAF 77 19 
WAF 78 17 
WAF 91 42 
WAF 111 39 
WAF 115 49 
WAF 131 20 
WAF- 136 24 
WAF 138 26 
WAF 140 23 
WAF 143 31 
WAF 151 41 
WAF 144 32 
Local check 57 

5 
5 
7 
5 
5 
7 
7 
5 
6 
5 
5 
5 
6 
5 
5 
5 
7 
8 
6 
5 
6 
7 
6 
7 
2 

27 
30 
30 
25 
32 
32 
39 
49 
27 
30 
30 
32 
39 
28 
25 
34 
27 
30 
30 
30 
30 
25 
30 
27 
54 

D1sease and pest 
Gra1n scores 
y1eld --------------­

OM (kg/ha) BF FT FW CBB 

70 
75 
77 
65 
67 
67 
77 
74 
64 
67 
67 
74 
79 
67 
72 
77 
63 
74 
74 
72 
74 
74 
72 
74 
87 

313 
352 
380 
433 
315 
320 
361 
352 
378 
400 
738 
300 
320 
302 
385 
320 
383 
362 
487 
403 
377 
323 
304 
376 
237 

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

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

8 
8 
8 
8 
8 
9 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
8 
7 
7 
8 
8 
8 
8 
8 

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

---------------------------------------------------------------
OFF= days to flower DM = days to matur1ty BF = beanfl1es 
FT = flower thr1ps FW = fusar1um spp CBB = common bacter1al 
bllght 

The gra1n yields of the entries ranged from 200 to 700 kg/ha WAF 68 
(157) and WAF 138 (217) produced the best grain yields of 738 and 487 kg/ha 
respect1vely The lowest yield (237 kg/ha) was produced by the local check 
The 25 entries will be rescreened 1n gu 1990 along with other seed materials 
from CIAT 

Empoasca Res1stance Nursery 

From the 20 entries evaluated in der 1988 the 12 most prom1sing lmes 
were retested in gu 1989 (Tabla 3) 
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Table 3 Character1st1cs of Entries in Empoasca Resistance Nursery at Afgoi 
in Gu Season 1989 

Entry 
names 

EMP 185 
EMP 188 
EMP 190 
EMP 193 
EMP 196 
EMP 197 
EMP 198 
EMP 84 
EMP 135 
EMP 164 
EMP 175 
EMP 14 
Local check 

Harvest 
plant Vlg­
count our OFF 

39 
39 
36 
26 
26 
26 
53 
49 
32 
45 
37 
49 
57 

5 
3 
3 
3 
4 
4 
4 
4 
4 
3 
3 
4 
2 

31 
33 
37 
37 
34 
37 
37 
38 
37 
37 
34 
37 
48 

01sease and 
Gra1n pest scores 
Yleld ------------------

OM (kg/ha) BF FT FW CBB 

77 
74 
83 
79 
77 
77 
77 
79 
72 
76 
72 
67 
88 

408 
832 
832 
324 
377 
377 
607 
605 
375 
463 
647 
947 
237 

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

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

8 
8 
8 
8 
8 
8 
6 
8 
8 
8 
6 
6 
8 

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

OFF = days to flower OM = days to matur1ty BF = beanfl1es 
FT = flower thr1ps FW = fusar1um spp CBB = common bacter1al 
bllght 

All entries showed moderate to good plant v1gour and flowered between 38 
and 54 days Gra1n yields ranged from 200 to 900 kg/ha EMP 188 and EMP 14 
wh1ch were among the earliest entries produced the heaviest gra1n y1elds 

All the entnes were highly suscept1ble to Fusartum spp but there was 
l1ttle common bactenal bl1ght and damage dueto beanflies and thrips was 
small The 12 l1nes w1ll be retested in gu 1990 

D1scuss1on 

Based on observat1ons of the Bush Bean and Empoasca Res1stance Nurseries 
both seasons are favourable for bean growing either 1rr1gated or rainfed but 
cult1vars w1ll probably be needed for these specific purposes 

Furthermore compar1ng the gra1n yields in der 1988 to those 1n gu 1989 
the latter season 1s better the only drawback be1ng the more severe disease 
and pest attack 1n the gu season 

The poor performance 1n the der season is probably dueto unusually heavy 
ra1nfall the clayey so1l at the Central Agr1cultural Research Station 
hampering t1mely cultural operations 

Although bean research 1s at a prelim1nary stage the lines EMP 14 and 
Emp 188 from the Empoasca Res1stance Nursery and WAF 68 and WAF 138 from the 
Bush Bean Nursery were the most prom1s1ng materials To confirm the 
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consistency of these entr1es across seasons the mater1als will be repeated 
1n gu 1990 The Afr1can and International Bean Drought Resistance Nurser1es 
w1ll also be evaluated in gu 1990 
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Sean Product1on and Research Htgh1ights in Northem Tanzanta 

M E T ltnbaga E M K Ko1nange B GoncNe 
o s Mbuya e S Mush1 and R Kamala 

Lyamungu Agr1cultura1 Research Institute Hosh1 Tanzania 

Abstract 

In northern Tanzan1a bean 1s produced 1n Arusha K117manJaro and 
Tanga Reg1ons Hean yields of bean 1n these regions range from 420 
to 1140 kg/ha wh1le nat1onal yrelds are between 200 and 700 kg/ha 
Bean cu lt 1 vars Tengeru 8 and 16 were re leased for export whi le T3 
Kaban1ma Uyole 84 and Lyamungu 85 cult1vars were released maJnly for 
sma 11 sea le farmers 

In ra1nfed cond1t1ons bean 1s plantad at the onset of ra1ns A bean 
dens1ty of 200 thousand plants/ha spaced 50 cm apart and 10 cm 
w1th1n rows y¡elded better than bean at 300 or 400 thousand 
plants/ha Bean cult1vars wh1ch performed well 1n pure stand were 
also super1or 1n ma¡ze/bean assoc1at1ons Bean sown at two to three 
seeds/hlll at 50 x 20 or 50 x 30 cm spacfng yielded the same as the 
convent1onal one seed/h711 at 50 x 10 cm 

Brestan 60WP Derosal 60WP and Dithane H-45 fungicfdes controlled 
bean anthracnose and angular leaf spot Fus 1lade Fu rore Dua 1 960 
and Basagran herbfc¡des supplemented by one hand weedfng 35 DAP kept 
the crop free of weeds A comb1nat1on of pre-emergence Galex 500 and 
post emergence Basagran herb1c1des provfded effective control of 
weeds 1n bean f1elds 

Introduct1on 

Bean 1s generally grown in as5ociation and consumad 1n rural area5 where 
an1mal and chicken product5 are increasingly expen5ive and not ava1lable in 
suff1c1ent quant1ty for the low 1ncome sector Common bean Phaseolus 
vulgans L 15 known by various name5 such as french kidney haricot 
garden dwarf 5nap stnng bush pele and dry bean In eastern Africa in 
general and Tanzan1a 1n part1cular it is usually referred to simply as bean 
Bean 15 grown extenswely 1n well dra1ned so1ls high in organ1c matter at 
alt1tudes rang1ng from 450 to 2 000 masl Well d1stnbuted rainfall ranging 
from 500 to 2 000 mm produces the best bean yields Temperaturas of 21-30°C 
and a relatwe hum1d1ty of 50% are suitable for good seed filling Flower 
abort 1on bl1nd pods and spl it seed testa occur when temperaturas are above 
30°C Bean emergente 1s poor when temperaturas are below 20°C and growth 
cease5 at 10°C (Karel et a 1 1981) 

Bean product1on is conf1ned to low medium and high altitude areas of 
Tanzania Beans in Tanzania are very important as a complement to 
carbohydrates thus occupying an important role 1n providing protein Vltamins 
and m1nerals 1n da1ly d1ets High bean prote1n content supplements that of 
non-legume food crops thus minim1zing malnutrition in urban and rural 
commun 1t i es 
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Increase in food production has not kept pace with population growth 
probably due to unfavourable environment and lack of technology in developing 
countries World food production has increased annually by 1 5' while 
population has increased by nearly 3% (Steiner 1984) Tanzania is no longar 
self sufficient in food production and needs to import food at least in years 
when rainfall is insufficient Rapid population grown has also causad land 
pressure in productiva regions of the country Consequently cultivation of 
bean in association with other crops offers farmers the best option for 
sustaining daily food supplies 

Bean Production in Northern Tanzania 

Increasing food production in northern Tanzania by introduc1ng new 
technologies relying on commercial inputs has not produced expected results 
The new methods were adopted by a few large scale rich farmers but not by the 
majority of small scale farmers who constitute about 90 percent of the farmers 
of Tanzania Since suitable land labour and capital are limited it is 
highly unlikely that farmers in northern Tanzania w1ll grow pure stands of 
bean It is important therefore to increase food production in northern 
Tanzania by improving existing cropping systems in which bean is grown in 
association with maize Use of FYM introduction of nitrogen fixing legumes 
incorporation of legumes and grass to improve organic matter and application 
of inorganic fertilizers in these regions are measures to 1mprove bean 
yields 

National bean yields range between 200 and 700 kg/ha (Jakobsen 1976) 
while on research stations seed yields of up to 3 000 kg/ha are recorded 
(Mushi et a1 1989) Reduced seed yields are associated w1th the low yield 
potential of landraces unfavourable weather poor so1l fertility poor crop 
husbandry d1seases and pests and unsuitable cropping systems The ma1n 
season for bean production in Arusha K1limanjaro and Tanga Regions is from 
March/Apnl although September/October planting is not uncommon in areas 
rece1ving more reliable short rains (for example Rombo District) Bean maize 
associat1ons are widely practised in KilimanJaro and Tanga and to some extent 
in Arusha Regions Maize 1n association with bean plays an important role in 
sustain1ng yield and restoring soil fert1lity in these reg1ons Pure stands of 
bean for export are common in Arusha Region 

Wh1le nat1onal bean yields are low mean yields range from 500 to 1 140 
kg/ha in Arusha Region (Table 1) Total land area and grain yield in Arusha 
are larger than in K1limanJaro Region (Anon 1989) A number of factors are 
1nvolved Firstly farmers are business-orientad and therefore bean 1s 
plantad weeded and harvested without delay Soil fertility is excellent and 
is maintained where necessary to ensure high productivity In areas like 
Makuyuni, bean for export is sown~after the main rains and pesticidas are 
appl1ed to reduce disease and pest damage and improve seed quality and 
quant1ty In so doing they attract markets and command h1gher prices 

Arusha also leads in marketing beans in northern Tanzania followed by 
Kilimanjaro and Tanga Regions (Table 2) 

Bean yields in Kilimanjaro Region fall w1thin the range of national mean 
yields suggesting that bean husbandry and environmental conditions are not 
conducive for high bean yield Dry spells occurring at the flowering and pod 
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Table 1 Area ( OOOs ha) Production ( OOOs t) and V1eld (kg/ha) of Bean in 
Northern Tanzania 

-----------------------------------------------------------------
Year 

--------------------------------
Reg1on 1984 1985 1986 1987 1988 Mean 
-----------------------------------------------------------------
Arusha Are a 36 27 48 80 65 66 61 66 79 98 58 47 

Product1on 41 41 29 93 58 1 7 57 17 41 53 45 64 
Y1eld 1140 610 890 927 520 817 

Lyamungu 85 Y1eld 679 1810 1070 2354 1494 1681 
(on stat1on) 

K 1 1 1 man- Are a 28 00 21 37 29 03 29 23 40 75 29 68 
Jaro Product1on 13 00 9 10 20 97 28 05 18 36 17 90 

Y1eld 460 420 720 960 450 602 
Lyamungu 85 Y1eld 912 2558 1690 2104 2258 1904 
(on stat1on) 

Tanga Are a 35 03 32 84 33 91 33 91 30 58 33 25 
Product1on 35 03 30 38 33 90 33 90 33 17 33 28 
Y1eld 1000 920 1000 1000 1080 1000 

-----------------------------------------------------------------

Table 2 Reg1onal Bean Purchases by Nat1onal M1111ng Corporation (NMC) in 
Metric Tons 

Reg1on 

Arusha 
K111manJaro 
Tanga 

1984 

1313 
29 
66 

1985 

54 
5 

11 o 

Year 

1986 

370 
16 

210 

1987 

13472 
1068 
1146 

1988 Mean 

17048 
6233 

424 

6457 
1470 

391 

f1ll1ng stages reduce yields but can be alleviated by irrigation Diseases -
wh1te mould anthracnose and angular leaf spot - and insects - foliar beetle 
beanfl1es and pod borers - also reduce bean yields since fanners cannot 
afford to control them by chemical means Tanga Region falls between Arusha 
and KllimanJaro 1n terms of land area under bean production total grain yield 
and mean y1eld per hectare 

V1elds obta1ned from farmers demonstration plots and on station 
experiments using 1mproved cultivars and recommended packages range generally 
from 500 to 3 000 kg/ha (as much as 6 t/ha has been recordad) depending on 
management 
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Research to address and solve bean production constraints 1s conducted 
by Agricultural Research Institutes of the Ministry of Agricultura Sokoine 
University of Agricultura (SUA) at Morogoro Uyole Agricultural Centre (UAC) 
at Mbeya and the University of Dar es Salaam The research highlights 
outlined below are products of the determination and ded1cation of sc1ent1sts 
from all these institut1ons 

Bean Research Highlights 

Sean Breedtng 

Bean research was started at Tengeru in northern Tanzania 1n 1959 
Research work was basad on white seeded haricot beans for export Among the 
achievements of the Northern Research Centre was the ralease 1n 1965 of 
Tengeru 8 and Tengeru 16 which were resistant to bean rust and su1table for 
canning In 1971 UAC started a bean research programme focusing on bean 
selection and agronomic practicas in the Southern Highlands The consequence 
of this work was the ralease of T3 (small red seeds and resistant to rust and 
angular leaf spot) and Kabanima (larga red seeds with cream flecks) 1n 1979 
for high altitude and rainfall areas of southern Tanzan1a Uyole 84 (small 
cream seeds) was released 1n 1984 together with a package of agronomic 
practicas for the same areas 

In 1975 bean work was 1mt1ated at Ilonga Research Stat1on under the 
Grain Legume Improvement Programme However the maJar emphasis was on 
cowpea soybean green gram and pigeon pea By 1979 the National Phaseolus 
Bean Research Programme was started at Tengeru and later moved to Lyamungu 
Agncultural Research Inst1tute The programme at Lyamungu has released a 
cultivar known as Lyamungu 85 (larga red seeds with cream flecks high y1eld 
potential resistance to important d1seases good taste and cook1ng quallty 
and wide adaptability) and a package of agronomic practicas for northern 
Tanzania Lyamungu 85 is recommended for low medium and high alt1tude areas 
with medium to marginal rainfall Canad1an wonder is also grown in medium to 
marginal rainfall areas while Masai Red is grown 1n medlUm to high altitude 
and rainfall areas of northern Tanzania The programme also establ1shed 
contact w1th farmers as a direct means of d1ssem1nating research informat1on 

Breeding for beanfly resistance 

Trials des1gned to monitor the populat1on dynam1cs and species 
composition of beanfly (Ophiomyia spp ) populatlons showed that beanfly 
numbers were small in early sown crops but rose as the season advanced o 
spencere77a was the dominant spec1es (87-99%) with O phaseolJ also present 

On-farm work 

In cultivar tests performance of individual entries differed w1th 
season and location but Lyamungu 85 G 5621 Uyole 84 and EMP 86 were the best 
yielders 

Exploratory trials usmg a modified minus one design were initiated to 
quantify the factors limiting bean yield and to explore their interactions In 
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Lushoto and Kilimanjaro the full package (improved seed fertilizar and 
disease and insect pest control) produced the best seed yield (1069 kg/ha) 
while the poorest yield (554 kg/ha) was obtained with farmers practica The 
two most 1mportant factors limiting bean yield in Lushoto were peor soil 
fertil1ty and the local cultivar 

Farmer participation 

Farmers have part1cipated in assessing the production consumption and 
market1ng characteristics of cultivars and breed1ng lines in on-farm and on­
statlon tr1als Sc1entists are benefiting from their frankness openness and 
suggest1ons for future trials Farmer partic1pat1on and on-farm work confirm 
the popularity of Lyamungu 85 (Mushl and Edje in press) 

Agronomy 

The main obJeCtlve of the agronomy research programme 1s to develop 
agronom1c packages that contribute to increased bean production and net return 
to bean growers The chief clients are small scale farmers Commercial larga 
scale farmers recewe limitad emphasis _ Agronomic research hlghl1ghts are 
br1efly outl1ned 

T1me of sow1ng of bean 1n ra1nfed condit1ons 

T1me of sowing of bean in ra1nfed conditions was invest1gated for five 
years to sample the ranga of conditions assoc1ated with drought stress 
excesswe mo1sture 1nsect pests diseases and weed infestation The first 
plant1ng (onset of ra1ns) was generally superior to subsequent plantings 
(A non 1988) Consequent 1 y 1t was recommended that bean shou 1 d be sown 
w1th1n the f1rst four weeks of onset of ra1ns to avo1d mo1sture stress due to 
the1r early cessat1on 

Bean spac1ng and dens1ty 

Four years of tr1als showed that a density of 200 thousand plants/ha and 
a spac1ng of 50 x 10 cm were superior to 30 40 and 60 cm spacing between rows 
and dens1t1es of 300 and 400 thousand plants/ha and recommended for 
subs1stence and commercial farmers (Mmbaga et si 1982) 

Screening Bean Cultivars for Ma1ze/Bean Association 

It was noted that bean cultivars and breeding lines that performed well 
1n pura stand also performed well in association Maize yields were not 
reduced s1gnificantly in association with bean (Koinange et si 1985 Mmbaga 
1989) 

Optimum Bean Dens1ty in Association with Maize 

In five years of tr1als there were no significant bean seed yield 
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differences among the three densities ( 100 150 and 200 thousand plants/ha) 
examined (Mbuya et al 1985 Mmbaga 1989) suggesting that any of these 
densities can be used for bean m association with maize dependmg on seed 
and labour availability However Mmbaga (1989) obtained the highest total 
combined maize/bean y1eld from bean at 150 thousand plants/ha associated with 
maize at 40 thousand plants/ha 

Effect of number of Bean Plants per H1ll on Bean Y1eld 

Work at Lyamungu showed that the yields of bean sown at two (spaced 50 x 
20 cm) or three (50 x 30 cm) see~s per h1ll d1d not differ sign1ficantly from 
the yield of the conventional spacing of one seed per hill at 50 x 10 cm Seed 
yields were less w1th four seeds per hill probably due to the more severe 
within hi 11 competit ion and a microcl imate more favourable for diseases 
S1nce the convent1onal spac1ng is more labour and time consuming two or three 
seeds per h1ll are more economical and pract1cal (Mmbaga et al 1982) 

Long Term Yield susta1nab1l1ty Tr1als 

In rhlZobia inoculat1on trials seed inoculat1on and phosphorus 
application sign1ficantly improved nodulation and seed yields 

Plant Protect1on 

D1sease Control 

Patholo9y stud1es focused on two economically 1mportant and w1despread 
diseases- halo blight and anthracnose Breeding for d1sease res1stance 1s a 
long term but effect1ve approach to disease control BAT 317 showed spec1f1c 
res1stance to both races 2 and 3 of the pathogen (Gondwe 1987a) The majority 
of cult1vars and breed1ng lines with high res1stance were small seeded 
Res1stance to race 3 was more common than to race 2 suggest1ng the 1mportance 
of race 2 at Lambo 

The use of fung1cide 1s recommended as a short term measure aga1nst 
anthracnose Of five fungicides tested Brestan 60WP and Derosal 60WP 
cons1stently showed good control of bean anthracnose and angular leaf spot 
Dithane M-45 gave satisfactory control of anthracnose if appl1ed thrice durin9 
the growing season (Gondwe 1987b) Spraying beans at 14 28 and 42 days 
after planting (DAP) wlth these fung1cides reduced anthracnose severity and 
increased bean y1eld remarkably 

Insect Control 

Breeding for host plant resistance lags behind other breeding act1vit1es 
Chemicals are recommended for insect control as a short term measure Thiodan 
35EC gives good control of fol1ar beetle beanflies pollen beetles and pod 
borers Rogar 50 1s recommended where Th1odan gives unsatisfactory control 
For food grain storage Kynakil 1% is recommended Fernasan O is recommended 
for dressing seeds for sowing 
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Weed Control 

Work on weed control was aimed at herbicidas which applied alone or in 
combination with other weed control measures would effectively control weeds 
1n beans at crit1cal stages The first 35 days of bean growth is the critical 
period Fus1 lade Furo re Dual 960 and Basagran supplemented by one hand 
weedin9 35 days after sowin9 kept the crop free of weeds (Gondwe 1987c) 
Galex 500 applied pre-emergence and Basagran post-emergence provided effective 
control of weeds in bean Two hand weedings at 14 and 35 days after planting 
also controlled weeds and 1mproved bean yield 

Extens¡on 

Reg1onal and national bean yields are smaller than expected despite 
progress 1n research Farmers continua to use poor management packages and 
low y1eld1n9 landraces which are susceptible to diseases and insects The 
1mpact of recommendations from research inst1tutions is yet to be seen in 
northern Tanzan1a There 1s a time lag between the ralease of new technology 
and 1ts adopt1on by farmers The time gap will greatly depend on the 
effect1veness of the extension services Extension services in these regions 
are focused more on cash crops than on food crops Consequently food crops 
researchers are promot1ng their packages directly to farmers in the hope that 
the package or part of th~ package will be adoptad more quickly 

Future Plans for Bean Research Programme 

The programme s main focus continuas to be genetic improvement given its 
substantial potent1al impact and broad adaptability Emphasis will be placad 
on genet1c resistance to d1seases (anthracnose halo blight bean common 
mosa1c v1rus common bacterial blight angular leaf spot white mould and 
rust) 1nsect pests (beanflies bean beetle and bruchids) low soil fertility 
and mo1sture stress A sub-project to study the genetics of resistance to 
beanfl 1 es was proposed and approved by the SADCC Bean Steeri ng Commi ttee 
When the genet 1cs of resistance are establ ished appropriate plant breeding 
procedures w1ll be 1mplemented through a combination of introduction local 
co 11 ect ion and hybri dlZat 1on Improved agronom1 e packages and farmer 
acceptab1l1ty of such practic~s will also be emphasized The time lag between 
the ralease of technology and its adoption must be reduced in arder to improve 
bean production 1n Tanzania 
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Performsnces of Elite Sean Unes and Cu1tivars in the Bimoda1 
Rainfa11 Systfltll of Kagera Region and Their IIIIP1icetions 

for Se1ection 

R Kamala e S Mushi and E M K Koinange 

AgrJcultural Research and TraJnJng Institute Lysmungu Tanzania 

Abstract 

In western Tanzan1a especJa11y Kagera Reg1on bean (Phaseolus 
vulgans L ) JS a very Jmportant crop The region has bJmodal 
rawfa11 wJth two bean growing seasons March to June (long rains) 
and August to Oecember (short raws) The mam season for bean is 
the short ra1ns The ma)or concern of the bean breeding program is 
to Jdent¡fy materJals wh1ch do well Jn eJther or both seasons 

F1ve advanced lJnes f1ve cultJvars and a local check were evaluated 
Jn both grow1ng seasons of 1986 AgronomJc phenological and 
morphologJcal data were co11ected For a11 characters except days to 
f1ower1ng correlat1ons between seasons were very weak 
RecommendatJon of dJfferent cultJvars for the two seasons JS 

plausible prov1ded the observed trend Js consistent across years 

Introduct1on 

In Tanzan1a common bean (Phaseolus vulgarJs L ) is a very important food 
crop for a substant1al part of the population (Karel et al 1981) Thé major 
areas of product1on are in Kagera Kigoma Arusha Hbeya K111manJaro Tanga 
and Rukwa Reg1ons 

Kagera region 1n western Tanzan1a has alt1tudes between 1 000 and 1 500 
masl (Koinange 1987) The ra1nfall pattern of the reg1on 1s b1modal with two 
grow1ng seasons (Table 1) The first season extends from Harch to Hay (long 
ra1ns) and the second season from August to December (short rains) w1th a dry 
season 1n between Most farmers of the reg1on grow bean during the short 
ra1ns The ma1n reason for preference for th1s season is the smaller ra1nfall 
and therefore less d1sease 1nc1dence than dur1ng the long rains Also due to 
1ntens1ve land use so1ls are best rested for one season each year 

The breed1ng programme evaluates introduced bean matenals and local 
1 andraces 01 sease and 1 nsect pest res1 stance and des1 rable agronomic 
phenolog1cal and morpholog1cal characters are among the tra1ts scrutinized 
The t1me to the ralease of new cult1vars is long to enable adequate test1ng of 
the1r adaptab1l1ty and stabil1ty across d1verse environments New 
1ntroduct1ons and local collections are evaluated for one season and the best 
proceed to prel1m1nary trials wlth two repl1cat1ons The best performing 
l1nes are then 1ncluded 1n advanced y1eld trials at an 1ncreased number of 
s1tes cover1ng the maJor bean grow1ng reg1ons Superior entries proceed to 
un1form cultivar tnals at an even larger number of sttes The procedure 
allows rel1able assessment of the stab1l1ty and adaptab1l1ty of breeding lines 
across locations and years (F1nlay and Wilk1nson 1963 Voysest and Garcia 
1984) 
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Table 1 Total Rainfall and Mean Maximum and Minimum Temperaturas 
Month of the Two Bean Growing Seasons at Maruku in 1986 

_l ________________________________________________ _ 

1 
Month 

Long ra1ns 

March 
Apr1 1 
M ay 

Short ra1ns 

October 
November 
December 

Ra1nfall 
(mm) 

221 6 
270 8 
228 o 

257 o 
162 9 
188 3 

Temperaturas (°C) 

Max1mum 

25 o 15 7 
24 7 15 6 
24 o 14 6 

24 8 16 o 
24 7 16 o 
24 7 15 6 

---------------------------------------------------

for Each 

The obJective of this study was to examine the consistency of performance 
of entries 1n uniform cultivar tr1als 1n the two different rainfall seasons 
in Kagera to assess the feasibllity of develop1ng a s1ngle cult1var su1ted to 
both environments 

Materials and Methods 

Five bean advanced lines five cult1vars and a local check were evaluated 
at Maruku in Kagera Region during the two grow1ng seasons of 1986 In both 
seasons a random1zed complete block design with four repl1cat1ons was used 
Each plot consisted of five rows five meters long with spacings of 50 cm 
between and 20 cm with1n rows and two plants/hill Thirty kg/ha N and 60 kg/ha 
P2o5 were applied at plant1ng Other recommended crop husbandry pract1ces 
were followed Phenological and agronomic characters were recordad and 
analyses of variance and correlations between seasons were computad according 
to Snedecor (1961) and Gomez and Gómez (1984) 

Results and Discussion 

Correlatio~\ between seasons were larga and sign1f1cant for days to 
flowering (O 664 ) 1nd1cating that relat1ve times to flowering of the entr1es 
were similar in both seasons Correlations were very poor for days to matur1ty 
(O 240) pods/plant (O 102) and seed yield (O 178) so entr1es responded 
differentially to seasons in respect of these characters 

There were significant d1fferences among entries for all characters 1n 
both seasons (Tablas 2 and 3) Examination of the mean values for the two 
seasons reveals the reasons for the d1fferences in the correlations 
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Tabla 2 Days to Flowaring and Maturity Pods/Plant and Saad Yields (kg/ha) 
in Uniform Cultivar Trial at Maruku in the Long Rainy Season 1986 

-----------------------------------------------------------------
Entry 

Canad1an Wonder 
Sellan Wonder 
Lyamungu 85 
YC-2 
T-3 
Kaban1ma 
TB 79/509 
Select1on 8 
so 79/381 
Masa1 Red 
Local check 

Mean 
L S O (P = O 05) 

Oays to Oays to 
50~ flower1ng 85~ matur1ty 

38 3 
37 5 
38 o 
37 o 
41 5 
40 8 
41 3 
46 5 
38 3 
46 8 
43 5 

40 8 
3 47 

80 5 
79 3 
85 o 
80 o 
83 o 
89 o 
79 o 
80 o 
83 o 
88 o 
79 3 

82 4 
1 29 

Pods/ 
plant 

12 o 
15 5 
18 3 

5 8 
14 3 
19 3 
12 o 
16 5 
17 3 
18 5 
22 5 

15 6 
1 39 

Seed 
y1elds 

1433 
1203 
1448 
1648 
1965 
1020 
1161 
1261 
2143 
1408 
1592 

1480 
398 

Tabla 3 Days to Flowaring and Maturity Pods/plant and Saad Yialds (kg/ha) 
1n Uniform Cult1var Trial at Maruku in tha Short Rainy Saason 1986 

Entry 

Canad1an wonder 
Sellan wonder 
Lyamungu 85 
YC-2 
T3 
Kaban1ma 
TB 79/509 
Select1on 8 
so 79/381 
Masa1 red 
Local check 

Mean 
L S O (P = O 05) 

Oays to Oays to 
50~ flower1ng 85~ matur1ty 

36 
37 
36 
37 
42 
41 
41 
42 
36 
42 
38 

38 
1 6 

80 o 
74 o 
76 o 
76 o 
89 o 
82 o 
87 3 
86 o 
84 o 
89 o 
80 o 

82 1 
1 52 

Pods/ 
plant 

12 1 
8 3 

11 5 
10 5 
20 5 
12 8 
12 3 
17 5 
11 o 
21 o 
12 3 

13 6 
2 83 

Seed 
y1elds 

1206 
1396 
2111 
1322 
1481 
1714 
1245 
1389 
1231 
1821 
1155 

1461 
243 

Salian Wondar VC-2 Canadian Wondar Lyamungu 85 and SO 79/381 flowered 
aarl1ar than tha othar entrias in both saasons so thare was good correlation 
batween saasons In contrast _ in the long rains Selian Wonder VC-2 TB 
79/509 Selact ion 8 and the local check were fi rst to mature while in the 
short rains Selian Wonder Lyamungu 85 and VC-2 maturad earliest Similarly 
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in the long rains SD 79/381 produced the heaviest yield followed by T-3 and 
YC-2 while in the short rains Lyamungu 85 yielded most Masai Red was second 
and Kabanima third In the short rains seed yields were closely assoc1ated 
with pod number with Lyamungu 85 and T-3 producing the most pods but in the 
long ra1ns the local checks Kabanima and Lyamungu 85 produced significantly 
more pods than most other entries 

The reasons for these differential responses are not clear The heav1er 
disease pressure in the long rains (Kamala personal observat1on) could have 
contributed due to differences in disease resistance Rainfall distribution 
per se and temperatura differences (Karel et a7 1981) are other possible 
explanations Further trials of the same entries across seasons are required 
to determme the most appropriate breeding and selection strategies for the 
b1modal rainfall situation of Kagera 
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Addressing Sean Producsrs Prob1BIIIS in the Northern 
Hfgh1ands of Rttanda 

K B Paul 

USAIO Reg1onal Econom1c Development Serv1ces Off1ce 
Nairob1 Kenya 

Abstract 

F1eld bean (Phaseolus vulgans) IS a maJor component in the Rttandan 
d1et prov1d1ng 25~ of total calor1es and up to 45~ of prote1n 
mtake In Rwanda bean occup1es about 25~ of the harvested area 
Oesp1te 1ts 1mportance the y1eld of bean has decreased over the 
years pr1mar1ly because of decl1n1ng soil fert1l1ty and 1ts expans1on 
to more marginal land The present est1mated y1eld 1s about 800 
kg/ha In an effort to help bean producers 1ncrease the1r production 
a series of research efforts were undertaken between 1986-1988 These 
1nclude select1on of local cult1vars select1on of lines from 
mtroduct1ons from the Internat1onal Center for Tropical Agnculture 
(CIAT) and Agronom1c Research Inst 1 tute of Rwanda (ISAR) for 
adaptab1l1ty and farmer acceptab1l1ty seed treatment sorghum­
cllmbmg bean 1ntercroppmg and farmer-based low input seed 
mu lt 1p l1cat 1on systems Based on the resu lts of these studies four 
cl1mbmg bean cult1vars are now recommended to farmers of this area 
W1de d1stnbut 1on and adopt 1on of them wi 11 he lp to narrow the gap 
between Rwanda s dry bean product 1on and consumpt 1on This paper 
describes the h1ghl1ghts of the bean variety trials 

Introduction 

In Rwanda bean ranks f1rst 1n tenns of area cultivated and fourth 1n 
terms of production (Gahamanyi 1985) In 1983 there were about 307 thousand 
ha under beans in the country The total dry bean production is estimated at 
224 thousand t (Anon 1985) Since Rwanda is in def1cit in bean production 
the demand for additional beans is met by unofficial movements across the 
border from Uganda and Zaire (Loveridge et al 1987) 

The work area was located in the four eastern communes of Ruhengeri 
Prefectura (one of 10 principal administrativa divisions of Rwanda) namely 
Butaro Cyeru Nyamugal i and Nyarutovu during the years between 1986 and 
1988 Approximately three-fourths of the work area lies in the Buberuka 
Hlghlands (BH) and the remaining one-fourth in the Central Plateau (CP) 
region which are two of Rwanda s 12 majar agro-climatic zones (Delepierre 
1975) The area ~enerally has a cool humid climate the annual average 
temperatura is 18 e and nonnally fluctuates between 10 and 26°C The rainfall 
1s b1modal the pnncipal rainy season is from March through May and the 
second ra1ny season lasts from September through December The months of June 
and July constitute the principal dry season with another short moisture 
def1cit period during the months of January and February The total rainfall 
in the area varies from 1 150 mm to 1 550 nm with a gradual increase from 
north to the south 
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Soils 1n the project area are primarily of schist origin Oxisols are 
the dominant so11 order interspersed with more shallow l1thic Entisols 
Excessively weathered Oxisols are dominated by iron and aluminum oxide clays 
and tend to be well- drained and acid1c with excellent phys1cal 
character1stics however they have poor chemical propert1es They are 
considerad to be good for cultivation prov1ded nutrient and organic matter 
levels are maintained These soils are also prone to eros1on (Anon 1987) 

Bean of all three growth habits (climb1ng semi-climbing and dwarf) is 
grown in this area Climb1ng types are generally plantad pure (single 
cultivar) and in monoculture except when plantad in banana graves When 
plantad as m1xtures the number of components rarely exceeds fwe or s1x 
Dwarf and sem1-cl imbing types are grown together in mixtures (henceforth 
referred to as dwarf beans) and a typ1cal m1xture conta1ns 12 to 16 d1fferent 
components In season A (plant1ng time September-October) about 80% of dwarf 
beans in the BH area are plantad 1n associat1on w1th maize wh1le in the B 
season (plant1ng time Apr11) about one-half 1s plantad in monoculture 
Although climb1ng types y1eld much more than dwarf types under favorable 
cond1t1ons the choice between the two depends on many factors such as 
climate so1l fertil1ty availab1lity of stakes and farmer preference 

Diagnostic surveys (Franzel et al 1985 Biz1ma et al 1986) conducted 
in the proJect area 1dentif1ed the following constra1nts to bean product1on 
low soil fert1 11ty lack of 1mproved vanet 1es diseases d1fficult ies 1n 
find1ng stakes for cl1mbing beans and tradit1onal cultural pract1ces 
Consequently the imtial on-farm trials were des1gned to address some of 
these problems 

On-farm trials to evaluate the yields adaptability and grower 
acceptab 1l1t y of new bean 1 i nes we re commenced 1 n 19868 The a 1m was to 
1dentify 1mproved cultivars res1stant/tolerant to certa1n stress cond1t1ons 
such as so1l acidity disease and drought By reduc1ng losses causad by these 
stresses moderate 1ncrease 1n output 1s poss1ble For th1s approach no 
costly 1nputs are necessary 

There were of course other cons1derat10ns a) on-farm test1ng of new 
mater1als 1s relatively risk-free b) farmers are less reluctant to adopt good 
cultwars as this does not require any changas 1n trad1t1onal product1on 
practices e) CIAT/ISAR had some promising bean l1nes ava1lable for test1ng on 
farmers f1elds and d) on-farm tr1als would prov1de an opportun1ty to become 
more fam1l1ar with farmer pract1ces and exist1ng farm1ng systems so that 
appropr1ate 1ntervent1ons could be suggested at a later date 

Materials and Methods 

The obJectwes of the study were expla1ned to the farmer- collaborators 
before instal11ng trials on the1r f1elds It was made clear that the trials 
were research and not demonstrat1on and that they would actwely collaborate 
as research partners 

S1x cl1mbing and fwe dwarf bean l1nes that were prev1ously testad on 
research stat1ons and 1n multilocat1onal tr1als by ISAR/CIAT sc1ent1sts and 
three climbing and one dwarf bean cult1vars that the author had 1dent1fied as 
prom1s1ng in farmers f1elds were selected for on-farm testing in the f1rst 
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season s (1987A) trials On most farms five climbing and/or four dwarf bean 
l1nes and cultivars were plantad Each season these trials were installed on 
an average of 30 farms and each entry was plantad on a minimum of eight farms 

Basad on the 1987A results (some of the same entries were also testad in 
our exploratory tnal in 19868) four climbing and three dwarf types were 
selected for further testing during the three subsequent seasons These 
selected entries had out-yielded local cultlVar mixtures and had met the 
select1on criteria of the farmers 

Tr1al Installation and Hon¡tor¡ng 

Farmers cultivated the land twice and project technicians and extension 
personnel helped them to lay out plots Farmers were supplied with 350 pre­
packaged seeds of each entry which they plantad in their traditional way in 2 
x 5 m plots they managed the plots (for example weeding and staking) but 
plant1ng and harvesting were done 1n presence of proJeCt personnel Each farm 
was vislted three to four t1mes to gather data on plant density disease 
number of plants per plot at harvest number of pods per plant yield and 
farmer opin1ons of the entr1es tested 

Approx1mately at full-bloom stage the per cent total leaf area affected 
by d1seases was est1mated No attempt was made to score each disease 
1nd1v1dually At matur1ty the plots were harvested in the morning when 
atmospher1c hum1dity was high to avo1d pod shatter1ng All plants in a given 
plot were uprooted and counted pods containing at least one seed were 
separated from the plants and counted The pods from each plot were placad in 
separata harvest bags and labelled Field days were organizad in which people 
were 1nv1ted to part1c1pate 1n evaluation of the entries Farmers were 
1nstructed to thresh and dry the grains as they do normally but to keep the 
harvest from each plot separated these were weighed after two weeks 

Cl1mb1ng and dwarf types were plantad 1n separata blocks and plots within 
a block were assigned randomly to varieties There was only one replication 
per farm and each farm was considerad a replication All data were enterad on 
Lotus 1-2-3 and analyzed us1ng appropriate sub-programs of the Statistical 
Analys1s System (SAS-PC) Means separat1on was by Cunean s Mult1ple Ranga 
Test In order to obtain a systemat1c farmer evaluation of the entries a 
quest1onna1re des1gned by CIAT s soc1olog1st based in Rwanda was used (Voss 
personal communication) For this we interv1ewed 19 farm familias who had 
collaborated w1th us for at least two growing seasons 

Results and Discussion 

seedl1ng emergence and plant dens1ty 

Emergence of the entnes averaged 90% and was uniform (Tabla 1) 
suggesting that the seeds plantad were of good quality that farmers 
successfully removed unviable damaged and diseased seeds prior to plant1ng 
that land-preparation was adequate and that planting depth was appropriate and 
uniform 

At planting time farmers were asked if we had given them too few or too 
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many seeds to plant More than 50% of them thought that the seed rate was just 
about r1ght while the others thought that the number was too many However 
seedling counts taken on the fanners own beans (dwarf and climbing) showed 
that they had plantad at least 20% more seeds than we did Our seed ratas 
variad from 100 kg (for G 2333) to 155 kg/ha (for Puebla) A separata study 
conducted by us using dwarf beans showed that denslties between 200 to 600 
thousand plants/ha did not significantly affect gra1n yield (unpublished) In 
the work area a density of 250 thousand plants/ha seemed to be adequate If 
farmers could be persuaded to reduce seeding ratas by 20% (about 30 kg/ha) 
national savings of 10 thousand tonnes seed/year could be achieved without 
reducing grain yields This will reduce considerably the country s present 
annual dry bean deficit of 36 thousand tons (Loveridge et al 1987) 

Tabla 1 shows the number of seedlings that emerged and the number of 
plants counted at harvest the difference between the two numbers represents 
loss of plants due to disease insect pests mechanical damage and other 
factors Although seedling survival ratas variad from farm to farm between 60 
and 80% of emerged seedlings reached maturity One of the reasons why farmers 
plant greater than needed densities could be to compensate for th1s plant 
loss 

Tabla 1 Seedling Emergence Plant Survival and Number of Pods (Numbers/10 m2) 
of Climbing Bean On-Farm in the Northern Highlands of Rwanda 1n 1987 
and 1988 

1g87A 

Entr1es Seedl1ngs Plants 

G 858 
Puebla 
G 2333 
Mw1re.s1a 

Local 

320 
350 
310 
330 

340 

204 
211 
219 
253 

225 

Pods 

1 1060 
897 

1147 
1318 

982 

19888 

Seedl1ngs Plants 

330 
330 
320 
330 

320 

265 
269 
250 
254 

249 

Pods 

1359 
1237 
1321 
1155 

1102 
__ ! _____________________________ .... ____________________________ _ 

, a data are basad on a minimum of 10 tests except for Mwirasi (only 4) 

1 

Grsfn Yfeld 

Climbing bean yields from four seasons are presentad in Tabla 2 

Although nine climbing bean entries were testad in 1987A only those 
entries which produced yields higher than local cultivars are presentad here 
Three of the four entries selected (G 858 G 2333 and Puebla Criollo 444) were 
introduced from CIAT and subsequently testad by ISAR on research stations 
while the fourth a cultivar callad Mwirasi was selected by us locally We 
saw Mwirasi growing on a few farms in Nyarutovu commune during our first 
exploratory season (19868) and this cultivar was unknown to farmers in the 
neighboring communes This is an early maturing cultivar with excellent yield 
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potential and has medium- sized violet-colored grains Since it ~as already 
being gro~n in the area its adaptabil1ty and acceptability ~ere not 1n 
quest1on We plantad this cultivar in 1987A on only four farms ~here it 
produced the largest y1eld During the next t~o seasons ~e could not plant 
this cultivar because seeds ~ere unavailable ho~ever a fe~ farmers ~ere 
encouraged to multiply 1ts seeds for subsequent test1ng 

In season 1987A three CIAT/ISAR lines and Mwirasi produced yields over 
2100 kg/ha comparad to 1684 kg/ha for local cult1vars or mixtures The four 
seasons average y1elds for the three CIAT/ISAR varieties exceeded 2300 kg/ha 
comparad to 1859 kg/ha for local m1xtures (Table 2) It should be mentioned 
here that our y1elds were cons1derably more than the area s estimated average 
cl1mb1ng bean y1eld of about 1400 kg/ha This is primarily because the farmers 
took a l1ttle extra care of the test plots and harvest losses were kept to a 
m1n1mum 

In the dwarf bean tr1als (Table 3) Kirundo and Iklnimba had small but 
cons1stent y1eld advantages over local mixtures in both seasons However 
K1rundo 1s suscept1ble to halo bl1ght and Ik1mmba to rust Horeover some 
farmers d1d not l1ke the seed of Ikin1mba ~h1ch 1s black In season 1987A G 
11060 produced a sl1ghtly better y1eld than the local cult1var but its small 
gra1n s1ze and long grow1ng period did not appeal to farmers 

Table 2 Gra1n Y1elds (kg/ha) of Cl1mbing Bean Entries On-Farm in the 
Northern H1ghlands of Rwanda 1n 1987 and 1988 

Entnes 

G 858 
Puebla 
G 2333 
Mw1ras1 

Local 

1987A 

2113ab 
2161ab 
2101ab 
2326ab 

1684b 

No of tests 12 

e v (lli) 26 4 

Seasons 

19878 

2242bc 
2339ab 
2544a 

NT 

1993c 

22 

18 8 

1988A 

2925ab 
2995a 
2643b 

NT 

2182c 

21 

18 o 

19888 

2339a 
2057a 
2000ab 
1639bc 

1577c 

13 

24 8 

Mean 

2422 
2388 
2322 
1982 

1859 

" Local 

130 
128 
125 
107 

100 

Means w1th1n a column followed by the same letter are not significantly 
d1fferent accord1ng to Duncan s Mult1ple Range Test (P<O 05) means for 
Mw1ras1 are based on four tests only 

Fol1ar 07588585 

The per cent total leaf areas affected by all foliar diseases are shown 
in Table 4 The predom1nant foliar diseases of beans in the area are ascochyta 
(Phoma 8XJgua var d1V8r515pora) anthracnose (Col18totr1chum lindemuthianum) 
angular leaf spot (Phaeo1sar1ops1s gr1seola) floury leaf spot 

160 



Table 3 Grain Yields (kg/ha) of Dwarf Bean Entries On-Farm in the Northern 
Highlands of Rwanda in 1987 

Seasons 

Entr1es 1987A 19878 

K1rundo 945(16)a 1560(9) 
Ik1n1mba 832(12) 1410(19) 
K1lyumukwe 713(16) NT 
Urubonobono 645(14) NT 
G 11060 847(6) NT 

Local m1xture 758(21) 1274(24) 

a the numbers in the parenthesis are the numbers of on-farm trials 

(Hycove11os7e11a phaseo1i) and toa lesser extent rust (Uromyces 
appendicu1atus) and viral diseases In terms of yield reduction anthracnose 
and the viral diseases are most serious Fortunately we had little problem 
with virus diseases during the study period The results as expected 
indicated that the incidence of diseases varied from one season to the next 
and that sorne entries were more tolerant to diseases than others Overall G 
2333 and G 858 appeared to have most resistance against diseases The 
correlations between per cent total leaf area affected by foliar diseases and 
bean yields however were not significant 

Table 4 Per Cent Total Leaf Areas affected by Diseases of Entries 1n On-Farm 
Trials in the Northern H1ghlands of Rwanda between 1987 and 1988 

Seasons 

Entnes 1987A 19878 1988A 19888 Mean 

G 858 2 81c 1 31a 5 56c 9 38ab 4 77 
Puebla 4 34ab 1 81a 7 90b 9 30b 5 84 
G 2333 3 03c 1 33a 7 23bc 5 52c 4 28 
Mw1rasi 3 64bc NT NT 11 30a 7 47 

Local 2 64c 1 72a 1 1 13a 1 1 25a 6 69 
-------------------------------------------------------

Min1mum of 12 tests except for Nwirasi in 1987 A wh1ch was based on only 
four tests means within a column followed by the same letter are not 
s1gn1f1cantly d1fferent accord1ng to Duncan s mult1ple range test (P<O 05) 

Farmer eva1uation of entrfes in on-fann tests 

The quest1onna1re for evaluat1on was des1gned to determine 1) the 
criter1a farmers use to evaluate bean cultivars and 2) their opin1on of the 

161 

¡1 

1 



three test entries chosen primarily for their yield performance 

The criteria that farmers of the project area were found to use to 
evaluate bean varieties in order of importance were grain yield grain 
color grain size resistance to d1sease (high humidity) maturity period and 
taste of dry beans 

Farmers use the sama criteria to evaluate dwarf semi-climbing and 
climbing bean Yield is the most important criterion while the ranking of 
other characters could changa from one farmer to the next Whenever farmers 
were asked to evaluate a standing crop of beans they invariably responded by 
saying let s wait t 111 the harvest time Besides the six criteria listad 
above the farmers a 1 so ment ioned growth habit (erect or procumbent for 
dwarf l1ght or heavy for climb1ng) drought tolerance performance on poor 
soil ed1bility of leaves and quality of green pods 

The farmers liked all three CIAT/ISAR introductions and Mwiras1 primarily 
because of the1r h1gh y1elds They appreciated the grain color of all four 
entnes the larga gra1n sizes of Puebla and G 858 and the earliness of G 
2333 (Tabla 5) However they expressed reservat1ons about the small grain 
s1ze of G 2333 and the long maturity period of G 858 They also thought G 858 
was more suscept1ble to high ra1nfall (diseases) than the other entries The 
maturlty penods of these entries in the BH area were about 110 days for G 
2333 115 days for Mwirasi 126 days for Puebla Criollo and about 135 days 
for G 858 while in CP zona all matured about ten days earlier Plants of G 
2333 and Mw1ras1 are relat1vely light weight and could be adequately supported 
by Penn1setum stakes the most commonly usad stakes in the area while for the 
heavier G 858 and Puebla Criollo plants wooden stakes would be desirable 

Table 5 Farmer Evaluat1ons of Three Cl1mbing Bean Entries in On-Farm Trials 
in the Northern Highlands of Rwanda 

Puebla 

Pos1t1ve aspectsa 

Good gra1n y1eld 
Good gra1n color 
D1sease res1stance 
Large gra1ns 
Pods tasty 
Leaves ed1ble 
Res1sts drought 

Negat1ve aspectsa 

G 2333 

Good gra1n y1eld 
01sease res1stance 
Good gra1n color 
Early matur1ng 
Lot of pods 
Res1sts drought 

Small gra1n s1ze 

G 858 

Good gra1n y1eld 
Good gra1n color 
Large gra1ns 

Late matun ng 
Low d1sease 

tolerance 
-----------------------------------------------------------
a 11sted 1n order ment1oned by the farmers 

t62 



/ 

Farmers rated Puebla best followed by G 2333 and G 858 These three 
entries and the local cultivar Mwirasi have farmer approval Because of the 
inadequacy of Rwanda's present seed multiplication and distnbution systems 
it has become a bottleneck to meét farmer demands for seeds of bean cultivars 
(Paul and Grosz 1987) We have responded to their requests through the 
introduction of a low input farmer-based seed multiplication system designad 
specifically to multiply seeds of these four bean varieties (Paul 1987) 

Soma of the collaborat1ng farmers who never grew climbing bean befare are 
now plant ing these as they have seen for themselves thei r yield advantages 
ovar the dwarf types (under normal conditions the climbing bean produces about 
50% more than the dwarf types) (Tabla 6) This is definitely a step in the 
right direct1on 

Table 6 Gra1n yields (kg/ha) of climbing bean entries in association with 
banana in on-farm trials in the northern highlands of Rwanda in 
1988A 

Puebla G 858 G 2333 Mw1ras1 

1295 1365 1432 1842 

Means of 11 tests 
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SUMMARY OF DISCUSSIONS 

Rano and Shakoor 

Macrophomina is featured as an 1mportant problem in arid areas of Kenya 
and resistant cultivars are not yet ava1lable Interspecific crosses with 
Phaseolus acutifol1us had been suggested but CIAT lines having macrophomina 
resistance may be more effective in the short term It was also indicated in 
the presentation from Sudan that late planting and seed dressing w1th Aldrex 
reduced the problem 

It was suggested that methods of water conservation and irrigat1on 
developed 1n the Sudan may be appropriate also for dry areas of Kenya 

Rachier 

A po1nt of clarification on the levels of P N and K was that K was high 
due to the original parental material so had not been leached to the same 
extent as N and P 

In connection w1th the lack of climb1ng bean 1n Kenya 1t was stated that 
malle is cons1dered the more 1mportant crop and farmers do not want to nsk 
reduc1ng ma1ze y1elds by 1ntercropping with vigorous cl1mbing bean types w1th 
heavy demands on so1l nutrients 

Salih et al 

An 1nterest 1ng feature of bean storage in northern Sudan is that bean 
bruchids die after hatch1ng so there is no problem of storage pests More 
work is needed to determine the causes of bruchid mortality There are 
however serious viral problems of bean 

It was al so noted that el imb1ng bean has not yet been 1ntroduced into 
Sudan 

Bean product1on 1n Sudan wi 11 only be 1ncreased by use of state farms 
since higher value crops compete for land 

Farah and Abikar 

Phaseolus vulgar1s a new bean to Somalia and therefore it is diff1cult to 
determine farmers preferences A survey is requi red to establ ish seed type 
preferences and farmers priorit1es 

Mmbaga et a1 

It was 
intercrops 
short rains 
farmers but 

suggested to relate rainfall distribution to planting of 
A 1 so to determine why farmers tend to grow beans on 1 y in the 
Previously there was no interaction between research workers and 

now demonstration plots are being used The system in Rwanda 
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presents a good model of how to go on-farm 

Paul 

Results from Rwanda i llustrate the value of sorghum as a support for 
climbing bean especially when suitably arranged 

It was demonstrated how on-farm research helped researchers in releasing 
acceptable cultivars and introducing new technology On farm results also 
demonstrate that sorne farmers problems are not fully appreciated For 
example farmers use up to 600 000 plants/ha when researchers had assumed that 
farmers plant low populations and failure of adoption of a cultivar by 
~Armers may be due to 1ts lack of adaptat1on to the farmers environment 
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SESSION IV GENETIC IMPROVEMENT OF BEAN 

Genotype x Environment Interaction and Yie7d 
stabi7ity in Haricot Bsan Cu7tivars in Eth1opfa 

Teshane Guma 

Inst1tute of AgrJcu7tura1 Research Helkassa Ethfopfa 

Abstract 

Three sets of bean cu lt 1 vsrs and advanced lmes grouped accordmg to 
seed type were grown at vanous locat 1ons 1n Eth1op1a in 1988 and 
1989 te> examme the1r performance across a range of env1ronments 
Analys¡s of var1ance showed s1gniffcant genotype x environment (G x 
E) interact1ons for a11 s1x tr1al ser1es The 1988 Large Seeded Bean 
Nat1onal Vanety Trial (LSB-NVT) was chosen for deta1led stab1l1ty 
analysis regressing entry mean y1elds on locat1on mean y1elds 
(env1ronment 1ndex) In 1988 the mean y1elds of entr1es var1ed from 
1365 kg/ha to 2304 kg/ha The regress1on accounted for 80 to 98!f of 
the var1at1on 1n the1r y1elds across locat1ons Only two entr1es had 
regress1on coeff1c1ents s1gnif1cantly d1fferent from un1ty 
StabJ17ty analys1s was a1so performed on entnes common to the LSB­
NVT m 1988 and 1989 Entry mean y¡elds vaned from 1624 kg/ha to 
2572 kg/ha Regression on the env1ronmentaJ 1ndex aga1n accounted for 
most of the vanation 1n y1eld across locat1ons (86-98!f) Only two 
of the regress1ons dJffered s1gn1f1cant1y from un1ty D1acol Calima 
and A 483 had most stable performance across env1ronments A 410 and 
A 262 appeared most su1table for favourable env1ronments and Brown 
Speckled for poorer ones Stab1l1ty analys1s can a1d cho1ce of 
cult1vars for spec1f1c or general adaptat1on 

Introduction 

In the maJor bean growing areas of Eth1op1a variat1on 1n length of 
growing season as a result of rainfall distribut1on and elevation 1s wide 
The R1ft Valley in central Eth1opia is the ma1n bean producing area Here 
white pea bean is an 1mportant cash crop for small farmers In eastern 
Eth1op1a beans of various colours are grown ma1nly for local use In 
western areas climb1ng beans are grown for consumption as green pods 

1 
1 

Diversa growing cond1t1ons can be expected to cause different1al 
responses among a set of bean materials grown across locat ions and years 
expressed as s1gn1f1cant G x E 1nteract1ons Signif1cant G x E 1nteractions 
may reflect differences among matenals in stab1l1ty In addltion to soma 
des1red y1eld level stab111ty of performance is a des1rable property of 
genotypes to be recommended for general cultivation and should be considerad 
dunng selection (Abebe et al 1984a S1ngh and Chaudhary 1985 Cooper 
1989) 

Stability analysis is most often by regression techniques of which the 
Eberhart and Russell (1966) modal is an example Eberhart and Russell defined 
a stable genotype as one w1th a regression coeff1c1ent close to one and 
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min1mum deviations from regression 

This paper cons1ders the levels and stabilities of the y1elds of s1x sets 
of bean cultivars and breeding lines grown at several locations in Ethiopia in 
1988 and 1989 

Mater1als and Methods 

The seed y1elds of entnes 1n three series of National Variety Trials 
(NVT) were used 1n this study They were the White Pea Bean NVT (WPB-NVT) the 
Large Seed Bean NVT (LSB-NVT) and Different Coloured Bean NVT (DCB-NVT) 
Entr1es and locat1ons differed among series and between seasons - their 
numbers are shown 1n Tabla 1 

Table 1 Number of Entries in and Locat1ons of National Variety Trials in 
Eth1op1a in 1988 and 1989 

WPB-NVT 
LSB-NVT 
DCB-NVT 

Entr1es 

8 
8 

10 

1988 

Locations 

10 
7 
7 

Entr1es 

9 
8 

10 

1989 

Locat1ons 

7 
7 
8 

The locations representad diversa temperaturas rainfalls and altitudes 
(Table 2) 

Table 2 Ra1nfall and Maximum and Minimum Temperaturas during the Growing 
Season (June to October) and Altitudes of sorne Locations of LSB-NVT 
1n 1988 and 1989 

---------------------------------------------------------------

Locat1on 
Mean ra1nfall 

(mm) M1n1mum Max1mum 
Alt1tude 

(masl) 
---------------------------------------------------------------
Awassa 582 12 8 25 2 1700 
Bako 800 14 5 25 3 1650 
J1ma 1154 12 4 23 4 1750 
Melkassa 580 14 9 27 1 1550 
Z1way8 508 13 9 25 1 1650 
---------------------------------------------------------------a Means of 14 grow1ng seasons 1970-83 

t68 



The trials were all randomized complete block designs w1th four 
replications Plot sizes were 6 rows of 6 m length with 40 cm spac1ng between 
rows The centre four rows were harvested for grain yield (lAR 1990) A 
combinad analysis of variance was computad for gra1n y1eld to determ1ne the 
statistical s1gnificance of the interactions between _the entries and the 
environments Stab1l1ty analysis was conducted on the grain yields from the 
LSB-NVT according to Eberhart and Russell (1966) by regressing the seed yields 
of individual entries on an environmental index der1ved from environment mean 
yields Th1s led to the following parameters mean yield C:iil _ the regression 
coeffic1ent (b) the standard error of b (sb) and the coeff1c1ent of 
determination (r¿) The regress1on coefflcient of each entry was testad for 
its deviation from un1ty us1ng a t test 

Results and Discussion 

The analysis of vanance across s1tes revealed signlficant G x E 
interact1ons for all six series of experiments (Tablas 3 and 4) 

Tabla 3 Mean Squares from Combmed Analyses of Vanance of Grain Y1elds 
(kg/ha) of Entries in Bean NVTs in Ethiopia in 1988 

WPB-NVT DCB-NVT LSB-NVT 

Source df ms df ms df ms 

Env1ronments 9 38 42*** 6 129 19*** 6 75 76*** 
Genotypes 7 2 96*** 9 8 21*** 7 10 36*** 
G X E 63 1 49* 54 1 94*** 42 3 29*** 
Error 210 189 147 

CV (%) 22 23 29 
-----------------------------------------------------------------
* *** s1gn1f1cant at p = o 05 and o 001 respect1vely 

Stabil1ty analysis was then performed but only data from the LSB-NVT are 
presentad as the entries 1n this group showed the greatest vanat1on in 
stab1lity parameters 

In 1988 location mean yields for the LSB-NVT ranged from 270 kg/ha at 
Jima to 3269 kg/ha at Awassa (Tabla 5) The grain yields of the seven 
potential replacements for the currently recommended cultivar (Brown Speckled) 
were all signiflcantly greater than the yield of the check at one or more 
locations Four of the seven locations had coeffic1ents of var1ation of 35% 
and above 

Regression on the environmental index explained 80-98% of the variation in 
yields of entries across locations (Tabla 6) 
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Tabla 4 Mean Squares from Combinad Analyses of Vanance of Gra1n Y1elds 
(kg/ha) of Entries 1n Bean NVTs in Ethiop1a 1n 1989 

WPB-NVT DCB-NVT LSB-NVT 

Source df ms df ms df ms 

Env1ronments 6 19 31*** 7 11 o 6o** 6 66 10*** 
Genotypes 8 4 59** 9 18 46*** 7 11 43*** 
G X E 48 2 54*** 63 2 98*** 42 2 51*** 
Error 168 216 147 

cv (%) 20 19 19 
-----------------------------------------------------------------
** *** s1gn1f1cant at p = o 01 and o 001 respect1vely 

Tabla 5 Grain Y1elds (kg/ha) of Entries in LSB NVTs in Ethiopia in 1988 

Entries 

Aquascal1entes 13 
Acc No 3142-3 
D1acol Calima 
A 410 
A 262 
A 483 
ANO 289 
Brown Speckled 

S E :t 
e v (%) 

Mean 
S E :t 

AM 

892 
1975 
1345 
1387 
2113 
25_li 
606 

1304 

1517 

AS 

1145 
604 

1318 
1353 
175ª 
110!! 
1040 
853 

1223 

AW 

1823 
3550 
ª43!! 
ªª44 
~807 
31!6 
ª28_1 
2287 

3269 

Locat1ons 

BK 

623 
205 
708 
574 
588 
618 
846 
770 

259 9 
29 o 

JI 

250 
245 
201 
hl§ 
490 
147 
185 
127 

617 270 
138 8 

MEL 

3lli 
-ª337 
3039 
ª912 
4246 
ll8ii 
3052 
2086 

3246 

zw 

2391 
1806 
2745 
3004 
2127 
2403 
2572 
2128 

2397 

Underlined yields are s1gnificantly greater than the yields of Brown Speckled 
at P O 05 at individual locations AM Ambo AS Assossa AW Awassa BK 

Bako JI Jima MEL Melkassa ZW Ziway 

Mean 

1462 
1675 
1826 
2084 
2304 
1955 
1655 
1365 

98 2 

The regression coefficients d1ffered s1gnlf1cantly from unity only 1n the 
cases of A 410 (1arger than one) and Brown Speckled (smaller than one) The 
regress1on coeff1c1ents of all other entr1es were clase to unity 

Five entnes 1n the LSB-NVT tn 1988 were included aga1n 1n 1989 
Est 1mates of stab1llty parameters across five locat 1ons2 over two years are 
shown 1n Tabla 7 The coeffic1ents of determ1nat1on (r ) ranged between 86 
and 97% 

A 262 had a b value si9n1f1cantly greater than un1ty and the b value for 
Brown Speckled was aga1n sign1f1cantly less than one The b values of all 
other entr1es d1d not d1ffer s19n1ficantly from one 
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Table 6 Stabllity Analysis for Entries in LSB-NVT at Seven Locations in 
Ethiopia in 1988 - Mean Yields Coefficients of Determ1nat1on (r2) 
Regression Coefficients (b) and Standard Errors of b (sb) 

Entr1es 

Aquascallntes 13 
Acc No 3142-3 
D1acol Cal1ma 
A 410 
A 262 
A 483 
ANO 289 
Brown Speckled 

Mean 
y1eld 

(kg/ha) 

1462 
1675 
1828 
2084 
2304 
1955 
1655 
1365 

o 80 
o 92 
o 98 
o 98 
o 92 
o 88 
o 91 
o 92 

* S1gn1f1cantly d1fferent from 1 o at P = o 05 

b 

o 76 
o 02 
1 02 
1 21 
1 32 
o 92 
1 01 
o se* 

o 169 
o 151 
o 073 
o 077 
o 179 
o 153 
o 140 
o 084 

Table 7 Stabil ity parameters for five common entries 1n LSB-NVT at fwe 
locations in EthioPlf. 1n 1988 and 1989 - mean y1elds coeff1c1ents 
of determ1nat1on (r ) regress1on coeff1c1ents (b) and standard 
errors of b (sb) 

Entry 

D1acol Cal1ma 
A 410 
A 262 
A 483 
Brown Speck 1 ed 

Mean 
y1eld 

(kg/ha) 

1970 
2274 
2572 
2039 
1624 

o 97 
o 94 
o 98 
o 94 
o 86 

b 

o 98 
1 13 
1 34* 
o 95 
o 61** 

o 061 
o 099 
o 073 
o 088 
o 087 

* ** significantly d1fferent from 1 at P = O 05 and P - O 01 

Considering both sets of data with these entr1es and these env1ronments 
1t appears that regress1on on the env1ronment 1ndex accounts for a very h1gh 
proportion of the var1at1on 1n yield across env1ronments so performance 1s 
highly predictable (Abebe et a1 1984b) A 262 and A 410 produce the heav1est 
mean yields which are relatwely better than those of other entr1es 1n 
favourable environments wh1le Brown Speckled y1elds better than other entr1es 
in poor env1ronments Such 1nformat1on 1s 1mportant to ensure that cultivars 
that are cand1dates for release are adapted to the situat1ons in which they 
w1ll eventually be cult1vated 
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Y7e1d Stabi1fty of C0111110n Bean m Uganda 

B S Male-Kayiwa and M S Musaana 

Kawanda Research Stat1on KampaTa Uganda 

Abstract 

The overaTT perfonnance and stab111ty of yfeTd of 25 bean Tandraces 
cuTt1vars and advanced Tfnes were assessed w1th the mtent1on of 
1dentifying those suitabTe for reTease These were grown at f¡ve 
Tocat1ons for three seasons Nost genotypes perfonned poorTy and the 
genotype x env1ronment 7nteract7ons were s1gn1ficant Orought dur1ng 
fTowering and diseases espec1a TTy bTack root may ha ve reduced the 
yieTds of same entr1es The best yieTders tended to be smaTT-seeded 
and therefore not very acceptabTe to farmers and consumers G 
13671 Rubona 5 and lllh1te Haricot were prov7s7ona1Ty recommended for 
reTease takfng into account fanner and consumar preferences 

Introduct1on 

Common bean (PhaseoTus vuTgans L ) is grown over a w1de ranga of 
ecolog1cal zonas in Uganda (Ruba1hayo et aT 1981) The testing of breed1ng 
lines across locat1ons and seasons is a prerequ1s1te for cultwar release 
Though such testing allows for selection of stable genotypes (Eberhart and 
Russell 1966) farmer and consumar requirements also have to be taken 1nto 
account The seed characters size and colour and cul inary attributes 
taste cooking time and overnight storab1lity of cooked beans are sorne of the 
reasons for farmers maintenance of favounte but poor yield1ng landraces 
(K1sakye et aT 1987) Though 1ntroduced heavy y1elding genotypes may prove 
stable across locat1ons their ralease must be l1m1ted to particular zonas 
where their seeds are acceptable 

For characters such as y1eld GxE 1nteract1on causes vanat1on 1n the 
relat1ve performance of l1nes across locat1ons and seasons reflectad in 
changas 1n the relativa rank1ng of the lines or 10 the magmtude of the 
differences among them from one env1ronment to another (Nguyen et aT 1980) 
There are several methods of determimng stab1 llty parameters on wh1ch 
cultivar recommendation can be basad 

Finlay and Wilkinson (1963) used regress1on coeff1c1ents (b) alone as 
measures of both stab1l1ty and adaptation They considerad cultivars with b 
values less than un1ty to be above average 1n stab1l1ty and relatively better 
adaptad to unfavourable environments while cultivars with b values greater 
than unity are below average 10 stabil ity and better adapted to favourable 
environments Cultivars with b values equal to un1ty they considerad average 
in stabil1ty and e1ther poorly or well adaptad to all env1ronments depend1ng 
on the cultivar mean y1eld 

Eberhart and Russel (1966) suggested that yield stability can be measured 
by the regression of 1ndividual cultivar yields in different environments on 
an environmental 1ndex A stable cultivar was defined as one with a 
regression coefficient of 1 00 and a mean square deviation from regression 

t73 



equal to zero 

The use of the regression coeffic1ent as a measure of adaptation is of 
particular 1mportance in areas where management soils or climat1c differences 
cause dist1nct differences 1n yield (Bilbro and Ray 1976) Cultivars with b 
values greater than un1ty could be recommended for areas with favourable 
cond1t1ons and good crop management 1n this case the regression coefficient 
be1ng a measure of adaptation rather than of stability Such an approach is 
appropr1ate 1n Uganda where attempts have been made to separata farmers 1nto 
d1fferent recommendat1on doma1ns (Kisakye et al 1987) Since the regression 
coeffic1ent 1s a measure of response to vary1ng environments (Langer et a1 
1979) the mean y1eld and regress1on coeffic1ent are sufficient for selection 
of des1rable genotypes 

The obJectlves of these tr1als were to evaluate the yields and stab1lity 
of y1elds of landraces and introduced cultivars and advanced lines D1seases 
are a maJor lim1t1ng factor to bean production in Uganda (Ruba1hayo et a1 
1981) and variat10n 1n reactions across locat1ons is useful in interpreting 
var1at1ons 1n yield W1th most valuable breeding lines lost accompanied by a 
press1ng demand for new cult1Vars breeders resorted to the evaluat1on of 
1ntroduct1ons w1th some adaptat1on to the reg10n The tnals were conducted 
at e1ght locat1ons but s1nce data were 1ncomplete the results from only f1ve 
are reportad Regress1on coeff1c1ents were usad to compare the stability and 
adaptat10n of the landraces and 1ntroductions with those of the recommended 
e u 1 t 1Var K20 

Mater1als and Methods 

The entr1es 1ncluded 14 lines that produced seed y1elds over 1000 kg/ha 
1n the f1rst Afr1can Bean Yield and Adaptation Nursery (AFBYAN) in 1986 seven 
landraces and four other promis1ng lines (BAT 1220 8AC 36 G 2316 and 
CATU) They were testad 1n a triple latt1ce design at five locations for three 
seasons (19878 1988A and 19888) at f1ve locations Plots consisted of 4 rows 
of 4 m length and the spac1ng was 60 cm x 10 cm Disease records were taken 
on a 1-9 scale at R7 Samples of seed were presentad to farmers from Rakai 
Mp191 Luwero and Kabale d1str1cts to indicate the1r preferences and reasons 
for reJectlon of part1cular var1et1es Stability analysis of grain yields was 
performed accord1ng to Eberhart and Russell (1966) 

1 

Results and Discussion 

The mean seed yields of entnes at each location over three seasons are 
presentad 1n Table 1 There were signif1cant differences among seasons the 
largest y1elds be1ng recordad in 1988A (672 kg/ha comparad with 622 kg/ha in 
19878 and 590 kg/ha 1n 19888) The season x entry interaction was not 
s1gn1f1cant indicating that seasons did not affect genotypes different1ally 
though this may reflect the small size of the sample (three seasons) CATU 
8AC 36 and G 13671 did show a tendency to perform better in poor yielding 
seasons 
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Tabla 1 Mean Yields (kg/ha) of 25 Entries at Five Locat1ons for Three 
Seasons 

Entry 

Black Dess1e 
Red Wola1ta 
BAT 1220 
BAC 36 
BAC 76 
T-3 
CATU 
ZPV-292 
Car1oca 
Urubonobono 
Kllyumukwe 
A 197 
Na1n de Kyondo 
Muh1nga 
G 2316 
G 13671 
Rubona 5 
Wh1te Hancot 
81 ack Han cot 
Sebul1ba 
Kampul1ke Purple 
Namunye Red 
Kampul1ke Yellow 
Mut1ke 
K20 

Mean 
LSD (P = O 05) 
e v % 

Locat1ons 

Kawanda Kamenya- Bukalasa Bul1nd1 Rubare 
m1go 

549 
351 
716 
718 
556 
483 
807 
399 
575 
660 
467 
576 
587 
460 
594 
678 
560 
504 
826 
475 
347 
557 
570 
459 
363 

557 
168 1 
32 4 

395 
351 
601 
572 
444 
328 
534 
348 
423 
589 
474 
432 
558 
324 
503 
590 
531 
474 
594 
382 
320 
380 
285 
447 
426 

452 
115 5 
27 4 

446 
495 
832 
804 

1434 
470 

1152 
738 

1044 
827 
609 

1013 
780 
472 
750 
857 
819 

1057 
882 
576 
459 
736 
715 
882 
514 

775 
180 2 
25 1 

594 
689 
857 
758 

1128 
565 

1114 
661 
937 
728 
615 
604 
968 
402 
839 
910 
778 
992 

1024 
555 
525 
661 
573 
654 
520 

746 
187 3 
26 9 

368 
318 
707 
771 
910 
425 

1350 
435 
457 
683 
602 
529 
994 
383 
864 

1060 
484 
885 
598 
365 
293 
491 
385 
750 
300 

616 
287 6 
50 1 

Stability analys1s was conducted on the comb1ned data Tabla 2 and F1gures 
1 and 2 The b value of K20 was much less than unity and its dev1ations from ~ 
regression not signif1cantly d1fferent from zero indicat1ng that 1ts seed 
yield was above average in stability across environments though its mean y1eld 
was far below average The b values for G 13671 and Rubona 5 were close to 
unity their deviations from regression were small and their seed yields much 
largar than that of K20 In contrast although the deviations from regression 
of White Haricot d1d not d1ffer from zero 1ts b value was much greater than 
unity ind1cating better adaptation to more favourable environments or 
otherwise ability to produce better yields than other entries w1th largar 
1nputs more favourable weather and less d1sease pressure espec1ally from 
BCMV 
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Tabla 2 Mean Grain Yields (kg/ha) Regression Coefficients (b) and Standard 
Errors (SEb±) for 25 Entries in 15 Environments 

* 

Entry 

Black Dess1e 
Red Wola1ta 
BAT 1220 
BAC 36 
BAC 76 
T-3 
CATU 
ZPV-292 
ca noca 
Urubonobono 
Kllyumukwe 
A 197 
Na1n de Kyondo 
Muh1nga 
G 2316 
G 13671 
Rubona 5 
Wh1te Har1cot 
Black Har1cot 
Sebul1ba 
Kampul1ke Purple 
Namunye Red 
Kampul1ke Yellow 
Mut1ke 
K20 

Mean 
y1eld 

(kg/ha) 

471 
441 
743 
725 
895 
454 
991 
516 
688 
697 
553 
631 
774 
408 
710 
819 
634 
783 
785 
470 
389 
565 
505 
656 
425 

b 
values 

o 278 
o 854 
o 763 
o 604 
2 981 
o 508 
1 817 
1 253 
1 966 
o 563 
o 494 
1 325 
1 027 
o 286 
o 909 
o 910 
o 978 
1 888 
o 837 
o 592 
o 600 
o 998 
1 058 
1 089 
o 422 

s1gn1f1cantly greater than zero at P = O 05 

S E !)± 

o 393 
o 465 
o 115* 
o 190* 
o 473 
o 243* 
o 939 
o 217* 
o 520 
o 077* 
o 168* 
o 611 
o 673 
o 205* 
o 443 
o 631 
o 361 
o 424 
o 440 
o 247* 
o 262* 
o 207* 
o 428 
o 398 
o 341 

Differences 1n deviat1ons among entries were due ma1nly to spec1f1c 
genotypic responses to environments and espec1allY to d1fferences 1n disease 
pressure and available mo1sture dunng pod-f1l11ng The mean y1elds of all 
entries were heavily weighted by the s1m1lar responses of a few entnes 
resulting in larqe deviations from the regress1on of other entries 1n sorne 
environments 

Though the mean y1eld of CATU was s1gn1ficantly greater than all other 
entries in the trial its seed s1ze and colour are unacceptable White 
Har1cot and G 13671 had yields not s1gn1ficantly d1fferent from eachother and 
were among the top flVe entries Rubona 5 had s1gn1f1cantly greater y1eld 
than K20 while 1ts seed colour and size were s1milar to seeds of K20 

Comments of farmers and consumers from the d1stricts of Raka1 Mp1g1 
Luwero and Kabale on growth hab1t matur1ty period seed colour and s1ze and 
taste led to the recommendation for ralease of G 13671 White Haricot and 
Rubona 5 
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G 13671 (large-seeded and heavy yteldtng) was recommended for Kabale 
dtstnct farmers who dtd not obJect to the tnconsistency in its seed colour 
pattern as dtd farmers 1n other distr1cts G 13671 1s tolerant to BCMV and 
1s not affected by black root Whtte Haricot 1s readtly marketable and well 
apprectated for 1ts taste and fast cook1ng but suffers from black root and 1ts 
storab1l1ty once cooked 1s very peor 

Four maJor dtseases were observad Common bactertal bltght (CBB) and 
angular leaf spot (ALS) react1ons were signiftcantly greater at Kawanda and 
Bukalasa than at Kamenyam1go and Rubare Rust was more senous at Bukalasa 
and Rubare At Rubare and Kamenyamtgo there were s1gnif1cant dtfferences 
among entnes 1n thetr rust and BCMV reactions but not 1n ALS and CBB At 
Bukalasa and Kawanda of these four diseases entr1es differed stgnificantly 
only 1n the1r BCMV react1ons Heavy y1eld and multtple pest res1stance are 
1mportant cr1ter1a for the release of new culttvars 
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Eva1uation of Ory Bsan (Phaseo1us vuTgar1s L ) 
CuTt1vars 1n Sudan 

Al1 K Mohamed1 and Salih H Sal1h2 

Shambat 1 and Hude7ba2 Research Stat7ons Khartoum North Sudan 

Abstract 

Ory bean (Phaseo1us vulgans L ) 1oca11y knotm as fasu17a JS grown 
ma1nly 1n northern Sudan W7th ma;or productJon 1n the Shend7-Berber 
area The mdetermmate balad¡ type w7th wh7te or cream coloured 
f1owers and wh1te med7um f1at seeds JS the ma7n cultivar 
IntroductJon local co11ect7on and sJngle plant se1ect7on were 
employed to 7dent7fy h7gh y7eld7ng genotypes W7th tolerance to salt 
tox¡c¡ty curly top d1sease and h7gh temperatura Introduct7ons were 
grouped 7nto three categor1es wh7te-seeded W7th much s7m77ar7ty to 
the ba1ad7 type non-wh7tes w1th sma71 red mottled and dark red 
k1dney seeds and pea beans 7nc1ud7ng navy types Se1ect7on for 
tolerance to dJseases and excess salt culm7nated 1n the release and 
adopt 1on of Ro/2/1 as the standard fas u l7a cu 1t 1 var m the northern 
reg1on to rep lace the balad¡ type Locat 10n affected genotype 
performance and dry bean qual1ty Attempts to grow bean 1n new areas 
south of Khartoum were encouragmg but more research and breedmg 
work are needed for these areas 

Int roduct 10n 

Dry bean (Phaseolus vulgans L ) locally called fasu17a 1s one of the 
most 1mportant gra1n legumes of the sudan w1th maJar product1on areas 1n the 
northern reg1on It comes second on 1 y to faba bean 1 n both are a and 
product1on Dther legumes grown 1n the northern reg10n 1nclude ch1ckpea 
(C7cer ar7et7num) dry pea (P1sum sat¡vum) and lup1n (Lup7nus term7s) Lent1l 
(Lens culmans) cowpea (V7gna ungu¡culata) and p1geon pea (Ca;anus ca;an) 
are grown on a small scale by a few farmers and on research stat1ons 

W1th1n the Northern Prov1nce 97% of the total fasu11a acreage 1s 1n 
Shendl-Berber w1th an average product1on est1mate of 1 3 tons/ha The balad1 
type 1s grown 1ndeterm1nate w1th wh1te or cream-coloured flowers It has 
med1um size wh1te flat seeds measur1ng 1-1 2 cm 1n length and we1gh1ng 20-23 
g per 100 It 1s grown as a w1nter crop on flooded bas1ns after the flood 
recades or by 1rngat10n us1ng 11ft pumps Product1on area and y1eld are 
shown 1n Tabla 1 

The continuous decl1ne 1n area 1s most l1kely due to replacement by faba 
bean because of 1ts h1gher pr1ce heavy bean y1eld losses from 1nsects 
espec1ally wh1tefly wh1ch transm1ts virus d1seases l1ke curly top salt 
tox1c1ty in the Karu so1ls llmiting production to alluv1al r1ch so1ls w1th low 
salt content near the Nile lack of cert1f1ed seed caus1ng farmers to use 
the1r own 1nferior stocks or seeds from local markets and poor cultur-al 
practicas and 1nfer1or cultivars result1ng 1n poor y1elds 
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Tabla 1 F1eld Bean (Phaseo1us vu1gans) Area Production and Y1elds in the 
Sudan from 1961 to 1980 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

Are a 
(ha) 

5820 
5437 
5880 
6941 
7206 
6720 
5880 
4200 
2940 
3360 
3780 
3360 
2520 
3361 
4956 
3864 
4406 
4603 
2723 
3056 

Source Anon (no date) 

Genet1c Improvement 

Product1on 
(t) 

8259 
7664 
6006 

10197 
10037 
11200 
6202 
4000 
2002 
4000 
3996 
4960 
4002 
4441 
5475 
5657 
6294 
6576 
4279 
4266 

Genet1c 1mprovement has followed a number of approaches 

Introduct1on 

Y1eld 
(kg/ha) 

1419 
1410 
1021 
1469 
1393 
1667 
1055 

952 
681 

1190 
1057 
1476 
1588 
1321 
1105 
1464 
1429 
1429 
1571 
1420 

Introduct1ons were grouped in three categories wh1te-seeded pea or navy 
bean and coloured-seeded 

Whlte-seeded stra1ns 

Many types of bean (Phaseo1us vu1gans L ) similar to the ba1adf type 
were 1ntroduced to attempt to 1dentify materials with better yields of white 
med1um s1ze seeds Tr1als conducted at Hude1ba Research Stat1on over a number 
of years (Tabla 2) consistently showed Wh1te Baladi to be superior in yield to 
1ntroduct1ons (Mutwakll 1963-1967 Harran 1969-1975) The introductions 
belonged to the Great Northern type of fasu17B characterized by early maturity 
and large seeds The superiority of the White Baladi was ma1nly man1fested in 
pods/plant and seeds/ pod 
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Table 2 Performance of Different Classes and Promising Strains of Fasu17a 
(Phaseo7us vu7garfs L ) Under Irrigation at Hudeiba Research 
Station 

Yield (kg/ha) 

Cultivars 

White Fasu7ta Var1ety Trial 

Ro/2/1 
GN No 31 (HRS 427)a 
GN No 59 (HRS 426) 
GN No 123 (HRS 428) 
GN No 1140 (HRS 425) 

S E ± 

65-66 

1824 
1558 
1476 
1553 
1392 

NR 

66-67 

1214 
1159 
996 
989 

1010 

50 

Fasu1ta Round seeded (Pea Beans) Variety Trial 

White Baladi 
Sagenaw (415) 
Michelite (416) 
Sanilac (417) 
Grat1ot (418) 
Seaway (419) 

S E± 

1834 
1567 
1126 
806 
763 
665 

77 

Fasu7ta Colored-seeded Variety Trial 

White Balad1 
Red Mex1can 34 (HRS 430) 
Red Mex1can 35 (HRS 429) 
P1nto (HRS 431) 
Red K1dney (HRS 420) 

S E± 

a GN Great Northern 
NR = not reportad 
NT = not tested 

2340 
2167 
2340 
1526 
1020 

71 

1176 
684 
730 
715 
602 
502 

82 

838 
802 

1034 
948 
516 

187 

Source Mutwak1l (1963-67) Harran (1969-75) 

67-68 69-70 70-71 Mean 

1181 
1118 
766 
720 
547 

104 

1354 
854 
977 
823 
648 
701 

NR 

1308 
1387 
1454 
1339 
566 

71 

1956 
1747 
1682 
1654 
1692 

60 

1714 
1363 
1546 
1222 
1109 
886 

89 

2107 
2186 
2196 
2023 
1656 

94 

2016 
1764 
1776 
1613 
1128 

98 

1987 
1336 
1476 
1159 
1291 
1234 

82 

NT 
NT 
NT 
NT 
NT 

NT 

1638 
1469 
1339 
1306 
1154 

1613 
1165 
1171 

945 
883 
798 

1648 
1636 
1756 
1459 
940 

Recently matenals from CIAT considerad to be adaptad to western As1a 
and northern Afr1ca were evaluated at Hude1ba Research Station (Sallh 1987) 
They d1d not dlffer sigmf1cantly from local matenals 1n seed y1eld and 
pods/plant but most had s1gn1ficantly largar seeds (Table 3) 

'" 
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Table 3 Har1cot Bean Trlal of Introduct1ons from CIAT (1987) 

We1ght of 
Seed y1eld Pods/ 100 seeds 

Entnes (kg/ha) plant ( 9) 
---------------------------------------------------
p 1510 9 19 6 
clAT 80 1398 8 36 o 
HRS 545 1358 8 23 1 
CIAT 85 1182 8 18 9 
CIAT 20 1158 1 1 36 1 
Basabeer 1152 8 18 4 
CIAT 10 1077 10 39 5 
Ro/2/1 1073 9 19 5 
CIAT 18 1053 10 38 3 
CIAT 42 951 9 24 5 
CIAT 39 936 9 22 9 
CIAT 22 916 10 35 8 
CIAT 37 900 6 29 1 
CIAT 23 900 9 38 5 
CIAT 69 865 1 1 29 o 
CIAT 38 857 8 30 8 
CIAT 77 854 8 31 5 
CIAT 75 853 10 38 o 
CIAT 1 7 807 1 1 23 7 
CIAT 63 787 12 38 7 
CIAT 54 685 8 36 2 
CIAT 24 673 12 34 3 
CIAT 13 666 7 36 o 
CIAT 14 647 8 38 5 
CIAT 9 588 10 36 7 

Mean 954 9 30 9 
S E ± 244 7 1 8 1 8 
---------------------------------------------------

Pea or Navy Bean 

F1ve pea bean cult1vars w1th small round white seeds all produced 
s1gn1f1cantly less y1eld than Wh1te Baladi (Table 2) 

Coloured-seeded Group 

Although wh1te beans are preferred in the Sudan soma coloured-seeded 
types were included in the programrne for possible export They 1ncluded the 
small red mottled and dark red kidney types Red Mex1can 35 produced the best 
seed y1elds sign1ficantly better than White Balad1 in some tests (Table 2) 

Landraces 

S1nce only Red Mexican 35 among introductions produced equivalent yields 
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to baladf types selection was initiated with1n baladi to 1mprove 1ts 
tolerance to a blast-like disorder (subsequently found to be sodium toxic1ty 
injury) yield and salt tolerance (Mutwak11 1963) Amon9 the many l1nes 
selected Ro/2/1 produced the best y1elds (Table 4) It outy1elded Balad1 by 
49% with significantly more pods/plant and larger seed s1ze (Mutwakil 1968) 
The work culminated in the official ralease and adopt1on of Ro/2/1 as the 
standard fasulia cultivar 1n the northern region to replace the balad1 type 

1 
1 

Table 4 Seed Yields Pods/Plant and Seed S1zes of BaladJ 
Fasu1Ja (Phaseolus vulgaris) Variety Tr1al 

Select1ons 1n 

Y1eld (kg/ha) Pods/plant 

Entr1es 66-67 67-68 66-67 67-68 

Ro/2/1 1469 1651 9 12 16 3 
R1/5 1222 1582 8 37 15 94 
R1/25 1068 1183 7 72 15 56 
R1/7 1039 1486 8 00 18 76 
Balad1 989 1063 7 55 15 50 
R1/3 842 1222 7 82 19 3 
R1/13 818 1238 6 90 14 38 
R1/10 574 1049 5 82 14 42 
R1/14 566 1044 5 77 15 10 

S E ± 100 199 o 53 2 31 

We1ght of 100 
seeds (g) 

66-67 67-68 

22 2 25 2 
20 7 19 7 
20 o 18 5 
17 9 19 4 
18 o 16 9 
19 1 1 7 6 
16 8 1 7 7 
1 7 5 16 8 
16 9 1 7 8 

o 96 1 48 
---------------------------------------------------------------

Curly top resistance 

Curly top disease causes heavy yield losses 1n phaseolus bean 1n some 
years It is caused by a virus transmitted by whltefly Harran (1969) 
selected single plants from the local mater1als Ro/2/1 and baladJ and found 
some familias with a high degree of tolerance to curly top Salih (1976) 
cont1nued th1s work and the yields of n1ne select1ons from Ro/2/1 from 1972-78 
are shown in Table 5 Line 8R gave the largest seed y1eld during the s1x 
years out-yielding Red Mexican by 23% and Ro/2/1 by 18% 

SodJUm Toxfcfty 

MaJor reductions in yields of beans sown on wann days 1n sodic so1ls 1n 
the northern region of Sudan results from high plant mortal1ty (Ishag and Al1 
1974) attributed to sodium toxicity inJury due to h1gh temperaturas caus1ng 
rapid translocation of sodium to shoots Ayoub and Ishag (1974) comparad 
tolerance to sodic soils of snap bean and dry bean cultivars (Table 6) Late 
sown bean was 1 itt le affected (Ayoub 1974) but there were clear cultivar 
differences 1n the f1rst and second sowing dates (Table 7) The study showed 
that beans tolerated excess sodium by suppressing sod1um accumulat1on in stems 
and leaves 
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Table 5 Seed Yields (kg/ha) of Nine Fasulia (Phaseolus vulgaris) 
Lines Resistant to Curly Top Disease from 1972 to 1978 

Fam1l1es 72-73 

8R 1634 
4B 1786 
6B 1553 
9B 1320 
5B 1526 
2B 1536 
7R 1742 
1 B 1373 
3B 1270 

Ro/2/1 1297 
Red 
Mex1can 1339 

Mean 
S E ± 

1488 
129 

73-74 

1848 
1512 
1656 
1394 
1661 
1714 
1260 
1411 
1414 

1694 

1481 

1548 
168 

Source Salih (1976-78) 

Years 

74-75 

1128 
1229 
1082 
1243 
1114 
1063 
1058 
1020 
862 

1082 

763 

1058 
156 

75-76 

1992 
1913 
1951 
2083 
1834 
1894 
1795 
1992 
1860 

1654 

1354 

1872 
89 

76-77 

1428 
1090 
1133 
1301 
1085 
1008 
1090 
1166 
1075 

1135 

1289 

1162 
96 

77-78 

1260 
1102 
1262 
1646 
1090 
1303 
948 

1231 
1303 

1094 

1385 

1238 
192 

Mean 

1548 
1438 
1440 
1498 
1385 
1421 
1315 
1366 
1298 

1318 

1318 

Table 6 Surv1val of Sorne Bean Var1et1es 1n a Sod1c So1l 

Surv1val Oeath 
Entr1es (plants/m2 ) % 

------------------------------------------------
Top crop o 2 99 1 
Contender o 4 97 8 
Extender o 5 96 8 
Tender Green o 7 96 2 
Tender Crop 1 6 90 8 
Ro/2/1 8 o 52 8 
Red Mex1can 13 2 22 1 
P1nto 13 3 21 1 

L S o (P = o 01) 2 16 NR 
L S o (P = o 05) 1 56 NR 
------------------------------------------------

Source Ayoub and Ishag (1974) 

Regional Variety Trials 

Reg1onal variety tr1als were conducted to evaluate haricot bean lines in 
maJor bean produci ng areas and to study thei r adaptabi 1 ity with a view to 
1dent1fy1ng su1table cultivars for each locality Every year poor yielding 
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Table 7 Inter-varietal Differences in Number of Plants/m2 survived as 
Affected by Sowing Date 

Sow1ng date 

Entr1es 25 Sep 9 Oct 23 Oct 6 Nov Mean 

Contender o 6 1 1 o 14 9 16 4 10 7 
Ro/2/1 7 4 12 8 14 4 15 9 12 6 
P1nto 10 4 13 9 14 9 17 o 14 1 

Mean 6 1 12 6 14 7 16 4 

L S O (P = O 01) 2 74 2 37 
L S O (P = O 05) 2 04 1 76 

Source Avoub (1974) 

lines were replaced by superior ones selected from local genotypes and 
introductions for companson with Ro/2/1 and Baladi (Salih 1981-88) The 
largest average seed y1eld was produced by Red Hexican wh1ch outy1elded 
Ro/2/1 by 19% (Table 8) The poorest average seed yield was produced by 
Balad1 At Hudeiba and Ze1dab locally selected mater1als tended to be better 
than introduct1ons but th1s was reversed at Shend1 where HRS 545 produced 23% 
more yield than Ro/2/1 In seasons which were not conduclVe to high 
productivity HRS 545 was the best yielder and appears to tolerate 
unfavourable condit1ons so could be recommended for release 1n Shend1 At 
Basabeer seed y1elds were good and Ro/2/1 out y1elded all 1ntroductions 
except Red Hexican and HRS 560 All introduct1ons had larger seeds than local 
genotypes 

To extend the cultivation of dry bean to new areas south of Khartoum 
Hassan (1969-75) initiated a variety trial study at Sennar Gez1ra Shambat 
and Shendi The heaviest yield was obta1ned at Shendi (Table 9) Y1elds at 
Gezira and Sennar were less than at Shend1 but economically feas1ble due to 
cheap water supply and ava1 lable land None of the introduct1ons y1elded 
better than local ba1adi materials 

Process1ng Qua1Jty of Dry Beans 

Dry bean 1s important for process1ng at a time when other vegetables are 
not ava1lable The su1tability of the various dry bean cultivars of 
different regions for processing was invest1gated (Hassan and Hubarak 1978) 
Seed s1ze and proportion of non-soakers were substantially affected by 
locat1on and cultivar 

Conclusions 

Dry bean (Phaseo1us vu1garis L ) contributes substant1ally to the diet of 
the people of Sudan and still ranks high as a cheap source of protein in 
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Table 8 Seed Yields and Seed Sizes of Ent r 1 es 1n Haricot Bean Regional 
Variety Trials 

Hudeiba Shend1 Ze1dab Bassabeer Mean 

Seed Wt of Seed Wt of ' Seed Seed Seed Wt of Yield 
y1eld 100 seeds yield 100 seeds Yield yield y1eld 100 seeds 11: of 

Entries (kg/ha) ( 9) <k g/ ha) (g) (k g/ ha) C kg/ha) C k g/ ha) (g) Ro/1/e 
~ 

Red Mex1can 2264 22 2 1935 22 4 2137 2894 2308 22 3 119 
HRS 560 1849 24 o 1863 25 o 1920 2485 2029 24 5 104 
Basabeer 1923 20 8 1580 NR ~ 2194 2227 1981 20 8 102 
Ro/2/1 1796 20 2 1557 20 9 2212 2220 1946 20 6 100 
HRS 518 1699 24 8 1888 25 5 1908 2162 1914 25 2 98 
8R 1945 19 8 1577 18 6 2135 1973 1908 19 2 98 
HRS 519 1706 24 1 1968 NR 1856 1995 1881 24 1 97 
p 1805 18 6 1631 18 1 2036 2039 1878 18 4 97 
H~S 516 1672 24 3 1851 23 6 1894 2078 1874 24 o 96 
HRS 531 1591 23 1 1943 2.'i 4 1768 2085 1847 24 3 95 
HRS 545 1674 23 3 1912 24 9 1831 1839 1814 24 1 93 
Balad1 1566 17 6 1191 19 9 1787 1826 1593 18 8 82 

Mean 1191 21 9 1737 22 4 1973 2150 1914 22 2 

NR ot reported 

Table 9 Seed Y1elds (kq/ha) of Fasul1a Cultwars (Phaseolus vulgans) - means 
of three seasons 

Locat 10n 

Sennar Gez1ra Shambata Shend1 Mean 
----------------- -------------------------------------------------
Dark Red K1dney 524 778 1606 1218 1032 
Great Northern 867 1173 1556 2132 1432 
Wh1te K1dney 909 1005 1408 1811 1283 
Balad1 S 1129 1408 1408 2221 1542 
P1nto 862 1334 1359 2208 1441 
Wh1te Bean 1008 1141 1161 2161 1368 
Llght Red Kldney 627 746 840 1275 872 
Perry Marrow 793 773 790 1944 1075 
Balad1 1099 1149 NT 2292 1513 

Mean 869 1056 1266 1918 1277 
---------------- ------ -------------------------------------------
a One season only NT not tested 
Source Has san (1970-72) 

compar1son w1th an1mal prote1n It 1s also a good source of cash for farmers 
and can fetch a h1gh pr1ce 1n nearby Arab countr1es Besides its food value 
and h1gh returns to farmers bean plays an 1mportant role 1n many agr1cultural 
systems because of 1ts n1trogen f1x1ng ab1l1t1es thus sav1ng cons1derable 
energy for the manufacture of fertillZers Production area and yields have 
decl1ned 1n the last ten years due to 1nfer1or cult1vars most farmers be1ng 
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unaware of the 1mproved cultivars developed at Hude1ba Research Stat1on The 
plant propagat1on sect1on responsible for production and d1stribut1on of seeds 
of cultwars released by the crop vanety release comm1ttee 1s only able to 
prov1de a fract1on of cert1f1ed seed requ1rement to farmers due to lack of 
fac1 llt 1es 

Future expansion of dry bean product1on 1s l1kely to be 1n Karu so1l or 
sod1c so1ls away from the alluv1al r1ver s1lt and 1n the central heavy clays 
of Sudan w1th cheap water and ava1lable land Thus select1on and breed1ng to 
obta1n cult1vars tolerant to excess sod1um curly top d1sease and h1gh 
temperatura should be accelerated 
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Abstract 

Seven bean (Phaseolus vulgar1s L J 11nes contrasting fn dfsease 
res 1stance and agronom1c characters 11ere crossed fn a dfa 11e 1 The 
parents F1s F2s and F~ 11ere evaluated and selected in glasshouse 
and f1eld for res1stance to rust Uromyces phaseoll (Reben) ~1nt 
anthracnose (Co 11etotnchum 1 lndemuthfanum) angular 1eaf spot 
(Phaeo1sanops1s gnseola) halo bl1ght (Pseudomonas phaseo1fco1a) 
and bean common mosa1c v1rus (BCNV) F4s and F5s 11ere evaluated 1n 
the f1eld only Severa/ F4 and F5 1fnes combmmg res1stance to 
three or more d1seases acceptable seed characterist1cs and good 
y1eld potent1a1 11ere selected from nine crosses 

Introduction 

Common bean (Phaseolus vulgar1s L ) is the most important pulse crop in 
Kenya second only to maize in importance (Njuguna et al 1981) The seeds 
have relatlVely high amounts of lysine trytophane and methionine which are 
often 1nadequate 1n cereal basad d1ets Yields of bean in farmers fields in 
Kenya (est1mated at 150 kg/ha in a pure stand and 375 kg/ha 1n association) 
are less than in other maJar bean produc1ng regions of the world (Londono et 
al 1981) D1seases and pests are considerad the main limiting factors to 
bean product1on in Kenya (Njuguna et al 1981) The main diseases and pests 
and losses assoc1ated with them are listed in Table 1 

Early efforts 1n bean improvement in Kenya focused on germplasm 
collect1on and 1ts evaluat10n for resistance to d1seases and pests at the 
Nat1onal Horticultural Research Centre (NHRC) Thika and the University of 
Na1rob1 1n the early 1970s and from 1980 at the National Dryland Farming 
Research Centre Katumani This work culminated in the ralease by the Grain 
Legume ProJect at the NHRC of severa 1 bean vanet ies such as GLP-2 (Rose 
Coco) GLP-24 (Canadian Wonder) GLP-X-92 (Mwitemania) and GLP-1004 (Mwezi 
MOJa) 

Although these cultivars had des1rable seed types y1eld and other 
attributes they were susceptible to sorne diseases For example GLP-X-92 a 
popular vanety has excellent resistance to halo bl ight but 1s very 
suscept1ble to rust Sorne landraces and accessions were resistant to several 
d1seases but had undesirable seed characteristics for example NB-123 a 
local landrace collected from Kirinyaga which was unacceptable because of its 
small black seeds (Mukunya and Keya 1975 1977 Mwangi 1986) Little work 
has been done to combine the disease resistance of these landraces with 
acceptable seed type and good adaptation of other accessions 
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Table 1 MaJor Bean Diseases and Pests 1n Kenya Their Causal Agents Mode of 
Transmission and Econom1c Importance 

Mode of Economic importance/ 
Disease/pest Causal agent transmission yield loss 

ungal diseases 

!ust 
Anthracnose 
Angular leaf spot 

Bacterial diseases 

Halo blight 

Common blight 
Fuscous bl1ght 

Virus diseases 

Uromyces phaseo 17 a 1 r 
Co 11etotnchum 1mdemuth7anum seed 
Phaeo7sariops7s gr7seo1a a1r 

Pseudomonas phaseo17co1a 

Xanthomonas phaseo17 
Xanthomonas phaseo17 

var fuscans 

seed 

seed 
seed 

Bean common mosaic BCMV seed 

Insect pests 

Beanfly 
Aphids 
Bollworm 
Bean beetle 

Nematode:. 

Ophiamyia phaseo17 
Aph7s fabae 
He17oth7s arongera 
Acanthosce17des obtectus 

Root knot nematodes He1o7dogyne ;avan1ca 
H mcogn1ta 

NA 
NA 
NA 
NA 

soil 

1 18-100% 
1 up to 100% 
1/M 

1 42% (Mukunya 
and Keya 1975) 

1 NR 
1 NR 

1 53-68 27-63% 
(Omunyin 1979) 

1 NR 
1 NR 
1 NR 
1 NR 

1 NR 

-------------------------------------------------------------------------------
1 = important M = moderately important 
NR = yield loss data not reportad NA = not appl1cable 
Source Njuguna et a 1 ( 1981) 

The purpose of this work was to hybridize bean cultivars w1th contrast1ng 
traits and select for recombinants with resistance to rust anthracnose BCMV 
angular leaf spot and halo blight 

Materials and Methods 

Hatena1s 

The characteristics of the seven bean cult1vars used for this study are 
shown in Tabla 2 
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Table 2 Charactertsttcs of Seven Bean lfnes Used tn Crosses 

- - - -- - --- -- - -- -- - - -- ---
Days Days Gra1n We1ght 01sease reactton 

Growth to 50!: to y1eld of 100 ---- -- ----Parent hab1t flower matur1ty (kg/ha) seeds r gJ Rust Anth ALS HB CBB BCMV RR - - -

GLP 2 la 49 91 1828 52 S R S S R GLP 288 la 41 96 1201 43 S S MR GLP X 92 lila 48 92 1472 39 S S MR R S GLP 24 lla 52 100 1662 34 S R R MR S M535 lla 54 95 1132 49 R R R 
L226 10 la 56 104 1907 18 R R R R NB 123 !Va 52 97 1122 20 R R R 

- - - -- -- --

GLP-2 (Rose Coco) GLP-288 (Rose Coco type) GLP-X-92 (Mwitemama) and 
GLP-24 (Canad1an Wonder) are cultivars released by the NHRC 1n the late 1970s 
They have medium to larga seeds good culinary qualities and are well adaptad 
to med1um and high potent1al bean grow1ng areas They are res1stant to sorne 
d1seases and suscept1ble to others M535 was derivad from irradiated Canadian 
Wonder seeds It has larga seeds y1elds better than GLP-24 (K1mani 1988) 
and 1s res1stant to anthracnose rust and angular leaf spot 

NB-123 1nd1genous 1n Kenya has small black seeds and is resistant to 
all common races of bean anthracnose (Mwang1 1986) halo bl ight and rust 
(Mukunya and Keya 1977) L226-10 was developed and released cooperat1vely by 
the ARS-USDA M1chigan State University and the University of Puerto Rico It 
1s res1stant to rust BCMV angular leaf spot and several root rots However 
the seeds are whlte and sma 11 A 11 seven parenta 1 l1nes have above average 
y1eld potent1al 

Hethods 

The seven parents were 1ntercrossed us1ng a mod1f1ed Buishand (1956) 
hook1ng method 1n a glasshouse at Kabete Field Station in 1986 and 1987 to 
const1tute a 7 x 7 complete diallel (Tumwesigye 1988) Selected F2 plants 
were advanced to the F3 and further generations on the basis of d1sease 
react1on 

BCMV stra1n 510 was obtained from the Pathology Section of the NHRC 
(Omunyln 1979) Inoculum was preparad by macerating 22 day-old diseased 
plants 1n o 01M potassium phosphate buffer at pH 7 3 in a 1 1 ratio of 
t1ssue buffer The cruda extract was diluted 1 10 in water Ten-day old 
glasshouse-ra1sed plants were dusted with 500/600 mesh carborundum and 
1noculated mechan1cally at temperaturas of 25±5°C 

Inoculum suspens1on for Pseudomonas phaseo1rco1a was preparad in 
d1stilled water from 48 hr old cultures grown in yeast dextrosa calcium 
carbonate agar (YDCA) medium The suspensions were adJusted using a 
Spectronic 20 spectrophofometer (Bausch and Lamb Co) at 600 nm to a 

concentration of about 5x10 colony forming units (CFU) per ml water The 
abaxial surface of primary and first trifoliolate leaves of 12-day old plants 
were sprayed wlth bacterial suspensions using a De Vilbiss No 15 atomizar 

190 



attached to a compressed a1rl1ne at 15 p s 1 unt1l water soak1ng 
appeared D1st1lled water was used as a control Inoculated plants were kept 
1n a glasshouse at 22°C 

Co11etotrichum 11ndemuthianum was 1solated from d1seased pods leaves and 
stems and culturad on potato dextrosa agar (PDA) at 20°C for three to f1ve 
days Single spores were 1solated and sub-culturad on PDA and then on bean 
pod enr1ched nutr1ent agar platas (phosphate buffer - O 1 M pH 7 2) and 
1ncubated at 20°C for f1ve to seven days Spores were d1slodged from the 
med1a and placad 1n 200 ml ster1le water filtered thro~gh cheesecloth and the 
suspension adjusted to a concentration of 1 Ox10 spores/ml using a 
haemocytometer Primary and first trifol1olate leaves of 12 days old plants 
were inoculated with the suspension us1ng a Bayer atom1zer (Bayer E A Ltd ) 
covered w1th moistened polythene bags for 48 hours and kept 1n the glasshouse 
at about 25°C 

D1sease Assessment 

Pots contain1ng parent F1 F2 and F3 plants were arranged 1n a 
randomized complete block design with four replicat10ns in the glasshouse 
Each pot had two plants and four pots constituted a plot for parents and F1s 
There were 8 pots per plot for F2 and F3 plants 

In the f1el~ spacing was 50 cm bftween rows and 10 cm between plants 
Plot size was 8 m for parents and 10 m for F2 and F3 populations F1 plants 
were sown in two 3 m rows The experimen~al des1gn was a RCB w1th four 
replications D1sease reactions were assessed 35 and 40 days after 
inoculation 1n the glasshouse and just pr1or to flower1ng 1n the field 

A f1ve category disease sever1ty scale was used 

1 No symptoms 

2 Few isolated les1ons (i2% of leaf affected) 

3 Many small lesions (3-10% of leaf affected) 

4 Few to many larga les1ons scattered over leaf blade (11-25% leaf area 
affected) 

5 Many larga coalesced lesions accompanied by chlorosis necros1s and/or 
dead leaves or plants (226% of leaf area affected) 

Classes 1-2 were cons1dered res1stant 3 moderately resistant 4 
tolerant and 5 susceptible Rust and angular leaf spot assessments were 
carried out in the field under natural epiphytotics F4 and F5 lines were also 
assessed for disease react1on and other traits only in the field 

Results and Dfscussfon 

Of 2 139 crosses made 1n 1986 1 799 were successful - a success rate of 
84 1% In 1987 1 800 crosses were made of which 1 400 were successful - a 
success rate of 77 9% The mean success rate for the two years was 80 1% 
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wh1ch was considerably more than the 30-40% reportad by Buishand ( 1956) and 
comparable to 70-80% recordad at Max Plank Institute at Voldagen The 
greater success rate was attributed to a modification of the hooking method of 
Buishand (1956) which allows more pollen to rema1n in contact with the 
st1gma Th1s enables fertilization of more ovules and a greater number (4-7) 
of hybrid seeds per pod Secondly envi ronmenta 1 condit 1ons necessary for 
successful pollination (Buishand 1956 Bliss 1980) were strictly provided 
for dur1ng the cross1ng period 

Cross1ng between large (GLP-288 GLP-24 M535) and small-seeded (L226-10 
and NB-123) lines produced deformad F1 seeds Nearly all germinated but the 
first trifol1olate leaves of seedl1ngs fa1led to unfold became chlorotic 
necrotic stunted and dehisced roots degenerated and plants d1ed 20-40 days 
after sow1ng All the F1s with NB-123 as one of the parents d1ed except two 
plants of the cross GLP-288 x NB-123 A few plants of crosses with L226-10 
surv1ved to produce F2 seeds F2 populat1ons of these crosses segregated 9 7 
(dwarf normal) There were no rec1procal d1fferences in expression of th1s 
abnormal development The contrasting development of parents and F1 plants 
and the d1st1nct segregat1on into phenotypic classes 1n F2 populations 
conf1rmed that the cond1t1on was 1nherited (Tumweslgye 1988) and causad by 
the segregat 1on of the two comp lementary dom1nant genes f1 rst descn bed by 
York and 01ckson (1975) 

Select1on for Res1stance 

F2 plants rated res1stant or moderately resistant to three or more of the 
f1ve d1seases (anthracnose angular leaf spot rust halo bl1ght and BCMV) 1n 
field and glasshouse were selected and grown to produce F3 seeds F3 plants 
were raised at Kabete 1n glasshouse and field Only glasshouse plants were 
art1f1c1ally 1noculated except for BCMV BCMV stra1n 510 was used for 
1noculat1ng both field and glasshouse grown F3 plants D1sease seventy was 
generally more in the glasshouse than in the field However due to many 
years of cont1nuous cropp1ng of bean at Kabete F1eld Stat1on and very 
favourable weather cond1t1ons 1n 1989 for d1sease development d1sease 
inc1dence was generally h1gh and suscept1ble plants were ident1fiable and 
discarded Selected F3 fam1l1es were advanced to F 4 and F5 Results of 
select1on 1n F4 and F5 are shown in Table 3 

Of the 1n1t1al 42 crosses (1nclud1ng reciprocals) f1ve involving NB-123 
and GLP-288 GLP-24 and M535 were lost due to F1 mortal1ty F4 and F5 lines 
from n1ne crosses were finally selected based on their disease reactions 

Twenty five F l1nes were selected from the cross GLP-288 x M535 They 
were res1stant to ~hree or more d1seases and moderately res1stant to others 
Oue to the h1gh 1ncidence of common bacterial blight and beanflies dur1ng the 
long and short ra1ny seasons of 1989 sever1ty was assessed For beanflies 
plants were rated on the bas1s of mortality (less than 2% res1stant 3-10% 
moderate 11-25% tolerant over 25% suscept1ble) and number of pupae/larvae Jn 
stems The 11nes had fa1rly large seeds and yield levels generally above 
the1r parents (Tablas 2 and 3) 

N1neteen F4 l1nes were selected from the cross L226-10 x NB-123 The 
lines were res1stant or moderately res1stant to BCMV rust angular leaf spot 
halo bl1ght and beanfl1es They were also moderately resistant to common 
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T bl 3 S d Welght O 1 VI Id d DI R tf f Sel t d C 
t Kabet Du f 1 Long nd Sho t R 1 1989 lO 
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blight as expected since both parents were 1mportant sources of res1stance to 
all these diseases However most lines had black white or grey seeds like 
their parents Their mean size (20 5 g/100 seeds) was also comparable to 
their parents All had seeds weigh1ng less than 30 g/100 

Ten F 4 lmes from the cross M535 x L226-1 O showed res1 stance to BCMV 
halo blight anthracnose rust angular leaf spot and moderate res1stance to 
beanfl1es and common blight The1r seed s1zes were intermediate between their 
parents although some segregants had large seeds and thei r yield vaned from 
646 to 3 423 kg/ha 

F1ve F5 lines were selected from the cross 
resistant to rust BCMV and anthracnose and 
blight Four were also res1stant to beanflies 
and a y1eld range of 706 to 1 927 kg/ha 

GLP-2 x NB-123 They were all 
moderately resistant to halo 

They had medium sized seeds 

Lines selected from the cross GLP-2 x M535 had large seeds l1ke their 
parents and a mean yield of 1 631 kg/ha Three 1 ines (K21/23 K21/29A and 
K21/45A) had y1elds over 2 000 kg/ha They were resistant or moderately 
resistant to BCMV anthracnose common blight rust and angular leaf spot 

Of the six 1 ines selected from the cross GLP-X-92 x GLP-~88 only two 
were resistant to rust and four were tolerant to angular leaf spot However 
they showed resistance to BCMV anthracnose common bl ight and beanfl ies 
These lines had the largest seeds of all crosses selected and largar than 
their parents 

Three of the 18 lines selected from GLP-2 x L226-10 showed 
all diseases assessed These were K26/19 K26/35B and K26/47B 
the 18 lines were res1stant to rust 

res 1 stance to 
Only SlX of 

Three lines (K30/1 K30/4D and K30/41) from the 
were resistant to all six diseases and beanflies 
intermediate in size between their parents 

cross GLP-X-92 x NB-123 
They also had seeds 

The results indicate that it is possible to generate genotypes that are 
resistant to major bean diseases in Kenya and in eastern Africa 1n general 
This is important in view of the large grain losses caused by these diseases 
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(Hubbel1ng 1973) Although there are many alternativa methods of controlling 
bean d1seases res1stance is the most cost efficient for resource poor 
farmers Select1on emphasized non-race specific resistance (horizontal) 
w1thout exclud1ng poss1ble race-specific (vert1cal) resistance This may be 
useful because most causal agents of these diseases exist in many alternativa 
forms (Mwangi 1986 Mukunya and Keya 1975) The lines identified in F4 and 
F5 showed a w1de range of seed sizes and colours Further select1on work w1ll 
emphas1ze seed s1zes and colours that appeal to consumers Generally small 
bl ack and white seeds are not preferred in Kenya Se lected 1 i nes will be 
evaluated across locat10ns and seasons for the1r reactions to d1seases and 
the1r y1eld potent1al 
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Breeding Bean (Phaseo1us vu1garis l ) Adapted to Intercropping 

S G S Muigai 

Nat1onal Hort1cultural Research Centre Thika Kenya 

Abstract 

Seventy-three hybr1d populat1ons of bean (Phaseolus vu1garis L ) were 
deve Toped at Th1ka Commenc1ng at F2 F3 or sc1 seeds from each 
populat1on were separated 1nto two port1ons In subsequent 
segregat1ng generat1ons each port1on of seed was advanced and 
selected 1n pure stand or 1n assoc1at1on w1th ma1ze at two Tocations 
1n K en ya In order to characteri ze the Idea 1 bean genotype for 
cult1vat1on 1n assoc1at1on w1th ma1ze the performances of genotype 
groups were compared w1th respect to y1eld y1eld components and 
de ve lopmenta 1 p Tant charactenst 1cs Genotype by cropping system 
mteract 1ons were addressed In a senes of four expenments 
the correlat1on coeff1c1ents (r = O 24 -O 15 O 17 and O 26) 
between the y1elds of genotypes in monoculture and m assoc1at1on 
w1th ma1ze were sma11 and dld not d1ffer s1gmf1cant1y from zero 
Genotypes selected In assoc1at1on w1th ma1ze produced better gram 
y1elds 1n assoc1at1on than those selected 1n pure stand Early 
flowenng short durat 1on short stature and profuse branchmg were 
cons1stent features of genotypes selected 1n assoc1at1on w1th maize 

Introduct1on 

The cultwat10n of bean 1n a5soc1at1on w1th other crop species 1s a 
pr1mary character1st1c of bean production 1n eastern Africa and Latin America 
Bean 15 1ntercropped w1th potato banana groundnut and even plantat1on crops 
5uch as coffee 

Allard and Bradshaw (1964) cons1der associat1on w1th a cereal to be a 
pnmary charactenst1c of tradit1onal bean production systems M1an (1977) 
reports that Amer1can Ind1ans ra1sed bean 1n assoc1at1on w1th corn for many 
years before the birth of Chnst Santa-cec1l1a and V1e1ra (1978) reportad 
that 70 per cent of the bean crop 1n Braz1l is produced 1n assoc1ated systems 
pr1mar1ly w1th ma1ze In Kenya 69 per cent of bean production 1s in 
assoc1at1on w1th other crops (Schonherr and Mbugua 1976) Bean product1on 1n 
other Afr1ca countries 1s no less dom1nated by assoc1ation w1th other crops 
Os¡ru (1980) states that 75-90 per cent of bean product1on 1n Uganda 15 in 
assoc1at1on 

Tradltional cropp1ng systems have ut1 11Zed landraces of crop spec1es 
selected by the farmer 1n his spec1f1c m1crocl1mate and system Modern plant 
breeders on the other hand have selected and evaluated genotypes 1n pure 
stand assum1ng such genotypes perform as well 1n association 

Although the conscious select1on of genotypes specif1cally adaptad to 
complex cropp1ng systems has received low priority in plant breeding programs 
the need for genotypes for associated cropp1ng is recogmzed (F1nlay 1976 
Hambl1n et al 1976 Muigai and van Rheenen 1982) based on the contrasting 
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environments between pure stands and assoc1at1ons rather than on any factual 
data 

The need to ver1fy the presumption that super1or genotypes of bean 
selected 1n pure stand will also be opt1mum in intercropping is of paramount 
1mportance Equally 1mportant 1s to show emp1 ncally that spec1f1c bean 
genotypes are requ1red for specif1c cropping systems if the former 1s not the 
case 

Th1s work explored the natura of d1fferences among the character1st1cs of 
bean genotypes selected in pure stand or 1n associat1on w1th ma1ze when grown 
in both cropping systems With the assumpt1on that genotypes must by the 
nature of the env1ronments under wh1ch they were selected be qu1te diversa 
the occurrence of genotype x cropping system interact1ons was invest1gated 

Materials and Methods 

Seventy three hybrid populat1ons of beans were developed at the Nat1onal 
Horticultural Research Centre Thika by crossing adaptad popular local bean 
types with 1 ines res1stant to anthracnose or Bean Common Mosa1c Vnus The 
populations were handled as fam1l1es through either F1 F2 or one backcross 
pnor to ped1gree selection at two cl1mat1cally d1fferent sites Machakos 
(National Dryland Farm1ng Research Centre) w1th marg1nal ra1nfall and Embu 
(Eastern Agr1cultural Research centre) with medium rainfall 

Seeds of each populat1on were randomly separated 1nto two parts for 
selection 1n pure stand or in assoc1at1on with ma1ze 

The select1on blocks were arranged 1n a systemat1c des1gn Dunng the 
first two selection cycles control plots were 1ncluded to assess f1eld 
variab1lity As seed quant1t1es 1ncreased and the number of selected entr1es 
decreased it became possible to have two repl1cates for the fourth cycle 
and three repl1cates during the f1fth and s1xth select1on cycles 

In monoculture bean was grown 1n rows 50 cm apart w1th 10 cm between 
plants along the rows to g1ve a population of 200 thousand plants/ha and 
d1ammonium phosphate was banded 1n the furrows at sow1ng at the rate of 200 
kg/ha In assoc1ation w1th malZe bean was 1n rows 25 cm apart and 15 cm 
1ntra-row to glVe 178 778 plants/ha and malZe was 75 cm between and 30 cm 
with1n rows for a population of 44 444 plants/ha At sow1ng d1ammomum 
phosphate was banded at 100 k g/ ha to bean and m a He rece 1 ved tri p 1 e 
superphosphate at the rate of 150 kg/ha Ma1ze was side-dressed w1th calc1um 
ammon1um n1trate at knee he1ght 

Dur1ng each cycle single plants or progeny rows were selected on two 
occas1ons at podd1ng stage and at phys1ological matur1ty Selection cr1ter1a 
1ncluded general plant v1gour freedom from d1seases and gra1n y1eld At 
Machakos where ra1nfall 1s marg1nal earliness of matur1ty was also 
emphas1zed 

To compare bean genotypes emanating from the two cropp1ng systems spl1t­
P lot expenments were conducted at Th1 ka 1 n 1981 and 1982 and at Embu and 
Machakos 1n 1982 Envnonmenta 1 characten st 1 es of the three locat 1ons are 
shown in Table 1 
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Table 1 Env1ronmental Characteristics of the Select1on Locations 

Cl im- Annual Mean temp- Coord1nates 
Loe- atic So11 rainfall E erature --------------
at10n Province zone class1fication (mm) (~) (OC) S E 
--------------------------------------------------------------------------------
NHRC Central II Rhodic Ferralsol 1020 1214 
EARC Eastern II Dystnc Nitosol 1238 1207 
NDFRC Eastern IV Chronic Luvisol 718 1193 

NHRC - Nat1onal Horticultural Research Centre Thika 
EARC Eastern Agr1cultural Research Centre Embu 

19 4 
20 7 
19 5 

NDFRC - Nat1onal Dryland Farming Reseach Centre Machakos 
Cl1mat1c zones II- dry sub-humld to sem1-ar1d IV= sem1-arid 
Source S1ber1us and Muchena (1977) 

0°59 37°04 
0°30 37°07 
1°35 37°14 

In pure stand subplots cons1sted of f1ve bfan rows each measur1ng 3 6 m 
1n length The net plot was the central 3 6 m In association with malle 
fwe double rows of bean we2e grown between fwe malle rows Net plots for 
bean were the central 3 6 m wh1le the m1ddle three rows of 2 4 m were the 
net plots for ma1ze 

Developmental and y1eld character1st1cs were measured on ten plant 
samples randomly selected from the net plots In one expenment freshly 
opened flowers on a sample of three plants randomly selected at the start of 
flower1ng were counted over a durat1on of 21 days Gra1n yield was determinad 
on the ent1re net plot and a random sample of one hundred seeds was taken to 
determ1ne seed s1ze 

Analys1s of vanance was performed to determine the contnbutions of 
genotypes select1on systems and test env1ronments to the total variat1on of 
each character recordad Corre 1 at 1on coeffic1ents were computad between the 
y1elds of genotypes 1n pure stand and 1n assoc1ation with ma1ze 

Results and D1scuss1on 

There were s1gn1f1cant 1nteractions between genotypes and cropping 
systems 1n three out of four trials for duration and in one trial for grain 
y1eld days to flower1ng he1ght to attachment of hlghest pod plant height 
and number of branches (Tables 2 and 3) ourat1on of flowering and number of 
flowers per plant showed s1gn1f1cant genotype by cropping system interactions 
in the one tr1al where they were recordad Correlations between the yields of 
genotypes in pure stand and 1n association w1th maize were 1n all cases low 
and not si gn1 ficant 1 y di fferent from zero ( r = o 24 -O 15 017 and o 26) 
Maize performance was not affected different1ally by bean genotypes 

Based on their observat1ons of significant genotype by cropping system 
1nteract1ons for var1ous characters 1n soybean Semu and Jana (1975) Finlay 
(1976) and Makena and Doto (1980) advocated development of specific genotypes 
for spec1fic cropp1ng systems 
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Tabla 2 Means of V1elds and Y1eld Relatad Character1stics of Bean Genotypes 
Selected in Pure Stand and 1n Assoc1at1on w1th Ma1ze 1n the same Two 
Cropping Systems 1n Tr1als in Four Env1ronments 1n Kenya 

--------------------------------------------------------------------------------
Environments 

-----------------------------------------------------------
Th1ka 1981 Th1ka 1982 Embu 1982 Machakos 1982 

Select1on ----------- ------------ ----------- --------------
Character system PS ASS PS ASS PS ASS PS ASS 
--------------------------------------------------------------------------------
Yield PS 491 522 655 632 674 627 93 101 
(9/plot) ASS 275** 311 367 315 390 397 87 92 

Productiva PS 8 8 8 8 8 6 8 5 10 o 9 9 3 2 3 o 
pods/plant ASS 5 g* 6 9 6 4 6 4 7 4 7 5 2 8 3 o 

Seeds/pod PS 3 9 4 o 3 7 3 9 4 o 3 9 3 2 3 1 
ASS 3 a** 3 8 3 5 3 5 3 7** 3 5 3 2 3 3 

UnproductlVe PS 3 o 3 3 3 1 3 6 3 5 4 1 2 3 1 6 
pods/plant ASS 3 3 3 2 2 3 2 2 3 2** 3 3 3 1** 2 4 

We1ght of 100 PS 29 9 31 7 39 8 37 4 39 3 38 6 NR NR 
seeds ( 9) ASS 30 3 30 9 36 o** 32 8 41 5 41 5 NR NR 

Flowers/p1ant PS 28 3 30 9 NR NR NR NR NR NR 
ASS 22 3* 24 8 NR NR NR NR NR NR 

PS = p~~e stand ASS = assoc1ated w1th ma1ze NR - not recordad 
* and 1nteract1ons between select1on and test1n9 
systems s1gn1f1cant at P<O 05 and <O 01 respective1y 

Reportad correlat1on coeff1c1ents between the y1e1ds of bean genotypes 1n 
pure stand and 1n assoc1at1on have been main1y large and pos1t1ve (CIAT 1978 
Franc1s et al 1978 Franc1s and Sanders 1978) Hay and M1san9u (1980) 
contended that 9enot y pes de ve 1 oped 1 n pu re stand d 1 d not 9 1Ve s 1 901 f 1 cant 
d1fferent1a1 responses 1n d1fferent env1ronments The 9enotypes stud1ed here 
d1d seem capab1e of d1fferent1al responses perhaps due to the select1on 
procedures used 1n the1r deve1opment 

Genotypes selected in assoc1at1on w1th ma1ze exh1b1ted s1gn1f1cant1y 
shorter times to flowerin9 and to matunty reduced plant hei9ht and more 
profuse branch1ng 1n all tr1als Clark and Sh1bles (1979) sug9ested the ear1y 
onset of reproduct1ve 9rowth as a trait adapted to assoc1ated cropp1ng Os1ru 
(1980) su9gested early matur1ty and erect determinate growth hab1t as tra1ts 
for assoc1ated croppin9 However w1thin the non-c11mbin9 growth hablts 
(Types I II and I II) 9rowth hablt was reportad to be of no consequence to 
adaptat1on to cropp1n9 system (Anon 1976) 

No d1sease and pest 1nc1dence of any practica 1 1mportance occurred 1n 
thess tnals Intercroppin9 has been reportad to naturally protect the bean 
component from pests and d1seases (Muk11bi 1976 Shoyinka 1976 Keswan1 et 
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a7 1980 van Rheenen et a7 1981) When selecting for associated cropping 
therefore 1t may well be desirable to sacrifica disease resistance for 
greater potent1al yields 

Table 3 Means of Oevelopmental CharacterTstics of Bean Genotypes Selected in 
Pure Stand and in Association with Maize in the same Two Cropping 
Systems ln Tr1als in Four Env1ronments in Kenya 

Select1on 
Character system 

Days to PS 
50% flower ASS 

Days to 
maturlty 

Branches/ 
plant 

PS 
ASS 

PS 
ASS 

Lowest pod PS 
attachment8 ASS 

Hlghest pod PS 
attachment8 ASS 

Plant 
he1ghta 

PS 
ASS 

Durat1on of PS 
flower1ng ASS 

Flowers/ PS 
plant ASS 

Th1ka 1981 Thika 1982 

PS ASS PS ASS 

44 7 41 1 41 4 40 5 
45 7** 41 6 41 4** 39 9 

91 1 88 2 85 o 85 o 
88 3* 86 o 88 3* 87 1 

3 8 4 2 
3 3** 4 1 

2 5 
2 o 

2 6 
2 2 

19 9 
21 2 

20 2 26 6 25 4 
20 1 20 7* 19 9 

85 7 41 9 47 9** 44 4 
45 5** 41 3 32 o 31 o 

76 6 69 1 64 4 54 2 
83 7** 11 6 42 o** 38 8 

18 4 19 2 
16 5** 18 2 

28 3* 30 9 
22 3 24 8 

NR 
NR 

NR 
NR 

NR 
NR 

NR 
NR 

Environment 

Embu 1982 Machakos 1982 

PS ASS 

38 6** 36 8 
38 6 37 4 

86 3** 85 9 
89 9 87 7 

1 8 2 o 
1 7** 1 8 

PS ASS 

42 2 43 5 
43 9** 41 7 

90 9 87 2 
86 9** 85 o 

25 2 24 2 18 7 
28 7** 27 2 21 9 

18 o 
20 9 

46 3** 44 1 
53 3 47 7 

32 1 55 3 
73 9** 61 6 

NR 
NR 

NR 
NR 

NR 
NR 

NR 
NR 

25 3 
31 2 

35 o 
46 o 

NR 
NR 

NR 
NR 

25 1 
31 9 

36 1 
51 1 

NR 
NR 

NR 
NR 

~S - p~~e stand ASS = assoc1ated w1th ma1ze NR = not recordad 
and 1nteract1ons between select1on and test1ng 

systems s1gn1f1cant at P<O 05 and <O 01 respectively a cm 

Conclusions 

The select1on of bean in pure stand and in association resultad in 
genotypes w1th contrast1ng plant features 

Short durat1on was one adaptwe feature of bean for association Early 
onset and completion of the reproductiva phase would ensure that yield in the 
bean 1s determ1ned pr1or to the commencement of competition from the maize 
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The study ind1cated a short-statured profusely-branched bean to be 
su1ted to associated cropping Short stature appears contrary to requ1rements 
for large total dry matter production to guarantee high grain y1eld However 
short stature may reduce above ground compet i t ion Horeover profusa 
branching can contribute towards a better display of photosynthetic area As 
wide variation for branching evidently ex1sts max1miz1ng th1s character 
should compensa te for any dry matter product ion foregone by short stature 
Strong stems may also be des1rable 

W1th1n the suggested plant framework gra1n y1eld may be max1m1zed 
through increased number of nodes racemes and pods per plant 

Summary 

Bean populat1ons were advanced and selection carr1ed out 1n pure stand or 
1n assoc1at1on w1th maize Selected genotypes were used to study adapt1Ve 
features of bean to assoc1ated cropp1ng to assess the need for development of 
separata genotypes for spec1f1c cropping systems 

Among genotyp1c features pert 1nent to the 1deal 1ntercropp1ng genotype 
early flower1ng and short durat1on were most clearly 1nd1cated from the study 

Profusa branch1ng with1n a short plant stature was also shown to be a 
pos1t1ve arch1tectural character1stic for a bean genotype su1table for 
assoc1ated cropp1ng 

The hypothesis that spec1f1c bean genotypes are required for spec1f1c 
cropp1ng systems was supported by the results of the study 
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Genet1c 1mprovement of Catrnon Bean for Res1stance to the 
Necros1s-1nduc1ng Stra1ns of BCHV 

J Kornegay 

C1AT Bean Programme Ca 1 1 Co lomb1a 

Abstract 

Bean common mosa1c v1rus (BCHV) !S an 1mportant cause of d!sease 1n 
Phaseolfil> vulgans 1n Afnca 1t !S transm1tted naturally 1n seeds 
and by aph!ds It 1s also readlly mechamca11y transm1tted wh!ch 
fac!l!tates screemng for res1stance Several strams of the VIrus 
have been 1dent1f1ed 8oth dommant (1} and recess1ve res1stance 
genes (be) have been Jdent!fled 1n the host The v1rus Induces 
vanous types of symptom on suscept 1ble plants and these are 
descnbed Hosa1c occurs only 1n genotypes lackmg the dommant 1 
gene The v1rus Induces black root only Jn genotypes carry1ng the 1 
gene A local les10n react10n can occur 1n certam genotypes - pm­
po!nt 1n the presence of the I gene protected by recess1ve genes -
and nng-shaped "'' th recess 1 ve genes a lone A set of d! fferent 1a 1 
cult1vars a1ds th2 !dentJflcatJon of stra1ns of BCHV The two 
genotypes II+bc-2 and bc-3 alone confer effect1ve res1stance to 
ex1st1ng stra1ns of BCHV The backcross breed1ng system be1ng used at 
CIAT to transfer these comb1nat1ons 1nto d1fferent adapted 
backgrounds 1s descr1bed Th1rty advanced l1nes w1th the 
combJnatJons coded HCH and HCR are already ava1lable 1n the VEF 

1 nt roduct 10n 

Sean common mosa1c v1rus (SCMV) 1s considerad to be the most 1mportant 
seed-borne v1rus of common bean (Phaseolus vulgans L ) of the world Field 
1nfect10n may reach 100:1; and y1eld losses ranging from 6 to 98:1; have been 
reportad However the sever1ty of y1eld loss depends upon the cultivar and 
the t1me of 1nfection (Galvez and Morales 1989) In Afr1ca SCMV 1s 
cons1dered to be a maJor disease problem and the princ1pal v1ral d1sease 
affect1ng bean product1on (CIAT 1981) 

The host range for SCMV has been reportad to be fa1rly broad including 
many trop1cal and subtropical leguminous crops pastures and shrubs However 
under natural f1eld condit1ons BCMV is pnmarily restncted to Phaseolus 
spp part1cularly P vulgans (Galvez and Morales 1989) The v1rus 
part1cles collected from crude sap of BCMV infectad plants can be read1ly seen 
w1th the electron m1croscope They are flexuous f1laments about 750 nm long 
and 15 nm w1de SCMV 1s class1f1ed 1n the potyv1rus group (DrlJfhout 1978) 

Symptomatology 

sean common mosa1c v1rus 1nduces two general types of symptoms depend1ng 
upon the cultwars the t1me of 1nfect1on the strain of the v1rus and the 
env1ronmental cond1t1ons 
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Common mosa1c 

Mosaic symptoms appear in systemically infectad cult1vars causing 
mottling curling stunting and malformation of primary leaves Typ1cal 
common mosaic symptoms consist of well-deflned dark green areas of foliar 
tissue against a 1 ighter green background of the rest of the affected leaf 
lamina (Morales 1989) Infectad leaves may also appear narrower and longer 
than unaffected leaves 

B1ack root 

Systemic necrosis (black root) symptoms may occur 1n cultivars possess1ng 
the hypersensitive monogenic-dominant I gene upon infection by necros¡s­
inducing strains of BCMV This necrot1c reaction beg1ns in the youngest 
trifol iolate leaves and spreads rapidly down through the entue vascular 
system of the plant Characterist1c redd1sh brown to black streaks appear on 
the leaves stems roots and pods Plants affected by black root initially 
exhibit w1lting and later die 

Transmission 

The most important epldemlologJcal factor respons1ble for the worldw1de 
distnbution of BCMV 1s its ability to infect the seed embryo and thus be 
transmitted through seed On average there 1s 10 to 30% BCMV transm1ss1on to 
seed from infectad plants However the incidence of seed transm1ss1on may 
vary considerably depending on the bean genotype 1nfected and the BCMV stra1n 
Plants 1nfected after flowering usually will produce a reduced proport1on of 
infectad seed 

BCMV 1s also transm1tted by several aph1d spec1es such as Hyzus persJcae 
and Aph1s fabae Usually virus acquisit1on and transm1ss1on by the vector 
occur w1thin 30 to 60 seconds In the trop1cs infectad seed and plants of 
susceptible bean cult1vars serve as sources of pr1mary 1noculum for BCMV and 
aphids are responsible for the secondary transm1ss1on of the v1rus (Galvez and 
Morales 1989) 

BCMV is also readily transm1tted by manual or mechan1cal means At CIAT 
breeding 11nes and segregating populations emerg1ng from BCMV resistance 
programs are all inoculated manuall'y w1th d1fferent stra1ns of the v1rus 
depending on the resistance genes be1ng 1ncorporated 

Responses of Bean Cultivars to BCMV 

Fou r bas i e p 1 ant responses may be expected 1 n bean genot ypes 1 nocu 1 ated 
with BCMV (Morales 1989) 

Hosafc 

This symptom results from systemic infection of a susceptible cultivar by 
BCMV and 1nd1cates that the dominant I gene is absent However strain­
specific recessive genes which confer res1stance to selected BCMV strains may 
be present 
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System1c or Local Necros1s 

The occurrence of necros1s 1n a genotype 1ndicates the presence of the 
dom1nant I gene The necrot1c react1on may be local1zed (restricted vein 
necros1s) or system1c (black root) These hypersensitive I gene genotypes may 
or may not possess BCMV stra1n-spec1f1c recess1ve genes 

Local Les1ons 

Two types of local les1ons occur depend1ng on whether or not the genotype 
carr1es the I gene The occurrence of p1n-po1nt local les1ons indicates the 
presence of the I gene protected by a recess1ve gene The 1nduct1on of rlng­
shaped local les10ns 1nd1cates that the genotype possesses recesslVe genes 
but that the dom1nant I gene 1s absent 

Immumty 

The absence of mosa1c or necrosis symptoms 1n BCMV 1noculated plants 
(1mmune response) depends on the stra1ns used and the res1stance gene 
possessed by the genotype One recess1ve gene bc-3 g1ves complete 
res1stance to all known stra1ns of the v1rus 1dent1f1ed to date 

Control by Plant Res1stance 

Plant res1stance to BCMV was d1scovered nearly 60 years ago 1n the 
cult 1Var Robust and attnbuted to a s1ngle recesslVe gene Subsequently 
another type of res1stance the hypersensit1ve dom1nant I gene was 1dent1f1ed 
1n Corbett Refugee and also found to be present 1n several trop1cal land 
races Because 1t was very effectlVe aga1nst BCMV 1n many bean produc1ng 
areas of the world th1s gene was Wldely 1ncorporated 1nto commerc1al 
cult 1Vars 

However other stra1ns of the v1rus were 1dent1f1ed wh1ch causad black 
root system1c necros1s 1n cultlVars possess1ng the I gene CultlVars with 
res1stance to these stra1ns were found and the genes possessed by them were 
descr1bed by DrlfJhout (1978) 

The BCMV res1stance genes now be1ng used by plant breeders are present 1n 
the follow1ng cultJVars plus others not 1 isted (Morales 1989) 

Gene Oonn nance Cultwars 

I Dom1nant Corbett Refugee 
bc-1 RecesslVe !muna 
bc-1 2 RecesslVe Redlands Greenleaf 
bc-2 RecesslVe M1chelite 
bc-22 RecesslVe GN 31 
bc-3 RecesslVe IVT 7214 
bc-ua RecesslVe 

a a stra1n unspec1f1c gene present 1n Imuna 
M1chel1te GN 31 and other cultlVars and necessary 
the1r stra1n spec1f1c recess1ve genes when the I gene 
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The genes bc-1 and bc-1 2 

be a 11 e 11 e and so both cannot 
(Drijfhout 1978) 

as well as bc-2 and bc-22 are cons1dered to 
be combmed 1 n a s1 ngle homozygous genotype 

To 1dent1fy stra1ns of BCHV and study the genet1cs of res1stance a set 
of different1al cultlVars has been formed (Table 1) (Dr1Jfhout 1978) 
Cult1vars 1n subset A are those that do not possess the dom1nant I gene In 
th1s group mosaic 1s the predominant symptom recorded 1n 1noculat1on tests 
However when certa1n comb1nat1ons of recesslVe res1stance genes are present 
1n a genotype two other symptoms are expressed r1ng-shaped les1ons 1n the GN 
31 group when 1noculated wlth all stra1ns except NL4 (Wh1ch causes mosa1c 
symptoms) and 1n the IVT 7214 group where there 1s complete 1mmunity due to 
the presence of the bc-3 gene 

Table 1 Genetic Interact1ons Between Bean Common Mosaic Virus Strains and 
Selected Phaseolus vulgar1s Cultivars (adaptad from Orijfhout 
1978) 

01fferent1al 
Cult 1Vars Res1stance genes Type Florida NY15 NL4 NL8 NL3 

A Cultivars with recessive alleles (I+r*> of the necros1s gene 

Oubbele Witte l. M H H H M M 
!muna 1• be u be ~ M H M H 
Redlands G a 1• be u be 1 H H M 
Sanilac I+ be u be 2 H M H 
Pinto 114 r+ be u be 1 be 2 M H 
G N 31 1• be u be 12 be 22 H 
IVT 7214 r+ be u be 2 be 3 

a Cultivars with dominant alleles (11) of the necrosis gene 

Widusa 1 N N 
Top crop 1 be 1

2 
N 

Amanda 1 be 1 
IVT 7233 1 (be 12 l be 22 

NL5 Symptoms 

M Hosaic 
H MOS81C 
H MOS81C 
H MOS81C 
M Mosaic 

R1ng shaped les1ons 
lmmunity (be 3) 

N Systemlc necrosis 
N Systemic necrosis 
N Systemic necrosis 

P1n point lesions 

In B (Table 1) are cultlVars wh1ch possess the dom1nant I gene When 
1noculated w1th the necrosis-1nduc1ng stra1ns (NL8 NL3 and NL5) system1c 
necros1s 1s observed W1th the cult1var group IVT 7233 conta1n1ng two 
recessive genes only pin-po1nt les1ons are produced by these stra1ns The 
soft or mosa1c-1nducing stra1ns (Type Flonda NY15 and NL4) do not cause 
symptoms 1n the I gene cult1vars 

Breeding for BCMV Res1stance for Afr1ca 

Stud1es are under way to fully charactenze the BCHV strains present 
throughout bean grow1ng areas of Afnca Prel immary results 1nd1cate that 
the necros1s-inducing strain NL3 predom1nates in central Afr1ca although 
other strains are present as well as in other regions of Africa 

Whenever the NL3 stra1n 1s present the I gene alone 1s ineffectlVe 
Indeed it may be preferable to have cultivars that are fully suscept1ble to 
BCHV (like the major1ty of bean land races) than to grow cultivars possess1ng 
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only the I gene as system1c necros1s 1s much more l1kely to k1ll plants than 
system1c mosaic 

Breed1ng for res1stance to the necros1s-1nducing stra1ns of BCMV began 
1n 1978 as a collaboratlVe project between IVT-Wagen1ngen and CIAT The 
purpose of th1s proJect was to produce bean l1nes adaptad to the trop1cs w1th 
mult1ple BCMV res1stance genes The proJeCt ran from 1978 to 1987 and four 
complete backcrosses were made among a var1~ty of genotypes to comb1ne the 
dom1nant I gene w1th the recessive be-u bc-1 bc-22 and bc-3 genes Because 
the bc-3 gene confers complete 1mmumty test crosses were made 1n the F2 generat1ons of all crosses to 1dent1fy the presence of the other genes 

For pract1cal breed1ng purposes however 1t 1s not necessary to combine 
all res1stance genes When CIAT began sole management of th~ breed1ng 
proJect only two t~pes of res1stance cont1nued 1n use II+bc-2 and bc-3 
alone The II+bc-2 comb1nat1on can readily be 1dent1f1ed 1n segregat1ng 
populat1ons 1noculated w1th NL4 and NL3 by the character1st1c p1n-po1nt 
les1ons The bc-3 gene alone 1s frequently used now s1nce 1t confers complete 
1mmun1ty The bc-3 gene also has another advantage in that unlike the I 
gene 1t does not appear to possess unfavorable l1nkages w1th seed coat color 

The breed1ng scheme used at CIAT for the bc-3 gene 1s outl1ned 1n F1gure 
A backcross program 1s be1ng used to 1ncorporate the gene 1nto commerc1al 

Afncan cultlVars and el1te breed1ng lines At present 30 advanced lines 
conta1n1ng II+bc-22 (coded MCM) and 24 l1nes conta1n1ng the bc-3 gene (coded 
MCR) are ava1lable in the VEF nurseries prov1ded by CIAT The overall 
obJeCt1ve of th1s program 1s to 1ncorporate BCMV 1nto all maJor gra1n classes 
of beans for either subsequent re lease as cult 1Vars or use as parents 1n 
res1stance breed1ng programs 

Flg 1 & kc B ed1 g t I p t R 1 t t H d N 
l d 1 9 St 1 f BCHV P ese t 1 Af tea 

s pttble lt1 MCR 2502 (b 3} 

1 
F1 ( e st e ge es ca t b tde ttft d t F1) 

(30 50 F2 pl t 1 1 t d lth a 1 tu f NL4 a d Nl3 t 1 
t pl t trrm pl t a d b ckc ss t onrn t 1 t ty) 

1 • 9 t Id t 1ft bl ) 

1 
F2ect (30 50 

pl t t 
a d b k 

d lth d typ pp hl g th t f omm 
1 t d lth Nl4 d Nl3 (b 3) tmm pi 

d t omm tal a 1 ty) 

" 9 
t Id ttft bl ) 

t 

1 1 e ltt 
ts t pl t d 

F2BC2 (30 so eds 1th omm 1 ' d typ 1 t d lth Nl4 d Nll 
1"" pl t (be 3) t pl t d 

t 
typ (b 3) F3BC2 (5 10 d /pl t 1 ' t d Nl4 lld Nl3 

t pl t d 

t 
F,.ec2 (f1 ld t t ' t1 9 om1 type ) 

t 
F5BC2 (f1 ld t t tf p 9 '1 b lk d) 

1 
VEF (HCR lf b 3) 
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CIAT s Role 1n Bean Genet1c Improvement 1n Eastern Afr1ca 

H E Gndley 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

Phaseolus bean 1s an 1mportant food crop In eastern Afnca The 
de ve lopment of heav 1er y1e ldJng cu lt 1 vars can contnbute to meet ¡ng 
the urgently requ1red 1mprovements 1n product1v1ty dueto 1ncreas1ng 
demand stemm1ng from populat1on growth and decreas1ng land 
ava1 lab7l7ty For many years CIAT has made ava1lable to natwnal 
programmes 1n tna ls and nursenes a w1de range of genet 1c 
vat 1at1on that 1s a prerequ1s1te for ach1ev~ng progress ¡n breed~ng 
programmes Nat1onal programmes 1n Uganda and Eth1op1a (and 1n other 
count11es Jn Afnca) have successfully explo1ted th1s vanat1on to 
re lea se 1mproved cu lt 1 vars and recent resu 1ts 1nd1cate that further 
y¡ e Id 1mprovements may be expected Res1stant sources to preva lent 
and 1mportant d1seases and pests ha ve a /so been 1dent 1f1ed and are 
be1ng lncotporated 1nto ex1st1ng cult1vars The evolut1on of a 
regional research network has permltted the shanng of 
1 espons 1b 1 11 t 1es among nat wna 1 programmes to tack le prob lems of 
reg10na 1 1mportance through reg1ona 7 sub-pro]ects Inter-reg1ona 1 
lwkages have strengthened most particular/y Jn germp1asm exchange 
v1a the dJssem1nat1on of el1te breed1ng mater1a1 so11c1ted from a11 
nat 1ona 1 programmes Jn a pan-Afncan tna 1 Data from th1s tna 1 
atd env1ronmenta1 parameters are be1ng used to deve1op more effect1ve 
strateg1es for bean 1mprovement 1n Afr1ca 

Introduct1on 

The 1mportance of Phaseo1us vu1gar7s as a food crop 10 eastern Afr1ca 1s 
well documentad and the wealth of local names g1ven to d1st1nct1ve cult1vars 
1 s ev 1 dence of the1 r long estab 11 shment (A 11 en et a 1 1989) However over 
the penod 1970-89 only Uganda and Kenya showed s1g01ficant and positwe 
growth rates 1n product10n largely expla1ned by an 1ncrease 1n area urder 
product1on 1n Kenya and 1n product1v1ty 1n Uganda (Gr1sley 1990) And 1n all 
countnes except Kenya populat10n growth rate markedly exceeded growth 1n 
product1on 

land scarc1ty w1ll eventually l1m1t further expans1on of product1on area 
and 1 ncreased demand from popul at 10n growth and Governments des1 re of an 
excess for export w1ll have to be met by improvements 1n product1v1ty 
Breed1ng can contr1bute to such 1mprovements by developing new cult1vars with 
a heav1er y1eld stemm1ng from better resistance/tolerance to one or more of 
the prevalent b1ot1c and ab1ot1c factors constra1n1ng y1eld rather than use 
of 1nputs unava1lable to resource-poor farmers 

Ut1l1zat1on of CIAT Germplasm 

Genet1c vanat10n 1s a prerequ1s1te for character improvement 1n any 
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breediog programme Sueh vanat1oo may be loeally ava1lable 10 laodraees 
or1g1oat1og from earl1er 1otroduet1oos aod has beeo sueeessfully explo1ted to 
ralease oew eultwars sueh as Wh1te Haneot 10 Ugaoda 10 1989 (Sengooba 
1989) aod Browo Speekled and Red Wola1ta 1n Eth1op1a sorne 15 years ago The 
genet 1 e base of sueh 1 andraees 1 s however ofteo too narrow for susta 1 oed 
1mprovemeots neeess 1tat 1 og the proeurement of add1t 1ona 1 genet 1 e vanat 10n 
e1ther through hyb1d1zation programmes or perhaps 1n1t1ally more eas1ly by 
1ntroduet1on from outs1de agene1es CIAT has for many years made ava1lable 
vanous forms of tnals and oursenes eompnsed of advaneed breed1ng l1nes 
d1sease and 1nseet res1stant sourees and segregat1og populat1ons that prov1de 
oat1ooa1 programmes w1th a w1de range of genet1e var1at1on for evaluat1on 

Y1eld Improvement 

In Uganda and Eth1op1a the breed1ng programmes are structured to perm1t 
an orderly flow of genet1e mater1al through an extenswe and well defmed 
sequenee of tnals (Table 1) w1th progresswely fewer l1nes tested at a 
greater number of s1tes S1nee 1986 an 1ncreas1ng number of l1nes have been 
1ntroduced 1nto both eouotr1es from CIAT culm1nat1og w1th the release 1n 1989 
of two oew eultivars 1n Uganda and four 1n Eth1op1a 

Table 1 Evaluat1on Sequenees for Breed1og Mater1als 1n Uganda aod Eth1op1a 

Test1ng Tr1al 
stage name 

1 screen1o~ 
Nursery 

2 Pre 1 1m1 nary 
3 Iotermed1ate 

4 Advaneed 

a non-replleated 

Uganda Eth1op1a 

Numbers Numbers 
----------------- Tr1al 
S1tes Test l1oes name 

1 500-800 Nursery la 

1-3 250-500 Nursery II 
4 100-138 Pre-Natlonal 

Vanety Tnal 
8-10 20-23 Nat1onal 

Vanety Tnal 

S1tes Test l1nes 

4 800-1 000 

3-4 70-73 
6-7 40-45 

9-10 25-30 

Curreotly 500 to 1 000 11nes are 1ntroduced annually and after 
prel1m1nary sereening selected l1nes are evaluated 10 a sequence of 
repl1cated trials Reeeot results from both countnes show that substant1al 
yield 1ocreases over the or1g1nal cult1vars (K20 and Brown Speckled) and more 
importantly over the oew cult1vars (Rubona 5 Wh1te Har1cot and Roba 1) are 
being ach1eved at the 1ntermed1ate and advanced testing stages (Tables 2 3 
and 4) Improvements over the wh1te pea bean cult1var Awash 1 are not1eeably 
smaller 
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Table 2 Mean Yield Across Locat1ons of the Five Heav1est Yielding l ines 
Relativa to the Control Cultivars in Intermediate Yield Trials 
(IYT) in Uganda in 1990 and in Nursery II Trials (NII) in Ethiopia 
in 1989 

------------------------------------------------------------------------------------

Tnal 
Control 
cultlVar 

Uganda 

Control 
yield 

(kg/ha) 

Line 
yielg 

(%) Tnal 

Ethiopia 

Control Line 
cultivar y1eld 

(kg/ha) 
------------------------------------------------------------------------------------
IYT-LS K20 737 134-165 NII-LS Brown 

Rubona 5 822 120-148 Speckled 3097 119-162 
Whlte Hancot 1148 86-106 

IYT-SS1 K20 833 121-136 NII-MS Roba 1 2414 186-193 
Rubona 5 551 140-157 
Whlte Hancot 1041 137-149 

IYT-SS2 K20 1000 136-147 NII-WPB Awash 1 3310 96-107 
Rubona 5 966 141-153 
Wh1te Haricot 1135 112-121 

------------------------------------------------------------------------------------
SS MS and LS small medium and large seeded respectively 
WPB wh1te pea bean IYTs NII-MS and NII-WPB at 4 locations 
NII-LS at 3 locat1ons a range expressed as % of control y1eld 

Table 3 Mean V1eld Across S1tes Expressed as a % of Control Cult1var Yield 
of Entries Common to the Nat1onal Variety Tr1als (NVT) in Eth1opia 
in 1988 and 1989 

large-seeded NVT Medium-seeded NVT White Pea Bean NVT 
------------------------

Entries 19888 19898 Entries 1988a 1989b Entnes 1988a 1989b 

Entry A 262 169 137 A 265 113 119 BAT 1281 101 99 
y1elds A 410 153 131 A 445 116 124 PAN 135 102 108 
(% of A 483 143 108 A 442 114 113 BAT 1198 98 115 
control) Diacol BAT 85 92 100 BAT 338-1C 100 107 

Calima 134 111 A 62 92 84 

Control Brown Roba 7 2053 2600 Awash 1 2206 2443 
y1elds Speckled 1365 
(kg/ha) 
--------------------------------------------------------------------------------------
a 7 locations b 8 locations 

Although not all of the across-s1te increase of up to 69% over the 
control cult1vars can be expected at the farm level the wide adoption of the 
best lines could nevertheless contnbute to meaningful increases in 
production Furthermore 1t would seem reasonable to infer that such 
1ncreases using CIAT der1ved mater1als could be ach1eved 1n other countries 
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Table 4 Mean Yield Across Sltes kg/ha and as % of Control Cultivar Y1eld 
of Entnes Common to Advanced Y1eld Tnals 1n Uganda 1n 1989 and 
1990 

---------------------------------------------------------------------------
% of K20 R5 and WH 

k g/ ha 1989 1990 

Entnes 1989 1990 K20 R5 WH K20 R5 WH 
---------------------------------------------------------------------------
GLP 582 
GLP 585 
DOR 372 
DOR 375 
BAT 448 
BAT 1220 
Such1tan 

Controls 

K20 
Rubona (R5) 
Whlte 
Hancot (WH) 

1136 928a 
883 1116 
847 1124 
955 1351 
866 1056 
912 1203 

1035 1235 

840 820 
728 838 

984 1492 

135 156 115 
105 121 90 
101 116 86 
114 131 97 
103 119 88 
109 125 93 
123 142 105 

a seed y1eld adversely affected by reduced stand 1n 1990 

113 111 89 
136 133 107 
137 134 108 
165 161 129 
129 126 101 
147 144 115 
151 147 118 

in eastern Africa where such matenal has been l1ttle utlllZed and that 
further advances can be der1ved from future 1ntroduct1ons 

D1sease Res1stance 

Est1mates of the relativa 1mportance of bean d1seases 1n Afr1ca have been 
obta1ned chiefly from stud1es conducted on research stat1ons us1ng art1fic1al 
1noculation with crop loss est1mates rang1ng from 4 to 92% for anthracnose 8 
to 25% for angular leaf spot 11 to lOO% for rust 43 to 78% for scab and 14 
to 78% for bean common mosa1c v1rus (Allen et al 1989) Other 1mportant 
diseases 1fí Afnca are common bacter1al bl1ght halo bl1ght and ascochyta 
blight 

Stud1es have demonstrated that the chem1cal control of d1sease can 
produce substant1al y1eld 1mprovements In Rwanda d1agnost1c on-farm tr1als 
recorded y1eld 1ncreases of 400-1 000 kg/ha from the chem1cal control of 
fungal and bacter1al pathogens (Allen et al 1989) In Uganda a 72% 1ncrease 
1n y1eld stemmed respectwely from the control of angular leaf spot by 
mancozeb and common bacterial bl19ht by cupr1c carbonate (Sengooba 1989) In 
Eth1opia substant1al y1eld responses were ev1dent from the appl1cat1on of 
Plantovax to control rust (Habtu personal commumcat1on) In splte of such 
1ncreases the cost of chemicals 1s beyond the reach of most small farmers and 
disease control at the farm level can be best achieved from the development 
and d1ffus1on of disease res1stant/tolerant cultivars Recogn1z1ng this need 
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CIAT has devoted cons1derable resources over the years to 1dent1fy1ng and 
1ncorporat1ng res1stant sources 1nto breed1ng 1 1nes wh1ch have been 
d1 str1 buted 1 n d1sease nursenes for eva 1 uat 10n by nat 1ona 1 programmes for 
res1stance to prevalent pathogens 

S1nce 1988 the nat1onal programme 1n Uganda has made cons1derable 
progress 1n 1dent1fy1ng res1stant sources 1n the 1nternat1onal d1sease 
nursenes from CIAT (Table 5) From 44 to 64% of the 1 1nes 1n the 
1nternat10nal CBB halo bl1ght and rust nursenes preved res1stant at test 
s1tes 1n Uganda whereas much smaller percentages of res1stant l1nes were 
ev1dent 1n the mternat 10nal anthracnose angular leaf spot and ascochyta 
bl1ght nurser1es In the latter two however many 11nes showed better levels 
of res1stance than locally ava1lable mater1als L1nes from CIAT w1th 
res1stance to the necrot1c stra1ns of BCMV wh1ch predom1nate 1n Uganda are 
presently be1ng screened and an 1nternat1onal BCMV nursery 1s now be1ng 
d 1st r1 buted 

The best sources of res1stance to common bacter1al bl1ght and ascochyta 
bl1ght are currently bemg 1ncorporated mto local landraces and commerc1al 
cult1vars 1n Uganda In the longer term conf1rmed sources of resistance to 
other d1seases w1ll be ut1l1Zed to develop mu1t1ple d1sease res1stant 
cultJVars 

Insect Res1stance 

The pr1nc1pal 1nsect pests of beans 1n eastern Afr1ca and reportad 
est1mates of result1ng crop losses are beanfl1es (30-100%) pod borers (15-
25%) aph¡ds (90% Uganda only) and bruch1ds (we1ght loss 1n storage of up to 
40%) Other m1nor pests 1nclude fol1age beetles leaf hoppers flower thr1ps 
pod suck1ng bugs and sp1der m1tes 

Recent work has concentrated on develop1ng and screen1ng for sources of 
res1stance to beanf11es (Oph1omy1a spp ) and the bruch1d weev1l Zabrotes 
subfasc1atus From three seasons of screen1ng 1n Eth1op1a of over 1200 
germplasm access10ns from CIAT represent1ng the total range of vanat1on 1n 
the germplasm collect1on f¡ye l1nes were 1dent1f1ed as hav1ng excellent 

Tabla 5 Evaluation of International Oisease Nurseries from CIAT in Uganda from 1986 to 1989 

--- - - -- --- -- -
Nurseries Year Number of 11nes 

of 
01sease Vear location test Tested Resistant 

- -- - --- --- --- --- ---

Common bacterial bl1ght 1986 Kawanda 1988 99 51 8 

Common bacterial bl1ght 1987 Bukalasa 1988 100 64 
Halo bl ight 1987 Kachwekano 1988 96 60 
Ascochyta (phoma) blight (bush) 1989 Kachwekano 1989 13 0(13)b 
Ascochyta (phoma) bl1ght (el 1mb1n9) 1989 Kachwekano 1989 12 1 ( 12) 
Angular leaf spot 1988 Kawanda 1989 100 1 (56) 
Anthracnose 1988 Kalianda 1989 69 12 
Ruc;t 1988 Kawanda 1989 100 44 

- --- --
8 45 of these l1nes showed similar resistance 1n Eth1opia and Colombia 
b number of lines more resistant than the res1stant control in parentheses 
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seedl1ng surv1val under cond1t1ons of attack by beanfl1es S1nce then 
screen1ng of further 1ntroduction~has ident1f1ed add1t1onal sources of 
resistance which are be1ng d1stributed in the Seanfly Reconf1rmatory Nursery 

Among the different methods of bruch1d control CIAT has emphaslZed the 
search for and development of bean mater1als w1th res1stance to the1r attack 
After no adequate levels of res1stance were detected 1n more than e1ght 
thousand cultivated bean l1nes the search was extended to w1ld bean 
access1ons of Mex1can or1g1n among wh1ch were found mater1als w1th a h1gh 
level of res1stance to Z subfasc1atus Consequent work 1dent1f1ed the 
resistance factor to be a new prote1n which was called arcel1n and wh1ch has 
s1nce been 1ncorporated 1nto a range of breeding lines A tr1al in Uganda 1n 
1990 conf1rmed the res1stance against a local stra1n of Z subfasc1atus w1th 
the hoped 1nference that 1t w1ll be effect1ve aga1nst stra1ns 1n other Afr1can 
countnes 

Reg1onal Activlties 

Recognizing the constra1nts of l1m1ted manpower and resources 1n nat1onal 
programmes CIAT has prometed the format1on of a reg1onal research network 1n 
eastern Afr1ca Th1s provides an opportun1ty for JOlnt plann1ng by nat1onal 
programmes of research prionties and actw1t1es tra1n1ng and exchange of 
germplasm Th1s has led to the evolut1on of a number reg1onal sub-proJects 
(RSPs) that allow the d1V1Slon of respons1b1l1t1es among nat1onal programmes 
1n tackling problems of reg1onal 1mportance (Table 6) 

Table 6 Regional Sub-proJects of the Reg1onal Programme on Seans 1n Eastern 
Afnca 1990-91 

Reg1onal sub-proJeCt 

Rust 
Common bacterial blight 
Ascochyta (Phoma) blight 
Sean common mosa1c v1rus 
Seanfl1es 
sruch1ds 
Seed multiplicat1on 

Lead Country Cooperat1ng Countr1es 

Eth1opia 
Uganda 
Uganda 
Uganda 
Kenya 
Somal1a 
Eth1op1a 

Kenya Uganda Rwanda Maur1t1us 
Eth1op1a Rwanda 
Surund1 Rwanda 
Eth1op1a Kenya Sudan 
Eth1op1a Uganda 
Uganda 
A 11 countnes 

The seed multipl1cat1on RSP 1n Eth1opia together w1th 1nput from CIAT 
handles the mult1plicat1on of prom1s1ng breed1ng l1nes subm1tted by nat1onal 
breeders for 1nclus1on 1n an Eastern Afncan Zonal Sean Evaluation Nursery 
(EAZSEN) and Tnal (EAZSYT) w1th the fust of these to be d1stnbuted 1n 
1991 In 1990 the more mature RSPs on CSS ascochyta bl1ght and rust each 
d1str1buted regional nurseries compr1s1ng CIAT der1ved and local 
resistant/tolerant entries In addition the f1rst two RSPs 1n Uganda are 
providlng segregating populat1ons for local select1on from crosses requested 
by other nat1onal programmes Surveys conducted by the SCMV RSP has 1dent1f1ed 
the endemic stra1ns in Uganda and Ethiopia and w1ll ass1st 1n the development 
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of a BCMV regional nursery of res1stant lines Beanfly and bruchid RSPs have 
recently been 1n1t1ated to determ1ne spec1es distribut1on assess control 
methods and identify sources of resistance a regional beanfly nursery of 
resistant/tolerant l1nes has already been distr1buted 

Inter-Regional Activ1t1es 

A s1m1lar ranga of RSPs has developed 1n the other two CIAT regional 
programmes 1n the Great Lakes area and southern Africa and 1 1nkages vi a 
mon1tor1ng tours meet1ngs and workshops provide for inter-regional 
d1ssem1nat1on and d1scuss1on of research findings Germplasm exchange has 
progressed further w1th the f1rst and second African Bean Y1eld and Adaptat1on 
Nursenes (AFBYANs) compnsed of entr1es sol 1c1ted from al 1 nat1onal 
programmes already d1str1buted 1n Afr1ca In futura the promot1on of 
super1or l1nes from the three sets of reg1onal breeding trials to the AFBYAN 
w1ll prov1de a dynam1c system for the pan-Afrlcan d1str1bution of el1te 
breed1ng mater1al 

Although substant1al y1eld 1mprovements ovar ex1st1ng cult1vars have been 
made 1n many countr1es 1n Afr1ca using CIAT der1ved mater1al ways are be1ng 
exam1ned to allow more select1ve target1ng of genet1c matenal to d1fferent 
agro-ecozones 1n Afr1ca Sm1thson (1990) descr1bed the use of environmental 
parameters to const uct a s1m1lanty 1ndex to 1dent1fy s1m1lant1es between 
product10n areas 1n Afr1ca and test locations used by CIAT in Colombia to 
evaluate bean mater1als Th1s and a s1m1lar analys1s within Afr1ca 
complementad by data on genotyp1c behav1our from the AFBYANs should ass1st 1n 
evolv1ng more effect1ve strateg1es for the flow of better adaptad bean 
mater1al to and w1th1n Afr1ca 
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Experfences fn Dn-Fanu Research (OFR) w1th Bean Cult1vars 
1n Lafk1p1a D1str1ct of Kenya 

Isaac Mulagoli 

La1k1p1a Rural Deve1opment Programme Nanyukl Kenya 

Abstract 

On-farm tr1als of three bean cult1vars Rose Coco (local) and Kat 81 
and Kat MM for three seasons (second seasons of 1988 and 1989 and 
f1rst season of 1989) are descr1bed The tr1als were conducted around 
three stat1ons 1n La1k1p1a 01stnct wh1ch has a cool dry cllmate 
1n R1ft Va11ey Province of Kenya Farmer 1nvolvement was emphas1zed 
1n order to obtam a true readmg of performance on-farm Kat MM 
produced the best gra 1n y1e Id across seasons stat 1ons and overa 11 
Weather and management cond1t1ons were very variable and 1t was 
d1ff1cult to 1nterpret the var1at1on 1n y1elds across tr1als Further 
tests are necessary to conf1rm the su1tab1l1ty of the new lmes for 
cult1vat1on 1n the area 

Introduct1on 

Laikip1a 1s one of 13 d1stncts 1n the R1ft Valley Prov1nce of the 
Republ1c of Kenya It 1s s1tuated between long1tudes 36°1~ and 37°3 E and 
latitudes 0°17 and 0°45 N and covers an an area of 9 723 km w1th an alt1tude 
range of 1 800 to 2 600 masl slop1ng gently lower northwards The d1str1ct 
l1es on the leeward s1de of Mt Kenya form1ng the ar1d and sem1-ar1d h1ghlands 
of the west and north-west of the mounta1n 

Expenenc1ng a dry and cool cl1mate La1k1p1a forms part of the un1que 
dryland reg1on 1n the country w1th l1m1ted water sources for ra1nfed farm1ng 
In v1ew of the fragile phys 1ca 1 env1 ronment rea 11 st 1c deve lopment needs to 
address 1tself to opt1mal water storage 1n the so1l proper cult1vat1on 
methods crop select1on reclamat1on of swamps and poss1b1l1t1es of 1rr1gated 
farming (Anon 1989) Whereas the Nat10nal Oryland Farm1ng Research Center 
(NOFRC-Katumani) serves the hot and dry areas of the country a research 
center to cater for cold and dry areas has yet to be establ1shed and La1k1p1a 
could be 1deal considering 1ts contrast1ng physical characterist1cs 

The target area for the OFR is Matanya wh1ch 1s representat1ve of south 
western parts of the d1stnct It is situated about 20 km SW of Nanyuk1 
(capital of Laik1pia Oistr1ct) on lat1tude 00°03 12 S and long1tude 36°57 06 E 
at an altltude of 1 842 masl It is charactensed by dark clay so1ls w1th 
vertic properties (phaeozems) and slopes of 3 to 5% The average annual 
ra1nfall 1s 700 mm and bimodal allow1ng two grow1n9 seasons a year Farmers 
imm1grating mainly 1nto La1kipia from h1gher potent1al areas tend to be 
resource poor and lack knowledge of dry land farm1ng and become beset by 
numerous problems These 1nclude small farm size (2-4 acres) unrel 1able 
1nadequate and unevenly distr1buted ra1nfall low temperaturas (frequent 
frosts) l1ttle available capital and lack of recommended crops and 
appropriate accompanying cult1vat1on methods for the area 
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The farmers trad1t1onal crops/cult1vars and cult1vation methods are not 
eas1ly adapted to the cold and dry cond1t1ons The end result 1s recurrent 
crop fa1lure wh1ch calls for plant breeding and/or crop selection for cold 
and drought res1stance Irr1gat1on development as an opt1on dur1ng dry 
penods has not been stud1ed to determ1ne lts potent1al in the area and 
d1str1ct as a whole However papers presentad by var1ous authors in so1l and 
water conservat10n sem1nars 1mply that there are many water sources 1n the 
area but w1th poor recharge wh1ch does not favour 1rr1gated agr1culture 

The on-farm research on bean wh1ch 1s the subJect of d1scuss1on 1n th1s 
paper 1s essent1ally venf1cat1on of on-stat1on tr1als carned out on bean 
for three consecut1ve years (1986-1987) on an exper1mental plot 1n the target 
area Based on the results of these tr1als the cult1vars Kat B1 Kat MM and 
Rose Coco were recommended for OFR 1n wh1ch farmers actwely collaborate 1n 
the select10n of adapted and acceptable bean cultwars for the area An 
1nformal survey 1nd1cated that the maJar crops 1n the area are ma1Ze 1r1sh 
patato and bean all grown 1n assoc1at10n The OFR a1ms at 1ntroduc1ng new 
1mproved bean cultwars 1nto ex1st1ng farm1ng systems w1thout creating new 
problems for farmers 

On-farm ver1f1cat1on tr1als of bean cult1vars 1n Matanya have been 
conducted now for three consecut1ve seasons start1ng w1th the second season of 
1988 The second seasons of 1988 and 1989 were unusually wet throughout the 
grow1ng per10ds (Tables 1 and 2) so the results may not represent the cold 
and dry cond1 t 10ns of the area The f1 rst season of 1989 was wet dun ng the 
vegetat 1Ve phase of the bean crop (March-Apnl) but expenenced a dry spe 11 
from flower1ng to harvest (May-June) These unpred1ctable weather cond1t1ons 
compl1cate 1nterpretat 10n of results The data collected 1nclude ra1nfall 
amount temperatura phenolog1cal phase 1nc1dences of pest and d1seases and 
crop y1elds and durat1on (days from sow1ng to phys1olag1cal matur1ty) 

ObJect1ves of OFR 1n Matanya 

The obJect1ves of OFR 1n La1k1p1a are to 1nvolve farmers 1n the 
se lect 10n of adaptad bean cult 1Vars through ven ficat ion of the performance 
and acceptab1l1ty of Kat B1 and Kat MM under farmers c1rcumstances and f1eld 
management and recommend the prom1s1ng cultlVars for extens10n serv1ces 1n 
Matanya and other areas of s1m1lar agroecolog1cal cond1t1ons 

Methodology 

sow1n9 of the tr1als has al~ays been preceded by d1scuss1ons on 
product1on constra1nts and farmers pr1or1t1es followed by select1on of 
farmers for the tr1als The f1eld extens1on staff lay out the plots together 
w1th the farmers The farmers are then glVen seeds of the cult 1vars and 
adv1sed to sow at the same t1me and in the same way they sow the1r own bean 
crop Farmers themselves carry out all f1eld operat1ons from land clear1ng to 
harvest1ng Key operat1ons l1ke sow1ng and harvest1ng are w1tnessed by f1eld 
extens1on agents The extens1on agents undertake observat1ons and data 
collect1on 1nclud1ng tak1ng measurements l1ke we1ght and mo1sture content of 
gra1n 
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Table 1 Ten Oay Means of Rainfall and Temperatura at Three Stations in 
Matanya during the Second Season of 1988 

- -- -
1 Statfon 1 Stat1on 2 Station 3 

Temperatura Temperatura Temperatura 
Rain Rain Rain 

Max Mfn fall Max Mfn fall Max Mfn fall Month Dates imum imum Mean (nrn) fmum imum Mean (11111) 1mum imum Mean (mm) 

October 1 10 36 o 11 o 20 8 24 3 NR NR NR NR 29 o 10 o 19 7 o o 
11 20 31 5 9 2 21 o o o NR NR NR NR 32 o 6 o 19 1 3 1 
21 31 32 o 10 o 20 1 31 2 NR NR NR NR 30 o 7 o 18 2 80 5 

November 1 10 31 o 12 o 19 6 35 3 23 o 14 o 17 8 20 9 26 o 9 o 18 9 9 8 
11 20 31 o 10 o 19 o 18 1 21 o 13 o 16 o 14 5 28 o 9 o 17 9 5 o 
21 30 31 o 9 o 18 7 5 1 20 o 12 o 16 6 15 5 29 o 7 o 17 4 27 3 

Oecember 1 10 31 o 9 o 19 o 3 2 24 o 13 o 17 4 68 6 29 o 6 o 17 9 25 o 
11 20 32 o 9 o 19 7 41 7 20 o 11 o 16 3 83 1 28 o 6 o 19 o 73 3 
21 31 27 o 9 o 18 7 21 3 24 o 10 o 17 6 41 1 29 o 9 o 17 8 40 2 

January 1 10 29 o 9 o 18 3 o o 22 o 11 o 16 8 o o 29 o 7 o 18 9 1 3 
11 20 28 o 9 o 18 2 18 6 23 o 12 o 16 8 50 8 29 o 7 o 18 8 37 9 
21 31 39 o 8 5 17 5 o o 24 o 12 o 17 6 o o 30 o 6 o 18 8 o o 

February 1 10 31 5 8 5 19 3 20 3 23 o 12 o 17 3 51 9 31 o 6 o 18 7 35 4 
11 20 31 o 7 5 18 2 4 9 23 o 12 o 170 11 5 30 o 5 o 171 7 5 
21 29 29 o 7 o 18 2 1 5 25 o 10 o 16 8 o o 31 o 2 o 171 o o 

Mean/total 30 7 9 2 19 1 285 5 22 7 11 8 17 o 358 o 29 3 6 6 18 3 346 3 

NR not recordad Station 1 Edward Wang odu Statfon 2 Joyce Wanj ira Stat ion 3 Mases Wa1g a 

The tr1als are superv1sed by the LRDP Agronom1st and Agr1cultural 
Off1cer who also formulate the programme Superv1s1on 1nvolves gu1dance and 
encouragement of the f1eld extens1on agents and assessment of farmers 
react1ons and op1nions during execut1on and after harvest1ng The superv1sory 
team processes and analyzes the data and creates an atmosphere of d1scuss1on 
and conclus1ons before subsequent tr1als In th1s way OFR on beans has been 
a JOlnt ventura between agr1cultural staff and farmers 1n a partnersh1p 
atmosphere 

SeTect1on of Entr1es 

N1neteen bean cult1vars and l1n~s were evaluated 1n on-stat1on tr1als at 
an exper1mental plot 1n Matanya from 1985 for f1ve consecutlVe seasons 1n 
collaborat1on w1th the M1n1stry of Agr1culture (MoA) and NDFRC-Katumanl 
(Zublln 1988) The 19 entries 1ncluded 9 local cult1vars (Rose Coco Canad1an 
Wonder Mar1o Mw1teman1a NJ1kar1ath1 Mwez1 MoJa Brown/P1nk Black/Wh1te 
and New Local) and 10 l1nes from NDFRC (Kat 81 Kat MM Kat 89 Kat 82 PB6 
PB13 B2X ADTA B and C) 

Data collected 1ncluded phenolog1cal phases y1elds 1nc1dences of pests 
and diseases rainfall temperaturas and general field performance 

Basad on gra1n y1eld duration cold tolerance and res1stance to pests 
and diseases Kat 81 and Kat MM were recommended for ver1f1cat1on aga1nst the 
local cultlVar Rose Coco on-farm and Mwez1 MoJa NJ1kanathl and Kat 89 to 
undergo further observat1ons 1n the experimental plot 
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Tabla 2 Honthly Heans of Ra1nfa11 and Temperatura at Three Stat1ons in 
Hatanya in 1989 

Station 1 Stat ion 2 Stat ion 3 

Temperatura Temperatura Temperatura 
Rain Rain Rain 

Hax Hin fall Max Hin fall Hax Hin fall 
Honth 1mum imum Mean (mm) imum 1mum Mean (mm) imum imum Mean (mm) 

January 18 o 8 5 29 o 48 6 171 11 o 24 o 50 8 18 8 6 o 30 o 39 2 
February 18 6 1 o 31 5 26 1 170 10 o 25 o 63 4 17 6 2 o 31 o 42 9 
March 21 2 8 5 34 5 78 9 18 1 j 1 o 26 o 108 8 19 5 4 o 34 o o o 
Apr11 NR NR NR 13 5 118 12 o 32 o 113 8 19 6 8 o 32 o 26 3 
Hay 26 6 11 o 31 o 30 1 11 8 13 o 24 o 20 1 19 3 10 o 32 o 89 1 
June 20 3 9 o 31 o 8 9 17 8 11 o 24 o o o 19 5 8 o 31 o o o 
July 16 9 10 o 31 o 116 1 NR NR NR NR 18 8 8 o 31 o 19 4 
August 20 1 25 o 13 o 31 3 18 5 10 o 31 o 38 o 18 9 9 o 32 o 45 4 
September 20 6 24 5 15 5 34 6 19 6 10 o 30 o 46 2 19 1 9 o 30 o 54 8 
October 20 4 25 5 14 o 110 4 20 4 10 o 30 o 81 9 20 o 13 o 30 o 82 5 
November 20 4 11 o 31 o 104 3 19 6 10 o 29 o 341 3 18 6 12 o 25 o 205 5 
December 19 5 8 o 32 o 102 1 20 o 8 o 320 108 3 19 5 10 o 29 o 58 9 

Mean/total 16 2 12 3 24 5 172 1 17 o 9 1 25 6 973 1 19 1 8 3 30 6 724 6 

NR not recordad 

Select1on of Farmers 

Select1on of farmers was undertaken 1n August-September 1988 by LRDP 1n 
collaborat1on w1th La1k1p1a Research Programme (LRP) An informal survey was 
conducted by the superv1sory team together w1th field extens1on agents w1th 
the help of a s1mple quest1onna1re 1n wh1ch 130 farmers were identified for 
OFR The cr1ter1a to select a target of 20 farmers included low to med1um 
wealth total farm s1ze 2-4 acres not more than 8 livestock un1ts (LU) (1 LU 

1 cow - 5 sheep or goats) at least 6 years of cultwation at least 2 
persons work1ng on the farm at least O 5 acres under cult1vated crops 
1nterest 1n OFR and luv1c verte phaeozems- P3-P4 so11 classificat1on 

Twenty e1ght farmers were f1nally selected A meet1ng of the selected 
farmers was convened and chaned by the area ch1ef Here the farmers were 
1nformed of the1r roles and the purpose of the trials The sama farmers have 
been reta1ned throughout except e1ght who were dropped due to var1ous reasons 
such as farm 1nsecur1ty ident1fied dur1ng implementation Of the remaining 
20 half have been cons1dered for OFR on mulch1ng as a water conservat1on 
method leav1ng 10 farmers for the cult1var trials 

Plann1ng and Experimental Des1gn 

Poss1ble ways of 1ncorporat1ng the OFR tr1als in farmers f1elds w1thout 
1nconvemence and the plan and des1gn of the expenments were agreed at, a 
meet1ng chaired by the 01str1ct Agr1cultural Officer and attended by the LRDP 
Agronom1st the D1v1s1onal Agr1cu1tural Extens1on and District Crop 
Development Off1cers and an LRDP Agr1cultural Off1cer (secretary) 

The exper1mental des1gn was a s1ngle repl1cate of the three cultivars on 
each farm with a plot s1ze of 5 x 6 m A detailed 1nstruct1on sheet 
accompamed by data collect1on sheets was preparad and given to the f1eld 
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extens ion agents Th1 s des 1gn was u sed for the 2nd season of 1988 and 1st 
season of 1gs9 The part1cipants of an OFR seminar held in Nanyuk1 in May 
1989 v1s1ted the tr1als and held d1scuss1ons 1nclud1ng exper1mental des1gns 
A follow-up of the sem1nar d1scuss1ons by the MoA LRDP and NDFRC-Katumani 
led 1n the 2nd season of 1989 to the adopt1on of two repl1cates per farm 
separated by a 1 m alley and sow1ng the bean 1n 6 alternate rows w1th ma1ze 
45 cm apart and 5 m long 

F1eld Operat1ons 

Extens1on agents la1d out the plots 1n conJunctlon w1th farmers All 
fields operations were carried out by farmers accord1ng to the1r trad1tional 
pract1ces rul1ng out extens1on 1nput Th1s was a del1berate move to asses 
how the cult1vars would perform under farmers c1rcumstances and f1eld 
management Observat1on and data collect10n were by extens10n agents under 
the superv1s1on of the LRDP Agronomist and Agr1cultural Off1cer Thus 
1mplementat1on was a JOlnt ventura between off1cers and farmers themselves 1n 
partnersh1p 

Land preparat1on was by hand us1ng var1ous 1mplements 1nclud1ng hoes 
pla1n Jembes pangas and fork Jembes 

Sow1ng observad by f1eld staff was also by hand - d1bbl1ng 2-3 seeds 
per h1ll S1nce both farmers and f1eld staff are new to the area wh1ch 1s 
sem1-arid w1th errat1c ra1nfall 1t was d1ff1cult to establ1sh sow1ng dates 
Farmers sow malle any t1me they recewe ra1n Sean was sown befare the t1me 
set by MoA and unl1ke ma1ze 1s grown tw1ce each year 

Spac1ng variad depend1ng on the farmers cropp1ng pattern/plant 
arrangement and var1ed from 25 x 25 cm to 40 x 60 cm 1n the f1rst two seasons 
adJUSted to 90 x 15 cm 1n the th1rd season in assoc1at1on w1th ma1ze 

Nelther manure nor 1norgamc fert1l1zers were appl1ed Manure 1s 
ava1lable but not usad and the purchase of inorgan1c fert1l1zers 1s too r1sky 
consider1ng the h1gh frequency of crop fa1lure Ne1ther were pest1c1des 
appl1ed 

The tr1als were weeded by hand us1ng ma1nly pangas by both fam1ly and 
hired labour depending on the ab1lity of the farmer Each tnal was weeded 
twice on average but the t1m1ng d1ffered from farm to farm sorne be1ng weeded 
befare flowering others dur1ng flower1ng and yet others (for a second time) 
after flowering 

Harvesting was handled by extens1on agents and farmers together Mature 
plants were uprooted by hand The pods were p1cked and seeds removed The 
gra1ns were we1ghed on the spot and mo1sture content determ1ned 1mmed1ately 
The ent1re produce was left with the farmer 

Results and Analys1s 

The main parameters and elements cons1dered 1n the analys1s of results 
included gra1n yield (kg/ha) growth durat1on (days from sow1ng to 
physiological maturity) plant population ra1nfall temperatura and mo1sture 
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content To a le55 extent weed control cropp1ng pattern5 fanmer5 reaction5 
and op1n1ons were also cons1dered 

The OFTs were carr1ed out under fanmers c1rcumstances 1nvolv1ng at least 
20 smallholders There was no managena1 recommendat10n for the tr1a1s 
extended to the farmers However numerous factors 1nclud1ng var1at1ons 1n 
cropp1ng patterns plant popu1at1on and fle1d management 1n general 
Tnf1uenced the performance of tr1a1s result1ng 1n a Wlde range of y1elds Th1s 
var1at1on was not unexpected g1ven that 1t was the f1rst exper1ence for those 
1nvolved 1n the plannTng and execut1on of the OFR and farmers themselves were 
new 1n the area and from very d1fferent farm1ng backgrounds 

The very w1de range of y1elds compl1cated stat1st1cal analys1s of the 
data beca use of the absence of e 1 ear 1 y def 1 ned re 1 at 1 onsh 1 ps between 
env1ronmental varTab1es and management pract1ces w1th f1nal gra1n y1e1ds The 
gra1n y1elds of the three bean cultwars were comparable but may not be 
repeatable due to the vary1ng weather cond1t1ons exper1enced dur1ng the three 
season5 under rev1ew Also the f1nal cho1ce for recommendat1on w1ll depend on 

he farmers assessment 

W1th these re5tr1ct1on5 the follow1ng conclu510n5 can be drawn 

Kat MM produced better average gra1n y1elds than Rose Coco and Kat 81 
overa 11 and across stat 10ns and seasons ( F1 gure 1) though the marg1 ns 
were 5mall and there was much var1at1on among Tnd1v1dual fanms 

The gra1n y1elds of Kat 81 were less than those of Rose Coco and Kat MM 
1n the wetter second seasons of both years when 1t was much affected by 
leaf bllght5 

3 In contrast Rose Coco produced poorer relat1ve y1elds 1n the dr1er f1rst 
season 

4 Kat MM and Kat 81 (90 days) matured earl1er than Rose Coco (100 days) 

5 Gra1n y1elds were affected greatly by 1nd1vidual fanmer management each 
farmer form1ng h1s own product1on cla~s 

6 It 15 not po5slble to draw f1rm conclJ510ns regard1ng the re1at1ve y1elds 
of the three entr1es from the results of only three contrast1ng seasons 
w1th very var1able management pract1ces 

7 Nevertheless Kat MM has produced cons1stent1y better yle1ds than Rose 
Coco and Kat 81 and 1s less affected by pests and d1seases 

8 8ean gra1n y1elds 1n assoc1at1on w1th ma1ze were poorer 1n the second 
sea5on of 1989 than 1n the 2nd season of 1988 (sole bean) although 
ra1nfalls were s1m1lar The ma1ze had not been harvested when these 
re5ults were summar1zed but generally 1n ma1ze bean assoc1ations ma1ze 
y1elds are the same as those of a sole ma1ze crop wh1le the bean y1elds 
are reduced by up to 50% Th1s g1ves an LER of at least 1 5 so 
a5soc1ated cropp1ng 15 much preferable 
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Soc1o-Economic Assessment 

A soc1o-econom1c survey of farm1ng systems has been cont1nuously 1n 
progress Initially 1nvolving the f1rst 130 farmers 1t then focused on the 20 
who are act1ve collaborators 1n the OFR The survey is both informal and 1n a 
quest10nna1re form by f1eld extens1on agents anda superv1Sory team The 
survey a1ms at understand1ng farmers socio-economic env1ronments as it 
1nfluences the1r farm1ng systems Th1s w1ll hopefully identify bottlenecks 
1n their ex1st1ng product10n systems and thus help 1n the formulat1on of 
research pr1or1t1es 1n the area 

Informat1on on the maJor farm enterpr1ses wealth/income levels soc1al 
status taste preference farm management mar1tal life fam1ly s1ze 
market1ng of produce cred1t fac1l1t1es and household economy 1n general was 
collected for further scrut1ny and analys1s Although th1s 1nformat1on has 
yet to be processed and analysed our frequent 1nteract1ons w1th farmers have 
revealed facts that are worthy of cons1derat1on 1n any extension 
recommendat1on 

1 Due to frequent crop failures the maJonty of farmers do not rely on 
farm output Hence one of more fam1ly members especially men are 
involved in wage employment 1n Nanyuk1 Nyeri Thika or Na1rob1 

2 The maJority of the farmers are poor and unable to purchase farm 1nputs 
l1ke fert1lizers pesticidas and seeds 

3 The uncertain weather makes investment in farm 1nputs more risky 

4 Cred i t fa e 1 1 1 ti es are non-ex 1 stent e ven though the h 1 gh r 1Sk in 
default1ng 1n loan repayment due to unpred1ctable production is foreseen 
with ava1lable cred1t 

5 Bean plays a major role 1n meet1ng the food requ1rements of small scale 
farmers in Matanya The beans are generally consumad at home in the form 
of g1then (maize and beans boiled together) or 1no (beans mashed w1th 
ma1ze 1r1sh potatoes and green vegetables) Ino 1s a K1kuyu 
trad1t1onal dish rarely absent from homes where tr1als were conducted 

6 

7 

All farmers prefer Rose Coco although they concede that 
produces sorne crop even during bad seasons However 
Mwitemania and buy Rose Coco for their home consumption 
market pnce of all bean cult ivars 1s the sama although 
pr1ce of Rosecoco is most 

Mwiteman1a 
they sell 
The local 

the gazetted 

Field management 1s ma1nly by women 
farms were managed by women 3 farms 
were managed by both women and men 

For example, out of 28 farms 14 
were managecl by men and 11 farms 

8 Mixed cropp1ng of ma1ze bean and Ir1sh patato 1s common pract1ce There 
1s no relat1onship between the time of sow1ng of maize bean and patato 
Maize 1s sown always with the f1rst ra1ns whereas bean and patato are 
cropped twice each year usually from the onset of the ra1ns 
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Recommendat1ons/Conclus1ons 

1 There 1s need to consider and examine factors m the fanning systems 
which 1nfluence the water balance under different management levels 

2 Time 1s not r1pe to recommend any var1ety for extension serv1ces because 
yield stab1lity and susta1nab1lity have not been established 

3 The OFR tr1als on beans should be repeated 1n the area but also extended 
to at least f1ve other areas of similar agroecological condit1ons The 
target for each recommendation doma1n should be at least ten fanners 

4 Development of manpower is mandatory with need for a full t1me agronomist 
supported by f1eld extens1on agents well- trained to handle OFR 
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SUMMARY OF DISCUSSIONS 

Teshome Guma 

Bean l1nes w1th brown-speckled and medlum-coloured seeds tend to be 
relat1vely better y1eld1ng than those w1th wh1te seeds 1n poor y1eld1ng 
env1 ronments (for example where ra1nfall 1s low) g1v1ng regress10ns less 
then un1ty 

Hale-Kay1wa and Husaana 

It was noted that l1ne G 13671 vaned 1n y1eld depend1ng on locat1ons 
Black root drast1cally reduces y1elds of wh1te-seeded types 

Farmers prefer 1 arge seeded types a 1 though they tend to produce poorer 
y1elds than cult1vars w1th small seeds Uganda sc1ent1sts 1nd1cated that few 
bean cult1vars w1th large seeds have been released to farmers The presentar 
suggested that cl1mbers may be evaluated although lack of ava1lab1l1ty of 
stakes for support may pose a problem 

Locat10n-spec1f1c evaluat10n was generally accepted over general 
stab1l1ty 1n performance over locat1ons 

W1dely adaptad mater1als are st1ll be1ng released 1n Uganda because such 
cult1vars perform well 1n low 1nput subs1stence agr1cultural systems K 20 1s 
still be1ng recommended for mult1pl1cat1on by seed compan1es 1n Uganda 
although 1t 1s poor y1eld1ng because farmers st1ll grow 1t It w1ll be 
w1thdrawn later when a better large-seeded type 1s 1dent1f1ed 

On the other hand breed1ng 1n Kenya 1s for spec1f1c env1ronments due to 
w1de var1at1on 1n cl1mat1c cond1t1ons 

Or Cardona expressed h1s feel1ng that stab1l1ty analys1s 1s not a very 
useful tool for select1on 

Hohamed and Sal1h 

In Sudan 
about 20 mm/1 

K1man1 et a 1 

the level of sod1c1ty 1n so1ls where beans are grown 1s EC of 
An EC of 4 mm/1 1s cons1dered low 

The crop losses that JUSt 1 fy 1 mt 1 at 1 ng res1 stance breed1ng programmes 
are area-dependent but 40% loss JUSt1f1es res1stance breed1ng in any 
s1tuat1on If resources and manpower are available 1t can be 1n1t1ated at 
less than 40% 

On a po1nt of clar1f1cat1on 1noculat1ons were carr1ed out 1n the 
greenhouse from F1 through F3 and natural f1eld 1nfestations used 1n 
subsequent generat1ons Select1on was pract1sed as early as F3 when infer1or 
crosses are el1m1nated 
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It was noted that breeders at t1mes reJect l1nes that farmers prefer due 
to their suscept1b1l1ty to d1seases It was agreed that released suscept1ble 
mater1als should not be d1scarded as y1elds may be 1ncreased by el1m1nat1ng 
d1seases 

Breed1ng in Kenya 1s for spec1f1c env1ronments due to w1de var1at1on 1n 
cl1mat1c cond1t1ons and d1seases S1gn1f1cant genotype x locat1on and genotype 
x year 1nteract1ons 1nd1cate lack of stab1l1ty wh1ch may be 1mproved by 
breed1ng for res1stance to part1cular env1ronmental stresses and d1sease 

Mu1ga1 

The quest1on of the populat1on dens1t1es used 1n the 1ntercropp1ng 
stud1es was ra1sed In both pure and m1xed crop systems they were the 
respect1ve standard recommended populat1on dens1t1es 

Sean matured earl1er and branched and podded more profusely 1n 
assoc1at 10n wlth malZe than 1n pure stand Env1 ronment 1s thought to be the 
factor respons1ble for these d1fferences It was noted that dur1ng the study 
plant1ng dates were the same for both systems approx1mat1ng to those 
pract1sed by farmers 

Another po1nt 1s the bean mater1als developed under both mono and m1xed 
cropp1ng systems were exam1ned The matunty of bean 1n pure stand and 
assoc1at1on w1th ma1ze d1d not d1ffer Sl9nlflcantly 

Lack of 1mpact of h1gh y1eld1ng var1et1es was sa1d to be assoc1ated w1th 
poor adopt 1on of new recommendat 10ns and cosmet 1c nature of expenmenta 1 
plots 

Kornegay 

BCMV d1fferent1als are ma1nta1ned 1n CIAT by Or Franc1sco Morales to 
ensure v1rus pur1ty 

Seed transm1ss1on w1th1n and between I gene plants has been reportad 

Mater1als res1stant to Macrophomma sp are ava1lable at CIAT but more 
work 1s needed In th1s and other work the large seeded var1et1es l1ked by 
farmers should be cons1dered 

Mulagoll 

One of the problems assoc1ated w1th OFR 1s lack of knowledge of research 
methodology 

227 



\~~ 
~{) SESSION V CROP PROTECTION 

EpuJenno1ogy Control and Economfc Importance 
of Bean Rust (Uromyces aopandfcu1atus) 1n Haurftfus 

S Saumtally and L J e Autrey 

Naurftfus Sugar Industry Research Instftute 
Redu1t Naurft1us 

Abstract 

The 1nc1dence of bean rust (Uromyces append1culatus) was monftored in 
monthly plant1ngs from Narch to December 1986 us1ng the hlghly 
susceptible vanety Long Tom The d1sease was found to be more 
severe dur1ng the w1nter months w1th a peak of 25% 1n July It was 
pract1cally absent m summer Seven fung1c1des were evaluated at two 
dosages for the control of the d1sease Infect1on was reduced by all 
treatments However none of them s1gn7f1cant ly mcreased y1eld 
except b1tertanol (Baycor 300 EC) at 400 and 800 mi/ha The results 
also md1cated that follar mfect1on exceedmg 5% has a deleterfous 
effect on y1e Id In f¡e Id tna ls to eva luate react 1on to rust 32 
entr1es were rated res1stant 14 susceptible and 21 h1ghly 
susceptible Integrated control of the d1sease usfng chemfcal 
tteatment res1stant cult1vars and cultural pract1ces 1s d1scussed 

Introduct1on 

Bean rust caused by Uromyces append1culatus was first reported in 
Maur1tius in 1937 (Or1eux and Felix 1968) and is considerad one of the most 
important fungal d1seases affecting common bean throughout the 1sland 
Env1ronmental cond1t1ons that favour infection are h1gh relative humidity and 
moderate temperaturas (between 17 and 27 °C) (Schein 1961a Vargas 1980) 
cond1t1ons which preva1l over several months locally The disease mduces 
severe losses espec1ally when infection takes place befare flowering (Vargas 
1980) When no protective sprays are applied losses ranging from 25 to 100' 
ha ve been reportad ( Zaumeyer and Thomas 195 7 Sta ve 1 y et a 1 1983) In 
Maunt1us the two most w1dely grown cultivars of red k1dney bean Long Tom 
and Local Red are highly and very highly susceptible to the disease (Anon 
1987) Symptoms on these varieties can be very severa such as upward rolling 
of leaves due to m01sture stress necrosis and defoliation Pustules occur 
ma1nly on the lower surface of the leaf w1th a distinct yellow halo on the 
upper surface Infection has not been observad on pods and stems On account 
of the severe levels of 1nfect1on observad 1n sorne locat1ons at certain 
penods of the year stud1es have been carried out recently in Mauritius on 
the ep1dem1ology of the bean rust fungus and its control by fungic1des 
res1stant cult1vars and cultural pract1ces 
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Materials and Methods 

Ep7detn7o1ogy 

Plots of four rows of 10 m of the cultiVar Long Tom were establ1shed 
monthly from March to December 1986 at Bass1n situated in the west of the 
island Routine insecticida! appl1cat1ons of Tamaron at 625 ml/ha were 
applied to control leaf minar L 1nomyza tnfoln and pod borers D1seases 
were rated fortnightly at 4 6 8 and 10 weeks after planting correspond1ng to 
pre-flowering flowering pod format1on and pod set stages of the crop cycle 
Rust 1nfect1on was estimated us1ng the mod1f1ed Cobb scale as g1ven by Galvez 
(1975) 

Eva1uat7on of Fung1c1des 

A tr1al was conducted at Med1ne 1n western Maurit1us in May 1985 Plots 
of eight rows 7 m long of Long Tom were sown in a randomized block des1gn of 
15 treatments with four repl icates An untreated control was comparad with 
seven fungicides each at two doses Baycor 300 EC (bitertanol) at O 4 and 
O 8 1/ha Bravo 500 (daconil) Ca 1 ix in M (tndemorph 11ll and maneb 38ll) 
Ron1lan 50 (v1nclozol ine) and Rovral 500 ( iprodione) at 1 O and 2 O 1/ha 
Bayleton 250 (triadimefon) at O 5 and 1 O kg/ha and Dithane M45 (mancozeb) 
at 1 O and 2 O kg/ha Four appl1cat1ons were carried out at ten day intervals 
w1th knapsack sprayers start1ng ene month after plantlng Control of insects 
and d1sease rat1ngs were as descr1bed above At harvest pods in the middle 
rows of each plot were shelled dr1ed to constant weight at 98 °C and we1ghed 

Host Plant Res1stance 

The rust react1ons of 67 bean cultJVars and l1nes were evaluated 1n a 
f1eld tr1al in July 1987 at Redu1t in the centre of the 1sland The entr1es 
wcluded 24 navy beans and 40 1 ines w1th coloured and 3 with wh1te testas 
They were grown in single rows 10 m long adjacent to spreader rows of the 
highly susceptible cultivar Local Red CultlVars Long Tom Local Red and 
Teebus were included as controls F1nal disease react1ons were rated 8 to 10 
weeks after plant1ng as descr1bed above Entr1es showing O 5ll rust were rated 
as res1stant while those w1th 6-10% 1nfect1on were class1f1ed as susceptible 
Infect1on 1n excess of 11% was cons1dered h1ghly susceptible 

Results 

Ep1dem1o1ogy 

Monitoring of rust 1n monthly plant1ngs revealed that the disease was 
practically absent during the summer months from March to April and October to 
December when temperaturas are high and evapotranspiration is rapid (Figure 
1) However as the weather became cooler rust incidence rose sharply and 
became very 1mportant in June July and August sow1ngs A peak of 25ll 
1nfect10n was reached 1n the July sowing There was little rust in the 
September sow1ng Th1s study showed that peak 1nfect1on 1s l1mited toa well­
defined period dur1ng the year 
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F1gure 1 Oevelopment of rust 1n bean 
sown monthly 1n 1986 at Bassm 
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Evaluat1on of Fung1c1des 

A h1gh rust inc1dence of 36% was observad in plots that were not treated 
with fung1cides (Table 1) Rust infection started one month after planting 
and rose rapidly to reach a peak after two months Infect1on was reduced by 
all treatments Baycor was the best fungicide for controlling rust at both o 4 
and O 8 1/ha With this chemical the d1sease rema1ned at only 1% and largar 
yields were obta1ned There was l1ttle rust at the highest doses of Bayleton 
(6%) and Bravo (7%) but y1elds were s1gmficantly less than those obtained 
w1th Baycor Also rust was more severa at the lower dosages of these 
fung1cides Calix1n M Ron1lan Rovral and D1thane M45 were the least 
effectwe fung1cides although infection was reduced by them to sorne extent 
(Figure 2) The poor y1elds from the use of Calix1n M and Dithane M45 were 
attributed to field variability and not to phytotox1c1ty 

Tabla 1 Eff1cacy of Foliar Sprays of Funglcides Applied at 10-day Intervals 
against Bean Rust 

Fung1c1de 
(and act1ve 1ngred1ent) 

Baycor 300 EC (bltertanol) 

Bravo 500 F (daconll) 

Cal1x1n M WP (trldemorph 11:1; 
+ maneb 38:1;) 

Ron1lan 50 F (v1nclozol1ne) 

Rovral 500 F (1prod1one) 

Bayleton 250 WP (tr1ad1mefon) 

01thane M45 80:~; WP (mancozeb) 

Untreated 

Rate Percentage 
(kg or 1/ha) 1nfect1ona 

o 4 1 
o 8 o 

1 12 
2 6 
1 1 7 
2 12 
1 25 
2 14 
1 20 
2 14 

o 5 17 
1 7 
1 18 
2 10 

36 

Y1eldb 
( t/ha) 

o 98a 
1 Ola 
o 54 e 
o 67c 
o 38d 
o 54 e 
o 41c 
o 48c 
o 42c 
o 54 e 
o 58 e 
o 71bc 
o 39d 
o 58 e 

o 47c 

a 58 days after plant1ng b means followed by same letter do 
not d1ffer s1gn1f1cantly at P = O 05 

Host Plant Res1stance 

The inclusion of spreader rows 1n the assessment of cult1var react1ons to 
rust was desirable so as to provide uniform1ty of inoculum The level of rust 
in the trial was high and the spreader rows were rapidly defol1ated The 67 
entr1es showed a range of reactions (Table 2) Thirty-two entr1es were rated 
resistant 14 susceptible and 21 h1ghly susceptible W1th the exception of 
BAT 1453 and WAF 8 which were susceptible all 22 navy bean entries were 
resistant to rust In contrast only 10 of the entries with coloured testas 
were resistant the others being either susceptible or hlghly susceptible 
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Table 2 React1ons of 67 Bean Cult1vars and L1nes to Rust 

-----------------------------------------------------------------
Res1stant (32) Suscept1ble (14) 

H1ghly susc­
eptlble (21) 

-----------------------------------------------------------------
Navy (22) Coloured ( 10) Navy (2) Coloured (19) 

Actolac BAT 1230 BAT 1453 Bonus 
Aurora BAT 1296 WAF 8 Charlevo1x 
BAT 1712 BAT 1297 Cocorub1co 
BAT 1713 Llnea 23 Coloured ( 11) Local Red 
BAT 1714 MCD 254 Long Tom 
BAT 1715 MCD 257 Bonus Red MCD 253 
BAT 1717 Olathe Isabel la MCD 256 
Buns1 PV 702 PV 791 Montcalm 
e 20 PVA 1048 PVA 1063 PV 359 
EMP 112 V 1299 PVA 1076 PVA 1067 
Ex R1co 23 PVA 1082 PVA 1095 
Fleetwood PVA 1115 PVA 1097 
Kambert PVA 1117 PVA 1111 
Kerman PVA 1407 PVA 1145 
Llne 451 PVA 1453 PVA 1151 
PAN 7 V 5003 PVA 1408 
PAN 8 PVA 1435 
PAN 22 Wh1te (1) Rufus 
RIZ 10 V 6003 
Seafearer Pharlap 
Teebus Wh1te (2) 
XAN 134 

A 501 
Stella Blanca 

Oiscuss1on 

Epidemiological studies were carr1ed out at only one location 1n arder to 
study the evolution of rust during th~ period of commercial bean cult1vation 
It is known that continuous leaf wetness for 10 to 15 hours and moderate 
temperaturas favour infection by u append1culatus (Hart and Saettler 1981) 
wh1le temperaturas greater than 32°C may ki 11 the fungus (Schein 1961b) 
In Mauritius conditions conducive to 1nfect1on prevail 1n w1nter and this is 
demonstrated by the high rust incidence recordad during these months In 
contrast during summer rust incidence was low as a result of temperaturas 
approaching 30°C dur1ng the day and short periods of leaf wetness because of 
rapid evaporation Under these conditions the fungus is inhib1ted and 
disease levels remain low (Vargas 1980) The susceptibility of the fungus to 
such environmental regimes suggests that the disease may be evaded by careful 
planning of planting schedules However such cultural practicas may not be 
possible m Mauritius since the summer months coincide with the cyclonic 
penad The epidemiology of the fungus also indicates that due to heavy 
infection f1elds of susceptible cultlVars during winter should be treated 
with a fungicide as unsprayed ones w1ll suffer reduction 1n yield 
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Application of fung1cides may be very effective in controlling rust This 
is part1cularly 1mportant if infect1on occurs JUSt before flower1ng as this 1s 
known to reduce y1elds severely (Vargas 1980) Among the fungicides testad 
Baycor kept the d1sease at a very low level Being a contact fungic1de the 
rust pustules shr1velled in contrast to the other chemicals where only pustule 
numbers were reduced Plants wlth 10-40 rust pustules per leaf can benefit 
from a spray1ng programme (Hart and Saettler 1981) However 1f there are 
more than 40 pustules per leaf (about 6% on the Cobb scale) throughout a wide 
area of the f1eld chem1cals may not s1gnificantly 1ncrease y1eld The 
results reportad here are 1n agreement w1th these data s1nce only Baycor 
wh1ch kept 1nfect1on below that threshold increased y1eld sign1f1cantly ovar 
untreated plots Though fung1c1des such as Bravo and Bayleton were effect1ve 
at h1gher dosages the 1ncrease 1n y1eld was not as great as that w1th Baycor 
However one drawback of Baycor 1s 1ts long res1dual effect of 28 days 1n bean 
and there 1s a need for a fung1c1de w1th equal efficacy but with a much 
shorter res1dual effect to allow harvest sooner after spraying as is needed 
for French bean 

The control of rust by host plant resistance may be effective in reduc1ng 
losses espec1ally when cultural practicas cannot be applied and fungicide 
treatments are not econom1cally feas1ble Several l1nes have been observad to 
be res1stant to the d1sease part1cularly navy bean types However great 
caut1on must be exerc1sed s1nce bean cultivars vary 1n the1r react1on to U 
appendicu latus due to pathogemc vari ab1l i ty of the fungus (Stavel y 1984& 
1984b) Commerc1al cult1vars possess res1stance to one or more reces but none 
is known to be res1stant to all reces (Zaumeyer and Meiners 1975) It is 
therefore 1mportant to determme the races that are prevalent 1n specif1c 
locat1ons and evaluate the react1ons of cult1vars to them In the long term 
hor1zontal res1stance 1s the best approach to rust control prov1ded it can be 
found 1n better y1eld1ng backgrounds than currently grown commercial 
cult1vars Pend1ng advent of such genotypes d1sease escape practicas w1th or 
w1thout fung1c1de treatment are the most interest1ng venturas for bean 
producers to reduce 1mpact of rust on y1eld 
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IdentfffcatJon of COtnponents of the Bacterta1 81fght 
tanp1ex of Bean in Naurtttus Thefr Re1attve 

Importance and Heasures Adopted for Thefr Control 

L J e Autrey and s Saumtally 

Naur1t1us Sugar Industry Research Institute 
Redu1t Nauritius 

Abstract 

Two bactenal organisms causing fuscous blight (Xanthomonas 
campestr1s pv phaseol1 var fuscans) and bacteria1 brown spot 
(Pseudomonas syr1ngae pv syr1ngae) have been recently ident1f1ed 1n 
add1t1on to halo bl1ght (!! ___ synngae pv phaseo17co1a) and common 
bl1ght (25_ campestns pv phaseol¡) wh1ch were known to occur 
prev10usly Ident1f7cat1on was based on symptoms b1ochem1cal and 
phys 10 log1ca 1 tests sera log1ca 1 methods and phage typing Common 
bl1ght was most frequently encountered whlle brown spot was of rare 
occurrence Cl1mat1c cond1tions were found to mfluence d1sease 
1nc1dence w1th common bl1ght be1ng favoured 1n hot dry areas and halo 
bl1ght m cool wet local1ties Seed transmiss¡on of the four 
orgamsms was found to be of ma;or 1mportance m disease ep1dem1cs 
espec1ally common and halo bllghts Wounds by the leaf mwer 
L1nomyza tnfoln were found to mcrease d1sease spread especia11y 
of common bl1ght Foliar sprays of copper oxychloride and 
streptomycin seed treatment reduced the 1nc7dence of halo blight but 
not of common b l1ght Out of 56 entnes eva luated in the fie Id by 
the exposure method for the1r res1stance to common blight 17 were 
res1stant 19 moderately res1stant 8 sl1ghtly susceptible 7 
susceptible and 5 h1ghly susceptible Evaluat1on of 21 entries for 
res1stance to fuscous bl7ght by d1rect moculation revealed that 1 
was moderately res1stant 3 slightly susceptible 10 susceptible and 
7 hlghly susceptible Navy bean was in general more resistant to 
bacter1a1 bl1ght than red k1dney bean Common bl7ght was found to be 
the most 1mportant component of the bacteria/ blight complex and the 
need for res1stant cult1vars and d1sease free seed 1s emphas1zed 

Introduction 

Wlthin the framework of the diversification progranrne which has been 
1mplemented on sugar cana lands in Mauntius s1nce the early 1970s various 
crops includ1ng potato maize groundnut and tomato have been successfully 
grown on a larga scale Cultivation is mostly 1n sugar cana 1nterrows and to 
a lesser extent between two crops W1th a view to attaining self sufficiency 
in food production other crops were looked into that could fit within the 
restrict1ons of the programme especially completion of the growth cycle 
within four months to enable interrow cultivation Bean Phaseo1us vu1garis 
was 1dentif1ed as one of them Although this crop had been grown for a long 
t1me ovar the island as a vegetable mainly the cultivar Long Tom intensiva 
cultivat1on was nevar practised on sugar cana lands Mention should be made 
however of the production of French bean from November to March on a limitad 
scale by soma sugar estates since the mid 1970s for export to Europa In 
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1984, research on bean was initiated at the Mauritius Sugar Industry Research 
Institute (MSIRI) on aspects such as avaluation of agronomic potential 
cropping systams and biological constraints lika disaasas pasts and waad 
control 

Disaasas of bean hava long bean recordad in Mauritius tha first being 
powdary mildaw (Erisypha oolygon1) which was observad in 1915 Oriaux and 
Falix (1968) listad soma 14 disaasas of which halo blight (Pseudomonas 
syringae pv phasaolicola) and bactarial wilt (f_ solanacearum) wara of 
bactarial origin Common blight (Xanthomonas campastris pv phasaoli) was 
found in 1981 (Banimadhu et al 1984) A comprehansiva rasaarch programme on 
disaase idantification apidamiology yiald loss assassment control and clean 
saad production was initiatad in 1984 at tha MSIRI Part of tha rasults 
obtainad on the four organisms constituting tha bactar1al blight complax will 
be reportad in th1s papar 

Mater1als and Mathods 

Ffe Id Surveys 

Survays wara carriad out in experimental plots var1aty trials and saad 
and commerc1al fialds of red k1dnay navy and French baan to monitor incidenca 
of bactar1al disaases from 1984 Obsarvations wara made of the various 
syndromas prasant and thair devalopmant dur1ng crop cycles at various 
locations and specimens were brought to the laboratory for furthar 
identification 

Isolat1on and Identff1catfon of Bacter1a 

Bacteria ware isolated from laavas and pods on nutrient agar as dascr1bad 
bY Fahy and Parslay (1983) Biochem1cal and physiological tests of suspacted 
organisms wara carriad out accord1ng to tha protocols alaborated by Schaad 
(1988) Detarminations of thermal death po1nt ware made by traating bactarial 
isolatas in hot water at temperaturas batwaen 40 and 65°C followed by plating 
on nutr1ant agar and incubation at 27°C 

Serologfcal Tests 

A9glut1nation tests wara made with an ant1serum to tha halo blight 
organism suppliad by Dr J D Taylor of the Nat1onal Vagatabla Rasearch 
Stat1on U K Antigans ware from pura bacterial cultures and sap axtracts 
Propar controls ware included in the tests 

Phage Typtng 

Two phagas suppl1ad by Dr Taylor wara usad to d1fferent1ate the bacter1al 
isolates Ten microlitres of the phage suspensions were spotted on bacterial 
lawns on glycarol agar and platas ware incubated at 27°C ovar night 
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Var1at1on 1n ~ ~ pv phaseo1fco1a 

S1x isolates of halo blight were sent to Dr Taylor for race 
1dent1f1cation by inoculation on a range of differential lines and laboratory 
tests compr1sing fluorescence serology and phage spec1ficity 

Effect of CoTd Storage of Seeds on Bacter1a1 Vfab111ty 

V1abil1tJ. of the common blight organism in seed was monitored during cold 
storage at 2 e for a penod of four months Samples of 50 seeds each were 
testad at weekly 1ntervals Seeds were soaked in ster1le water for two hours 
at room temperatura and diffusates were plated on nutrient agar followed by 
1ncubat1on at 27°C Readings were made after 2 to 4 days 

01sease Carryover 1n Seed 

F1fty seven samples of 50 seeds of cult1var Long Tom were taken at random 
from lots of seeds stored at 2-3°C at the Agr1cultural Marketing Board 1n 1986 
and sown 1n the field Seed infect ion was monitored after emergence and at 
weekly 1ntervals unt1l pod format1on 

Control of Bacter1aT Organ1sms 

In V1tro Tests 

The effects of var1ous concentrat1ons of copper oxychlor1de between 5 and 
50 ppm of copper and 50 and 500 ppm streptomycin on the bacteria were assessed 
1n v1tro The ant1b1ot1cs were incorporated in nutrient agar or placed in 5 

mm d1ameter wells 1n agar plates inoculated with bacteria and incubated at 
27°C Zones of inh1b1tion were measured after two to three days 

The effect of hot water treatments cons1sting of various temperatura and 
t1me comb1nat1ons rang1ng between 35 and 75°C and 5 and 30 minutes was 
assessed on the germ1nat1on of seeds of Long Tom Each treatment consisted of 
100 seeds placad 1n layers of mo1st tissue paper and germination was assessed 
da1ly for seven days after treatment 

Glasshouse Tests 

The effects of Agristrep on the germinat1on of nine cultivars (Table 7) 
were assessed 1n a pot experiment in a glasshouse The antib1otic was applied 
as a slurry at planting at 7 5 g/kg of seed on 50 seeds per entry contained 
1n one tray Germ1nat1on counts were made daily for three weeks and 
phytotoxic¡ty monitored by visual observations throughout the growth cycle 

F1eld Tests 

After preliminary trials which showed the inefficacy of 2 5 kg/ha copper 
oxychloride which is currently used as a foliar spray against common blight 
streptomyc1n was evaluated at 5 10 and 15 kg/ha in companson with the 
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standard dosage and an untreated control The tr1al (with cult1var Long Tom) 
was establ i shed at Pamplemousses Expenmenta 1 Stat 10n in Apnl 1970 The 
trial was in a randomized complete block design with four replicates and a 
plot size of 6 rows 7 m long The development of bactenal d1seases was 
assessed weekly dur1ng the crop cycle 

The eff1cacy of Agr1strep (5% Streptomyc1n Merck Inc USA) at 7 5 g/kg 
of seed applied as a slurry at planting and follar sprays of copper 
oxychlonde at 2 5 kg/ha weekly from the second week after plant1ng for 
controlling seedborne infect1on was assessed in a f1eld tr1al The 
treatments were appl1ed alone and in comb1nat1on The tr1al was a random1zed 
complete block with four repl1cates and a plot s1ze of eight rows 7 m long 
Surveys were made every two weeks throughout the crop cycle to momtor the 
inc1dence of bacter1al d1seases 

Identff7cat1on of Res1stance 

The react1ons of 24 bean cult1vars and l1nes to common blight were 
assessed 1n a field tnal under overhead 1rngation in October 1984 by the 
exposure method Each entry was sown 1n s1ngle rows 10m long repl1cated four 
times In 1986 visual observations were made on the same d1sease 1n 56 
entries in 17 trials at var1ous s1tes throughout the 1sland 

The fuscous bl1ght organ1sm was inoculated on to 21 entnes 1n a f1eld 
tr~al at Pamplemousses in Apnl 1989 Bactenal suspens1ons conta1mng 1 x 
10 cells per ml w1th 7 g/1 carborundum 600 were appllad w1th a m1st blower 
JUSt befare flowering D1sease progress was momtored weekly throughout the 
rema1n1ng crop cycle 

Results 

Identff7cat7on of Bacter1a 

Three syndromes were observad in the f1eld They compr1sed 

1 chlorot1c les1ons surrounded by a light yellow halo and greasy spots on 
pods 

2 large necrot1c areas w1th an intense yellow halo and greasy spots on pods 
tending to brownish in certain entries and 

3 small brown las1ons of 3-4 mm on laaves with no symptoms on pods 

Isolations from leaves and pods with these symptoms on nutnent agar 
ravealad the presence of four species of bactena halo bhght bactanal 
brown spot (P synngae pv synngae) common blight and fuscous blight (X 
campestr1s pv phaseolf var fuscans) Common and fuscous blights wera 
saparated by tha character1stic d1ffus1ble brown p1gment produced 1n nutr1ent 
agar by X e pv phaseo17 var fuscans To d1fferent1ate P s pv 
phaseo1fco1a and P s pv synngae wh1ch producad idant1cal colonias on 
nutriant agar 17 biochemical and physiolog1cal tests wara cond.Jcted (Tabla 
1) D1ffE1rences were mainly by tha use of manmtol inositol sorb1tol 
erythritol lactic acid and beta-galactos1dasa by P s pv syr1ngae but not 
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by P s pv phaseo1Jco1a Koch s postulates were sat1sfied in pathogenicity 
tests of the four organisms on Long Tom in a glasshouse 

Tabla 1 Biochem1cal Charactenstics of Bactena Causmg Halo Blight and 
Bacter1al Brown Spot of Bean 

Tests 

Mot1l1ty 
Ox1dase 
Ca talase 
Levan product1on 
Gelat1n l1quefact1on 
Starch hydrolys1s 
N1trate reduct1on 

Carbon ut1l1sat1on 
Glucosa 
Galactosa 
Saccharose 
Arab1nose 
Mann1tol 
Inos1tol 
Sorb1tol 
Erythrltol 
LactlC ac1d 
Beta-galactosldase 

Halo bl1ght 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

Brown spot 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Suspensions ( 1 x 108 ce 11 s/ml) of pure cultures and cruda sap extracts 
mfected with P s pv phaseo1ico1a reacted pos1t1vely w1th the antiserum 
suppl1ed by or Taylor The s1x isolates used 1n stra1n vanat1on studies 
fluoresced 1n ultra violet l1ght The two phages 12P and 48P lysed cells of 
these s1x 1solates but not those of the three other organisms as found by 
1nh1b1tion zones on agar lawns 18 hours after incubation at 27°C The 
1solates 1nduced suscept1ble react1ons on Canad1an Wonder Tendergreen and Red 
Mex1can U13 and resistant reactions on Edmond Together these tests confirm 
that the s1x 1solates were all race 2 of P s pv phaseo1Jco1a 

Effect of Cold Storage on Bacter1a1 VJabJ1ity 

V1ab1lity of X e pv phaseol1 var fuscans in contaminated seed was 
reduced from 16 to 4% dur1ng cold storage for four months while that of X e 
pv phaseo11 in1t1ally assessed at 24% was not affected by cold treatment 

D1sease Carryover 1n Seed 

Out of 57 samples of seeds of Long Tom from the Agricultural Marketing 
Board 15 were infected w1th bacter1a including one case of coinfection with 
bean common mosa1c virus (Tabla 2) 
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Table 2 Infect10n by Bactena of Seed Cons1gnments of Cult1var Long Tom 
stocked by the Agricultura] Marketing Board 

No of samples ~ 

Producer Testad 

1 37 

2 12 

3 8 

a also 1nfected w1th BCMY 

control of Bacteria 

In Y1tro Tests 

Infectad 

6 

6 

3 

1nf-
ect1on 

2 
4 
6 

4+28 

2 
3 
5 

10 
2 
6 

14 

No of 
samples 

3 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 

Growth of cultures of P s pv phaseo17co1a 
fuscans and of P s pv syr1ngae were inhibited by 
of X e pv phaseo17 by 45 ppm (Table 3) 

X e pv phaseo 11 var 
35 ppm of copper and that 

Table 3 Effect of Copper Oxychloride on Bacter1al Growth 

-----------------------------------------------------------------
Copper oxychlor1de (ppm) 

Organism 5 10 15 20 25 30 35 40 45 50 
-----------------------------------------------------------------
common blight ++ ++ ++ ++ ++ ++ ++ ++ 
Halo blight ++ ++ ++ + + + 
Fuscous blight ++ ++ ++ ++ ++ + 
Bactenal brown 

spot ++ ++ ++ + + + 

++ = good growth + = slight growth - = no growth 

Inhibition of P s pv phaseo17co1a and P s pv syringae occurred at 
200 ppm of streptomyc1n and those of X e pv phaseoTi and X e pv phaseo17 
var fuscans at 250 ppm (Table 4) 
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Table 4 Diameters (mm) of Inhibition Zones due to Streptomycina in Cultures 
of Bacteria isolated from Bean 

Streptomycin (ppm) 

Organisms 50 100 150 200 250 300 350 400 450 500 

Common blight 
Halo blight 
Fuscous blight 
Bacterial 

brown spot 

a Agristrep (Merck Inc USA} 

10 

11 

9 
16 

9 

16 

var 
5) 

The thermal death points of P s pv 
fuscans and X e pv phaseo 11 were 55 

14 
20 
13 

20 

16 
22 
17 

22 

phaseo 11co la 
60 and 63°C 

Tabla 5 Thermal Death Pointsa of Bacteria attacking Boan 

18 
22 
21 

22 

19 21 
22 23 
22 22 

23 22 

X e pv phaseol1 
respectively (Table 

--------------- ---------------- ------------------------------ --------------------------
Temperatura (°C) and timo 

----------------------------------------------------
Isol~to Organism Source 27 40 45 48 so 53 55 58 sob 63b s5b 
------------------------- ---------- --- -------------------------------------------------
2983 Halo blight Bassin +++ +++ +++ +++ .. + 
2984 Halo blight Beau Plan +++ +++ +++ +++ +++ + 

2945 Common blight Beau Plan +++ +++ +++ +++ .. 
2946 Common blight Hedine +++ +++ +++ +++ +++ +++ 

2953 Fuscous blight Hedine +++ +++ +++ +++ .. .. 
3001 Fuscous blight Cool store +++ +++ +++ .. 
a plated on nutrient agar and iccubated for two days at 27°C 
following hot water treatment for 5 and 10 minutes 
+++ profuse growth ++ moderate growth + slight growth 

no growth 

+ -
++ ++ + + + -
+ + -

+ -

Germ1nat1on of seeds of Long Tom was not affected by temperaturas up to 
so0 c for 5 m1nutes (Table 6) At 65°C for the same period germ1nat1on was 
reduced by 33% wh1le at 70°C 1t was completely suppressed 

Glasshouse tests 

Streptomyc1n reduced germinat1on by 16 1% 1n 8AT 1297 23 5% in Long Tom 
and 40% 1n A 490 but that of the other cult1vars and breeding lines was not 
affected (Table 7) In A 490 germ1na"ion was delayed by 4 days Phytotoxic 
symptoms were present 1n RIZ 10 but were trans1ent as they disappeared two 
weeks áfter emergence Growth and y1eld appeared unaffected by the ant1biotic 
1 n a 11 ent n es 
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Table 6 Percentage Germi nat 1 on of Bean Seed of Cultivar Long Tom after Hot 
Water Treatment 

------------------------------------------------------------------
Treatment temperatura (OC) 

T1me ---------------------------------------------------------
(mln) 35 40 45 50 52 54 56 58 60 65 70 75 
------------------------------------------------------------------
o 99 100 97 97 98 98 99 99 100 99 99 100 
5 99 99 96 99 99 99 99 87 87 66 o o 

10 99 99 86 97 96 70 65 55 27 8 o o 
15 99 99 85 81 80 83 41 20 o o o o 
20 100 100 91 74 66 55 7 o o o o o 
25 100 100 86 66 50 35 o o o o o o 
30 100 100 77 45 16 13 o o o o o o 
35 98 96 78 37 15 14 o o o o o o 
40 100 93 80 27 13 1 1 o o o o o o 
45 99 91 79 21 12 8 o o o o o o 
50 98 94 80 12 5 4 o o o o o o 
------------------------------------------------------------------

Table 7 Effects of Streptomyclna on the Seed Germ1nation of N1ne Bean 
Cultivars and Breeding L1nes 

---------------------------------------------------------------
% germination 

Entnes Treated Untreated 

Delay in 
emergence 

(days) Chlorosis 
---------------------------------------------------------------
A 490 48 80 4 
Long Tom 65 85 o 
BAT 1297 78 93 o 
Pharlap 90 93 o 
MCD 254 95 98 o 
Teebus 95 98 o 
RIZ 10 95 95 o + 
Ex Rico 23 98 98 o 
Stella Blanca 100 93 o 
---------------------------------------------------------------
a Agristrep applied as slurry at 7 5 g/kg of seed 

F1eld Tests 

The 1ncidence of common blight which was assessed at 25% in the 
untreated control was not affected by foliar sprays even at 15 kg/ha of 
copper The comb1nation of seed treatment with streptomycin and follar sprays 
of copper suppressed halo blight but also had l1ttle effect on common blight 
(Table 8) 
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Table 8 Effect of Seed Treatment w1th Stre~tomyc1n and Fol1ar 
Copper Oxychlonde on the Inc1dence of Common and Halo 
Long Tom 

Common blight Halo blight 
Treatment % % 

Untreatedb 
Agnstrep 
Cuproxc 
Agr1strep + Cuprox 

100 
49 
91 
39 

a at flower1ng b slurry at 7 5 g/kg of seed 
e foliar sprays at 2 5 kg/ha weekly start1ng one week 

after sow1ng 

Ident7f7cat7on of Res1stance 

100 
14 
27 
o 

Sprays of 
Blight in 

In assessment of fol1age and pod mfect1on by common bl1ght out of 24 
var1et1es 3 were moderately res1stant 7 sl1ghtly susceptible 10 susceptible 
and 4 hlghly susceptlble (Tabla 9) From observat10ns of 56 entries 1n 
vanous tr1als prov1s1onal ratmgs were as follows 17 resistant 19 
moderately res1stant 8 sl1ghtly suscept1ble 7 suscept1ble and 5 h1ghly 
susceptible (Table 10) The reactions of the 21 entr1es assessed for 
res1stance to fuscous bllght were one moderately resistant 3 sl1ghtly 
susceptible 10 suscept1ble and 7 h1ghly susceptible (Table 11) Inoculat1on 
w1th fuscous bl1ght was JUStlfled 1n order to overcome comrnon blight 1nfect1on 
wh1ch could mask the former organ1sm in the field In general navy beans were 
more res1stant to both common and fuscous bl1ghts than entr1es w1th red k1dney 
type seeds 

Relat1ve 7nc7dence of bacter1a 1n the f¡eJd 

X e pv phaseol¡ var fuscans was isolated from fields of French bean 
cult1var Royal Nel 1n western Maur1t1us 1n March and May 1985 Infection was 
assessed at 40% of the plant population 

P s pv syr1ngae was found at three 
western Maur1t1us 1n cultJVars Contender 
Apnl 1985 

locations 1n northern eastern and 
BAT 1290 and Royal Nel in March-

Halo and common bllghts were found 1n 25 and 18 f1elds of Long Tom 
surveyed 1n 1984 1n northern Mauntius In 1985 halo blight (at 2 10 and 
50%) was found 1n three f1elds of Long Tom wh1le common blight was present in 
seven of the e1ght f1elds surveyed at levels of 1% in V 3945 3% in two 
f1elds of Long Tom 10% in e 20 25% 1n BAT 1297 and 25 and 50% in Long Tom 
In 1986 halo bl1ght levels reached 20% 1n sorne seed fields of Long Tom but 
was 1n general absent or at levels of only 3% 1n ware fields In the same 
fields comrnon bl1ght levels reached up to 60% (Tabla 12) 
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Table 9 React1on of Bean Cultivars and l1nes to Common Blight 

-------------------------------------------------
Percentage Prov-
infection is1onal 

-------------- Oefol- rat-
Entries Fol1ar Pod iation ing 
-------------------------------------------------
A 501 100 33 total HS 
MCO 253 100 10 total HS 
MCD 251 100 6 total HS 
MCO 252 100 4 total HS 
PV 1180 47 25 moderate S 
PV 791 40 15 modera te S 
A 490 38 trace modera te S 
PV 702 37 22 modera te S 
BAT 1591 35 trace moderate S 
Kermana 35 trace moderate S 
PV 781 30 12 modera te SS 
BAT 1592 28 trace moderate SS 
Long Toma 25 9 modera te SS 
BAT 1453 21 trace modera te SS 
MCD 254 20 8 moderate SS 
EMP 112 18 trace moderate SS 
MCD 256 45 28 sl1ght S 
PV 359 45 15 slight S 
MCD 257 50 10 none S 
Teebusa 33 trace non e S 
Ex RlCO 23 23 trace none SS 
BAC 125 18 trace non e MR 
RIZ 10 16 trace non e MR 
78-0374 10 trace non e MR 
-------------------------------------------------a standard cultivars HS = h1ghly suscept1ble S = suscept1ble 

SS = slightly suscept1ble MS = moderately res1stant 

Comparison of the 1nc1dence of common bl1ght 1n 12 cultlVars under two 
contrast1ng env1ronments showed that the disease was totally absent under cool 
moist cond1tions but present in 10 cultivars in a dry hot env1ronment (Table 
13) 

In a field in the subhum1d zone of long Tom for seed product1on common 
blight infection was 10 35 and 50% at 6 8 and 9 weeks after plant1ng in May­
June 1986 1n sp1te of weekly foliar sprays of copper oxychlor1de at 2 5 kg/ha 
Common blight was consistently 1solated from fol1ar lesions caused by the leaf 
miner Lynomyza tnfoli1 Halo blight proved to be 1mportant under cool 
moist conditions at Belle Rive Experimental Station in cultivars V 5003 (2% 
1nfect1on) long Tom (3 5%) V 1299 (9%) and V 3945 (18%) Under the same 
conditions common blight was absent from these four lines In a field of Long 
Tom in the superhumid zone at low altitude in 1985 halo blight was 5% on 24 
September 25% on 2 October and 80% on 15 October This f1eld was destined 
for seed product ion and had recelVed weekly sprays of copper oxychlonde at 
2 5 kg/ha soon after sowing in late August Seed production had to be 
abandonad 
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Table 10 React1onsa of Sean Genotypes to Common Blight 

-----------------------------------------------------------------
Res1stant 

Aurora 
Black Beauty 
Kamberg 
Olathe 
Acc No 165426 
GLP 24 
GLP 92 
GLP 806 
PV 853188 
V 1154 
V 1825 
V 1840 
V 3210 
V 4066 
V 4067 
V 5593 
V 6209 

Moderately 
resistant 

Slightly 
susceptible 

Actolac 
Bel 1er 
Buns1 
Cocorub1co 
Fleetwood 
Isabella 
L1nea 22 
Local Red 
Montcalm 

Charlevoix 
Early Bush 
Stella B1anca 
L1ne 451 
Acc No 
V 1837 
V 3945 
V 6033 

109727 

Pet1t Rouge suscept1ble 
Pharlap , 
Royal Red Pompadour 
Seafarer Acc No 165435 
Acc No 313297 209 
GLP 2 V 4141 
V 1352 V 4604 
V 1843 V 5003 
V 2282 V 6203 
V 6234 

Highly 
susceptible 

Chevrette 
Long Tom 
V 1299 
V 1844 
V 4493 

-----------------------------------------------------------------
a Prov1s1onal rat1ng 

Table 11 React1ons of 21 Bean Genotypes to X e pv phaseol7 var fuscans 

-----------------------------------------------------------------
React1ons Red kidney Navy 
-----------------------------------------------------------------
Moderately res1stant 
Sllghtly suscept1ble 

Suscept1ble 

Hlghly suscept1ble 

PVA 1435 

PV 791 
PV 359 

MCD 251 
MCD 252 
MCD 253 
Montcalm 
PVA 1076 
V 5003 
Long Toma 

BAC 125 
RIZ 10 
e 20 
Bunsi 
Ex RlCO 23 
XAN 134 
BAT 1592 
PAN 22 
A 490 
Aurora 
Teebusa 

-----------------------------------------------------------------
a control cult1vars 

246 

e 



Table 12 Occurrence of Common and Halo Bl1ghts (%) 1n 1986 

a 

--------------------------------------------------------
Cat­
egory 

Estate Vanety Common 
bllght 

Halo 
blight 

--------------------------------------------------------
Seed Beau Plan Long Toma o 20 

Bella Vue (drip) 12 1 
Medine 2 5 o 
Med1ne 2 o 

Ware Medine 
Long Tomb (Beau Songa) 60 3 

40a 2 
40 1 
40 trace 

Med1ne 
(Mon Desir) 2 o 

45 o 

Med1ne 
(Bella Vue) 17 5 o 

35 o 

Med1ne 
BAT 1297b (Palmyre) 1 o 

--------------------------------------------------------
1mported from Holland b loca 1 seed 

Table 13 Comparat1ve Incidencea of Common Bl1ght at Belle 
Pamplemousses Experimenta 1 Stat10ns in February 1985 

Bella Rive 
Cultlvar (superhumld) 

V 1299 
RIZ 10 
BAC 125 
Kompasberg 
Bunsi 
Cocorubico 
MCD 254 
Teebus 
Long Tom 
Isabella 
V 3945 
V 5003 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Pamplemousses 
(dry/lrrigated) 

o 
o 

o 5 
o 5 
o 5 
1 o 
1 o 
1 5 
3 o 
4 o 
4 o 
5 5 

a Maximum per cent plants infectad 1n crop cycle Data conf1rmed 
1n two trials in 1985 and three trials in 1986 at Bella Rive 
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01scuss1on 

On the bas1s of cultural character1st1cs b1ochem1cal phys1olog1cal and 
serolog1cal propert1es phage typing different1al sensitivlty to antibiot1cs 
and syndromes observad 1n the f1eld and 1n pathogen1c1ty tests the presence 
of four bacterial pathogens 1s evident Two of them (halo and common 
bllghts) are cons1dered of maJor 1mportance and the reports of Oneux and 
Fel1x (1968) and Ben1madhu et al (1984) concern1ng them have been confirmad 
Bacter1al brown spot and fuscous bllght were encountered for the first t1me 1n 
Maunt1us and are cons1dered of minor 1mportance These two d1seases have 
probably been 1ntroduced 1n recent years through 1nfected seed as they are 
known to be seedborne (Yoshll 1980 Schwartz 1980) Although fuscous bl1ght 
was the more frequently encountered of these two organ1sms 1t has not assumed 
the 1mportance that it has 1n other countr1es (Yoshll 1980 Webster et al 
1983) 

Si nce common b 1 i ght can e as 11 y mas k fuscous b 11 ght and as they ha ve 
s1milar syndromes it would be 1nterest1ng to have rapid methods of 
1dentify1ng them on a large number of crude sap samples by modern technology 
such as ONA hybr1dizat1on probe as developed by Schaad et al (1989) for halo 
bllght and bactenal brown spot The latter two can however be read1ly 

" d1st1ngu1shed by v1sual symptoms 

Halo bl1ght was found to be generally favoured 1n mo1st cool env1ronments 
of the island where bean 1s not grown on a commerc1al scale preference be1ng 
glVen to more profltable crops l1ke potato Furthermore the beneflc1al 
effects obta1ned w1th comb1ned treatment w1th streptomycin appl1ed as seed 
treatment and fol 1ar sprays of copper oxychlonde render control of the 
d1sease feas1ble espec1ally for el1m1nat1ng seedborne 1nfect1on and 
contam1nation In add1t1on as race 2 only of the organ1sm appears present 1n 
Maurit1us genotypes known to be res1stant to th1s race should preferably be 
1ntroduced as res1stance 1s cons1dered the ma1n answer to halo bllght control 
(Webster et al 1983) 

Common bl1ght 1s by far the most 1mportant component of the bactenal 
bl1ght complex as found elsewhere (Webster et al 1983 Yosh1i 1980) Its 
greater res1stance to ant1b10t1cs both 1n v1tro and 1n f1eld tests 1ts h1gher 
thermal death po1nt and 1ts V1abll1ty 1n seed stored at 2°C render its 
control more d1ff1cult than the other three organ1sms In add1t10n f1eld 
surveys showed the common bllght bacterTUm to thnve in warm relatTVely dry 
conditions conf1rm1ng data by Yosh11 (1980) As such cond1t10ns preva1l 1n 
localities where bean 1s grown on a large sea le somet 1mes under overhead 
irrigation it 1s l1kely that common bllght ep1dem1cs Wlll become a regular 
feature unless d1sease free seeds are used Wlth surface or better st1ll 
dri p 1 rri gat 10n 

Crop rotat1on 1s also one of the measures advocated by Yosh11 (1980) and 
Webster et al (1983) for controll1ng common bl1ght Under normal 
c1rcumstances 1n Maur1tius bean is grown 1nterrow 1n sugar cane plant1ngs and 
early ratoons dunng a crop cycle that may last for e1ght years or more 
Th1s cropping system would be su1table s1nce it 1s unfavourable for the bu1ld 
up of common blight and other bacter1a 

Emphas1s should be placad on res1stant cultTVars wh1ch are the ma1n 
component of the f1nal answer to bactenal bllght control (Webster et a 1 
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1983) Methods of evaluating res1stance have been designad espec1ally for 
common b 11 ght (Red den et a 1 1985 Zapata et a 1 1985) and these methods 
should be appl1ed systematically to mtroduced genotypes to ident1fy those 
w1th the best resistance combinad with yields that exceed those of present 
commerc1al var1eties 

In the control strategy production of disease free seed 1s as 1mportant 
as cultivar res1stance (Webster et al 1983) Thus creat1on of nucleus seed 
stocks by hot water treatment at 65°C for 5 minutes followed by growth in 
agar rn vrtro befare transfer to 1nd1v1dual pots well separated from eachother 
1n the glasshouse has been attempted w1th success (Anon 1987 Autrey and 
Saumtally unpubllshed) Nucleus stocks should be bulked in shade houses under 
1nsect proof cond1t1ons and dnp 1rrigation befare final mult1Pl1cat1on in 
the field w1th w1der 1nter- and intra-row spac1ngs than 1n commerc1al 
plant1ngs aga1n w1th dr1p irrigation Streptomycin should be appl1ed to seed 
and copper as a follar spray to m1nim1ze bacteria] spread Such a scheme 1s 
be1ng 1mplemented 1n Maur1t1us (Anon 1989 Autrey and Saumtally 
unpubllshed) 

The 1ntroduct10n of a1rborne bactenal cells 1nto wounds causad by L 
trrfol11 requires that str1ct 1nsect1c1dal spray schedules be followed in seed 
f1elds Control of the leaf m1ner 1s an 1ntegral component of the clean seed 
scheme espec1ally to ensure freedom from common bl1ght The exact role of the 
1nsect 1n the dissem1nat1on of common bl1ght should be 1nvestigated It could 
1n fact transmit the bacter1um w1th its ovipositor 

In sp1te of the l1m1tat10ns 11sted above and the fact that bactenal 
bl1ghts espec1ally common bl1ght can be symptomless (Cafatl and Saettler 
1980) control of bacter1a 1s poss1ble but requ1res comb1ned concern and 
attentíon as ment10ned by various workers (Webster et al 1983 Yoshn 
1980) Integrated d1sease management 1s the approach which is being followed 
1n Maur1tius and there 1s confidence that it wíll be productiva as otherwise 
bean production m1ght be ser1ously Jeopardlzed 
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Chem1ca1 Control Stud1es and Res1stance to Sean Rust Uromrces 
aooend1culatus (Pers ) Unger 1n Bean Germp1asm 

M E Omuny1n 

Nat1onal Hort1cultural Research Center Th1ka Kenya 

Abstract 

Stud1es of chem1cal control of bean rust Uromrces append1culatus 
(Pers ) Unger on bean Phaseolus vulgans L cult1var Honel showed 
Anv1l (hexaconazole) atO 45 ml/1 water to be excellent in 
controll1ng the d1sease result1ng 1n 4Jr y1eld ga1n Baycor 
(bltertanol) appl¡ed separately at O 6 ml/1 was as effect1ve when 
comb1ned 75Jr strength w1th Agr1dex (ádJuvant) but d1d not 1ncrease 
the y1eld of green pods over that of the water sprayed control The 
apparent phytotox1c1ty of Bayf1dan to bean seemed to null1fy 1ts 
therapeut1c advantage aga1nst bean rust Evaluat¡on of bean for rust 
res1stance 1nd1cated cult1vars Grofy and Hetriot to be less 
susceptible than Honel Of the dry bean cult1vars Red Har1cot (TBH-
11) expressed a hypersens1t1ve react1on wh1le Canadian ltlonder (TBC-
21) was as tolerant as Rose Coco (TBR-11) and better than Hwez1 HoJa 
(TBH-31) the dry bean most susceptible to the preva111ng race(s) of 
rust 

Introduct1on 
J 

Bean rust Uromyces append1culatus (Pers ) Unger var append!culatus is 
of econom1c 1mportance part1cularly in the trop1cs where yield losses ranging 
from 18-100 per cent have been reportad (Vargas 1980) The 1mportance of 
rust on bean Phaseolus vulgaris L is a consequence of the a1rborne natura 
and follar 1nfection of the rust fungus In eastern Afr1ca the disease has 
been a maJor factor lim1t1ng bean growing because it may reach ep1dem1c levels 
afly t1me during the vegetativa stage of the crop resulting- in crop fa1lure 
(Macartney 1966) Crop fa11ure may result part1cularly 1f plants are 
1nfected dur1ng the pre-flowerlng and flowering stages of development (Vargas 
1980) 

In Kenya severe outbreaks of rYst have been reportad on bean grown for 
both dry seeds and green pods (van Rheenen et al 1981 Gerlagh 1982 
Omuny1n et a 1 1984) these have been due pnmanl y to 1 ack of adequate 
control measures Rust control strategies were the subjects of reports 
published by Howland and Macartney (1966) Macartney (1966) and Stoetzer and 
Omuny1n (1983) It 1s accepted that the d1sease can be controlled effectively 
by use of fung1c1des and res1stant cultivars (Vargas 1980 Schwartz and 
Legard 1982) the development and 1dent1f1cation of which are cont1nuous 
research exerc1ses The_purpose of th1s study was to determ1ne the eff1cacy 
of ava1lable fung1c1des 1n controll1ng bean rust and to evaluate bean 
mater1als for res1stance to the rust fungus 
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Materlals and Methods 

Chem1cal Control Tests 

P vulgans cultlVar Monel grown locally for green pod product1on and 
we 11 known for its suscept i billty to rust was selected for study It was 
plantad on 11 Hay 1989 at the 8eans lim1ted field Thika (altitude 1545 masl) 
where rust has been a cont1nu1ng problem The treatments were arranged 1n a 
randomized block des1gn with four repl1cat1ons Each plot conta1ned 400 
plants spaced at 10 cm within and 50 cm between rows The treatments wh1ch 
1ncluded a water sprayed control were 8aycor (bltertanol) 30% ECo 6 ml/1 of 
water Baycor O 45 ml/1 plus Agridex (adjuvant) 1 5 ml/1 Agridex 1 5 ml/1 
Anvil O 45 ml/1 and Bayf1dan 1 5 ml/1 All treatments were appl1ed as sprays 
weekly for four weeks commencing on 8 June one day after the f1rst d1sease 
rating 

1 
Rust react1ons were assessed on 7 and 23 June and 19 July Rat1ngs were 

on the pnmary and trifoliolate leaves of plants 1n the two middle rows of 
each plot Rust severity was rated on a 1-9 point scale where 1 = no vis1ble 
symptoms or slight symptoms on leaves covering up to 1% of the tissue area 
3 5 and 7 = 5 10 and 25% respectively of leaf area covered and 9 = 50% or 
more of the leaf area covered 2 Disease intensity was assessed by counting the 
number of rust pustules per cm of leaf surface 

Dur1ng rat1ngs plants were examinad for evidence of any obvious effects 
of treatments Also a group of five vis1tors to the field were asked their 
op1n1ons of plants of var1ous treatments At podding green pods of f1ne grade 
(pods having a cross section 6 5-8 O mm) were harvested at least once a week 
and weighed to determ1ne y1eld Analyses of var1ance were computad and means 
comparad using Duncan s Multiple Ranga Test (Little and Hills 1978) 

Resistance Tests 

The cult1vars Canad1an Wonder (TBC-21) Rose Coco (TBR-11) Mwez1 MoJa 
(TBM-31) Red Haricot (TBH-11) Grofy Metriot and Monel were usad Test 
plants were sown in a glasshouse in 16 x 30 cm pots on 13 June 1989 and 
seedl1ngs thinned to two plants per pot On 3 July plants were transferred 
to a field plot of Monel where rust spreader plants established 45 days 
earlier were spaced 10 cm within the row and 200 cm apart At this time the 
rust intensity on Monel was at least 24 pustules per leaf The treatments 
were arranged in a randomized block design with four replications The test 
plants in pots were placad 30 cm apart between the spreader rows and the 
plot receJVed appropr1ate management with regard to plant water requirements 
and pest control Rust react1ons were rated on 19 July and the data analyzed 
1n the usual manner 

Results 

Fung1c1dal Tests 

All fungic1dal treatments significantly 
o 05) comparad w1th the water sprayed control 
ev1dent on 19 July following the fourth spray 
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suppressed bean rust ( P = 
(Tabla 1) This was most 

At that time plants treated 



with either Anv1 1 Baycor Baycor plus Agndex or Bayfidan had less rust 
1ntensity than those of the control (Table 2) Only Bayfidan produced obv1ous 
effects on plant appearance or growth The affected plants showed leaf 
curling and necrosis and reduced growth 

Table 1 The Effects of Fung1c1des on Severity of Rust on Bean Cult1var Monel 
at Thika 1n 1989 

-----------------------------------------------------
D1sease ~ever1ty rat1ng 

Treatment 7 June 23 June 19 July 
-----------------------------------------------------
Baycor 1 45a 2 so a 1 25c 
Baycor + Agndex 1 60a 3 64a 1 O Oc 
Agr1dex 1 40a 3 20a 3 25b 
Bayf1dan 1 65a 4 55a 1 50c 
Anv1 1 1 75a 3,35a 1 O Oc 
Water (control) 1 65a 4 20a 4 75a 

Means followed by the same letter are not s1gn1f1cantly d1fferent 
(P = O 05) accord1ng to Duncan s Mult1ple Range Test 

Table 2 The Effects of Fung1c1des on Intenslty of Rust on Bean Cult war 
Monel at Th1ka 1n 1989 

01sease sever1ty rat1ng 

Treatment 7 June 23 June 19 July 

Baycor 2 30a 7 72b 1 09bc 
Baycor + Agr1dex 2 45a 9 95b o 19bc 
Agr1dex 2 59 a 7 43b 6 99ab 
Bayf1dan 3 75a 7 70b 2 03bc 
Anv1 1 2 93a 6 OOb Oc 
Water blank 2 99a 24 45a 9 91a 

Means followed by the same letter are not s1gn1f1cantly d1fferent 
(P = O 05) accord1ng to Duncan s Mult1ple Range Test 

Plots treated w1th Anv11 were rated best and produced the most green pods 
(Table 3) s1gn1f1cantly more (P = O 05) than those rece1v1ng Bayf1dan or 
Baycor alone 4% more than the control and 19% more than the next best 
fung1cidal treatment though these d1fferences were not s1gn1f1cant 
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Tabla 3 Effects of Fungicides on Green Pod Weights of Bean Cultivar Honel at 
Th1ka 1n 1989 

Treatment 

Baycor 
Baycor + Agndex 
Agndex 
Bayf1dan 
Anv1l 
Water control 

Green pod 
wt/plot (kg) 

4 53b 
4 76ab 
5 04ab 
2 07c 
5 67a 
5 46ab 

Rating 

2 
2 
3 
4 
1 
3 

Heans followed by the same letter are not significantly different 
(P o 05) accord1ng to Duncan s Hultiple Ranga Test 

Res1stance Tests 

Only the cult1var Red Haricot (TBH-11) was resistant 1t showed a 
hypersensitwe reaction characterised by necrotic lesions without pustules 
(Tabla 4) This was most evident on 19 July when no rust pustules were found 
on TBH-11 whereas they were present on all other entries Among the other dry 
bean cultivars which were all moderately susceptible rust was less severa in 
TBC-21 than 1n TBH-31 which showed only 10% less rust than the susceptible 
and TBR-11 was 1ntermediate Only the formar was significantly less 
suscept1ble than Honel which was the French bean most susceptible to the 
preva1l1ng race{s) of bean rust Among the French bean cultwars rust was 
sign1f1cantly less severa in Grofy than in Honel 

Table 4 React1ons of Bean Cultivars to Rust at Thika in 1989 

Cultwars 

Rose Coco (TBR-11) 
Hwez1 HOJa (TBH_31) 
Red Har1cot (TBH-11) 
Canad1an Wonder (TBC-21) 
Grofy 
Hetr10t 
Honel (susceptlble) 

Class Rust ratings 
of -----------------------------
bean Intenslty Severity Reaction 

dry 
dry 
dry 
dry 
French 
French 
French 

4 OOb 
4 63b 

O a 
5 63b 
4 50b 
5 63b 
7 38b 

3 50bcd 
4 80ab 
1 OOe 
2 OOde 
3 OOcd 
4 OOabc 
5 30a 

HS 
HS 
R 
HS 
HS 
HS 
S 

-----------------------------------------------------------------
R - res1stant - plants w1th necrotic lesions HS = moderately 
susceptlble- plants with small open pustules with spore 
product1on S suscept1ble - pustules coalesce with evident 
spore product1on and product1on of secondary rings 
Means followed by the sama letter are not significantly different 
(P o 05) accord1ng to Duncan s Hultiple Ranga Test 
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111scuss1on 

The efficacy of fungicides in controlling bean rust is indicated by their 
abi11ty both to reduce 1nfection and increase yield (Vargas 1980) Anvil was 
effective 1n controlling rust at O 45 ml/1 it significantly reduced 
infection comparad with the control resulting in a 4 per cent gain in green 
pod yield Because it has no effect on plant growth Anvil is preferred to 
other fungicides like Bayfidan which causad browning of leaves and stunting 
of plants resulting in unacceptably low yields despite controlling rust 

Baycor whether applied separately or in combination with Agr1dex 
reduced rust infection but this was not reflectad in yield of green pods which 
were no better than the control Previous reports (Schwartz and Legard 1982 
omunyin unpublished) showed that Baycor applied as a wettable powder at least 
twice increased yield Jt is not clear why Baycor as an emulsifiable 
concentrate failed to increase yie1d in similar or nearly sim1lar conditions 
Tests of formulations application rates and phytotoxicity need expanding to 
clarify this issue 

Evaluation of bean cultivars for resistance to rust was an important 
aspect of this study The cultivars were assessed on the basis of disease 
severity and d1v1ded into categories used previously resistant moderately 
susceptible and susceptible (Macartney 1966 Schwartz 1980) The variety 
TBH-11 was rated resistant because it showed necrotic lesions without 
pustules an 1nd1cation of hypersens1t1v1ty To my knowledge this is the 
first report from Kenya of a red haricot bean with this type of rust 
resistance Five other cultivars were moderately susceptible these included 
TBR-11 rse-21 and TBM-31 previously known to be tolerant In this study 
Monel which is grown widely for green pod production was quite susceptible 
justifying efforts to develop measures for effective rust control 
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Pre1i•inary Infortlllltion on Seed-Borne FUngi of Sean 
(Phasso1us vulpsris L ) In «enya 

R A Buruchara 

Oepartment of Crop Science University of NairobT 
NairobT Kenya 

Abstract 

Twenty s1x samples of bean seeds obtained from KTsTi Kakamega Embu 
and Kiambu Oistricts in Kenya were testad for seed-borne fungi using 
the Standard Blotter Hethod Eighteen species of fungT were 
recordad Fusarium moniliforme. f_ sem1tectum. f_ equisTte, f_ 
solam. f_ oxysoorum. Co11etotrichum lindemuthianum, Q_ demstium. 
Hacrophomina phaseoli. Rhizoctonia solani. BotryoidTplodia theobramae 
and Phoma Cephalosporium Vertici11Tum Cercospora Rhizopus 
Penici11ium AsDBrgi11us and Cladosporium spp Levels of seed 
mfestat 1on ranged from trace amounts to modera te (O 25-12:t) 
However 21 out of samples were 1nfected wTth f_ semitectum 18 w1th 
f_ oxysporum 14 w1th f_ moni 1 iforme and 12 111th Phoma spp Q_ 
Tindemuthianum. Q_ dematium. /!_ phaseoli f!_ solam and VertTci11ium 
and Cercospora spp were each recordad only once out of 26 samples 

Introduction 

Common bean (Phaseolus vulgarTs) plays an important role as an 
alternativa source of relatively 1nexpensive dietary protein in Kenya 
(Schonherr and Mbugua 1976) The annual total area under the crop 1n the 
country varies between 300 and 500 thousand ha Average bean yields obtained 
(750 kg/ha in pure stand and 375 kg/ha m associat1on w1th malZe) are far 
below those obtained on experimental stat1ons the difference be1ng 
attr1buted to a number of product1on constraints of which d1seases and pests 
are the most important (Njuguna et al 1981) 

Some important and moderately important fungal d1seases - anthracnose 
(Colletotrichum lindemuthianum) angular leaf spot (PhaeoJsarTopsis grTseola) 
ashy stem bl1ght (HacrophomTna phaseolT) fusarium root rot (FusarTum solan1 
f sp phaseolT) rhizoctonia root rot (RhTzoctonTa solanT) and scab (Elsmoe 
phaseoli) (Njuguna et al 1981 Mukunya and Keya 1975) are seedborne (Singh 
and Mathur 1974 Mukunya and Keya 1979 Richardson 1979 Buruchara 1985) 
Seedborne pathogens play significant roles in disease transm1ssion depress 
seedling germination may cause epiphytotics and reduce storage qual1ty of the 
seed (Neergaard 1979) 

In Kenya bean is mainly grown by small scale farmers as a m1xed crop for 
subsistence purposes mostly using seed saved from previous harvests There 
is l1m1ted use of certified seed although health tests are not carr1ed out as 
routine This means that the quality of much of the seed used in Kenya 1s not 
known Th1s paper reports preliminary information on the pathogens in bean 
seeds obtained from some parts of Kenya and used for sowing 

257 

1 

l 
r 
' 



Mater1als and Methods 

Seed Samples 

Sean seed samples were collected from four d1str1cts K1sii (6) Kakamega 
(4) Embu (2) and K1ambu (8) The seed obtained was what farmers claimed 
they used 10 sow1ng and was part of the1 r previous harvest (short rams of 
1987) They 1ncluded Rose Coco (larga and small) Canadian Wonder Red Haricot 
and Mwez1 MoJa types S1x seed samples of the snap bean vanety Monel were 
obta1ned from larga scale commerc1al farms 1n Na1vasha 01str1ct 

Test mg Methods 

The seed samples collected were exam1ned for 1nert matter colour and 
presence of fungal frultmg bodies Seed 1nfection by seedborne fung1 was 
determ1ned us1ng the Standard Slotter Method as descr1bed by Neergaard (1979) 
Ten seeds each were placad 1n ster1le plast1c petr1 dishes (9 cm 1n diameter) 
conta101ng three layers of we11-mo1stened blotters The dishes were then 
1ncubated at 20±2°C under alternat1ng cycles of 12 hrs of near ultra-violet 
(NUV) l1ght and 12 hrs of darkness After 7 days of incubation the seeds 
were exam1ned under a stereo b1nocular m1croscope (6-50x) for fungal growth 
Ident1f1cat1on of the fung1 was based on the1r growth hab1ts and 
character1st1cs on the seed and spore character1st1cs observad under a 
compound m1croscope Whenever necessary the fung1 were 1solated and 
culturad on agar med1um for further 1dent1f1cat1on For each sample 400 
seeds were tested as recommended by Internat1onal Seed Testing Associat1on 
(!STA 1985) 

Results 

A total of 18 fungal spec1es were recordad on the seed samples testad 
(Tabla 1) 

Fusar1um spec1es were the dom1nant fungal organ1sms recordad Out of 26 
samples Fusanum sem1tectum was recordad on 21 samples F oxysporum on 18 
F mon 111 forme on 14 and Phoma spp on 12 A 1 though on 1 y F oxysporum 
(fusar1um yellows) and F solan1 (fusar1um root rot) are known to cause 
d1seases of bean seeds infectad w1th other Fusanum spp fa1led to 
germ1nate 

The level of seed 1nfect1on was on average very small (O 25-12%) (Tabla 
2) Sean pathogens e 1mdemuth7anum M phaseo17 and R solam were each 
recordad 1n only one sample out of 26 and in trace amounts of seed 1nfect1on 
(o 2 5%) The h 1 ghest 1 e ve 1 of seed i nfect 1 on was 12% by F sem 1 tectum on 
cultwar Monel 

D1scussion 

Seedborne pathogens are known to reduce the qual1ty of stored seeds 
seedl1ng germinat1on and vigour and depress crop yields Mukunya and Keya 
(1979) notad the 1mportance of seedborne inoculum of e 17ndemuthianum in the 
development of anthracnose epidem1cs and yield losses in bean Similarly Tu 
(1989) observad that 88-100% of whlte bean seeds 1nfected with white mould 
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Table Numbers of Fungal Spec1es Detectad 1n Seed Samples of D1fferent 
Cult1vars 

-------------------------------------------------------------~-------------------------

Cultivar 

Large 
Rose 
Coco 

Small 
Rose 
Coco 

Mwez1 
Moja 

Canad 1 an Red 
Wonder flar1cot Monel Total ---------------------------------------------------------------------------------------

Number of samples tested 4 

Numbers of fungal spec1es detectad 

F sem1tectum 
F mon 111 forme 
F equ1s1te 
F oxysporum 
F solanum 
Phoma spp 
eephalospor1um spp 
e llndemuth 1anum 
e dematwm 
8 theobromae 
H phaseoll 
Vert1C111wm spp 
R solarn 
eercospora spp 
Asperg1 11 us spp 
Pem e 1 llwm spp 
Rh 1 zopus spp 
e/adospor1um spp 

4 
3 
o 
2 
1 
1 
o 
o 
o 
1 
1 
o 
o 
1 
1 
1 
o 
o 

10 

10 
6 
5 

10 
3 
5 
3 
o 
1 
o 
o 
1 
o 
o 
9 
7 
o 
3 

o 
o 
o 
o 
o 
o 
o 
o 
o 
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21 
14 
10 
18 

7 
12 

7 
1 
1 
1 
1 
1 
1 
1 

17 
9 
3 
6 

---------------------------------------------------------------------------------------

Table 2 Percentages and Ranges ( ln parentheses) of Infect lon Observed of 
Hore Prevalent Fungl Recorded on Bean Seed Samples by 01str1cts 

D1str1ct collected K1s11 Kakamega Nalvasha Embu 

Number of samples 6 4 6 2 

F semitectum 2(0 3 6 3) 3 1( 1 85) 10 6(7 5-12 5) o 
F monJ 1Jforme o 1(0 o 8) o 5 o 75 o 
F equ1s1te o 2(0 o 5) o o 2(0 2 5) o 
F oxysporum o 25 o 6(0-10) 2 6(1-4 8) o 
Phoma spp o o 9(0 1 8) 1 3(0 3 2) o 

Klambu 

8 

6(0 3 3 O) 
1 4(0 5-2 3) 
o 25 
2 3(1-3 8) 
o 25(0 o 8) 

failed to genn1nate and that seedl1ngs of 1nfected seeds subsequently d1ed 
from damping off Seedborne pathogens are not only 1mportant 1n the qual)ty 
of seed produced but also for 1nternat1onal transfer of seeds 

In the control of seedborne pathogens certa1n measures are used These 
1nclude use of res1stant cultwars enforcement of quarantine regulat1ons 
seed treatment and product 1on of disease free seed Use of seed health 
test1ng in the control of seedborne pathogens has been documentad and has 
recently been reviewed by Mathur (1983) 
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The present study indicates that infection of bean seeds by seedborne 
pathogens is generally low to moderate in Kenya Th1s may ar1se from a number 
of factors One 1s that the seeds used 1n test1ng were from crops grown 
during the short rains Under this situation the 1nc1dence and severity of 
certain bean diseases may be less than in the long ra1ns In fact it 1s a 
practica in certain parts of Kenya to cultivate bean dur1ng the short rains or 
towards the end of the long rains to avoid disease problems It is also 
possible that during harvesting and processing farmers select and remove 
those seeds which show physical defects or discolouration thus el1minating 
infectad seeds This partly explains the complete absence of Phaeofsarfopsfs 
gr1seo1a and only trace records of Co11etotrfchum 1fndemuthfanum despite both 
organisms causing widespread disease on bean in Kenya Bes1des detection of 
P gr1seo1a on seeds is usually possible if infection or contamination occurs 
on or around the hilum where the fungus v1s1bly grows and sporulates 

Fusarfum spp were recordad in samples from all districts implying 
w1despread occurrence but infection levels varied Although F semftectum F 
monf1Jforme F equfsfte and Cepha1osPf)rfum spp have been reportad to be 
seed-borne on bean (Richardson 1979) they are not known to cause disease 
However they are important seedborne pathogens of maize Their occurrence at 
relatively greater frequencies than known bean pathogens is interest1ng and 
may result from contamination of bean seed since intercropping of maize and 
bean is a common practica in the districts where the samples were obtained It 
1s however important to note that bean seeds carrying these fungi rotted 
and fa1led to germinate Their 1mportance may be aggravated by the fact that 
they are also soil-borne and have wide host ranges (R1chardson 19.79) This 
means that if 1ntroduced through seeds (either bean or maize) last1ng 
~roblems may be created for other crops (Tarp et al 1987) 
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Reactfons of Bean CU1ttvsrs to Helofdogyne spp 
fn Kenys 

S T Kanyagia 

Nstions1 Horticu1turs1 Resesrch Center Th1ks Kenys 

Abstráct 

Forty-seven besn cu1tivsrs liere tested for their resctfons to root­
knot nemstodes Me1ofdogyne tsvsntcs snd ~ fncognfts fn screenhouse 
snd fie1d st the Nstfons1 Hortfcu1turs1 Research Center Thfks Of 
47 cu1tfvsrs tested seventeen demonstrsted root-knot gs11 1ndfces of 
2-3 to both nemstode specfes The cu1tfvsrs were 37 508 355 383 
411 385 462 904 GLP-3 0-92 0-166 0-211 0-311 552 GLP­
X 1134 ()-177 snd GLP-X 1146 The root gs11 rstfngs fndfcsted thst 
these cu1t1vsrs were moderste1y resfstsnt to the two nemstode specfes 
tested A11 other cu1t1vsrs were severe1y gs11ed snd 1osded wfth the 
nemstodes so were regsrded ss susceptible to both nemstode specfes 

Introduction 

Dry bean (Phsseo1us vu1gsrfs L ) is the rnost important grain legume in 
Kenya (Muturi 1976 Njuguna et sT 1981) The average yields obtained by 
smallholders are 500 kg/ha (Thairu 1979) These yields are low comparad 
w1th other countries (Kirkby 1987) The root-knot nematodes Me1ofdogyne 
;svsnics and M incognits are limiting factors to bean production These 
nematodes are widespread at lower altitudes part icularly in i rrigated areas 
(Kanyagia 1979) The use of nematicides for root-knot nematode control is 
reportad to be effective on various crops such as snap beans (Ogallo 1988) 
brlnJals (Kanyagia , 1984) carrots (Kanyagia 1985) and others The use of 
nematicides for control of root-knot nematodes on food bean is reportad to be 
expensive and uneconomic particularly for smallholders in Kenya (Ngundo and 
Taylor 1974) The use of resistant cultivars is reportad to be the rnost 
effective method and best approach for root-knot nematode control (Ngundo 
1977 Wyatt et sT 1980 Moussa et s1 1981) The following study was 
undertaken to evaluate the reactions of bean cultivars to Me1ofdogyne spp in 
field and screenhouse in Kenya 

Materials and Methods 

Forty-seven bean cultivars selected on the basis of their performance and 
commerc1al value were used in the tests The first test was conducted i.n a 
field heavily infestad with a mixed population of M jsvsnfcs and M fncogntts 
race 2 The nematodes were established in the experimental field by growing a 
suscept1ble tomato cultivar (Toboga) for two seasons The cultivars were 
tested in a randomized block design replicated four times Each cultivar 
comprised twenty plants with a spac1ng of 75 cm between and 30 cm w1thin rows 

After sixty days plants were uprooted washed 1n running water and 
scored for nematode damage us1ng a gall 1ndex of 0-5 where O = no galls or 
egg masses 1 = 1-2 2 = 3-10 3 = 11-30 4 = 31-100 and 5 = more than 100 
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galls or agg massas 

Tests wera rapaated on cultivars that gava negativa results to ensura 
thay ware not due to chanca 

The second expariment was conducted in a scraenhouse Twanty plants 
wara usad for each cultivar Tha seeds were sown in 17 x 22 cm polythane 
bags containing clay soil which was haavily infestad with N Javan~ca (600 
larvaa/200 g so1l) After sowing the bags were kept on a banch and watered 
and sprayed w1th Dithana M45 whenaver necessary After sixty days the 
plants were uprooted washed free of soil with tap water and rated for 
nematode damage as describad in the first axpariment 

Tha third experimant was similar to the sacond except that soil 1nfested 
w1th N 1ncogn1ta was used Tha roots wera examinad as descr1bed 1n the first 
expenmant 

Results 

Tha react1ons M the bean cultivars to root-knot nematodes Nelo7dogyne 
JBvamca and N mcogmta race 2 are given in Tables 1 to 3 Out of 47 
cultivars tested only seventeen demonstrated root-knot galling indicas of 2-3 
in all tests These cultivars were 37 508 355 383 411 385 462 904 
GLP-3 D-92 D-166 0-211 0-311 552 GLP-X 1134 0-177 and GLP-X 1146 
They were regarded to be moderately ras1stant to both namatode spec1es Othar 
cultivars exhibited root-knot gallmg indicas of 4-5 The roots of these 
cult1vars were heavily galled and loaded with egg masses so wera regarded as 
susceptible to both nematoda species 

rable 1 React1ons of sean Culttvars to He1o1dogy e Spectes tn Fteld Tests 

H n He a Hean He n 
root No of root No of 
knot egg Re a e k ot egg Reo 

cultfva fndex masses tfon Cuttf ar fndex mas ses ti o 

37 2 4 H 585 4 68 S 
508 2 4 H GLP 24 4 80 S 
355 2 4 H o 266 4 80 S 
383 2 4 H GLP X 1127(b) 4 80 S 
411 2 6 H GLP 2 4 96 S 
385 2 6 H GLP 288 4 100 S 
462 2 7 H 34 4 100 S 
904 2 8 H D-230 4 100 S 
GLP 3 2 8 H 074 4 100 S 
D-92 2 8 H o 113 4 100 S 
o 166 2 8 H o 158 4 100 S 
D-21 1 2 8 H OLP 1290 4 100 S 
o 311 3 15 H 575 5 ) 100 S 
552 3 16 H 586 5 ) 100 S 
GLP-X 1134 3 20 H 771 5 >100 S 
o 177 3 28 H B 19 1 5 ) 100 S 
GLP X 1146 3 30 H 8 86 2 5 100 S 
794 4 36 S GLP X 1150 5 100 S 
982 4 39 S GLP 1159 5 ) 100 S 
983 4 48 S GLP 1 160 5 ) 100 S 
GLP X 92 4 54 S GLP X 1301 5 ) 100 S 
GLP X 1135 4 55 S GLP 806 5 ) 100 S 
GLP X 1124 4 60 S GLP X 1127(8) 5 >100 S 

GLP 1004 5 >tOO S 

H moda ately suscepttble S susceptible 
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Tabla 2 Reactions of Bean Cultivars to Helotdogyne Javantca 1n Greenhouse 
Tests 

------------------------------------------------------------
Mean Mean Mean Mean 
root- No of root- No of 
knot egg- Reac- knot egg- Reac-

Cultivar 1ndex masses tion Cultivar index mas ses t1on 
------------------------------------------------------------------------
37 2 4 M 585 4 69 S 
508 2 4 M GLP-24 4 80 S 
355 2 4 M D-266 4 82 S 
383 2 4 M GLP-X 1127(b) 4 88 S 
411 2 7 M GLP-2 4 97 S 
385 2 7 M GLP-288 4 98 S 
462 2 7 M 34 4 100 S 
--------------------------------------------------------------------------

Mean Mean Mean Mean 
root- No of root- No of 
knot egg- Reac- knot egg- Reac-

Cultivar index masses\tion Cultivar index mas ses tion 
---------------------------------------------------------------------------
904 2 8 M D-230 4 100 S 
GLP-3 2 8 M D-74 4 100 S 
D-92 2 8 M D-113 4 100 S 
D-166 2 8 M D-158 4 100 S 
D-211 2 8 M GLP-1290 4 100 S 
D-311 3 18 M 575 5 >100 S 
552 3 19 M 586 5 >100 S 
GLP-X 1134 3 20 M 771 5 >100 S 
D-177 3 28 M B-19 1 5 >100 S 
GLP-X 1146 3 30 M B-86 2 5 >100 S 
794 4 36 S GLP-X 1150 5 >100 S 
982 4 39 S GLP-X 1159 5 >100 S 
983 4 50 S GLP-X 1160 5 >100 S 
GLP-X 92 4 52 S GLP-X 1301 5 >100 S 
GLP-X 1135 4 55 S GLP-806 5 >100 S 
GLP-X 1124 4 60 S GLP- 1004 5 >100 S 

GLP-1127(a) 5 >100 S 
--------------------------------------------------------------------------
M = moderately resistant S = susceptible 

Discussion 

Bean cultivars exposed to soil heavily infestad with H Javanfca and H 
incognita race 2 differed in their root reactions Several were moderately 
resistant while others were susceptible to both nematode species The roots 
of the moderately res1stant bean cult1vars had less galls and egg masses than 
the susceptible ones 

Th1s conf1rms that some newly developed cultivars are moderately 
res1stant to the two nematode spec1es However most of the cult1vars testad 
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1nclud1ng the recent released cultivars GLP-1004 GLP-2 585 GLP-24 GLP- j, 
X 92 and GLP-1127 were suscept1ble to nematodes Th1s was probably because 1 
res1stance depends on the degree of host suscept 1b1l ity and the spec1es of 
nematode involved The evaluat1on of bean cult1vars for res1stance to root-
knot nematodes will continue th1s season because the use of res1stant 
cult1vars 1s the best approach to controll1ng root-knot nematodes 1n beans 1n 
Kenya (Ngundo 1977) and elsewhere (Wyatt et al 1980) 

Table 3 React¡ons of Bean Cultivars to Helo7dogyne 1ncognita 1n Screenhouse 
Tests 

---------------------------------------------------------------------------
Mean Mean Mean Mean 
root- No of root- No of 
knot egg- Reac- knot egg- Re a e-

cultlVar index mas ses t1on Cult1var index mas ses t10n 
---------------------------------------------------------------------------
37 2 3 M 585 4 62 S 
508 2 3 M GLP-24 4 75 S 
355 2 14 M 0-266 4 80 S 
383 3 15 M GLP-X 1127(b) 4 80 S 
4-11 3 15 M GLP-2 4 96 S 
385 3 20 M GLP-288 5 >100 S 
462 3 24 M 34 5 > 100 S 
904 3 24 M 0-230 5 > 100 S 
GLP-3 3 26 M 0-74 5 > 100 S 

5 S 

1' 

l'¡ 
11 

1: 
li 
11 
1 
¡1 

¡1 

0-92 3 28 M D-113 > 100 
5 > 100 S 

11 
0-166 3 28 M 0-158 
D-211 3 29 M GLP-1290 5 >100 S 
0-311 3 29 M 575 5 > 100 S 
552 3 29 M 586 5 > 100 S 
GLP-X 1134 3 30 M 771 5 > 100 S 
D-177 3 30 M B-19 1 5 > 100 S 
GLP-X 1146 3 30 M B-86 2 5 > 100 S 
794 4 39 S GLP-X 1150 5 > 100 S 
982 4 50 S GLP-X 1159 5 > 100 S 
983 4 54 S GLP-X 1160 5 >100 S 
GLP-X 92 4 52 S GLP 1301 5 >100 S 
GLP-X 1135 4 56 S GLP-806 5 >100 S 
GLP-X 1124 4 60 S GLP- 1004 5 >100 S 

GLP-1127(a) 5 >100 S 
---------------------------------------------------------------------------
M = moderately susceptible S = suscept1ble 
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Research at CIAT on Bruchid Res1stance 

C Cardona 

Sean Program CIAT Cal! Colombia 

Abstract 

The bruch1ds Zabrotes subfasciatus (Boheman) (Hex1can bean 1t'eev11) 
and Acanthoscelides obtectus (Say) (bean lt'eev71) are the tlt'o most 
1mportant pests of stored beans 1n the lt'Orld L subsfasc1atus 1s 
confmed to lt'armer areas and is a lt'arehouse pest d._ obtectus 1s a 
pest of cooler areas (higher alt1tudes or latitudes) 1nfest1ng beans 
m the f1eld and m storage E'xcellent res1stance to Hex1ean bean 
lt'eevil has been found among 1t'7ld Phaseolus vulgans from Hex1co 
Res1stance has been sholt'n to be due to a prote1n (arcel7n) 1t'h7ch 1s 
eas1ly detected (1n the seed cotyledons) electrophoret7cally or 
serolog¡cally F1ve variants have been 1dentif1ed all s1mply 
1nher1ted and are be1ng ¡ncorporated 1nto cult1vated backgrounds by 
backcross1ng Res1stance to the bean lt'eev71 has also been ident1f1ed 
in lt'ild f!_ vulgaris from Hexico and ¡s be1ng transferred to 
cultivated types 

Introduct1on 

The bruch1ds Zabrotes subfasc1atus (Boheman) and Acanthosce l1des 
obtectus (Say) are the two most important pests of stored beans in the world 
causing average losses estimated at 13% The two spec1es are sim1lar but 
differ in their ovipositional habits Z subfasc1atus also known as the 
Mexican bean weevi 1 attaches its eggs to the seed testa wh1le A obtectus 
the bean weevil scatters its eggs among the seed The insects also differ 1n 
ecological adaptation Z subsfasctatus is confinad to warmer areas and 1s a 
warehouse pest which does not attack beans in undamaged pods A obtectus is 
a pest of cooler areas (higher altitudes or lat1tudes) 1nfest1ng beans 1n the 
field and in storage 

Among the different bruchid control alternatlVes studied at CIAT host 
plant resistance has received special attention Following is a summary of 
present knowledge of resistance to bruchids with special emphasis on the 
utilization of wild bean resistance sources to 1ncorporate resistance into 
cultivated varieties 

Mex1can Bean Weevil 

The search for res1stance to the Mex1can bean weevil (MBW) was initiated 
in late 1977 No worthwhile resistance was found among more than 6 000 
cultivated Phaseolus vulgarfs types screened (van Schoonhoven and Cardona 
1982) Excellent sources of resistance to MBW were found among 380 wild P 
vulgarfs accessions collected in Mexico (van Schoonhoven et al 1983) 
Reconfirmation tests indicated that twelve accessions could be classified as 
highly resistant, 16 were intermediate and the rest were as susceptible as 
cultivated beans Characteristically wild resistant accessions are climbing 
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deh1scent beans w1th very small seeds (6 to 7 g per 100) Hard seed coat 1s 
common Fortunately wild beans can easily be crossed with cultivated forms 

Res1stance to MBW in w1ld beans 1s dueto ant1b1osis mechanisms 
(Schoonhoven et al 1983 Cardona et al 1989) There is a significant 
deleter1ous effect on the b1ology of the insect adult emergence 1s reduced 
the l1fe cycle of surv1v1ng 1nsects is prolongad and progeny we1ght is reduced 
(Table 1) In add1t1on as shown 1n the oral presentat1on ant1bios1s results 
1n negat1ve populat1on growth rates h1gh mortal1ty of late first instar or 
early second 1nstar larvae reduced female fecundltY and male-biased sex 
rat1os By means of art1ficial seed techn1ques Cardona et al (1989) 
demonstrated that the factors respons1ble for res1stance are chemical 1n 
nature and are present 1n the seed cotyledons 

Table 1 Levels of Res1stance to Bruch1ds 1n Selected W1ld Beans Compared to 
a Cult1vated suscept1ble Var1ety 

Access1on 
Seed s1ze 

(g/100 seeds) 

Zabrotes subrasc1atus 

G 12949 
G 12952 
G 12953 

Cal1ma 
(cultlVated) 

7 
6 
6 

50 

Acanthoscel1des obtectus 

G 12891 
G 12952 
G 12954 

Ca 11 ma 
(cultlVated) 

8 
7 
6 

50 

Percent 
emergence 

16 2 
17 4 
14 8 

96 1 

31 6 
4 o 
7 2 

78 4 

Days to adult 
emergence 

63 o 
65 2 
67 4 

33 7 

52 1 
62 5 
55 1 

36 6 

Adult_~elght 
(gx10 ) 

o 7 
o 7 
o 6 

1 6 

1 8 
2 o 
1 o 

2 6 

Research on the factors respons1ble for res1stance was 1n1t1ated 1n 1985 
Osborn et al (t986) 1dent1f1ed a new prote1n (eas1ly detectable by means of 
electrophoresls and/or serolog1cal tests) present only 1n w1ld MBW-reslstant 
accessions The prote1n was named arcel1n (after Arcel1a the town in Mexico 
where most of the res1stant access1ons were collected) There are five 
arcel1n vanants wh1ch accordwg to Cardona et al (1990) have different 
genet1c values (Table 2) Genet1c stud1es 1nd1cated that the presence of 
arcel1n 1s 1nhented as a s1ngle dominant gene (Romero Andreas et al 1986) 
wh1ch can be eas1 ly transferred by backcrossing When seeds of backcross­
derwed 1 1nes were tested at CIAT all arcel 1n homozygous l1nes showed h1gh 
levels of res1stance to MBW those heterozygous were 1ntermediate and l1nes 
lack1ng arcel1n were fully suscept1ble Furthermore the add1t1on of purified 
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arcelin to artificial seeds conferred very high levels of resistance to MBW 
(Osborn et a 1 1988) 

Tabla 2 Effect of Ffve Arcelfn Varfants on the Bfology of HBW8 

----------------------------------------------------------------------------------
Accessfon 

Arce lfn 
varfant 

' Oays to adult Wefght/agult Index of 
emergence emergence (gx10- ) susceptfbflftyb 

----------------------------------------------------------------------------------
G 12882 1 9 3d 51 oc o 9b 1 o 
G 12866 2 20 Se 48 Be o 9b 2 3 
G 12922 3 79 Sb 42 Od o 9b 7 7 
G 12952 4 8 4de 70 Oa o Se o 8 
G 2771 5 4 Oe 64 6b O Bb -o 3 

Calima 94 Oa 32 9e 1 4a 10 7 
----------------------------------------------------------------------------------
8 Heans of four tests ffve replfcatfons per test Heans wfthfn a column followed 
by the same letter are not sfgnfffcantly dffferent (P - o 01 Ouncan s multfple 
~ange test) 

Log progeny per female/days to adult emergence 

These findings have greatly facilitated breeding for resfstance to HBW 
At present a backcross breeding scheme is being utilizad to improve beans for 
resfstance to this pest (Table 3) All segregating populations are testad for 
the presence or absence of arcelin by means of a simple reliable serological 
technique callad the Ouchterlorly plata Seeds devoid of arcel in are 
discarded those containing the protein are selected and handled as shown 1n 
Table 3 More than 100 HBW-resistant lines have been developed following this 
scheme As an example we present resistance levels of arcelin 1-denved 
lines coded RAZ (Table 4) which have been just released and incorporated in 
CIAT s 1990 VEF nursery 

Bean lfeev11 

Resistance to bean weev11 (BW) was not found among more than 10 000 
cultivated bean germplasm accessions screened between 1977 and 1981 In 1981 
a handful of wfld Hexican bean accessions showed high levels of resistance 
Of these 14 accessions have been reconfirmed to be highly resistant to BW 
Some are also resistant to HBW 

As with HBW antibiosis is the mechanism of resistance to BW (Table 1)? 
Resistant accessions affect the biology of the insect causing high levels of 
larval mortality prolongation of life cycles staggering of generations 
reduced female fecundity and male-biased sex ratios (van Schoonhoven et al 
1983 Cardona et al 1989) Resistance was found to be due to chemical 
factors present in the cotyledon of seeds (Cardona et al 1989) the testa 
not being involved 
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Table 3 Current Breed1ng Scheme to Incorporate Res1stance to HBW 1nto 
Cult1vated Common Bean 

Res1stant (arcelln-donor parent) x suscept1ble recurrent parent 

F1 

BC1F 1 

BC2F 1 

BC2F4 

backcrossed to suscept1ble parent 

serolog1cal tests of 10-20 seeds per cross 
backcrossed to suscept1ble parent 

Are+ are 

serolog1cal tests of 10-20 seeds per cross Are+ seeds 
are planted and 1nd1v1dual plants are selected 1n the 
f1eld 

serolog1cal tests of 10-20 seeds per plant selected 1n 
BC2F Homozygous Are+ are planted 1n progeny rows 1n 
the l1eld and selected for agronom1c characterlstlcs 

seeds are subm1tted to repl1cated feed1ng tests w1th the 
1nsect Res1stant progen1es are planted 1n the f1eld 
and selected for agronom1c character1st1cs 

best l1nes are ceded RAZ 
-----------------------------------------------------------------

Table 4 Biology of and Damage Levels by HBW on Selected Dry Bean L ines 
Der1ved from Crosses with Parents Conta1n1ng Arcel1n 1 

Linc/ 
cultivar 

Type of % Days to adult Weight/agult 
cross8 emergence emergence (gx10- ) 

Jndex of 
suscept¡; 
1bil1ty 

% seeds 
damaged 

55 DAle 
-------------------------------------------------------------------------------
Breed1ng lmes 

RAZ 1 S 1 8b 53 O be 1 2bc -1 3 13 4bc 
RAZ 2 T(BC2) 2 5c 53 9b 2 4a -o a 9 4c 
RAZ 3 BC2 3 2b 51 Bbc 1 3bc -o 1 11 O be 
RAZ 4 S 2 9b 53 8b 1 3bc -o 5 12 3bc 
RAZ 5 S 3 4b 48 5c 1 1bc -o 4 11 2bc 
RAZ 6 BC2 4 3b 50 1bc 1 O be -o 2 13 6bc 
RAZ 7 S 3 8b 49 5bc 1 2bc o 07 21 Ob 
RAZ 8 T(BC2.) 4 1b 51 2bc 1 O be o 06 16 3bc 
RAZ 9 S 4 Ob 50 2bc 1 2bc o 3 14 8bc 
RAZ 10 S 4 7b 50 Bbc o 9bc o 3 17 5bc 

Checks 

G 12952 (res1stant) 5 4b 60 2a o 7c o 7 11 4bc 
PiJaO (susceptible) 99 4a 34 4d 1 4b 9 3 97 1a 
-------------------------------------------------------------------------------

triple cross handled as BC2 

1 

8 s _ s1mple cross BC2 double backcross T(BC2) 
b log progeny per female/days to adult emergence 
e DAI days after 1nfestat1on 
Heans w1thin a column followed by the same letter 
different (P O 01 Duncan s multiple range test) 

are not signif1cantly 
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It is known from multiple tests that the presence of arcelin does not 
necessarily confer res1stance to BW Researchers at the Univers1ty of Ourham 
postulated that resistance to BW may be due at least in part to the presence 
of a heteropolysacchande which has unusually high arabinose and fucose 
contents (Gatehouse et a1 1987) This hypothes1s has not been reconf1rmed 
at CIAT or elsewhere and so far a biochemical marker for res1stance to th1s 
spec1es has not been found Consequently resistance screening and select1on 
in segregation populat1ons must st1ll be performed by means of t1me-consum1ng 
1nsect feeding tests 

Following an 1nher1tance study wh1ch suggested that res1stance to BW may 
be controlled by two recesslVe genes (CIAT unpubl 1shed results Kornegay 
J personal commun1cation) a backcross breed1ng scheme has also been adoptad 
to 1mprove beans for resistance to this species As shown 1n Table 5 
segregating populat1ons are tested with the 1nsect 1n ind1v1dual seed feed1ng 
tests Though the lack of a chem1cal marker has made progress w1th BW a more 
lengthy process h1gh levels of res1stance have been 1ncorporated At 
present F3 progenies are be1ng tested 1n repl1cated trials 

Table 5 Breed1ng Scheme to Incorporate Res1stance to A obtectus 1nto 
Cult1vated Common Bean 

BC2F4 

Resistant x Susceptible 

seed 1ncreased 

ind1v1dual seed (200 seeds per cross) feed1ng tests 
with the 1nsect Res1stant seeds are plantad and 
backcrossed to susceptible parent 

seed 1 nc reased 

indlVidual seed (200 seeds per cross) feed1ng tests 
with the insect Res1stant seeds are plantad and 
backcrossed to susceptible parent 

\ seed 1 nc reased 

1ndividual seed (200 seeds per cross) feed1ng tests 
with the insect Resistant seeds are plantad and 
selected for agronomic characteristics 

repl 1cated feed1ng tests with the insect for each of 
1nd1vidual plants selected in BC2F2 Resistant plants 
are plantad and selected for agronomic character1stics 

repl1cated feed1ng tests w1th the 1nsect for each of 
ind1v1dual plants selected in BC2F3 Res1stant plants 
are plantad and selected as above 

~best l1nes are coded BRU 
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Dtstribution Patterns of the Sean Bruchrds Zabrotes 
subfasctatus Bohaman and Acanthoscelides obtectus (Say) 

(Bruchrdae Coleopters) m Uganda 

M N Sil1m 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

The bruchrds Zabrotes subfasc1atus and Acanthoscelrdes obtectus 
were found 1n a11 the zones of Uganda surveyed ~ subfasc1atus 
dommated m urban centres and Zone III ~ obtectus was the the 
cosmopol1tan pest in rural areas w1th the greatest percentage 
compos1t 1on m Agroecolog1ca 1 Zones I II and IV The spread of L 
subfasc1atus appears to stem from both trade in beans and the1r 
outflow from agncultural mst1tut1ons Weather may also mfluence 
1ts rate of establishment It 1s the most ser1ous pest 1n commerc1al 
urban storage and 1n rural storage 1n Zone III ~ obtectus appears 
to have been mtroduced much earl1er than L subfasc1atus and 1ts 
spread has been accelerated by both 1ts ab1l1ty to fly and mfest 
drymg f1eld beans and by the movement of beans It 1s most ly 
establ1shed 7n areas w1th m1lder weather Numbers of ~ obtectus were 
generally small so that 1n m1xed populat1ons ~ subfasc1atus 
predommated 

Introduct1on 

Bean 1s w1dely grown 1n Uganda w1th annual product1ons of 197 thousand t 
1n 1966 223 thousand t in 1971-74 and 248 484 t 1n 1981-84 S1nce 1987 area 
has 1ncreased as a result of the prom1nent role bean has played as an export 
commodlty for barter trade Insect damage 1n store can be very heavy and 
greatly reduces the we1ght qual1ty and v1ab1l1ty of beans In 1962 we1ght 
losses due to 1nsect pests were est1mated to be as h1gh as 5-10% after s1x 
months storage (Anon 1962) It was est1mated that 36-69% of stored pulses 
are bored by weevils Surveys (Anon 1989) showed that on-farm losses of 
over 56% occur 1n beans dunng s1x months storage Because of the heavy 
1nfestat1ons and subsequent losses farmers often opt to sell off the bulk of 
the1 r produce soon after harvest Where storage occurs 1t 1 s usua 11 y for 
short per1ods only or the beans are treated using mostly ashes and at t1mes 
chem1cals (Anon 1989) 

The weevils Z subfasc1atus and A obtectus are the maJor pests of the 
common bean (Phaseolus vulgar¡s) and l1ma bean (P lunatus) Both also attack 
seeds of other legumes includ1ng cowpea ( V1gna ungu1culata) on wh1ch heavy 
1nfestations of Z subfasc1atus have been reportad 1n Uganda and Burma (Me1k 
and Dobie 1986) 

The rate of mult1pl1cation and the resultant damage 1s much greater w1th 
Z subfasciatus than with A obtectus Field observations have shown that 
where infestat1ons are predominantly Z subfasc1atus either the losses are 
very high in untreated beans or vanous control methods are used (Anon 
1989) 
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Sean bruchids are thought to have originated from S America (CIAT 1984) 
but are now widely distributed in bean producing countries world wide 

Early reports of the occurrence of Z subfasc1atus in Uganda have been 
rev1ewed by Davis ( 1972) Z subfascfatus was fi rst recordad in Uganda in 
1956 when 1t was discovered in very small numbers on a lake barge at Port 
Bell near Kampala However extensiva surveys of stored produce from 1956 to 
1960 in all areas of Uganda except Kigezi District showed no presence of z 
subfasc1atus Nor was it found in surveys in Serere in 1960-61 In 1962 and 
subsequent years 1t was recordad in considerable numbers on beans and cowpeas 
at Serere Research Station near Soroti and at Kawanda Research Station near 
Kampala Z subfasc1atus was also recovered in 1967 from a sample of beans 
obta1ned from Bug1su District 

No early records of the occurrence of A obtectus exist except for 
occas1onal unpubllshed mentions In 1988 it was found in association with 
Z subfasc7atus but in a much lower proport1on in samples of beans from in and 
around Kampala (Ora 1988) 

Ava1lable ev1dence concerning patterns of distribut1on of Z subfasciatus 
and A obtectus ind1cate the importance of climatic and physical factors (van 
Schoonhoven et al 1986) z subfasciatus is found mostly in tropical areas 
of low altltude and relatlVely high temperaturas wh1le A obtectus is most 
commonly found 1n h1gh altitude areas of cooler temperaturas There 1s no 
1nformation on patterns of dlstribution of the two species nor on the factors 
1nvolved in Uganda 

Mater1als and Methods 

Sampl1ng was conducted in representativa districts of three of the four 
maJar agro-ecolog1cal zonas of Uganda (Flgure 1) Samples of bean and cowpea 
were collected from farms and households in rural areas and majar collecting 
and d1stribut1on centres in urban areas (Tabla 1) 

In rural areas the sample population was divided into manageable 
proport1ons using multl-stage stratified random sampling The sub-division 
was made on the basis of small administrativa units The units were chosen 
randomly with the f1nal sample unit being the farm or household The on-farm 
sample number was determ1ned according to Harris and L indbland (1978) with 
the ranga of expected losses of 35% and a desired precision of ±5% which gave 
35 to 60 on-farm sampling units 

Samples of 250 g were collected and kept in plastic containers The 
samples were s1eved to collect insects and then incubated for 45 days at room 
temperatura for further sieving The insects recovered were identified and 
counted 

Results and Discussion 

The results are summarized in Tablas 2 and 3 and Figures 2 and 3 Numbers 
of A obtectus did not differ between samples from rural areas and urban 
centres while numbers of z subfascfatus were much greater in samples from 
commercial centres than in those from rural areas for example in Kampala and 
Mpigi Distr1cts in zone IV (Tabla 2) (P<O 05) 
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... F1gure 1 The Agroecolog1cal Zones of Uganda 
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Table 1 D1stricts and Commercial Centres Sampled 1n Three Agro-Ecolog1cal 
Zones of Uganda 

-------------------------------------------------------------
Zone Descr1pt1on D1stncts Urban areas 
-------------------------------------------------------------
I Hlgh alt1tude 

Sebe1 K1gez1 Not sampled 

II Pastoral dry to sem1-ar1d rangeland 

Moroto E Ankole N Buganda Luwero 

111 Short grassland North and East 

Tororo Sorot1 Llra/Apac 
Nebb1 Arua Gulu/Kltgum 

L1ra 
Apac 
Toro ro 

Mbale 

IV Tall grassland South and West 

Mas1nd1 Masaka Ho1ma 
Bund1bugyo 

a not sampled 

Mas1nd1 
Ho1ma 
Mukono 
Mp1g1 
Kampala 
Masakaa 
Mbararaa 

Luwero town 

L1ra town 
Apac 
Tororo Pall1sa 
Budaka Bus1a 
Mbale 

Mas1nd1 K1gumba 
Ho1ma 
Mukono 
Mp1g1 Kawanda 
Kampala 
Mas1nd1 
Mbarara 

Table 2 Numbers of Z subfasc1atus (Zs) and A obtectus (Ao) Adults Recovered 
from 250 g Samples of Bean and Cowpea Collected from Rural and Urban 
commerc1al Centres of Zone IV (Mp1gi and Kampala) 

Sample 
number 

1 
2 
3 
4 
5 
6 

Mean 
S E 

Rural 

Zs Ao 

o 3 
o 23 

60 18 
11 3 
o o 
o o 

11 8 9 

Urban 

Zs A o 

1 1 1 25 
60 27 
90 25 

210 73 
50 12 
o o 

o 86 8 27 o 

------------------------------------------------------------

276 



F1gure 2 Percentage Composrt1on of Z subfasc1atus 

Katgum 

• ra 

2.77 
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F1gure 3 D1 tncut1on of A obtectus 

Kttgum 
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Table 3 Z subfasc1atus (Zs) and A obtectus (Ao) as Percentages of Total 
Bruchids Recovered from Samples of Bean and Cowpea Collected from 
Rural and Urban Centres in Uganda 

Zone 

II 

III 

IV 

D1str1ct Town 

Luwero 

L1ra 
Apac 
Toro ro 

Mbale 

Mas1nd1 

Ho1ma 
Mukono 
Mp191 

Kampala 
Masaka 
Mbarara 

Luwero 

Llra 
Apac 
Toro ro 
Pall1sa 
Budaka 
8US1a 
Mbale 

Mas1nd1 
K1gumba 
Ho1ma 
Mukono 
Mp1g1 
Kawanda 
Kampala 
Masa ka 
Mbarara 

Rural 

14 5 

75 5 
72 5 
87 5 

58 7a 

4 
64 9 
o 

49 5 
50 1 

NC 
69 
NC 

Zs 

Urban 

71 

85 
79 1 
95 1 
93 4 
88 
87 
81 ,a 

59 1 
64 9 
39 
89 9 
71 1 
81 3 
87 1 
69 1 
59 9 

NC = not collected a lowland areas only 

A o 

Rural 

85 5 

24 
27 5 
12 5 

41 3a 

96 

100 
50 
49 

NC 

NC 

9 
9 

Urban 

29 

15 
20 9 

4 9 
6 6 

12 
13 
19 9 

40 9 
35 1 
61 
10 1 
28 9 
18 7 
12 9 
30 3 
40 o 

The two weevils (Z subfasc1atus) and (A obtectus) are obv1ously well 
established pests of bean in Uganda being found in all the three agro­
ecolog1ca1 zonas sampled The percentage compos1t1on of the two bruch1ds 1n 
infestad beans varied among zones between rural and urban centres and among 
rural centres of the same zone 

In samples from most urban centres Z subfasc1atus predominated w1th 
the highest percentage composit1on found 1n the corndor runn1ng Entebbe­
JinJa-Tororo-Sorot1 Pockets of h19h populations were also found 1n the towns 
of Lira and Apac and Z subfasc1atus also predominated 1n Zone III 

A obtectus predominated 1n samples from rural areas w1th the largest 
percentage composltions in Zone II and 1n Zone IV except for the southern 
areas It is also believed to dom1nate z subfascJatus 1n Zone I 

The pattern of d1stnbution of A obtectus covenng almost the ent1re 
country suggests that 1t was e1ther 1ntroduced much earl 1er than Z 
subfasc1atus or that it has a better ability to spread Where bean 
infestat1ons were predom1nantly by A obtectus sparse populat1ons were 
accompanied by little damage 

The pattern of the population distribution and spread of Z subfascfatus 
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accords w1th 1ts recent introduction into Uganda (Oavis 1972) The occurrence 
of the pest 1n areas from which it was earlier absent however ind1cates that 
1t 1s st1ll spreading Initial records of Z subfasc1atus in Uganda - at 
Serere and Kawanda Research Stations on a bar9e on Lake V1ctona and at a 
cooperativa warehouse in Mbale (Davfs 1971) - suggest 1ts spread may be v1a 
outward movements of beans from major research stat 1 ons and by commerci a 1 
movements 

Climat1c factors may then have influenced the rate and degree of spread 
of Z subfasc1atus and its establ1shment 1n the d1fferent agro-ecolog1cal 
zones of Uganda (van Schoonhoven et a 1 1986) Current fi nd1ngs tend to 
conf1rm this For example where high inc1dences of Z subfasc1atus are 
found as in Zone 111 temperaturas are high w1th max1ma of 30°C common 

In rural areas low populations of A obtectus occurred and were more 
evenly d1str1buted Although the reasons are not clear 1t 1s possible 1t has 
reached a more controlled and balanced populat1on as a result of natural 
b1olog1cal agencies or simply that 1ts reproduct1ve capacity is lower 1n sorne 
areas More 1nvest1gat1on 1s requ1red Normal grain movements coupled with 
the ab1l1ty of A obtectus to perform flights and 1nfest even field dried 
beans are thought to have contr1buted to the spread and even distribut1on of 
A obtectus 

The establ1shment and predom1nance of A obtectus 1n the cool zones 1s 
thought to be due to 1ts tolerance of temperaturas too cool for Z 
subfasc 1atus 

Where m1xed populat10ns occurred A obtectus were fewer than Z 
subfasc1atus so Z subfasc1atus may have a competitiva advantage Other 
b1olog1cal and phys1cal factors influencing population numbers may also be 
affect 1 ng A obtectus more than Z subfasc tatus More work 1 s needed to 
determ1ne the reasons for this trend 
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Effects af Ash and Cu1tJvar an Popu1atJan OensJties 
af the Bean tteev11 Acanthasce T!des abtectus 

s Kyamanyva 

Oepartment of Crap ScJence Hakerere UmversJty 
Kampa1a Uganda 

Abstract 

Cancentrattans af ash whJch reduce bruchJd JnfestatJan and damage an 
bean without creating JncanvenJence Jn past-starage handiJng are nat 
we11 known in Uganda It Js alsa nat clear whether there are bean 
cultJvars which are resJstant ar less susceptJb1e ta bean bruchJds 
StudJes were initiated ta determine the effects of ash cancentratJans 
and bean cu1tivars an populatJon densJty af bean bruchJds and theJr 
damage Three cancentratJans of ash (O 1 and 5~ by weight) were 
appiJed ta seeds af three bean cultJvars (HarJcot Nambale and 
Kanyebtta) After 12 weeks there were 72 30 and 14 bruchJds/20 g af 
beans at O 1 and 5~ cancentrat1ons of ash respective1y Ash alsa 
affected time ta peak papu lat Jan dens 1 ty the greater the ash 
cancentrat Jan the sharter the t Jme ta peak papu lat Jan The damage 
resu1ted 1n 23 8 11 7 and 2 1~ weJght lasses at O 1 and 5% ash 
concentratJons respectJvely Kanyebwa appeared most susceptible (40 
adu lts/20 g of beans) fa 71awed by Namba le ( 19 adu lts/20 g) and 
Haricot There was a s JgnifJcant Jnteract Jan between ash 
cancentratJans and cultJvars at 5% ash losses in weJght were 2 2 
2 9 and 2 1% for Hancot Namba le and Kanyebwa respect !Ve ly Th!s 
suggests that the use af res Jstant cu lt Jvars cou Id subst Jtute far 
ash 

Introduction 

Attack by a number of f1eld and storage 1nsect pests 1s one of the 
factors l1m1t1ng y1elds of bean in Uganda It 1s bel1eved that the bean seed 
beetles AcanthascelJdes obtectus (Say) and Zabrotes subfascJatus (Boh) alone 
cause sign1f1cant losses in we1ght of beans 1n store (R~ba1hayo et al 1981 
Owera 1987) For example 1t 1s est1mated that 38% of beans are bored after 
storage for s1x months (Dav1es 1962 Hall 1970) Dav1es ( 1962) and 
Byaruhanga (1973) est1mated that th1s damage resulted 1n 10-22% loss 1n we1ght 
of beans stored for over three months 

Control of storage 1nsect pests of beans in Uganda emphas1zed the use of 
insectic1des A number of chem1cals 1ncluding gamma BHC malathion and 
11ndane have been tested and recommendations made for the control of storage 
pests of bean (Anon 1953 1961 1962 Davies 1962) Few farmers however 
follow recommendat1ons (Sengooba 1987) This may be due to the high cost of 
the insect1cides and fear of poisoning themselves and the environment 
Furthermore the use of chemicals has not in a maJority of cases solved the 
problem of storage pests on bean (van Rheenen et al 1983) In Uganda th1s 
would appear to be due to bruchids develop1ng res1stance against chemicals 
For example Evans ( 1985) found that Ca 11asobruchus macu 1atus and z 
subfascJatus from Uganda were resistant to malath1on and lindane There is 

282 



1 

therefore need to look either for new chem1cals or for alternativa means of ,J 

controlling storage pests of bean Promot1on of trad1t1onal means of 
protect1ng beans offer5 such an alternat1ve 1' 

A number of mater1al5 1nclud1ng a5h banana JU1Ce term1te-mound 50115 
pepper and vegetable 011 are u5ed by pea5ant farmer5 1n Afr1ca to protect 
bean5 aga1nst storage 1nsect pests (CIAT 1986) Research elsewhere has 
1nd1cated that sorne of these are very effic1ent 1n controll1ng storage pests 
(van Schoonhoven 1978 CIAT 1986) Mix1ng beans w1th ash 1s one of the 
methods that is very effective and could perhaps be recommended for the 
control of bruchids on bean in Uganda Th1s control method could further be 
enhanced by use of resistant cult1vars However very l1ttle has been done on 
ash as a protectant the ratas and t1mes of appl1cat1on are not known 
Furthermore bean genotypes wh1ch are resistant to bean bruch1ds have yet to 
be 1dent1f1ed 

The obJect1ves of the prelim1nary study reportad here were 

to determ1ne the effect of d1fferent levels of ash on bruch1d populat1ons 
and the1r damage to beans and 

11 to study the effect of the commonly grown bean cultwar5 on populat1on 
den51ties of bruch1ds 

Hater1als and Hethods 

The study was conducted 1n a laboratory at Makerere Un1vers1ty 1n U§anda 
Dur1ng the study per1od room temperaturas var1ed between 23 5 and 26 e and 
relat1ve hum1d1t1es between 50 and 80% 

Treatments cons1sted of three levels of seed dressing with ash (O 1 and 
5% by we1ght) and three bean cultlVars (Kanyebwa Nambale and Har1cot) The 
ash was from charcoal whose tree spec1es was not known The cultwars were 
those most common 1 y grown 1 n Uganda The seeds used had JUSt been threshed 
and were free from any chemical treatment The treatments were replicated 
three t 1mes 

F1ve newly mated pairs of bruch1ds selected from a bruch1d colony were 
1ntroduced 1nto glass vials contain1ng 20 g of treated seeds At 30 days and 
thereafter ever~ three weeks for three months bruch1d adults (dead and alive) 
1n each v1al were counted and numbers of holas were recordad in ten seeds 
selected at random On each occasion the seed samples and l1ve 1nsects were 
returned to the vials At the end of the storage per1od the we1ghts of beans 
were recordad and percentage losses in weight calculated 

Results 

The numbers of bruch1d5/20 g 5eeds and holes/10 seeds were most at O% ash 
and least 1n 5% ash w1th 1% ash 1ntermediate (Figure 1) 

There were marked differences 1n population growth of bruchids among ash 
concentrat1ons At 0% ash bruchid numbers were st111 increa51ng at the end 
of 12 weeks At 1% ash bruch1d numbers peaked at 51x weeks and then 
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F1gure 1 Effecta of ash levels on 
populat1ons and damage by A obtectus 
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decreased At 5% ash bruchid numbers peaked during the third week and then 
decreased Losses in we1ght of beans in store also decreased with increasing \· 
ash concentration from 12 9% at O% ash to 1 9X at 5X ash with 1X ash " 
1ntermed1ate (6 5X) 

At 12 weeks Kanyebwa (40 adults/20 g seed) harboured significantly (P = 
O 05) more bruchids then Nambale (19 adults/20 g) and Haricot (15 adults/20 g) 
(F1gure 2) There were also significantly (P = O 01) more holas 1n seeds of 
Kanyebwa than in seeds of Nambale and Haricot reflectad in losses in weight 
of 12 8 (Kanyebwa) 4 7 (Nambale) and 3 8% (Haricot) 

There were s1gnificant 1nteract1ons between ash concentrat1ons and 
cultivars for all three parameters differences between Kanyebwa and the other 
cultivars decreasing as ash concentrat1on 1ncreased so that at ash 
concentrat1ons of 5% there were no d1fferences among cult1vars 

D1scussion 

The roles of both ash and cultivars in protecting bean seeds aga1nst 
bruch1ds have been clearly demonstrated After 12 weeks in store bean seeds 
that were not dressed with ash had already suffered apprec1able losses 1n 
we1ght (12 8% 1n the most susceptible cultivar) which were still increasing 
Th1s compares w1th the losses observad by Byaruhanga (1973) after storing for 
24 weeks Most 1nterest1ng was the reduction in we1ght loss to 2% by an ash 
concentrat 10n of on 1 y 5% equwa lent to 50 g ash/kg of beans Adding sma 11 
quant1t1es of ash to beans and other products appears to offer an effect1ve 
cheap and h1ghly pract1cal means of protect1on aga1nst bruch1ds during 
storage 

Nambale and Haricot suffered sign1f1cantly less damage due to bruch1ds 
than Kanyebwa This difference was perhaps due to d1fferences in testa 
hardness as Nambale types are not liked by farmers because of the1r hard 
testa and long cook1ng time (Sengooba 1987) In the short term it may 
therefore be advisable to recommend farmers to use Kanyebwa which they 
prefer w1th the add1tion of sx or more ash Meanwh11e research should 
continua to develop cultivars which are both acceptable to farmers and 
resistant to bruch1ds Although the present results are prelim1nary in 
natura they suggest that ash and res 1 stant cul t wars can play 1mportant 
roles 1n protect1ng beans aga1nst bean bruchids What ought to be done 
therefore 1ncludes 

1dent1fy1ng acceptable formulations and appl1cat1on rates wh1ch could be 
recommended to farmers and processors and 

11 seek1ng other tradit1onal protectants wh1ch may be comb1ned w1th ash to 
1ncrease efficacy and effic1ency 
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F1gure 2 Effecta of bean cult1vara on 
populat1ona and damage by A obtectua 
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Beanf1y Infestatfon on Common Bean 
(Phaseo1us vu1gans L J m Kenya 

J H Nder1tu H V Kayumbo and J M Mueke 

Nat1onal Agr1culturaT Laborator1es Na1robl Kenya 

Abstract 

The populat10n patterns of eggs larvae and pupana on bean plants 
and leaf punctures made by adu lts were wvest ¡gated dunng cropp¡ng 
(March-July October-January) and noncropping (July-October) seasons 
at two s1tes 1n Kenya Bean grown 1n noncropp1ng seasons had more 
leaf punctures eggs larvae and pupar1a than bean grown 1n cropp1ng 
seasons Bean sown 1n noncropp¡ng seasons attracted unusua lly h1gh 
beanfly populat1ons from surround1ng weeds as well as prev1ous crops 
Under f1eld cond1t1ons the beanfly spec1es Oph1omna spencerella 
Greathead and Q phaseo/7 Tryon 1nfested bean plants 1n a77 
seasons 8oth spec1es normal/y ov1pOs1ted 1n punctures on the leaves 
but ~ spencerella also ov1pos1ted 1n the stems of bean seedl1ngs 

Introduct1on 

Agromyzld beanf11es are w1dely d1str1buted seedl1ng pests of bean 1n 
eastern and southern Afr1ca As1a and Australia (Singh and van Emden 1979) 
Heavy losses of common bean due to beanfl1es have been reportad from eastern 
Afr1ca (Wallace 1939 1941 Swa1ne 1968 Schonherr and Mbugua 1976 NJuguna 
et al 1981 Omuny1n et al 1984) The seasonallty of beanf11es 1n eastern 
Afr1ca has also been reportad by Wallace (1941) Walker (1960) Swa1ne (1968) 
Greathead (1968) Ok1nda (1979) Mueke (1979) and K1bata (1980) They are 
present 1n bean grow1ng areas of Kenya throughout the year though levels of 
1nfestat10n fluctuate In th1s study levels of beanfly infestat1on were 
assessed dur1ng cropp1ng and noncropp1ng seasons on a local susceptible 
cultivar of P vulgar1s 

Mater1als and Methods 

The exper1ments were conducted at the Nat1onal Agr1cultural Laborator1es 
(NAL) and Kabete Campus F1eld Stat1on both near Na1rob1 Both locat1ons are 
at an alt1tude of about 1700 masl and have well-dralned very deep dark 
redd1sh brown to dark red friable clay (Hum1c Nltosol) so1ls The cl1mate IS 
character1zed by alternat1ng dry and wet seasons and absence of large seasonal 
changes 1n temperatura The prec1p1tat10n pattern 1s b1modal Wlth one long 
ra1ny season from mld-March to May and a short ra1ny season from mld-October 
to December The penod from June to October 1s cool rather cloudy and 
almost dry wh1le the warmest t1me of the year 1s from mld-December to mld­
March The mean a1r temperatura 1s 18°C and mean so1l temperatura 22°C The 
ecolog1cal zone 1s dry sub-humld to sem1-hum1d 

The bean cult1var GLP 2 (Rose Coco) was grown 1n plots of 21 5 x 5 m 
w1th an 1nter-row spac1ng of 50 cm and Wlthin row spac1ng of 10 cm DAP 
fert1l1zer was appl1ed at sow1ng at a rate of 200 kg/ha The crop was weeded 
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two to three t1mes per season Ne1ther insect1c1de nor fungic1de was appl1ed _ ~~
1

,; 
1n the expenmental plot The bean seedl 1ngs were left to natural beanfly . 
1nfestat1on 8ampl1ng started seven days after emergence of the seedlings and 
cont1nued at weekly 1ntervals dur1ng the grow1ng per1od of the crop One plant 
was randomly sampled from each of the 44 rows of every plot Data recorded 
were the number of beanfly punctures 1n the leaves the number of eggs and 
f1rst 1nstar larvae obta1ned by d1ssect1ng leaf punctures under a b1nocular 
m1croscope the number of eggs obta1ned by d1ssect1ng the beanfly punctures 1n 
the stems under a b1nocular m1croscope the number of larvae and pupar1a 
obta1ned by d1ssect1ng the stems and the number of dead plants due to beanfly 
attack Beanfly spec1es were 1dent1f1ed from the colour of the1r pupar1a The 
pupana of OphJomyJa spencerel la Greathead are glossy black and those of O 
phaseoiJ Tryon have black ap1ces and yellow-brown 1ntermed1ate segments 

The expenments were conducted for four seasons The locat10ns sow1ng 
and f1rst sampl1ng dates and season codes whlch w1ll be used 1n the text are 
l1sted 1n Table 1 

Table 1 Dates of emergence and sampl1ng for beanfl1es at Kabete and NAL 
dur1ng 1984 and 1985 

Season Code S1te Emergence F1rst sampl1ng 

5hort ra,ns 1984 19845 NAL 23 October 9 November 
(October-January) K abete 8 November 16 November 

Long ra1ns 1985 1985l NAL 1 Apr1l 1 1 Apr1l 
(AprJl-July) K abete 29 March 9 Apr1l 

Off-season 1985 19850 NAL 1 1 July 16 July 
(July-Octoberl K abete 2 July 9 July 

Short ra1ns 1985 19855 NAL 16 November 23 November 
(November-February) 

In 19845 there was heavy ra1nfall 1n October and November and l1ght 
ra1nfall 1n December and January when 1t was found necessary to 1rr1gate the 
crop Dun ng 1985L there was heavy ra 1 nfa 11 1 n Apnl and May but 11 ght 
rainfall 1n June and July The ra1ns were adequate and therefore the bean 
crop was not 1rr1gated The crop was 1rr1gated throughout the grow1ng per1od 
during 1985D Dunng 19855 there was suff1c1ent ra1nfal1 1n October and 
November but the crop was 1rr1gated dur1ng the months of December and January 
because ra1nfall was 1nadequate 

Results 

Adult beanfl1es punctured the leaves of bean plants at the base and edges 
of the lam1na w1th the base of the lamina the preferred s1te Leaf puncturing 
occurred 1mmed1ately after plant emergence and cont1nued throughout the season 
(Figure 1) Accurate est1mat1on of numbers of leaf punctures was poss1ble 

289 

11 

l 



20 

18 

12 

8 

4 

18 

12 

8 

4 

o 

Figure 1 Numbera of beanfly puncturea 
In leavea of bean planta 

Beanfly puncturea/44 planta x 10 3 

Kabete Campua Nalrobl 

NAL Nalrobl 

o 2 3 4 6 8 7 8 9 10 1 1 

Weeka at ter emergence 

19845 ----1- 1986L 

~ 19860 -E3- 19868 

290 

~ -
12 



Wlthin the f1rst four weeks of beanfly attack befare punctures had dried and 
coalesced Ounng 19850 leaf punctures were numerous at both sitas during 
the early stages of growth Beanfly leaf punctures were fewer in the other 
seasons except in 19848 when there was a sharp 1ncrease in numbers of 
punctures 1n the latter part of the season at NAL 

Eggs were depos1ted 1n leaves immed1ately after plant emergence and 
ov1posit1on cont1nued throughout the season (F1gure 2) They were found 
1nserted s1ngly in only a few of the leaf punctures located at the base of 
the leaf lam1na Our1ng both short ra1ns seasons the numbers of eggs laid in 
the leaf punctures were few 1mmed1ately after emergence but 1ncreased later 
Our1ng 1985L ovipos1tion was small throughout the season 

Eggs were not observad in the stems of young seedlings dunng 19848 
19858 and 1985L Ouring 19850 beanfly eggs were found 1n the stems and 
leaves of young bean seedl1ngs and there was more ov1pos1tion 1n the seedl1ng 
stage than towards matur1ty Punctures 1n stems of seedl1ngs were found both 
above and below ground level but eggs were laid mainly below ground level 
Ov1position 1n stems occurred ma1nly dur1ng the two weeks ~fter plant 
emergence when there were more eggs 1n the stems than in the leaves Later 
the number of eggs 1n leaves exceeded those 1n stems 

Larvae pupated at the base of the stems 1n young bean plants and at the 
nodes of the stems of older plants Larvae and pupae were observad on bean 
plants from three to four weeks after plant emergence 1n numbers relatad to 
the rate of egg-laylng Our1ng 19848 19858 and 1985L there were few beanfly 
larvae and pupana in the early part of the season but numbers 1ncreased as 
the season advanced (Figure 3) There were more larvae and pupana 1n the 
early stages of growth of the crop and fewer in the later stages of crop 
growth dur1ng 1985L than dur1ng the two short ra1ns seasons 

our1ng 19850 larvae were observad 1n the stems from one week after plant 
emergence Total larvae and pupana 1n the plants reached a peak 3-4 weeks 
after plant emergence but thereafter were very few The numbers of larvae and 
pupana 1n plants were greater 1n the early part of the season dunng 19850 
than dur1ng the other seasons 

O phaseo17 and o spencere11a were both found 1nfest1ng plants 1n the 
f1eld The populat1on patterns of the two spec1es are illustrated by the 
inc1dence of pupal stages 1n bean pl{lnts (Figure 4) O spencere11a pupar1a 
were found on plants three weeks after plant emergence wh1le O phaseol1 
puparia were found four weeks after plant emergence Ouring the two short 
ra1ns seasons populat1ons of both spec1es bu1lt up to the same level in later 
stages of growth at both s1tes ounng 19850 and 1985L the numbers of o 
spencere11a puparia were greater than those of O phaseo17 Peak numbers of O 
spencere11a pupae dunng the two seasons occurred 5 weeks after plant 
emergence The number of O spencere11a puparia 1n the plants were the sama 
as the numbers of O phaseol1 pupar1a dur1ng 19848 and 19858 

In terms of numbers of O spencere11a pupar1a in the plants seasons were 
ranked 19850>19848>1985L>19858 In terms of numbers of O phaseo17 pupar1a 1n 
the plants seasons were ranked 19848>19850>19858>1985L 

our1ng 19848 and both long and short rains of 1985 beanfly 1nfestat1ons 
were not larga enough to cause plant mortal1ty However during 19850 
populations of o spencere11a were suff1c1ently larga to k1ll plants caus1ng 
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Figure 2 Numbera of beanfly egga 
ovlpoalted In bean planta 

No of beanfly egga/44 planta 
280 

Kabete Campua Nalrobl 

240 

200 

180 

120 

80 

40 

o 

280 

240 

200 

160 

NAL Nalrobl 
120 

80 

40 

o 
o 2 3 8 9 10 11 

Weeka after emergence 

19845 --+-- 1985L 

-?lE- 19850 ---f3- 19885 

292 

12 



440 

400 

360 

320 

280 

240 

20 

160 

120 

80 

440 

400 

360 

320 

280 

240 

200 

Figure 3 Number of beanfly larvaP 
and pupae In bean planta 

No of beanfly larva pupae/44 planta 

Kabete Campua Nalrobl 

NAL Nalrobl 

Weeka afte emergence 

19845 

----- 19850 

293 

---+--- 1985L 

-El- 19855 

]¡ 



Figure 4 Numbers of O spencerella and 
O phaseoli puparla In bean plants 
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growth of calluses where larvae had pupated Such damage resultad 1n 
wither1ng of plants and stunt1ng and yellow1ng of leaves Dur1ng 19850 53 2% 
of bean plants were k1lled at Kabete Campus Field Stat1on and 42 6% at NAL 
due ma1nly to O spencere71a Mortallty was f1rst observad four weeks after 
plant emergence (F1gure 5) and was complete f1ve weeks after eme-rgence 
Plants that rema1ned alive ten weeks after emergence cont1nued to grow unt1l 
the end of the season Those that escaped or had l1ttle attack grew 
v1gorously and produced heavy y1elds 

01scuss1on 

In1t1al adult beanfly populat1on was probably the ma1n factor affect1ng 
the rate of leaf punctur1ng of bean plants Ok1nda (1979) and K1bata (1980) 
assessed 1nfestat1on from numbers of leaf punctures W1th regard to O 
phaseoT1 they overest1mated 1nfestat1on because not all leaf punctures were 
used for ov1pos1t1on In contrast they underest1mated 1nfestat1on by O 
spencere11a wh1ch also ov1pos1ts in the stems However leaf punctures can 
be used as a relat1ve 1ndex of the level of adult beanfly 1nfestat1on w1th1n 
the first four weeks of beanfly attack 

Wallace (1939) and Swa1ne (1968) 1n Tanzan1a stated that beanfl1es la1d 
eggs only 1n leaf punctures Walker ( 1960) 1n Tanzan1a reportad that 
beanfl1es la1d eggs only 1n the lower parts of the stems above the surface of 
the ground The observat1ons made dur1ng th1s study 1nd1cate that beanfl1es 
lay eggs 1n both leaves and stems dur1ng the off-season pn320 

Greathead (1968) noted that ov1pos1t1on 1n both stems and leaves 
1nd1cated 1nfestat1on of bean plants by at least two spec1es of beanfl1es 
He recordad that O spencere11a ovipos1ted ma1nly 1n hypocotyls while O 
phaseo 17 ov1pos 1ted 1n lea ves Present observat 10ns 1nd1cate that wh1l st O 
spencere11a normally ov1pos1ts 1n leaves like O phaseo17 1t also ov1pos1ts 
in the stems of young bean seedl1ngs when ra1nfall 1s l1ght and the numbers of 
ov1pos1t1ng adults are very large 

O spencere ITa ov 1 pos 1 ts 1 n stems above and be 1 ow g round when 
ov1pos1t1on s1tes are 1n great demand In some cases more eggs were la1d 1n 
stems than 1n leaves 1nd1cat1ng that O spencere11a adults were more numerous 
and laid more eggs than O phaseo17 adults Ov1pos1t1on 1n the stems of bean 
plants concentrated 1n the seedl1ng stage 1s more detr1mental than 
ovipos1t1on in leaves because the lag per1od before suscept1ble parts of the 
bean plants (stem bases) are attacked must be shorter No eggs were found 1n 
the stems of bean plants when ra1nfall was heavy although ov1pos1t1on 
occurred 1n the leaves Dunng the normal ra1nfall patterns adults of O 
phaseo17 and O spencere11a ov1pos1ted 1n the leaves of bean plants throughout 
the grow1ng period 

Second and thlrd 1nstar larvae and pupar1a 1n the stems were eas1er to 
count after d1ssect1ng because of the1r small s1ze The number of larvae plus 
pupar1a 1n the stems of bean plants 1s a good est1mate of the relat1ve 
populat1on of beanfl1es 1n a f1eld The1r numbers were much greater than the 
numbers of eggs recordad because of the d1ff1culty of f1nd1ng the latter 
O k inda ( 1979) counted 1 arvae and pupan a 1 n the stems of bean p 1 ants to 
est1mate the degree of 1nfestat1on However larvae of d1fferent spec1es of 
beanfl y are not eas 1ly d1 fferent 1 ated because of the1 r close morpholog1ca 1 
sim1lar1ty In th1s study 1t has been poss1ble to d1st1ngu1sh O spencere11a 
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and O phaseol7 on the bas1s of the colour of the puparia Walker (1960) 1n 
eastern Afnca ment10ned that O phaseol7 pupana were dark brown to black 
wh1le Swa1ne (1968) observad that they were at f1rst brown but later turned 
black The present observat10ns were s1m1lar to those of Greathead (1968) 
who descr1bed the pupar1a of O phaseol7 as yellow1sh brown w1th black ap1ces 
and those of O spencerella as sh1n1ng black 

Earl 1er the species 1n eastern Afnca was cons1dered to be o phaseo17 
alone In the present work O phaseol1 and O spencerella were both found 
1nfest1ng bean plants 1n the f1eld O centrosemat1s wh1ch was found 1n 
bean plants 1n Kenya by Greathead ( 1968) was not found 1n th1s study 
Th1s observation 1s 1n agreement w1th those of Ok1nda (1979) and Spencer 
(1985) who also 1dent1f1ed only O phaseo/7 and O spencere11a 1n the bean 
crop 

The presence and number of pupana can be very useful for populat1on 
momtonng and host plant res1stant stud1es because they can be accurately 
counted and eas1ly 1dent1f1ed to spec1es level O spencere11a pupana were 
observad 1n bean plants earl1er than those of O phaseo/7 Th1s may 1nd1cate 
that O spencere11a attacks younger plants (and therefore OV1pos1ts earl1er) 
or develops fas ter than o phaseo 11 Re lat 1Ve numbers of the two spec1es 
fluctuated among seasons Generally one spec1es predom1nated over the other 
O spencerella was numerous 1n seasons when there were prolongad wet 
cond1t1ons wh1le O phaseol1 was most numerous 1n dry cond1t1ons 

The extent of damage due to beanfl1es depends upon the spec1es 
1ntens1ty of attack populat1on dens1ty durat1on of the noncropp1ng season 
and the weather wh1ch affects beanfly populat1ons However each spec1es can 
reach h1gh populat1on levels and cause ser1ous damage 1n any season depend1ng 
on the 1n1t1al 1nfestat1on of the bean plants and preva1l1ng env1ronmental 
cond1t1ons Infestat10ns of beans sown at the onset of the long or short 
ra1ns were 1nsuff1c1ent to senously deb1 lltate or k1 11 bean plants The 
general1zat1on of Wallace (1941} Swa1ne (1968) Ok1nda (1979) and K1bata 
(1980) that beanfl1es cause ser1ous losses dur1ng the short ra1ns 1n eastern 
Afr1ca can only be true when there 1s very l1ttle ra1n at the beg1nn1ng of the 
season and a short noncropp1ng season pr1or to the short ra1ns allow1ng h1gh 
1n1t1al beanfly 1nfestat1on Otherw1se the 1n1t1al O spencerella attack w1ll 
not be enough to kill the plants and subsequent O phaseo17 1nfestat1on 
1nsuff1c1ent to reduce y1elds Death of bean seedl1ngs due to O spencerella 
was observad when beans were sown JUSt befare the harvest of the prev1ous 
crop outside the ra1nfall pattern of the area so there was no closed season 

Irr1gation dur1ng the growing per1od did not reduce beanfly damage In 
th1s situat1on 1n1tial attack by O spencere11a was suff1c1ent to k1ll bean 
seedlings Plants which recovered from O spencerella attack grew v1gorously 
probably because of less compet1t1on for space and so1l nutr1ents 
Infestat1on by O phaseo17 occurred ma1nly later 1n the season The nature of 
attack of O phaseo/1 1n old plants led to poor pod and seed format1on 
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Effects of Envfronment and Locat1on on the Spec1es Composftlon 
and Populat1ons of Beanf17es (Oohfomyla spp 

01ptera Agromyz1dae) in Tanzan1a 

A oree1 S Slumpa2 and J K o Ampofo2 

Oepartment of Crop Sc1enfe and Product7on 
Agr1culture Horogoro and 1Sr7cu1tura1 

Se 17an Tanzama 

Abstract 

Soko1ne Un1vers1ty of 
Research Inst1tute 

Beanfl¡es (Oph1omy1a spp 01ptera Agromyz¡dae) spec1es compos1t1on 
and temporal change 1n popu1at7ons were stud1ed at f1ve locat1ons 
dunng the long ra1ns of 1988 and 1989 Q_ spencerella was the 
predom1nant spec1es d1ssected from bean plants at all 1ocat7ons Q_ 
phaseo17 was always present but 7n relat1vely low numbers In h7gh 
a1t7tude locat1ons (more than 1 400 masl) beanfly populat1ons 
cons1sted almost ent1rely of Q_ spencere71a In 1988 there was a 
reversa! of spec1es dom1nance 1n the low and med1um a1t7tude 
1ocat7ons w1th Q_ phaseo17 bemg the dommant spec1es early 7n the 
season Beanfly 1nfestat1on was low dur1ng per1ods of heavy ra1n but 
1ncreased sharply w1th the cessat1on of ra1ns 

Introduction 

Beanfl1es (Oph1omy1a spp ) are cons1dered the most 1mportant 1nsect pests 
of bean 1n Afr1ca (Wallace 1939 Greathead 1969) Three spec1es are 
recogn1sed O phaseo17 O spencere11a and O centrosemat1s but the 
l1terature suggests there has been cons1derable confus10n among the spec1es 
(Allen and Smlthson 1986) Wlth 1ncreas1ng research be1ng devoted 1n Afnca 
to common bean recent stud1es have emphas1zed the b10logy of beanfl 1es and 
there are now 1nd1cat10ns that the ecology of the spec1es may be d1st1nct 
L1m1ted 1nformat1on suggests that O phaseo17 1s more often dom1nant 1n warmer 
env1ronments at lower elevat1ons whereas O spencere11a dom1nates at h1gher 
alt1tudes O centrosemat1s appears to be much less abundant than the other 
two spec1es (Irv1ng 1986 Autnque 1988) Furthermore at a s1ngle s1te 
there can be strong reversals 1n spec1es dom1nance dur1ng the course of a 
s1ngle season No such stud1es have been conducted prev10usly 1n Tanzama 
The purpose of th1s study was to determ1ne the d1str1but1on of beanfly spec1es 
1n f1ve d1fferent ecolog1cal zones 1n Tanzan1a 

Mater1als and Methods 

The s1tes used 1n th1s study dur1ng 1988 were the Soko1ne Un1vers1ty of 
Agnculture (SUA) farm at Morogoro 540 masl with a mean annual ra1nfall of 
837 mm and annual temperatura range of 16 to 33°C (mean 24 4°C) Lambo estate 
near Mosh1 1 020 masl with a mean annual ra1nfall of 1 100 mm and annual 
temperatura range between 21 and 26°C (mean 23 0°C) and Morn1ngs1de on the 
slopes of the Uluguru mountains above Morogoro 1 440 masl w1th a mean annual 
rainfall of 2 330 mm and temperaturas rang1ng between 15 and 23°C (mean 19°C) 

Sean cultivars TMO 125 (Sellan Wonder) TMO 191 (Kaban1ma) and TMO 216 
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(G 1821) were used 1n 1988 There were three sowing dates at two weekly 
1ntervals at each locat1on The f1rst were on 15 and 28 Apr1l and 15 May at 
SUA farm Lambo and Morn1ngside respect1vely Each plot was 6 rows 5 m long 
Seeds were sown smgly 10 cm apart w1thin rows Beg1nmng two weeks after 
plant emergence 20 plants per plot were randomly selected and uprooted each 
week for four weeks They were d1ssected and pupae and larvae were removed 
and counted Follow1ng descr1pt1ons by Greathead (1969) and Spencer (1973) 
the pupae were sorted by spec1es and the1r numbers were recordad The pupae 
were kept for adult emergence and males were d1ssected and aedeagal characters 
used to conf1rm spec1es 1dent1ty 

In 1989 the s1tes were lambo Sellan Arusha (1 387 masl) and Mabughal 
near Lushoto (1 560 masl) Bean cultwar Lyamungu 85 was sown on five 
d1fferent dates at three weekly 1ntervals start1ng 30 and 31 March and 7 Apr1l 
at Mabugha1 Sel1an and Lambo respectively At four and s1x weeks after 
emergence ten plants were selected at random from each plot and analyzed for 
beanfl1es as above In both stud1es the population of beanfly spec1es found 
1n each sow1ng at each s1te were used to determ1ne temporal changas 1n the 
beanfly spec1es populat1ons dur1ng the growing season 

Ava1lable weather data for the per1ods of study were obta1ned from nearby 
meteorolog1cal stat1ons and were used to relate env1ronmental factors to 
spec1es dom1nance 

j 

Results and D1scuss1on 

Beanf1y Spec1es Dom1nance 

Two beanfly spec1es D phaseo1J andO spencere11a were found 1nfest1ng 
bean plants at all f1ve locat1ons In both years and in nearly all locat1ons 
O spencere1la was the dom1nant spec1es accountmg for nearly half of the 
beanfly populat1on at Lambo 1n 1988 to nearly 94% at Morn1ngs1de 1n 1988 and 
almost all at Mabugha1 1n 1989 (Table 1) 

Table 1 Beanfly Spec1es Compos1t1on (Percentages of Total local Populatlons) 
at F1ve Locat1ons 1n Tanzan1a 1n 1988 and 1989 

Beanfly 
spec1es 

O phaseo11 
O spencere 11 a 

SUA 

20 6 
79 4 

Beanf1y Popu1atJon Dynam1cs 

1988 

Mornlng-
Lambo s1de 

50 2 
49 8 

5 8 
94 2 

1989 

Lambo Sel1an Mabugha1 

12 8 
87 2 

12 4 
87 6 

o 7 
99 3 

In 1988 there was a reversa! of beanfly spec1es dom1nance 1n relat1on to 
t1me of sow1ng at Lambo and SUA O phaseo11 was the dom1nant spec1es in the 
fl rst sown crop but by the second and thl rd times of sow1ng numbers of O 
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spencerella had surpassed those of o phaseol1 At Horn1ngs1de the 
populat1ons of the two beanfly spec1es were almost stat1c w1th O spencerella 
dom1nat1ng throughout (Flgure 1) 

In 1989 beanfly populat1ons 1ncreased w1th delay 1n sow1n9 and peaked 
sharply during the fourth sow1ng date (early June) 1n all locat1ons (Flgure 
2) In all three locat1ons O spencerella populat1ons were more dynam1c and 
1ncreased as the season progressed O phaseol1 populat1ons fluctuated w1th1n 
a narrow range (0-10 pupae/ten plants) 

The trends 1n beanfly spec1es dom1nance appear to be relatad to alt1tude 
temperatura and ra1nfall (F1gure 3) The sharp r1ses 1n beanfly populat10ns 
at Lambo and Sellan 1n 1989 corresponded w1th the cessat1on of ra1ns (F1gure 
3b) Th1s phenomenon has also been observad w1th O phaseol1 populat1ons 1n 
Tha1land (P1p1thsangchan and Sitt1sak 1985) At Horn1ngs1de O spencerella 
was the dom1nant spec1es 1n both seasons O phaseol1 form1ng less than 6% of 
the ent1re beanfly populat10n The proport10r1 of O spencere77a decl1ned 
w1th decreas1ng altltude and 1ncreas1ng temperatura Th1s trend has been 
reportad a 1 so 1 n Burundl by Autr1que ( 1989) where O spencere 77a dom1 nance 
decl1ned from 100% 1n G1soz1 (altltude 2 100 masl) to 47% 1n Imbo (850 masl) 

Reversals 1n beanfly spec1es dom1nance 1n a 
been observad 1n Burund1 (Autr1que 1989) and Zamb1a 
where two or more beanfly spec1es occur together 
the reversals to temperatura 

s1ngle locat1on have also 
(Irv1ng 1986) 1n locat1ons 
In Zamb1a Irv1ng relatad 

Th1s k1nd of 1nformat10n 1s very useful 1n slte select10n and t1m1ng of 
sow1ng for beanfly res1stance screemng Nurser1es can be screened aga1nst 
two dlfferent spec1es 1f the1r populat1on patterns are well enough known 
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CIAT S Strategy for Sean Entomology m Afnca 

J K o Ampofo 

Agr7cu1tura1 Research Inst1tute Sel1an Tanzan1a 

Abstract 

Vanous co1laborat1ve research networks have been set up among bean 
entomolog1sts 1n Afr1ca Among these are networks to study the 
b1ology and ecology of beanfl1es aph1ds and bruch1ds and to develop 
management strateg1es for them Stud1es of beanfl1es have 1dent1f1ed 
relat1onsh1ps between ecolog1es and spec1es compos1t1on as well as 
IJnes res1stant to d1fferent spec1es Further work 1s under way to 
reconf1rm res1stance m d¡fferent env1ronments and to examme the 
potent1al for res1stance to more than one spec1es 

Introduct1on 

Bean y1elds 1n Afr1ca range between 200 and 1000 kg/ha (Londono et al 
1980) Apart from 1nfert 1le so1l s and poor management pract 1 ces pests and 
d1seases reduce y1elds A w1de range of pests attacks beans dunng the 
var1ous growth stages of the crop They attack every part of the bean plant 
The damage they cause 1ncludes defol1at1on stem and pod tunnell1ng and 
removal of floral parts The damage leads to poor plant growth plant 
mortal1ty and loss 1n pod y1eld and qual1ty 

Los ses due to 1 nsect pests of beans 1n Afn ca ha ve been est 1mated 1 n 
d1 fferent parts of the cont 1 nent They range from s 11 ght to near complete 
loss (Table 1) Current recommended strateg1es to control bean pests rely 
heav1ly on 1nsect1c1des Such 1nsect1c1des are very often unava1lable to the 
resource poor smallholder who grows over 80% of food beans 1n Afr1ca 

There 1s need therefore to explore alternat1ves to th1s form of bean pest 
control CIAT emphas1Zes the development and use of 1nsect res1stant 
cult1vars supplemented somet1mes by safe b1olog1cal control strateg1es 
Faster progress 1n th1s effort w1ll be made through collaborat10n CIAT s 
strategy therefore 1s to collaborate w1th nat1onal research programmes 
through research networks to salve the common pest problems that constra1n 
bean product1on 1n Afr1ca 

Sett1ng Pr1or1t1es in Bean Entomology Research 1n Afr1ca 

Because of our l1mited resources there 1s need for well focused 
obJectwes and research pnor1t1es to max1m1Ze cost eff1c1ency For th1s 
purpose a meet1ng of entomolog1sts work1ng on bean 1n Afnca was held 1n 
August 1989 to 

1 rev1ew the current status of research 1n bean entomology 

2 1 dent 1 fy common prob 1 ems 
solut1ons to them 

set pnor1t 1es for research 

305 

and f1nd 



Table 1 

Pest 

Sean Y1eld Losses Attr1buted to Insect Pests 1n Afr1ca 

Y1eld 
loss (%) Country Source 

Follar beetles (Ootheca spp ) 18-31 Tanzan1a Karel and Rweyemamu (1984) 

AphldS (Aph7S spp ) 

Beanfly (Oph¡omy¡a spp ) 

Pod borers (Hel7oth7s atm7gera 
Maruca testu/al1s) 

Bruch1ds (Zabrotes subfasc1atus 
Acanthoscel1des obtectus) 

50 
37 
90 

50-100 
30-100 
30-100 

100 
50-100 

15-25 
33-53 

73 
23 

Burund1 Autnque et a 1 
Tanzan1a Swa1ne (1969) 
Uganda Nynra (1978) 

Burund1 Autnque (1985 
Kenya De L1ma (1983) 
Tanzama Wallace (1939) 

Karel and Mattee 
Uganda Greathead (1968) 
Zlmbabwe Taylor (1958) 

Kenya De L1ma (1983) 
Tanzan1a Karel (1985) 

Kenya De L 1ma ( 1983) 
Uganda Ruba1hayo et al 

3 determ1ne areas of research among the pr1or1ty pests and 

(1985) 

1989) 

(1986) 

(1981) 

4 develop collaborat1ve research networks to tackle the common problems 

The pnonty pests were 1dent1f1ed to be beanfl1es (Oph1omy1a spp) 
aph1ds (Aph7s spp ) and the bruch1ds Acanthoscel1des obtectus (Say) and 
Zabrotes subfasc1atus (Boheman) The research network cooperators focus on 
d1fferent aspects of a gwen problem but operate 1n such a way that the1r 
ob]ect1ves and results mesh to forma consol1dated strategy 

Prel1m1nary Results 

Beanf11es 

Work on beanfl1es 1s one of the oldest assoc1ated wlth CIAT 1n the 
reg1on The focus has been on ecology and host plant res1stance In 1986 
over 1200 germplasm access1ons representat1ve of the Phaseolus vulgar1s 
germplasm collect 10n at CIAT were screened aga1nst the preva1l ing beanfly 
spec1es 1n Eth1op1a by entomolog1sts from the Agr1cultural Research Institute 
(ARI) and CIAT staff Fourteen access1ons w1th moderate to h1gh levels of 
res1stance were 1dent1f1ed 

At about the same t1me germplasm collect1ons were screened by scientists 
1n Burund1 and Zamb1a 1n cooperat10n w1th CIAT Two access1ons (a local 
landrace Ik1n1mbal and a CIAT breed1ng l1ne (BAT 1373) were selected as 
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res1stant 1n Burund1 In Zamb1a three access1ons (a Ugandan landrace Gayaza 
8 = ZPv 292) and two CIAT breed1ng l1nes (A 74 and BAT 1500) were selected as 
res1stant 

Stud1es of beanfly ecology suggested a relat1onsh1p between beanfly 
spec1es compos1t1on altltude and temperatura In Burund1 beanfly spec1es 
encountered at h1gh alt1tudes (2 100 masl) were almost ent1rely O 
spencere 71a The proport 10n of O spencere 71a 1 n the popul at 10n decreased 
w1th alt1tude (Autr1que 1989) At Msekera Irv1ng (1986) observad a reversa! 
1n beanfly spec1es dom1nance as temperatura decreased Th1s k1nd of 
1nformat1on 1s very useful 1n s1te select1on and t1m1ng of sow1ng of nurser1es 
to screen for beanfly res1stance 

The putatlVe beanfly res1stant l1nes (Table 2) have been composed for 
further evaluat1on at severa! locat1ons to reconf1rm the1r res1stance and to 
test for mult1ple res1stance to the three beanfly spec1es Prel1m1nary 
results conf1rm Ik1n1mba to be res1stant toO spencere77a 1n G1soz1 but 
suscept1ble to O phaseo/7 1n Shanhua (Ta1wan) ZPv 292 was res1stant to O 
phaseo/7 1n Shanhua but suscept1ble to O spencerella 1n G1soz1 BAT 1383 was 
res1stant to O spencerella 1n G1soz1 and tolerant to O phaseo/1 1n Shanhua 
EMP 81 was reported to be res1stant 1n Eth1op1a where the dom1nant beanfly 
spec1es 1s O phaseo/1 In G1soz1 EMP 81 was among the best four entr1es 1n 
all the parameters used for the evaluat1on of res1stance 

The react1ons of BAT 1373 and EMP 81 suggest mult1ple res1stance to 
d1fferent beanfly spec1es wh1le Ik1n1mba and ZPv ?92 show spec1f1c res1stance 
to O spencere71a and O phaseo/1 respectlVely Th1s encourages search for 
matenals w1th s1m1lar or greater levels of res1stance for use 1n breed1ng 
programmes 

Other collaboratlVe research act1v1t1es on beanfly 1nclude an on-farm 
survey of losses Assessment of y1eld losses due to beanfl1es have generally 
been based on data from on-stat1on tr1a1s The obJeCt1ve of the present 
proposal 1s to study the s1tuat10n 1n farmers f1elds under farmers own 
pract1ces Researchers 1n Zamb1a and Malaw1 have elected to part1c1pate 1n 
th1s survey and 1t 1s hoped that Kenya and Uganda w1ll part1c1pate too Th1s 
w1ll help generate data over a w1de area 1n a short per1od of t1me 

Aph7dS 

Pre11m1nary results from Burund1 and Zamb1a suggest that even though 
Aph1s fabae 1s the only aph1d that colon1zes bean regularly 1n Afr1ca over 30 
spec1es are commonly found 1n yellow traps 1n bean f1elds One of the 
pr1nc1pal obJect1ves of the sub-proJeCt on aph1ds 1s therefore to 

determ1ne wh1ch aph1d spec1es among these act as vectors of BCMV 

compare the relat1ve eff1c1enc1es of transm1ss1on among these 
spec1es and 

determ1ne d1fferent1al transm1ss1on of d1fferent stra1ns of the 
v1rus by ct1fferent aph1d spec1es 
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Table 2 Entr1es 1n the Beanfly Reconf1rmatory Nursery 

--------------------------------------------------------------
L1ne Source Other name Country Seed Seed 

colour s1ze 
--------------------------------------------------------------
G 2005 Guatemala PI 310739 Eth10p1a Black S 
G 2472 MexlCO PI 313343 Eth10p1a Black S 
G 3844 u S A I 1162 Eth10p1a Wh1te M 
G 5253 Braz1l BZL 1198 Eth10p1a Black S 
G 5773 Colomb1a Non e Eth1op1a Black S 
EMP 81 CIAT Non e Eth10p1a Black S 
Ik1n1mba Burund1 Non e Burund1 Black S 
BAT 1373 CIAT IN17 X SEL72 Burund1 Black S 
A 74 CIAT A30 X G4017 Zamb1a Y e 11 ow M 
ZPV 292 Uganda Gayaza 8 Zamb1a Purple M 
--------------------------------------------------------------

Bruch1ds 

The sub-proJect on bruch1ds exam1nes small farmers storage systems and 
losses assoc1ated w1th them It w11l study also bean bruchld b1ology and 
ecology and develop strateg1es to 1mprove storage eff1c1ency on-farm 
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SUMMARY OF DISCUSSIONS 

Pathology General 

Both speakers who presentad papers descri bi ng effect 1Veness of d1 sease 
control w1th fung1c1des were quest1oned about the econom1cs of fungicides for 
small scale bean producers In Maunt1us farmers tend to spray regularly 
wh1le 1n Kenya fung1c1des are rarely applied to bean Neither speaker 
presentad data 1nd1cat1ng whether or not the extra y1elds prov1ded by 
fung1c1de use offset the costs of the fung1cide In the case of common 
bacter1al bl1ght (CBB) copper compounds did not effect any control Poss1bly 
the pathogen harbours a plasm1d that 1s able to detox1fy copper compounds The 
use of DNA probes to 1dent1fy stra1ns of CBB was quest1oned because of the 
expense however cold probes allow rap1d ident1ficat10n of CBB 1n the 
f1eld 

The 1ssue of fung1c1de safety was ra1sed In Afr1ca some fungicides and 
other agncultural chem1cals have been marketed wh1ch have been banned in 
western countnes for human health reasons Researchers were cautioned to 
check on the agr1cultural chem1cals they recommend 

The feas1b1l1ty of b1olog1cal control of plant pathogens was discussed 
None of the speakers had tr1ed b1olog1cal control methods although there are 
reports 1n the l1terature of successful b1olog1cal control In Israel a 
techn1que called solar1zat1on was developed where polyethylene plast1c 
sheets are spread over the so1l the so1l heats up and sorne fungal nematode 
and weed spec1es germ1nate and d1e 

The results of the survey of seed transm1tted fung1 found 1n farmers 
seed beans 1n Kenya may 1nd1cate that farmers can produce seed beans without 
hav1ng to purchase cert1f1ed seed In Colomb1a art1senal seed farmer 
groups produce bean seeds at low cost It was also pointed out that the seed 
samples were taken 1n only two d1str1cts after the short ra1ns and the weather 
cond1t1ons of that grow1ng season probably affected the fungal species 
compos1t1on 1n the seeds D1fferent results m1ght have been obta1ned 1f 
sampl1ng had occurred 1n other d1str1cts or after the long rains Temperaturas 
of the cultures 1n the growth chamber may have favoured genera such as 
Fusanum 

Cardona 

Arcel1ns do not necessar1ly affect seed qual1ty spec1f1cally the cook1ng 
qual1ty of bean seeds Obv1ously seeds of some cultivars are d1fficult to 
cook There are now about 120 l1nes comb1n1ng presence of arcel1n with 
d1fferent seed s1zes and colours 

S1hm 

It appears that Zabrotes was 1ntroduced into Uganda mainly across Lake 
V1ctor1a as seeds obta1ned from lake people were the only source of Zabrotes 
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Kyamanyva 

Future studies should exam1ne the effects of ash part1cle s1ze on the 
efficiency of weevil control Since banana 1s w1dely grown 1n Uganda 1ts ash 
must be studied as another method of control 

Nderitu et al 

When farmers plant their bean early say early March there w1ll be less 
damage due to beanfl1es but 1f bean is plantad late say 1n Apr1l damage can 
be ser1ous Th1s 1s true for Kenya Tanzania and Zamb1a No compar1son 1s yet 
made of d1fferences in damage in the long and short rains Drought at plant1ng 
has a tendency to enhance damage by beanfl1es If there are larga numbers of 
eggs damage 1s greater 

Oree et al 

Temperatura and ra1nfall are the most 1mportant cl1mat1c factors 
affect1ng the compos1t1ons and dens1t1es of beanfly populat1ons In warm 
temperaturas O phaseol1 predom1nates wh1le 1n cool temperaturas and h1gh 
altitudes O spencerella is present 1n greater numbers Other factors may also 
be 1nvolved 

Because o spencere11a ov1pos1ts on the stem and hypocotyl damage 1s 
relat1vely severa O phaseol1 ov1pos1ts on the leaves Damage 1s also 
affected by dens1ty of beanfly populat1ons and bean cult1var 

Ampofo 

Reversal of spec1es dom1nance 1s a common phenomenon 1n 1nsects but the 
cause is not well understood and requ1res deta1led 1nvest1gat1on 

On the BCMV/aphlds relat1onsh1p 1t 1s suggested that aph1d spec1es of 
Lat1n Amer1ca d1ffer from those of Africa wh1ch are more of colon1zer types 
Oifferent aphid spec1es may transmlt mosa1c and necrot1c stra1ns of BCMV 
wh1ch may account for the rare occurrence of necrot1c stra1ns of BCMV 1n Lat1n 
Amer1ca This mer1ts further study 

Entomology General 

Bruch1d res1stant materials are now ava1lable at CIAT for d1str1bUt1on to 
national programmes 

The ident1t1es of the bruch1d species present 1n somal1a are as yet 
unknown and there 1s a need to clarify the situat1on As Bruch1d taxonomy is 
now well understood CIAT 1s w1lling to collaborate 1n such an 1nvest1gat1on 

Bruchid resistant lines have now been exposed to bruch1d populations over 
several seasons and locat1ons w1thout changes 1n the1r res1stance levels 
There is always danger of the development of new b1otypes but so far there 
1s no ev1dence that th1s has occurred Arcel1n found 1n the cotyledons has 
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1nsecticidal action The nature of 1ts effect on bruchids requires further 
1nvestigation 

For control of beanflies emphas1s should be g1ven to seed treatment and 
adJustlng planting patterns as 1n Malaw1 In Malaw1 r1dg1ng has been shown to 
enhance product1on of advent1t1ous roots and plant recovery from beanfly 
attack 

There 1s no record of adverse effects of seed treatment w1th ash on seed 
V18b111ty 
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Sean Diagnostic Surveys In Nuranga and 
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The resu lts of an mforma 1 d1agnost 1c survey of '1fís 77 and Hu ranga 
01stncts dunng September and October 1989 are reported Huranga 
D1strict 1n the Central Prov1nce of Kenya has an agr1cultural 
potent1al of 180 800 ha some 11 700 ha less than that for K1s11 1n 
Nyanza In both distncts maize and bean are f1rst and second m 
importance as food crops and are commonly grown m assoc1at1on m 
mtercroppmg or re lay croppmg systems There was less genet 1c 
d1vers1ty 1n K1s11 (Bosongo D7v7s7on) than 1n Nuranga In the former 
area the predommant bean cultivar 1s s1m1lar to Rose Coco Other 
types mcluded Canad1an Wonder and a small seeded cl1mbmg type of 
Rose Coco now abandoned About 75~ of beans produced are sold In 
Nuranga bes1des Rose Coco ava1lable types 1nclude Canad7an Wonder 
Nwitemama and Red Hancot Host farmers m both K1s 77 and Hu ranga 
use thefr own seed or purchase 1t locally The ma1n bean product1on 
constra1nts are d1seases and pests poor ava7lab717ty of labour and 
poor so1l fert1l1ty and drought 1n lower elevat1on areas dur1ng the 
short rams 

Introduct ion 

Bean (Phaseolus vulgans l ) 1s an important pulse 1n many countnes 
where it constitutes a m&Jor source of protein 1n human diets In Kenya 1t 
is second only to maize as a food crop and grown on some O 5 m1 11 ion ha 
annually representing 6% of the country s agricultural land Cult1vation of 
the commodity 1s w1despread 1n all agricultural areas but average y1elds are 
only O 5-0 7 t/ha hardly half the potential yield 1n spite of 
recommendat1ons of cultivars adaptad to var1ous agro-ecological zones 
fert illZer and manure use and other agronomic pract ices years ago by the 
Nat iona 1 Hort 1cultura 1 Research Centre Th1ka (Anon 1982 van Rheenen et 
al 1984) 

Previous on-farm bean research in Kenya (Anon 1982 Floor 1984) and 
surveys in Eastern and Central Provinces and 1n Kisi i (Zoebl 1984 Mal inga 
pers comm ) were in1tiated to understand the reasons for poor bean y1elds and 
the constraints to the adoption of new recommendations by farmers Jaetzold 
and Schmidt (1983) too provided very useful information on natural conditions 
and farm management 1n Kenya However little is known for example about 
farmers enterprise patterns and system trends as they relate to bean 
production The purpose of this study was to understand farmers bean 
production practicas and techniques determine the extent of adoption of new 
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recommendations and 1dentify key farmer problems 

Methodology 

D1agnost1c surveys were conducted 1n K1s11 (Nyanza Prov1nce) and Muranga 
(Central Prov1nce) Distr1cts Background informat10n was obtained from the 
relevant agr1cultural off1ces and an appropr1ate number of extens1on off1cers 
were called upon to fac1l1tate contacts with farmers In K1si i a previous 
survey focus1ng on ma1ze had been conducted 1n K1amokoma area (Keumbu 
Dw1s1on) at an altltude of 2 020 masl therefore a lower altltude area 
(Bosongo D1v1s1on) was preferred W1thin each distr1ct three d1st1nct bean 
product1on zonas were 1dent1f1ed located along grad1ents of decreas1ng 
elevat1on In K1s11 these zones were tea coffee and groundnuts wh1le 1n 
Muranga they were tea coffee and cotton A total of at least forty farmers 
were 1nterv1ewed The quest1ons d1rected to farmers sought to describe farm 
enterpr1ses crop product1on pract1ces and constraints 

Results 

General Descr¡pt1on 

K1s11 D1str1ct 1s a h1gh potent1al area compr1s1ng soma 192 500 ha of 
agr1cultural land w1th an average farm size of 1 8 ha The d1stri~t population 
1s about 1 3 m1ll1on w1th a density of 500-600 persons per km Ly1ng at 
1 250-2 100 masl the d1str1ct 1s endowed w1th fert1le well-dra1ned so1l and 
h1gh ra1nfall Bosongo Dwis1on for example at 1 500-1 900 masl recelVes 
an average annual ra1nfall of 1 600-1 800 mm Muranga D1strict w1th almost 
s1m1lar cond1t1ons has 180 800 ha agricultural land an average farm s1ze of 
1 2 ha and average annual ra1nfalls of 850 mm at lower alt1tudes and 2 700 mm 
at h1gher alt1tudes 

In both d1str1cts the maJor food crops 1nclude ma1ze bean patato banana 
and m1llet Table 1 shows home consumpt1on of maJor foods produced on farm 

Farm Enterprlses 

In both K1s11 (Bosongo Dwis1on) and Muranga maize and bean are f1rst 
and second 1n 1mportance as food crops Other food crops are I ri sh patato 
cassava fru1ts and vegetables The ma1n cash crops are tea coffee and 
pyrethrum At lower alt1tudes cotton is to Muranga as groundnut is to K1sii 
An 1mportant feature of Muranga 1s the grow1ng of drought res1stant p1geon 
pea 

M1xed cropp1ng 1s common to both areas Bean 1s grown in assoc1ation 
w1th ma1ze fru1ts such as avocado and banana and vegetables l1ke tomato 
cabbage and on1on Bean 1s more common 1n assoc1ation than 1n pure bean stand 
Bush bean types are preferred for associated cropp1ng and chances are high 
that farmers like climbers more 1n K1sii than 1n Muranga Further relay 
cropp1ng 1s pract1sed more in K1sii than 1n Muranga Malle and bean are 
plantad 1n the sama f1eld but the latter are replaced at harvest by Wlmbl 
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Table 1 Heme Consumpt1on of Major Food Produced on Farm 

kg/year/householda Cals /person/day 

Commod1ty K1s11 Muranga K1s11 Muranga 

Ma1ze 1279 5 1013 2062 1959 5 
Sean 236 202 375 383 
Ir1sh potato 61 5 11 5 20 5 45 
Sweet potato 29 5 5 10 3 
Cabbage 12 5 197 1 24 
F1nger m1llet 67 5 o 46 2 o 
Cook1ng banana 50 o 20 o 

a average household s1zes based on 1979 census 10 25 for K1s11 
and 8 11 for Muranga 

Source Jaetzold and Schm1dt (1983) 

An1mals are kept 1n most homes These 1nclude cattle goats sheep and 
hens Keeping of oxen for land preparat1on 1s predom1nant 1n K1s11 whereas 
1n Muranga 1t is conf1ned to the cotton zone 

Land Preparat1on 

Th1s starts befare onset of ra1ns dur1ng January and July 1n Bosongo and 
during March and then from June to September 1n Muranga Land 1s prepared 
us1ng hoes or ox drawn ploughs farmers 1n Muranga occas1onally use pangas and 
tractors espec1ally for French bean 

Cult 1vars 

The most common cultlVar 1s Rose Coco adapted to h1gh ra1nfall areas 
In Bosongo less common types are Canad1an Wonder anda small-seeded Rose Coco 
type l1ked for 1ts cl1mbing hab1t but now abandonad dueto 1ts small seed In 
Muranga other bean cu 1 t lVars bes 1 des Rose Coco are Canad 1 an Wonde r 
Mw1temania and Red Haricot th1s last vanety be1ng found 1n the tea zone 
Preferred ma1ze cultivars are 625 and 614 In both areas farmers use their 
own seed or occas1onally buy from local vendors Generally seed dress1ng 
before plant1ng 1s nota common practice but some farmers use actell1c 
malath1on or copper-based compounds 

In some cases malle 1s treated w1th paraff1n to control so1l 1nsects 
Most farmers are unaware of certif1ed seed 

Plant1ng Spacfng and Seed Rate 

Major plant1ng seasons are February-March and July-October Plant1ng 
ma1ze and bean 1n assoc1at1on 1s more common than maize or bean alone Where 
bean is in pure stand 1t 1s arranged 1n rows spaced 45-60 x 15-45 cm w1th 1-2 
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seeds/h111 In the ma1ze bean system maize is usually arranged in rows 75-
105 x 30-75 cm w1th 1-3 seeds/hill 

Bean 1n association with maize occurs 1n the following arrangements 

one row bean between maize rows 1 seed/hill 

bean and ma1ze same row but different h1lls and 

bean random among maize 2-3 seeds/hill giv1ng plant populations of 140 
thousand/ha bean and 60 thousand/ha ma1ze 

It 1S 
same h11l 
per h11l 

only 1n Kis11 that bean and maize are planted in the same row and 
at a spac1ng of 75 x 30 cm with one seed each of maize and bean 

Usually plant1ng 1s when the ground is dry Maize 1s planted first then 
bean after the former emerges or soon after rain starts 

Fert111zer App17cat7on 

Commercial fert1l1zers and manures are used ma1nly 1n cash crops The 
most common fertilizar 1s diammon1um phosphate (DAP) In Bosongo one 
teaspoonful DAP/hole or none may be used for bean Boma manure may be 
broadcast In Muranga besides DAP 20 20 O and farmyard manure are used for 
ma1ze wh1ch may be top dressed w1th calcium ammon1um n1trate Bean receives 
only the leftover DAP Fert1l1zer 1s obtained from local markets 

weed Control 

Weed control pract1ces depend on the level of land preparat1on One to 
three weed1ngs completad by select1ve pulling of common weeds may be required 
weed1ng starts after bean germ1nat1on or at the first tr1foliolate leaf stage 
us1ng hoes The use of pangas 1s also common in Muranga Herbicidas are not 
used 1n food crops but they are used in cash crops for example Gramoxone is 
used 1n coffee It 1s 1nteresting that weeds are cut and fed to livestock 
espec1ally in the coffee zone The common weeds are annual grasses and broad­
leafed species 1ncluding 87dens p1losa and Galmsoga Oxalis and Commelma 
SPP 

01seases and Insect Pests 

Important d1seases 1n K1s11 are halo bl1ght anthracnose and bean common 
mosaic v1 rus Beanfl1es were the most important field pests followed by 
aph1ds systate weev1l and cutworms In Muranga root rots were common in 
all zones followed by seedborne diseases Maize suffered attacks by stalk 
borer rodents b1 rds and mai ze streak v1 rus wh1ch was the most serious 
problem 1n Muranga Attempts to control pests were limited to French bean in 
the cotton zone using Ambush Rogar copper and malathion Bean bruchids are 
the most 1mportant storage pests in all areas 
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Harvest1ng Storage and Dfsposa1 

Beans are usually harvested dry but y1elds are d1ff1cult to est1mate In 
Bosongo 4 bags/acre of beans and 12 5-15 bags/acre of maize were recordad 
Bean y1elds were vanable in Muranga averaging 5 5 bags/acre 1n the coffee 
zone and less than 1 bag/acre in the tea zone 

Once harvested beans are kept in gunny bags and stored 1n a wooden 
structure with mabat1 roof or in the house Maize 1s stored in a s1milar 
manner Often the structure 1s cleaned thoroughly before use Beans 1ntended 
for storage are usually dressed aga1nst bean bruch1d although some farmers do 
not dress them Chem1cals used are actellic or malath1on depend1ng on end 
use Some farmers use a copper compound (Blue Shield) and even ash as in the 
tea zone 1n Muranga 

Bean has var1ous uses 1t may be eaten as dry seed fresh green seed or 
leaves The stover is fed to livestock or used as mulch In Bosongo 75% of 
beans and 60% of maize are sold ma1nly to local vendors at Ksh 5-12/kg The 
demand for bean as food is h1gh 1n Muranga where in many cases farmers do not 
sell beans and ma1ze and instead they buy them as is the case 1n the tea zone 
Any surpluses may be sold locally at Ksh 6-12/kg Canadian Wonder and Rose 
Coco being the dry beans w1th the greatest market value 

Socfo-economfcs 

In all areas surveyed the family forms an important source of labour 
The wife and children do most of the work in the farm men ass1st occas1onally 
especially 1n the production of cash crops Because fam1 ly labour 1s often 
not read1ly ava1lable most farmers hue labour wh1ch 1s more expenslVe in 
Bosongo (Ksh 55/6 man hours) than Muranga In Muranga labour charges range 
from Ksh 20 to 35/6 man hours usually with lunch 

Land preparat1on and weed1ng are the cr1t1cal labour per1ods 
particularly in the coffee and tea zones 

Both areas surveyed are served by the Kenya Gra1n Growers CooperatlVe 
Un ion (KGGCU) besides K1si 1 and Muranga Farmers Cooperat 1Ve Un1ons These 
un1ons provide agr1cultural inputs A v1s1t to KGGCU in K1s11 town 1nd1cated 
that less than 100 kg of cert1f1ed seed is sold in the district each year 
This reflects the habit of farmers to use locally produced seed for planting 

Consumer Preferences 

Rose Coco 1s the most preferred bean ma1nly because 1t cooks fast and 
gives good gravy Of the other beans Canad1an Wonder wh1ch commands the 
highest market pnce 1s liked for 1ts colour and good taste but 1s not 
preferred where 1t has a competitiva effect over maize and takes long to grow 
Mwitemania is grown pr1marily for consumption as fresh green shelled beans 
and leaves the dry bean although good when mixed with other foods 1s 
relatively slow to cook and poor in digest1b1lity 
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Product1on Constra1nts 

D1seases and Insect Pests 

Beanfl i es are the maJor pests affect i ng beans 1 n a 11 product 1 on zones 
The maJor diseases are the seedborne ones and root rots 

Labour Shortage 

Labour shortage 1 was apparent due to demand by other enterpri ses In 
most cases 1t was crit1cal at land preparation and waad1ng 

Poor So1l Fert1l1ty 

So1ls were 1nfert1le due to cont1nuous land use and fa1lure to supply 
nutnents 

Poor Adopt1on of Recommendat1ons 

Most farmers were unaware of cart1f1ed seed and spac1ng racommendat1ons 
or the demands 1mposed by other anterpr1ses could not allow them to follow the 
recommendat1ons Consequently they use the1r own sead 1n var1ous plant 
arrangements result1ng 1n 1nadaquate plant stands 

Drought 

In the cotton zone and parts of the coffee zone drought resultad from 
unrel1ab1lity of short rains 

Other Factors 

Another factor of 1mportance was tha low market pr1ca of beans 

Research Needs 

In both K1sii and Muranga the level of adoption of new technology was 
generally low with regard to use of fert1lizers cart1fied seed and correct 
plant populat1ons There 1s need to educate farmers to popular1ze new 
technology through on-farm demonstrations and to review agronomic practicas 
such as plant arrangement for compat1b1lity with farmers needs 

D1seases and pests were important problems in the areas surveyed There 
1s a need for on-farm loss tnals to assess the importance of beanflies and 
seed- and so1lborne diseases There is need for research into the control of 
these factors 

The bean genat1c divers1ty 1n both Kisii and Muranga was un1mpresswe 
There 1s need for research mto high yielding disease and pest resistant 
cult1vars adapted to farmers agro-ecolog1cal circumstances and consumar 
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preferences In the meantime 1t would be useful to conduct on-farm work to 
evaluate the 1mproved cult1vars 

French bean was observad 1n parts of Muranga so there 1s need to know 
more about its product1on 
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Exploratory Survey of the Effects of Bean Cropping Systems on Weed 
Compos1t1on and Predom1nant ~ Spec1es 

E Kikoba 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

In v1ew of the dynam1c nature of weed populat1ons 1t 1s of 
part1cular s1gn1f7cance to observe and recogn1ze the sh1fts that may 
accompany changes 1n cultural pract1ces Th1s 1s the ma1n obJect1ve 
of the survey wh1ch 1nvolved the collect1on and analys1s of data and 
1nformat 1on from on-stat 1on and on-farm croppmg systems me ludmg 
bean on levels of weed 1nfestatwn predommant weed spec1es and 
farmers control pract1ces The s1x most w1dely d7stnbuted weed 
spec1es were 1nvest1gated over e1ght locat1ons 1nfestat1ons of these 
weed spec 1es were fou11d greater 011-stat 10n tha11 on-farm Part 1cu lar 
bean ge11otypes appeared to reduce the 1nc1dence of certa111 weed 
spec1es but the d1ffere11ces were 11ot s1gn1f1cant Infestatwns of 
couch grass were less 111 bean banana assoc1at1ons tha11 1n pure stands 
of bean but 111festat 1011s of other weeds were unaffected In a 11 
areas weed 111festat1ons were greater 1n early stages of crop growth 
whel1 the ra111s were part1cularly heavy 

1 nt roduct 10n 

It JS generally agreed that weeds 1f allowed to get out of hand can be 
a ser10us l1m1t1ng factor to crop productwlty Conservatwe est1mates of 
average crop losses due to weeds have been made 1n general w1th regard to 
classes of crop product10n These are 5% for class A - the most hlghly 
product1ve and 1ntens1ve crop product1on s1tuat1on 1n wh1ch weed control 1s 
h1ghly eff1c1ent 10% for class B - the 111termed1ate category of crop 
product1on 1n wh1ch y1elds and standards of weed1ng are somewhat lower and 
over 20% for class e - wh1ch embraces the least developed cropp1ng systems and 
product1on methods (Parker and Fryer 1975) 

Th1s study focuses spec1f1cally on the th1rd s1tuat1on where very l1ttle 
so far has been ach1eved 1n attempt1119 to salve weed problems The maJorlty 
of smallhold1ngs 1n Uganda and 1ndeed 1n many Afr1can countr1es fall under 
th1s category and account for most of the bean produced 1n Afr1ca grown 1n 
complex assoc1at1ons 1nvolv1ng other crops notably ma1ze banana and cassava 
(Allen 1986) 

Obv10us 1 y such d 1 verse crop assoc 1 at 10ns present severa prob lems for 
herb1c1de use Accord1ng to Young et al (1978) herb1c1des may prov1de a 
welcome boost to agr1cultural product1v1ty under certa1n product1on s1tuat1ons 
wh1le 1n others they may 1mpose soc1al costs well 1n excess of any ga1ns 
What emerges from th1s d1lemma 1s that the select1on of an eff1c1ent and 
soc1ally acceptable weed control system requires a thorough understand1ng of 
the agronom1c phys1cal econom1c soc1al and other real1t1es of the reg1ons 
of concern Th1s was the ult1mate obJectlve of our research 
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According to Altieri and Liebman (1986) in contrast to chemical and 
mechan1cal means of weed control the biolog1cal factors that promote crop 
dominance ovar weeds in mjxed cropping systems are complex and 1nadequately 
studied Nevertheless these factors are small farmers f1rst line of defence 
in reduc1ng and countering crop losses due to weed 1nterference and are of 
crit 1ca 1 1mportance 1n the desi gn of effect 1Ve weed management strateg1es 
based on multiple cropp1ng 

Hart (1974) reportad that weeds accounted for 20 25 and 83% of the total 
biomass of ma1ze cassava and bean 1n pure stands but only 16% when these 
crops were grown 1n assoc1at1on 1mplying that comb1nat1ons of crops capturad 
a greater share of available resources thereby preempting the1r use by weeds 
(Franc1s 1986) 

Smother and l1ve mulch 1ntercrops are h1gh-dens1ty add1tive crop 
combinat1ons that offer economically viable and ecolog1cally stable means of 
weed control 1n smallhold s1tuat1ons For 1nstance Akobundu (1989a) reportad 
that the melon ( C7tru71us Tunatus) and sweet potato could replace three hand 
weed1ngs when wtersown with sola yam or yam 1n assoc1at1on w1th malle and 
cassava In this case the smother 1ntercrop served as an appropr1ate labour­
saving means of weed control at the same t1me enhanc1ng eros1on control 
through reduced t1llage The legume species Desmod7um heterophy11um and 
Phaseo1us vu7gans sown between rows of cassava gave s1m1lar weed control 
to that ach1eved with continuous manual weeding (CIAT 1980) 

Akobundu (1989b) concluded that 1ntersown legume spec1es serv1ng as 
smother crops contribute n1trogen to assoc1ated cereals and that th1s 
product1on system offers the opportunity for 1mprov1ng so1l fert 1l1ty crop 
yields and weed control on otherwise improver1shed so1ls of the hum1d tropics 

Methodology 

In the exploratory surveys part1cular attent1on was pa1d to the process 
of problem d1agnos1s wh1ch 1nvolved the assessment of the farmer s product1on 
environment and resource l1m1tat1ons w1th respect to weed control labour and 
other resources This was cont1nuously supplemented by l1terature rev1ews as 
well as discuss1ons w1th extens1on1sts 1n the1r respect1ve areas 

Farmers 1nvolved 1n OFTs with t~e national programme in Luwero Mpig1 
Tororo and Kabale were 1nterv1ewed informally w1thout a quest1onnaue but 
guided by a check 1 ist of important questions (Wortmann 1989) centrad on 
what kind of 1ntercropp1ng they normally pract1ce with bean weed1ng 
practicas bean cult1var preferences and the effect of the1 r growth 
character1st1cs on weed populat1ons Th1s type of survey - based on 
observations of farm act1vities and cropping practicas as well as discussions 
wlth farmers - was used because it 1s relatwely fast and can prov1de vital 
1nformat1on which though not 1n statist1cal form can nevertheless be cruc1al 
1n the process of problem d1agnos1s and 1dent1ficat1on and the subsequent 
plann1ng of tr1als (Stroud 1989) 

On the other hand wh1le 1t 1s true that more 1ntenswe cropp1ng w1ll 
reduce weed problems to a certain extent due to more v1gorous crop vegetation 
and shading 1t is equally true that each cropp1ng system w1ll have 1ts own 
weed problems the ma1n aspect bemg the nature of the weed species present 
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(Plucknett et al 1976) In th1s regard collection of data on levels of 
weed 1nfestation and predom1nant weed spec1es on-station and on-farm was 
carned out 1 n the f1 rst ra ins of 1989 wh1le most farmer 1 nterv1ews were 
carr1ed out dur1ng the second rains of that year Weeds were counted using a 
quadrat wh1le dry we1ghts were rated in bean yield tnals on-stat1on at 
Kawanda Kachwekano Kamenyamiggo Bulind1 Rubare and Bukalasa 

The relatwe occurrence of six ma1n weed spec1es 
Oxal1s lat1fol1a 81dens p1losa eommelma benghalens1s 
and eyperus rotundus was 1nvest1gated 

Results and Discussion 

01g1tana sea larum 
Galinsoga parv1flora 

These s1x weed spec1es accounted for 75 8% of all weed flora on-stat1on 
(Tabla 1) and 56 2% on-farm (Tabla 2) Th1s suggests that the competitiveness 
of these spec1es 1s enhanced more by cropp1ng pract1ces prevail1ng on-station 
than by those pract 1 sed on-farm I nfestat 10ns of O sea larum and e 
bengha lens 1s were greatest on-stat 1on and e rotundus and G parv1 flora were 
more on-farm D1fferences among weed dry weights were not significant perhaps 
because they were recordad only to 10 g 

On-stat1on at Kawanda O sealarum was more ser1ous 1n bean in pura stand 
than 1n assoc1ation w1th banana but cropping system d1d not s1gnif1cantly 
affect 1nfestat1ons by other weed spec1es 

In all areas covered weeds posed the b1ggest problem 1n the early stages 
of growth of bean when the ra1ns were part1cularly heavy E1ghty per 
cent of farmers normally grew bean 1n assoc1at1on w1th one or two other 
crops for two ma1n reasons to obta1n a reav1er b10log1cal y1eld per umt 
area and to reduce space that would otherw1se be occup1ed by weeds 1n that 
arder Of the 25 farmers 1nterviewed only one had ever used herb1cides Most 
farmsteads were less than O 5 ha area (93%) and only fam1ly labour was used 
for weed1ng and other operat1ons during the season 

Table 1 Infestat1on Levels On-station (no ;m2) of Selected Weed Spec1es at 6 
Weeks After Sow1ng 

Bul- Kaw- Kach- K amen- Rub- Bu k-
Weed spec1es und1 anda wekano yam1ggo are a lasa Mean 
---------------------------------------------------------------
D scalarum o 7 17 9 32 6 17 2 1 3 2 3 1 1 o 
o lat1fol1a 14 2 15 3 o o o 4 2 1 8 
8 PI losa o 1 1 3 6 o 3 6 o 1 4 
e benghalens1s o 1 4 7 9 o 5 2 1 8 5 3 4 
G parv1flora o 4 o 2 3 o 3 2 6 9 2 7 
e rotundus o o 1 1 o 1 5 1 8 o 7 

Total (%) 63 4 93 6 87 5 85 o 66 8 88 8 75 8 
---------------------------------------------------------------
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Table 2 Infestation Levels On-farm (no /m2) of Selected Weed Spec1es at 6 
Weeks After Sowing (n1ne OFTs) 

Weed 
spec1es 

D sca7arum 
o 7at7f'o17a 
8 p1 losa 
e bengha1ens7s 
G parv7f'1ora 
e rotundus 

Total (%) 

References 

Luw­
ero 

o o 
o o 
5 7 
1 3 
4 5 
8 9 

45 4 

Mp-
191 

2 5 
3 4 
4 3 
6 6 
8 2 
5 1 

66 9 

Mean 

1 3 
1 7 
5 o 
4 o 
6 4 
7 o 

56 2 
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Sean Y1e1d Loss Assessment Tna1s m Uganda 

J K1sakye and M Ugen-Adrogu 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

01agnost1c surveys were conducted 1n Luwero Hp1g1 Raka1 and Kabale 
01str1cts to 1dent1fy the farmers ma;or problems 1n bean product1on 
So1l mfert1l1ty beanfly damage use of ummproved cult1vars and 
d1sease were among the pnonty problems To determine the 
1mportance of the var1ous product1on constra1nts exploratory tr1als 
were conducted on farmers f1elds dur1ng the two wet seasons of 1988 
An 1ncomplete factor1al (plus one) des1gn was used to 1nvest1gate the 
effects of fert1l1zer (n1trogen and phosphorus) appl1cat1on beanfly 
control the use of the recommended var1ety (K20) and the control of 
fungal d1seases on bean seed y1eld The fertli!Zer was appl!ed at 
the rate of 33 kg N plus 25 kg P20,/ha Endosulfan was used to 
control beanf11es Part1al control or fungal d1seases was ach1eved 
by seed dressing w1th Th1ram and Benlate The vanety K20 was 
compared w1th farmers cult1vars to determine vanetal effects The 
greatest y1eld loss over 50% was due to e1ther n1trogen or 
phosphorus def1c1ency or a comb1nat1on of the two Seed dressing 
w1th 1nsect1C1de and fung1c1de resulted m 1ncreased y¡elds but the 
di fferences were not stat 1st 1ca 11 y s 1 gm f1cant Genera 11y K20 was 
not superior to farmers cult1vars 

Introduct1on 

In Uganda bean product 1on nas been on the de crease for the past 25 
years The key factors to th1s decl1ne 1n bean product1on are unava1lab1l1ty 
of 1mproved seed and lack of 1mproved product1on technology The recommended 
bean cultwar K20 was released 1n 1968 but the or1g1nal seed was never 
replen1shed as there was no per1od1c prov1s1on of breeders seed 
Consequently K20 1s now cons1dered suscept1ble to d1seases l1ke rust 
(Uromyces append1culatus) and angular leaf spot (Phaeo1sar1ops1s grlseola) 

Angular leaf spot 1s an 1mportant d1sease 1n many bean product1on areas 
of the World espec1ally 1n placas where warm temperaturas are common 
dur1ng the grow1ng season (Hagedorn and Rand 1986) It 1s one of the maJor 
d1seases of bean 1n Uganda where 1t 1s w1despread throughout the country 
Y1eld losses of 40 to 80 percent due to angular leaf spot have been reported 
1n Colomb1a (Posada 1981) Seeds crop debr1s off-season crops and volunteer 
plants are all poss1ble sources of angular leaf spot 1nfect1on under Ugandan 
farm cond1t1ons (Sengooba and Muk11b1 1986) 

Bean rust 1 s among the comrnon d 1 se ases of bean 1 n Uganda though 1 ts 
effect on y1eld 1s not well documented In the Un1ted States Posada (1981) 
reported y1eld losses of up to 80 percent due to bean rust 1nfect1on 

In add1t1on to d1seases pests contnbute to y1eld reduct10n 1n bean 
The beanfly Oph1omy1a phaseol7 Tryon 1s one of the maJOr pests of bean 1n 
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Uganda In Tanzan1a Karel and Matee (1986) reportad seed y1eld losses of 33 
percent dueto damage by beanflies 

Most cult1vars grown by farmers such as Kanyebwa Kay1nja and Nambaale 
are h1ghly suscept1ble to pests and diseases The majority of Ugandan farmers 
do not use 1nsect1c1des fungic1des and fertil1zers on bean This 1s because 
they feel that the add1t1onal benef1t obta1ned from the improved yield would 
not offset the cost of the 1nputs used Thus most of the arable land is 
cont1nuously cultwated without replacement of nutrients The use of green 
manure 1s not common though a few farmers use farmyard manure 

As farmers generally have no effect1ve control of pests and d1seases and 
do not 1mprove so1l fert1lity it is 1mportant to determ1ne which factors 
contr1bute most to yield loss 1n bean These trials were therefore conducted 
w1th the obJectwe of determ1mng the relative 1mportance of the var1ous 
product1on constra1nts fungal d1seases beanflies bean cultivar and so1l 
fert 1llty 

Mater1als and Methods 

The tr1als were conducted dur1ng the first and second ra1ns of 1988 in 
the d1str1cts of Luwero Mpig1 Raka1 and Kabale on five farms per district 
w1th two repl1cat1ons per farm The des1gn used was an 1ncomplete factorial 
(plus one) The treatments 1ncluded seed dress1ng w1th O 2 g endosulfan/kg 
of seed for beanfly control seed dress1ng w1th a comb1nat1on of Thiram and 
Benlate at o 3 g fung1c1de/kg seed for d1sease control seed dressing w1th 
endosulfan Th1ram and Benlate use of K20 33 kg N/ha applied as calc1um 
ammonlUm n1trate (CAN) plus 25 kg P2o5/ha farmers cultwars w1th no other 
1nputs (Farmers Practica) Management pract1ces other than those specified 
as treatments were the same for a 11 treatments and were farmers norma 1 
pract1ces The plot s1ze was 3 x 4 m 

Beanfl1es (number of pupae 
diseases (scale of 0-9) v1gour 
recorded 

Results and D1scussion 

Luwero 

per five plants) seedl1ng damping off 
pod load gra1n y1elds and stands were 

Gra1n y1elds were generally low in Luwero ranging from 80 to 504 kg/ha 
but fert1l1zer appl1cat1on more than doubled yield during the first season of 
1988 and produced sign1f1cant (P<O 05) y1eld 1ncreases 1n both seasons (Tables 
1 and 2) 

Th1 ram and Benlate reduced angular leaf spot and rust but the use of 
fung1c1des alone did not sign1ficantly 1ncrease yield Thus angular leaf 
spot and rust were not among the important factors reduc1ng bean yields 1n 
Luwero dur1ng 1988 

Endosulfan significantly reduced the numbers of beanfly pupae and there 
was a resultant 1ncrease 1n yield during the first season 
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Table 1 Effect of Fung1c1de Endosulfan CultlVar and Fert1l1zer on Bean 
Gra1n Y1eld 1n the F1rst Season of 1988 

Treatment 

Lu11ero 01stnct 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert 1 llZer 
Farmers Pract1ce 

L S O (P - O 05) 

Mp1g1 01stnct 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert1l1zer 
Farmers Pract1ce 

L S O (P o 05) 

Raka1 01strict 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert 1 llZer 
Farmers Pract1ce 

L S O (P o 05) 

Beanfly 
count 

2 2 
1 o 
1 3 
2 5 
2 8 
3 2 

1 66 

3 8 
o 4 
o o 
4 2 
3 6 
4 8 

2 56 

3 3 
o 1 
o 5 
1 8 
3 1 
5 5 

67 

Angular 
leaf spot Rust 

4 7 2 2 
5 8 2 8 
5 2 2 8 
6 5 3 7 
6 5 3 o 
6 8 3 5 

o 62 o 69 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

NR NR 

3 5 5 3 
4 5 6 5 
3 8 5 3 
5 6 6 6 
5 1 6 8 
5 5 7 o 

o 69 o 89 

Y1eld 
kg/ha 

80 
147 
144 
84 

191 
80 

51 

1240 
1210 
1460 
1180 
1410 
1290 

316 

669 
482 
594 
682 

1056 
873 

364 
-----------------------------------------------------------------
NR not recordad 

Hp1g1 

7 

Our1ng the f1rst season of 1988 where endosulfan was appl1ed there was 
much less bean seedl 1n9 loss a large reduct 10n 1n numbers of beanfly pupae 
(Table 1) and 1mproved seedl1ng v1gour Oamp1ng off was reduced by fung1c1de 
treatments but other d1seases were not affected Y1eld was unaffected by any 
of the treatments 

Our1ng the second season endosulfan aga1n s1gn1f1cantly reduced the 
numbers of beanfly pupae but did not improve y1eld (Table 2) The comb1nat1on 
of fung1c1de and endosulfan 1mproved y1eld s1gmf1cantly (P<O 05) compared 
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with endosulfan or fungicide alone 
Ylelds 

Raka1 

Fert ilizer application al so increased 

Endosulfan aga1n reduced the numbers of beanfly pupae (Table 1) but d1d 
not 1ncrease y1elds Fung1cide reduced angular leaf spot and rust but other 
diseases were not affected Fert1l1zer significantly 1ncreased yield 

Table 2 Effect of Beanfly and Fert1lizer Appl1cation on Sean Gra1n Yield 
dur1ng the Second Season of 1988 

Treatment 

Luwero 01 stn ct 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert1l1zer 
Farmers Pract1ce 

L S D ( P = O 05) 

Mp1g1 D1stnct 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert1l1zer 
Farmers Pract1ce 

L S D ( P = O 05) 

Kabale D1stnct 

Fung1c1de 
Endosulfan 
Fung1c1de + Endosulfan 
K20 
Fert1l1zer 
Farmers Pract1ce 

L S D ( P = O 05) 

Beanfly count 

2 6 
o 1 
o 3 
3 2 
4 o 
3 3 

o 51 

2 6 
1 1 
o 9 
3 7 
3 7 
3 8 

o 41 

3 8 
1 o 
o 3 
3 9 
4 3 
4 5 

o 44 

Y1eld kg/ha 

351 
317 
320 
298 
504 
296 

85 1 

300 
325 
412 
392 
404 
314 

83 1 

1060 
1042 
1121 

842 
1575 

917 

307 9 
-----------------------------------------------------------------
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Kaba1e 

Fertilizar applicat1on gave significant (P<O 05) increases in y1eld - up 
to 730 kg/ha (Table 2) Kabale is one of the most densely populated d1str1cts 
in Uganda and hence the land owned by each farmer 1s quite small The land 
1s h1lly with steep slopes which encourage soil eros1on As the soil loses 
nutrients through continuous cult1Vat1on and so1 1 eros10n yield response to 
fert1lizer application is large 

Endosulfan and the comb1nat1on of endosulfan and fung1cide s1gn1f1cantly 
reduced the numbers of beanfly pupae but did not significantly 1mprove y1elds 
presumably because the level of beanfly infestat1on was not suff1c1ently 
great 

In all four d1stricts 1t 1s probable that responses to fert1l1zer would 
have been greater with larger N and P levels and w1th appl1cation of other 
nutrients The overall mean y1eld of K20 was s1m1lar to that of the farmers 
cultivars Other env1ronmental factors (for example rainfall weeds and 
other soil nutnents) not 1ncluded 1n the expenment may also have affected 
the results 

Conclus1ons 

Among the constraints cons1dered fa1lure to meet the bean crops 
nutrit ional requnements for N and P 1s most important followed by angular 
leaf spot and rust oamage by beanfl 1es appears to be of less 1mportance 
K20 generally d1d not perform better than the farmers cult1vars There 1s a 
need for cultivars super1or in both y1eld and d1sease res1stance 

As a continuation of th1s study nutritional screening trials have been 
conducted to determine the relat1Ve importance of nutnent def1c1enc1es 1n 
bean product1on 
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Effects of Sowtng Dates and Ferttltzer on Gra1n Y1elds 
of Har1cot Bean (Phaseolus vulgarts) 

Tenaw Workayehu 

Inst1tute of Agrlcu1tura1 Research Awassa Stat1on Ethlopla 

Abstract 

A study was conducted dunng the 1987 croppmg season to determme 
the effects of t 1mes of sowmg and fert 111zer on the y1e 1d of two 
hancot bean cult1vars (1oca1 and 8-933) under ramfed cond1t1ons 
F1ve sow1ng dates at 1nterva1s of ten days commenc1ng 1 June and two 
1eve1s of fert111zer (O and 100 kg/ha DAP) were comparad 1n a 
factot 1a1 arrangement us1ng a sp11t p1ot des1gn w1th fert1l1zer 
treatments as ma1n plots and sow1ng dates and cu1t7vars as sub-p1ots 
P1ant populat1ons seed s1zes and gram y7elds a11 decreased w1th 
de1ay 1n sow1ng Plant populat1ons and gra1n y1elds were greater and 
seeds sma11er 1n 8-933 than 1n the local cultivar Fert111zer 
appl1cat1on d1d not affect any of the characters recorded 

Introduct1on 

Han cot bean 1 s one of the most 1mportant crops grown by farmers 10 
S1damo 1n southern Eth1op1a It 1s grown 1n elther pure stand or 1n 
assoc1at10n w1th crops l1ke malZe (Raya 1988 Getahun and Tenaw 1989) 
Farmers of S1damo and Wolay1ta D1str1cts (Sldamo Reg1on) use bean as a source 
of food (prote1n supplement) or cash The cult1var grown 1s local and has a 
red seed Y1elds 10 both d1stncts range from 500 to 800 kg/ha and are peor 
compared to nat1onal mean y1elds of 800-900 kg/ha and research mean y1elds of 
2-3 t/ha 

Var1ous reasons have been suggested for the peor y1elds 1nclud1ng 
1nappropnate t1me of sow1ng poor so1l fert1l1ty and other factors (lAR 
1977 Raya 1988 Getahun and Tenaw 1989) Farmers 1n Wolay1ta D1stnct 
plant hancot bean late (July) ma1nly due to double cropp1ng necess1tat1ng 
three to flVe ploughmgs wh1ch contnbutes to the poor y1elds On the 
other hand low so1l fert1l1ty has also contr1buted to low yield The result 
of plant1ng date stud1es for 3 years at two locat1ons (Awassa and Ars1 
Negelle) 1nd1cate that June plant1ng favours bean y1elds (Tenaw 1988) This 
study was 1 nlt 1 ated to exam1 ne the effect of sow1 ng date and fert llJZer on 
gra1n y1eld of har1cot bean at Areka 

Hater1als and Hethods 

Two har1cot bean cult1vars local (red seed) and 1mproved (B-933 whlte 
seeds) were comparad at fwe dates of sow1 ng ( at 1 nterva 1 s of ten days 
beg1nmng 1 June) and two fertillZer levels (O and 100 kg/ha DAP) under 
ra1nfed cond1tions on redd1sh brown so1ls at Areka (1 750 masl) The last 
sow1ng date corresponded w1th farmers date of sow1ng as a check Complete 
factonal combinations of the treatments were arranged 1n a spllt plot w1th 
two repl1cates and fert1lizers as ma1n plots and cult1vars and sow1ng dates as 
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sub-plots Seeds were sown in rows 40 cm apart with 10 cm between seeds along 11 

the rows Fert1l1zer was appl1ed at sow1ng Plant populat1ons at harvest seed 
weights and gra1n yields were recordad and d1seases 1nsects and weeds 
observad 

Results and Discussion 

Plant stands decreased s1gn1f1cantly w1th delay 1n sow1ng (Table 1) 
probably due to shortage of so1l mo1sture They were greater 1n B-933 
(1mproved) and less affected by delay 1n sow1ng than 1n the local cult1var 

Tabla 1 Effe§ts of Sow1ng Dates and Cultwars on Fmal Plant 
(x10 ) of Har1cot Bean at Areka 1n 1987 

SOWlng 
date 

1 June 
1 1 June 
21 June 
1 July 
1 1 July 

S E + 
e V (%) 

Mean 
S E ± 

Cult1var 

Local Improved Mean 

235 242 238 
228 236 232 
229 235 232 
207 221 214 
195 232 214 

6 5 4 
5 9 

219 233 
2 9 

Stands/ha 

6 

Seed s1ze also decreased w1th delays 1n sow1ng (Table 2) presumably due 
to mo1sture shortage dur1ng gra1n f1ll1ng for the later sow1ngs The seeds of 
the local cultwar were slgn1f1cantly largar than those of B-933 but the1r 
s1ze decreased more w1th delay 1n sowing 

Gra1n y1elds from the f1rst three sow1ng dates were about 2 t/ha - tw1ce 
those of the July sow1ngs (Table 3) The reduction 1n y1eld beyond the th1rd 
sow1ng date was about 45 5 kg/day assoc1ated w1th the loss 1n plant stand and 
reduced seed s1ze of the later sow1ngs B-933 produced about one th1rd more 
y1eld (1170-2310 kg/ha) than the local cult1var (760-1985 kg/ha) 

There were no s1gnif1cant effects of fert111zer on any of the characters 
recordad 

B-933 was sl1ghtly suscept1ble to anthracnose (Co11etotr1chum 
lmdemuth1anum) and rust ( Uromyces append1cu 7atus) Both cult wars suffered 
1nsect damage 
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Table 2 Effects of sow1ng Dates and Cultivars on Weights of 1000 Seeds (g) of 
Haricot Bean at Areka in 1987 

-----------------------------------------------
SOWlng 
date Local 

Cultwar 

Improved Mean 
-------------------------------------------------
1 June 232 168 200 
1 1 June 211 147 179 
21 June 184 164 174 
1 July 156 135 146 
1 1 July 162 137 149 

S E + 6 4 4 5 
e V (%) 7 5 

Mean 189 150 
S E + 2 8 
-------------------------------------------------

Table 3 Effects of Sow1ng Dates and Cult1var on Gra1n Y1elds (kg/ha) of 
Har1cot Bean at Areka 1n 1987 

SOWlng 
date 

1 June 
1 1 June 
21 June 
1 July 
1 1 July 

S E + 
e V (%) 

Mean 
S E + 

Local 

1985 
1690 
1520 
1185 

845 

1445 

Cult1var 

Improved Mean 

2315 2150 
2270 1980 
2510 2020 
1175 1180 
1370 1108 

169 7 120 8 
20 2 

1925 
76 4 

-------------------------------------------------

Conclusions and Recommendations 

The exper1ment conf1rmed prev1ous 1nd1cations that y1elds from June 
sowing of har1cot bean are superior to those of farmers pract1ce of sowing in 
July It 1s concluded that the optimum t1me of sow1ng of haricot bean 1s 
during the f1rst three weeks of June for Wolay1ta area 

Late sowing of beans must contr1bute to farmers poor y1elds But 
farmers use late maturing maize as a preceding crop forc1ng them to 
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succeeding crop of bean 1n July A change to a shorter duration malle w1ll 
therefore be needed to enable bean to be sown in June at the optimum t1me in 
th1s double cropping sequence In addit1on a m1nimum tillage system us1ng 
herb1cide may enable earl ier sowing of bean by reducing the time needed for 
f1eld preparat1on by ploughing 
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Hu1chmg for Ramfed Farmmg Jn a SemJ-And Zone of 
Lalklpia OJstrJct of Kenya September 1988-Ju1y 1989 

J S1eber 

La1k1p1a Rural Oevelopment Programme Nanyukl Kenya 

Abstract 

On-farm tests of mulch~ng and m1mmum t1llage at Hatanya 1n Lalklpla 
01str 1ct 1n the R1ft Val ley Prov1nce of Kenya are descr1bed The area 
1s cool and dry and has recently been settled by 1mm1grant resource­
poor farmers Hulch7ng and m1n1mum t711age (HHT) and trad1t1ona1 
pract1ce (TP) were compared on ma1ze (Katuman1 Compos1te 8) and bean 
(Kat 81) 1n pure stand and assoc1ated 1n two seasons (second season 
1988 and f1rst season 1989) In the second season of 1988 ra~nfa11 
was heavy and we 11-dlstnbuted 8ean y¡ e lds were good though ma 1ze 
y1elds were poorer than ad;acent plots due to poor seed qual1ty and 
damage by sta lA borer In the f1rst season 1989 extreme drought 
cond1t1ons preva1led and bean produced better y¡elds than ma1ze due 
to 1ts shorter duratwn 8ean y1elds were less 1n assoc1at1on w1th 
ma1ze than In pure stand but 1n ne1ther season was there a 
s1gn1f1cant effect of cult1vat1on pract1ce on the y¡elds of bean or 
ma1ze The labour requ1red for HHT was greater than for TP 1n 1988 
due to the extra t1me needed for carry1ng mulch but 1n 1989 there 
was no d1fference 1n labour requ1rement for the two cult1vat1on 
met/Jods 

Introduct1on 

Locatwn of La1k1p1a D1stnct 

La1~1p1a d1str1ct 1s 1n the R1ft V~lley Prov1nce of the Republ1c of Kenya 
(F1gure 1) cover1ng an area of 9 723 km The d1str1ct l1es east of the Great 
R1ft on a sem1-ar1d h1gh plateau 1 800-2 300 masl bounded to the south by the 
Aberdares and to east by the Mt Kenya mass1f Its dra1nage 1s dom1nated by 
the Ewaso Ny1ro r1ver wh1ch flows down a gentle slope from south to north 

The sources of 1ts tnbutanes are Mt Kenya and the Aberdares wh1ch 
ensure a l1m1ted cont1nuous flow throughout the year The La1k1p1a Plateau 
rece1ves 1rregularly d1str1buted annual prec1p1tat1on between 400 and 800 mm 
On Mt Kenya and the Aberdares ra1nfall 1ncreases gradually up to 3 300 masl 
The mean annual temperatura vanas from 16 to 20°C Dunng the 0ear there 
are small var1at1ons but da1ly temperaturas can fall below O C Annual 
potent1al evaporat1on 1s approx1mately 1 800-2 000 mm on the La1k1p1a Plateau 
and reduces to 1 500-1 600 mm towards the Mt Kenya and Aberdares mass1fs 

Problem 

There 1s growmg awareness worldw1de that natural resources are l1m1ted 
and are be1ng rap1dly depleted Th1s 1s not only true for treasures of the 
world l1ke o1l and coal but also for resources l1ke water arable land 
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F1gure 1 Locat1on of La1k1p1a D1stnct 
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firewood and the var1ety of plant and an1mal l1fe The modern agncultural 
methods of the green revolut1on which are based on the principles of 
maximizing proflt and specialization in monoculture undoubtedly brought about 
remarkable advances 1n the breed1ng of new cultwars wh1ch respond to good 
soils and proper management by producing heavy yields These cultivars 
however require cons1derable capltal outlays for external mputs 1mproved 
t11lage and 1rr1gat1on methods and h1gh level management The green 
revolut1on therefore has had l1ttle 1mpact on the vast maJorJty of farmers 
1n Laikipia who cultivate heavy so1ls at subs1stence levels They could 
neither afford the necessary 1nputs nor could the frag1le ecolog1cal systems 
1n wh1ch they pract1se cultwat1on support such technolog1es In add1t1on 
the knowledge and sk1ll to manage these modern agr1cultural methods have been 
mostly lack1ng It 1s not real1st1c to expect th1s s1tuat1on to change in the 
near future 

In Kenya sem1-ar1d lands cover about 80% of the total area and about 20% 
of the populat1on depend on ra1nfed farm1ng 1n them as an 1mportant source of 
1ncome In La1k1p1a an appropr1ate land-use ranch1ng was pract1sed unt1l 
the 1960s However the 1ncreased populat1on (9%) dueto 1mm1grants from 
densely populated h1gh potent1al areas and b1rth the 1ncreas1ng shortage of 
land (1-2 ha/famlly) the h1gh r1sk of complete crop fa1lure because of 
drought and immigrants with no exper1ence 1n dryland farming br1ngs the 
obligation to the Kenya Government to ass1st these farmers who struggle for 
survival 

General Poss7b1e Solut1ons 

In the long run 1mproved methods of sem1-ar1d hlghland farm1ng wh1ch 
take into account the economic constra1nts of farmers and still sat1sfy 
ecolog1cal princ1ples have to be found The new methods should 1ncrease the 
intensity and eff1ciency of product 1on w1th m1n1mal dependence on external 
1nputs and with m1nimal damage to the natural resources base and the 
environment They should be eas1ly adapted for small scale farmers and 
combine product 10n of food for home consumpt 1on fodder for lwestock and 
fi rewood 

For the cultivation of crops on the sem1-ar1d lands of La1k1p1a we can 
summarize recommendations for an improved farm1ng method to ensure crop y1elds 
1n the rain-fed condit1ons 

They include 

keep1ng the so1l covered 

2 use of m1n1mum t1llage 

3 improving the organic matter content of so1l 

4 use of drought and cold tolerant cult1vars 

5 applying crop rotation 

6 use of opt1mum plant dens1t1es and plant1ng dates 
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7 integrating trees and shrubs into agricultural systems 

8 meeting nitrogen requirements of crops and 

9 not burn1ng fields 

These recommendations have to be testad under local cond1tions through 
applied research in order to prepare an extension package wh1ch is tailored to 
the Laikipia Highlands 

App1ied Research 

How do we support and elaborate the recommendat1ons under La1k1p1a 
cond1tions? 

The Laikip1a Rural Development Programme (LRDP) in collaborat1on w1th the 
Kenya Agricultural Research Instltute (KARI) carried out experiments w1th 
drought and cold tolerant crops To date the results are promising for one 
bean cultivar from Katumani which 1s now being tested in on farm tr1als 

Furthermore LRDP and the Laik1p1a Research Programme 
established agro-forestry trials for the La1kipia farming system 
are promising 

(LRP) have 
The results 

Since 1985 the LRP have carr1ed out a study focused on water conservat1on 
methods for rainfed farm1ng in the semi-ar1d h1ghland of Laikipia (Liniger no 
date) The study shows that mulching comb1ned w1th m1mmum t1llage prov1des 
very efficient water and soil water conservation reduc1ng evaporat1on loss 
and run-off wh1ch 1ncreases and ensures crop yields 1n seasons of l1ttle 
rainfall and dry spells during the growing period 

Materials and Methods 

The acceptance of th1s new cult1vat1on pract1ce has been assessed on farm 
in Matanya (Figure 2) since March 1989 On-Farm Tr1als (OFTs) are managed by 
farmers 1n the local farm1ng system In order to compare the results from 
OFTs with research findings and as a demonstration the LRDP 1mplemented a 
field trial 1n Matanya in 1989 to compare mulch10g and m1nimum t1llage for 
water conservation with local cultivat1on practicas 

The 1ntercropping of maize and bean as a treatment factor 1s ma1nly 
chosen because 1t is close to the traditional pract1ce In real1ty most 
farmers sow bean at the beginning of the expected rainy season The second 
crop of maize in the field is sown before or after bean at any time of the 
year when there is about 20 mm precipitat1on With the long growing per1od of 
ma1ze (160-200 days) sow1ng some rows every month staggers harvest and 
reduces the r1sk of crop failures due to drought or dry spells We have also 
to consider that the Laikipia farmer by tradition always will plant maize 
even after five crop failures Choice of treatments was based on these 
considerations This trial is on a practically orientad and b1gger plot than 
on the LRP research station and prov1des an important feedback to researchers 
and demonstrates more visual and tangible results to farmers and extension 
staff 
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F1gure 2 Locat1on Map of the Research plot 1n Matanya wnh Agro Chmat1c Zones (Braun 1980) fff = sem1 humld 
IV = sem1 hum1d to sem1 and V = sem1 and VI = and 

0151nct bounclary 

#0 SubdiVIded or 1n 
SUbdNISJOn scate 
farmong area 

1 • a M.Jmclpalttles Townshtps 1 
Mam roads 

Mmor roads 
,_...--. Forest reserve 

>------ Rtvers 

---
--- > 

/ 
1 

K E N Y A 1 
1 
1 -----r-
\ 

' ' eNa.rob• 
' ' 

''1 

Aberdare mts ~ OL-' _ __.10 _ ___.2p Km 

338 



The trials were sown in a sem1-and lower highland area at T1g1thi 
near Matanya (lat1tude 36°56 E long1tude 0°3 S 1842 masl) on a clay loam 
so1l in the second season 1988 and fi rst season 1989 The treatments were 
maize (Katumam Composite 8 - KC8) anJ bean (Katumam 81 - Kat 81) in pura 
stand or associat1on witn mulch and minimum t11lage (MMT) or according to 
trad1tional practiwe (TP) 

Soil preparation was by hand-hoe 5 cm deep on the MMT plots and 15-20 cm 
deep for TP on 10 September 1n 1988 and 14 March 1n 1989 The mulch of maize 
residue from the prev1ous season was appl 1ed by hand to cover 50% of tha 
so1l on 16 September in 1988 and 15 March in 1989 Maize and bean were sown 
(two seeds/hole) s1multaneously on 3 October 1n 1988 and 22 March 1n 1989 For 
pure stands maize was sown 1n rows 80 cm apart w1th 30 cm between holes along 
the row and bean 1n rows 40 cm apart w1th 20 cm between holes In assoc1at1on 
ma1ze and bean were in alternate rows 40 cm apart with 40 cm between maize and 
25 cm between bean pos1t1ons along the rows The treatments were in a 
randomized complete block design repl1cat~d four t1mes with gross plots of 8 x 
10 m from each of which an area of 50 m was harvested Weed1ng was by hand 
w1th machetes and no pestic1des were applied 

Oata Recordfng 

Meteorolog1cal data (mean max1mum and m101mum temperaturas 
prec1pitation and per cent relatlVe humidity at the trial site and pan A 
evaporat1on at the LRP Stat1on 1 km d1stant) were recordad da1ly at 0815 and 
1630 hours Crop evapotranspiration was calculated by mult1ply1ng the crop 
coefficient of each growing per1od by pan evaporation Th1s is a s1mpl1f1ed 
formula but gives a sat1sfactory approx1mat1on 1n Lakipla according to the 
LRP 

Phenological observations were according to Rohrmoser (1985) and CIAT 
(1988) Times taken by casual labourers for f1eld operat1ons were recordad 
except for harvesting because sampling was carried out We1ghts of gra1n were 
recordad adjusted to 13% moisture for ma1ze and 9% moisture for bean These 
were converted to calor1es and market values (1 kg of bean = 3370 calor1es and 
Kshs 5 33 and 1 kg malZe = 3540 calories and Kshs 2 67) for companson of 
the cropping systems 

Results and Discussion 

It is not the intention to make a detallad and complete analys1s of the 
data In the f1eld the results demonstrated the advantages and lim1tat1ons 
of mulching to farmers and extension-staff and we ga1ned practical exper1ence 
of on-farm tr1als 

Weather Condft1ons 

In the second season 1988 ra1nfall was heavy and well-distributed 
throughout the season (Tabla 1 and Figure 3) RelatlVe humiditbes ranged 
between 70 and 90% and temperaturas rema1ned constant (max1mum - 30 e mean -
20°C and minimum - 10°C) (F1gure 4) 
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In the f1rst season 1989 rainfall was very poor relatJVe humidities 
were between 60 and 80% and temperaturas constant but a few degrees lower than 
the prev1ous season 

Tabla 1 Precipltation and Evaporat1on During Different Periods of Growth of 
Tr1als at Hatanya 1n 1988 and 1989 rm75 

Prec1pitat1on (mm) Pan evaporation Crop 
----------------- ET 

Treatment/year HS PS SE EF FH SH SE EF FH SH SH 

Malle MHT 1988 NA 33 17 199 202 418 16 252 350 653 538 
Bean MHT 1988 NA 33 17 146 158 321 40 197 166 403 301 
Malle MMT 1989 17 17 45 100 81 226 75 264 339 677 558 
Bean MMT 1989 73 17 46 100 o 146 75 165 237 477 357 
--------------------------------------------------------------------
HS last harvest to sow1ng PS = 10 days pr1or to sow1ng 
SE - sow1ng to emergence EF = emergence to flowering 
FM flower1ng to matur1ty SM = sowing to maturity 
ET evapo-transp1rat1on NA = not applicable 

Phenolog1cal Data 

In the second season of 1988 cropping systems had l1ttle or no effect on 
phenology ma1ze matured JUSt 2-4 days earlier with traditional practica than 
w1th MMT (Tabla 2) 

In the dr1er cond1tions of the f1rst season 1989 emergence took two to 
three weeks much longar than 1n 1988 but was 4-5 days earlier w1th HHT than 
wlth TP 

Crop Performance and Y1eld 

In 1988 bean y1elds were good but the y1elds of ma1ze were poorer than 
those 1n adJacent trials (4 t/ha) perhaps due to poor seed quality and attack 
by stalk borers Cult1vat1on pract1ces d1d not affect gra1n y1elds of either 
bean or ma1ze (Table 3) Th1s may have resultad from the unusually wet 
cond1t1ons reduc1ng the advantages of MHT and the gra1n y1elds of Katumani B1 
due to 1ts suscept1b1l1ty to ascochyta bl1ght The poor bean y1elds in 
assoc1at1on w1th ma1ze were also more probably l1m1ted by the wet cond1t1ons 
than by l1ght compet1t10n as the maize cultwar KCB 1s shorter and has 
smaller leaves than the locally preferred Hybr1d 511 

In 1989 when extreme drought cond1t1ons were experienced there being no 
prec1p1tat10n from flowenng to harvest bean produced better yields than 
ma1ze (Tabla 3) because of 1ts shorter growing period 

So1l mo1sture would be greater for bean 1n pura stand because the longer 
per1od between harvest1ng the prev1ous crop and sowing (55 days) would store 
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Tabla 2 Phenological Data from Trials at Hatanya in 1988 and 1989 

---------------------------------------------------------------------------------------
Hulching Traditional 

---------------------------------- ----------------------------------
Association Pura stand Association Pura stand 

--------------- --------------- --------------- ---------------
Haize sean Haize Sean Haize Sean Haize sean 

---------------------------------------------------------------------------------------
second season 1988 - dates 

Emergen ce 12 Oct 11 Oct 12 Oct 11 Oct 12 Oct 11 Oct 12 Oct 11 Oct 
Flowering 14 Dec 29 Nov 14 Dec 29 Nov 14 Oct 29 Oct 14 Dec 29 Nov 
Haturity 28 Feb 10 Jan 28 Feb 10 Jan 26 Feb 10 Jan 24 Oec 10 Jan 

Second season 1988 - numbers of days 

HS 75 75 75 75 75 75 75 75 
SE 9 8 9 8 9 8 9 8 
EF 62 49 62 49 62 49 62 49 
FP 54 32 54 32 52 32 50 32 
PH 20 10 20 10 20 10 20 10 
SH 145 99 145 99 143 99 141 99 

First season of 1989 - dates 

Emergence 8 Apr 6 Apr 7 Apr 7 Apr 12 Apr 11 Apr 11 Apr 10 Apr 
Flowering 2 Jun 17 Hay 2 Jun 17 Hay 2 Jun 17 Hay 2 Jun 17 Hay 
Haturity 9 Au9 24 Jun 9 Au9 24 Jun 9 Aug 24 Jun 9 Aug 24 Jun 

First season of 1989 - numbers of days 

HS 12 12 12 55 12 12 12 55 
SE 17 15 16 16 21 20 20 19 
EF 55 41 56 40 51 36 52 37 
FP 49 28 49 28 49 28 49 28 
PH 20 10 20 10 20 10 20 10 
SM 140 94 140 94 140 94 140 94 
---------------------------------------------------------------------------------------
HS = last harvest to sow1ng 
EF = emergence to flower1ng 
PM = podd1ng to maturity SM 

SE = sow1ng to emergence 
FP = flower1ng to podd1ng 
= sow1ng to matur1ty 

more ra1nfall espec1ally 1n the plots wlth mulch cover Th1s was shown by 
wilting of plants starting later on the mulched plots It seemed that the 
mulch1ng conservad soma ra1n fall1ng 1n Apr1l and Hay mak1ng water ava1lable 
to the plant after flowenng for maybe 10-20 days But 146 mm of ra1nfall 
from sow1ng to matur1ty 1s 1nadequate to produce reasonable yield whatever the 
cultivation method 

Maize gra1n y1elds were very poor and there was no benef1t from mulch1ng 
There was no ra1nfall from two weeks before flowering to one month befbre 
matunty On farmers fields all malle plants w1lted and dried up before 
flowering The better albeit poor yields from the trial can be expla1ned by 
earlier sow1ng and use of the shorter durat10n cultivar KCB With the dry 
spell of 50 days reasonable yields cannot be expected 
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Table 3 Grain Yields (Kg Kcals and Kshs/ha) of Maize and Bean in Trials at 
Matanya in 1988 and 1989 

---------------------------------------------------------------------------------------
Grain yield (kg/ha) 

---------:---------------- Grain yields Grain yields 
MMT TP Kcal/ha Kshs /ha 

------------ ----------- -------------------- ---------------------erop Ma1Ze Bean Maize Bean MMT TP Mean MMT TP Mean 
---------------------------------------------------------------------------------------
Second season of 1988 

Maize 3128 o 2299 o 11076 14512 12795 8344 10932 9638 
Bean o 2166 o 2566 7300 8647 7974 10932 13685 12619 
Ma1Ze bean 2560 1084 2718 1028 12716 13088 12902 12609 12733 12671 

S E ± 929 9 657 6 983 o 695 1 
e v (%) 16 6 16 9 

Mean 10365 12083 10836 12450 
S E ± 536 9 567 5 

F1rst season of 1989 

Maize 189 o 338 o 670 1198 934 504 903 704 
Bean o 494 o 377 1666 1272 1469 2636 2014 2326 
Maize bean 101 111 123 65 733 648 691 862 835 849 

S E ± 192 5 136 272 4 192 6 
e v (%) 37 3 42 1 

Mean 1023 1040 1335 1251 
S E± 111 2 157 3 

The grow1ng per1od of KeB malle 1s about 110 days in the lowlands In 
Matanya 1t 1s 140-145 days wh1le for Hybrld 511 1t is 160-170 days But 
although the r1sk of complete crop fa1lure 1s less w1th KeB f1eld 
observat1ons show that farmers prefer the h1gher y1eld potent1a1 Hybr1d 511 (5 
t/ha) for relay cropp1ng systems 

Labour Input 

In the f1rst season 1988 more man hours were needed for MMT than for the 
trad1t10nal pract1ce because the t1me requ1red for mulch1ng nowhere near 
compensated for the sav1ng in land preparat1on and weed1ng t1me (Tabla 4) The 
t1me requ1red for mulch1ng was probably exaggerated by the need to br1ng mulch 
from outs1de and because 1t was a new pract1ce prev10usly unknown to the 
labour 

In 1989 the total man hours for the different treatments were nearly the 
same For MMT land preparation and the mulching took even less time than 
trad1t1onal land preparat10n Weed1ng took sllghtly longar for the mulched 
plots because weed growth was greater and the labourers st1ll had insuff1cient 
exper1ence to weed1ng eff1c1ently between the mulch 
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Table 4 Labour Input (Hours Per Hectare) 

ActlVltleS 

Second season 1988 

Land preparat1on 
Mulch1ng 
SOWlng 
Th1nn1ng 
Weed1ng 1 
Weed1ng 2 
Harvest Bean 
Harvest Ma1ze 

Total 

F1rst season 1989 

Land preparat1on 
Mulch1ng 
Sow1ng 
Th1nn1ng 
Weed1ng 1 
Weed1ng 2 
Harvest Bean 
Harvest Ma1ze 

Total 

Dates 

10 Sep 
16 Sep 

3 Oct 
28 Oct 
27 Oct 
14 Nov 
26 Jan 

8 Mar 

14 Mar 
15 Mar 
22 Mar 

2 May 
23 Apr 

4 May 
12 Jul 

8 Aug 

M B 

250 
109 
143 

59 
168 
153 

NR 
NR 

882 

125 
70 

125 
61 
77 
90 
NR 
NR 

548 

Mulch1ng 

M 

250 
109 

73 
39 

141 
136 

o 
NR 

748 

125 
70 
83 
44 
72 
93 
o 

NR 

487 

M = ma1ze B = bean NR = not recorded 

Conclus1ons and Recommendat1ons 

B 

250 
109 
143 
102 
203 
139 

NR 
o 

946 

125 
100 
125 

71 
100 

95 
NR 
o 

616 

Trad1t1onal 

M B 

250 
o 

143 
59 

180 
181 

NR 
NR 

813 

250 
o 

125 
45 
55 
60 
NR 
NR 

535 
/ 

' 

M 

250 
o 

73 
39 

145 
140 

o 
NR 

647 

250 
o 

83 
55 
55 
68 
o 

NR 

511 

B 

250 
o 

143 
102 
174 
174 

NR 
o 

843 

250 
o 

125 
91 
60 
64 
NR 
o 

590 

In a normal season w1th l1ttle prec1p1tat1on and dry spells of not more 
than 2-3 weeks dur1ng the grow1ng period mulching 1n combinat1on w1th m1n1mum 
t11lage 1s a recommended water and so1l conservat1on method and results 1n 
1ncreased y1elds reduced r1sk of complete crop failure and better soil 
conservat1on wh1ch are the bases of product1on and l1fe 1n La1k1p1a 

Mulch1ng and m1n1mum t1llage requ1re no more labour and mater1al 1nput 
than nor dramat1c changas 1n tradit1onal cult1vat1on methods thus prov1d1ng a 
posit1ve opt1on for small scale farm1ng 1n La1k1pia 

Through the extens1on serv1ces the M1nistry of Agr1culture and the LRDP 
should reallZe 1n future a great impact from the use of mulch1ng minimum 
t1llage and other dryland farm1ng recommendat1ons 1n a package approach wh1ch 
1ncludes what how when why and l1m1tat1ons for a successful sustainable 
land use system 1n La1kip1a 
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The Oeve1opment of a Naize-C1imbtng Bean Intercropptng System 
for Centra 1 Uganda 

e S Wortmann and M Ugen-Adrogu 

Ka~anda Research Stat7on Kampala Uganda 

Abstract 

C17mb7ng bean has greater y7e1d potent7a1 than bush bean on fert71e 
so71s but p1ants need to be supported and a11owed to c17mb to fu11y 
ut71ize this potentia1 In associat7on W7th ma7ze support 7S 

prov7ded by the companfon crop In parts of central Uganda ho~ever 
maize 7S of 1ess 7mportance than bean and farmers are not w7117ng to 
sacnf7ce bean y7e1d due to suppress7on by the ma7ze A senes of 
expenments ~as conducted over three seasons at Ka~anda Research 
Stat7on to determ7ne how to manage the maize-c17mb7ng bean 
association so that the ma7ze supports the c17mb7ng bean ~7th m7n7mum 
suppress7on of bean y7e1ds Bean y7e7d was 77tt7e affected by ma7ze 
p7ant density but ma7ze y¡e7d 7ncreased ~7th ma7ze dens7ty 
Fert77izat7on d7d not improve bean y7e7d and had 17tt7e effect on 
total product7v7ty Inc1us7on of bush bean 7n the system results 7n 
7ncreased bean yfeld but reduced ma7ze y7e1d Part7c7pat7ng farmers 
did not 17ke the pro7onged f7o~er7ng hab7t of G 2333 as 7t resu7ts 7n 
uneven pod matur7ty It 7S conc7uded that G 13671 shou7d be eva7uated 
on farmers f7e1ds kn assoc7at7on ~7th ma7ze at dens7t7es of 2 o 
and 2 5 p7ants per m ~7th and w7thout bush bean 

( 

Introduction 

Climbtng and semt-climbtng bean culttvars (Types IIIb and IV) have 
greater yield potential on ferttle so1ls than determinate bush cultwars 
(Type I) To take full advantage of thts yield potenttal and produce good 
quallty grain the plants need to be supported so they can cltmb Research 
has been conducted on the assoc1at1on in Lat1n Amenca (Davts et a7 1984 
Francis et a7 1982a 1982b) but 1n all cases 1t was assumed that farmers 
were w1lling to accept relatwely poor bean yields provtded maize yteld was 
little reduced In parts of Uganda where banana and tuber crops are important 
staples bean 1s of greater tmportance than matze to farmers who are 
unwtlling to sacrifica bean for matze Therefore ava1lable research results 
are somewhat irrelevant for developtng alternattve cropptng systems for these 
areas The object 1 ve of thi s research was to determine how to manage the 
maize-climbing bean associatton so that the matze adequately supports the bean 
with m1nimum reduction in bean ytelds 

Matertals and Methods 

Expertmentatton began at Kawanda Research Statton in the second season of 
1988 and has continuad for three seasons The trials were modified each 
season in response to results 
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Season 19888 

In 19888 a 24 factorial tr1al with two repl1cations was conducted The 
treatments were ma1ze plantad 10-14 days before (17 Sept) and s1multaneously 
(30 Sept) wlth bean no fert 1l1Zer and 20 kg N p 1 us 20 kg P2o5 per ha at 
plant1ng ma1Ze at 2 plants 75 x 75 cm apart and 3 plants 90 x 90 cm apart 
and bean plant dens1t1es of 73 and 105 thousand plants/ha 

To compare the yields of bean 1n assoc1at1on w1th those of bean 1n pure 
stand the sem1-cl1mb1ng bean cultwar G 13671 1n pure stand was supported 
by stakes at final plant dens1t1es of 83 and 129 thousand plants/ha The 
bean cult1var K20 was plantad at approx1mately 180 thousand plants/ha w1th 
ma1Ze at 22 thousand plants/ha 1n widely spaced stands of 3 ma1Ze plants to 
represent the tradlt 10na 1 ma1Ze-bean 1 ntercropp1 ng system Average f1 nal 
stand of beans however was only 71 thousand plants/ha 

Season 1989A 

In 1989A the tr1al was a 3 x 2 x 2 factor1al w1th four repl1cat1ons The 
treatments were ma1Ze at 1 5 2 O and 2 5 plants per m2 in single plant 
stands w1th 6 5 and 4 cl1mb1ng bean plants par ma1ze plant respect1vely o 
and 15 kg/ha P2o5 at plant1ng and two Type IIIb bean cultivars G 13671 and G 
2333 

Plot s1zes var1ed sl1ghtly w1th maize densities 1n all seasons but were 
approx1mately 4 25 x 5 m AdJustments were made for the differences 1n plot 
s1Ze when est1mat1ng y1eld per hectare The treatments Type IIIb bean 1n 
pure stand and the trad1t1onal m1xture were added 8ean was plantad 10 days 
after ma1ze and fert1l1zer was appl1ed at the

2 
t1me of plant1ng bean The bush 

cult1var K20 was plantad at 10 plants per m between the rows of ma1ze and 
cl1mb1ng bean as the cl1mb1ng bean populat1on wás considerad too sparse for 
good bean y1elds 

Season 19898 

Tr1al des1gn and management 1n 19898 were s1m1lar to 1989A except that 
the fert1l1zer treatment was replaced by presence and absence of interrow 
plant1ng of Type I bean 

Ouring this season farmer partlcipation 1n the research commenced w1th 
the 1nV1tat1on of several farmers to Kawanda Research Stat1on to evaluate the 
var1ous treatment comb1nat1ons in the tria! when the bush beans were at 
phys1ological matur1ty (R9) and the climbers 1n m1d to late pod-fill (R7-R8) 
These farmers were informally queried about the system generally and 
specifically about their impressions of labour requ1 rements overall 
productiv1ty and of the cultivars 1ncluded 

Results and D1scuss1on 

Sea son 1 IJ888 

8ean yields were much reduced (from 940 and 788±88 1 kg/ha at 83 and 129 
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thousand plants/ha) due to competition with maize and were sign1ficantly less 
where maize was plantad earlier rather than simultaneously with bean (Tabla 
1) Bean yields were less with fertilizar denser maize and denser bean but 
the d1fferences were not significant Seeds per pod and seed size were 
unaffected by the treatments but like seed yield pods per plant were reduced 
by planting maize before rather than simultaneously with bean With thé 
traditional system bean y1elds were poor (324±88 1 kg/ha) probably due to 
low plant density 

Maize y1eld per hectare was most affected by t1me of plant1ng ma1ze and 
sl1ghtly by fertil1zation (Tabla 1) Maize yield components including gra1n 
we1ght cobs per plant and grams per cob were all 1mproved by early 
plant1ng Maize yields were largar 1n all the malze-climbing bean treatments 
than 1n the tradit1onal system (1364±300 9 kg/ha) None of the 1nteract1ons 
were s1gn1ficant so their means are not reportad It was observad that bean 
did not climb on the ma1ze when the two crops were planted simultaneously 

It was concluded that the comb1nat1ons of management practicas testad d1d 
not meet farmers obJeCtlVes and that the trial should be mod1f1ed Bean 
yields were much suppressed by the ma1Ze ind1cat1ng that ma1Ze populat1ons 
were too dense Also bean should be plantad later than the malZe for the 
maize to prov1de adequate support Fert1l1zer d1d not improve y1elds wh1ch 
were also little affected by bean plant dens1ty For the follow1ng season s 
trial it was dec1ded to reduce ma1ze plant dens1ty (from 2 to 1 plant/stand) 
to om1t nitrogen from the fertillZer treatment and to 1nclude a second bean 
cultivar 

Season 1989A 

In 1989A bush bean yields were reduced by 1ncreas1ng ma1ze dens1ty but 
total bean yields were unaffected (Table 2) MalZe y1eld 1ncreased l1nearly 
with maize plant dens1ty Phosphorus applicat1on reduced bush bean y1elds but 
did not affect total bean yields Maize yields were reduced when P was 
applied Bush bean yields were greater 1n associat1on w1th G 2333 but G 13671 
gave better y1elds than d1d G 2333 so total bean and maize y1elds were 
s1gn1ficantly better w1th G 13671 

The d1fference between the mean total bean y1eld 1n assoc1at1on w1th 
maize and the yield of the tradit1onal system was not s1gnificant and the best 
i ntercrop treatment y1elded more beans though not s1 gm f1cant 1 y than the 
trad1t1onal system Ma1ze yields 1n assoc1ation w1th cl1mbing bean were 110% 
more than malle y1elds from the trad1t1onal system The best bean y1eld 1n 
association was 70% of the pure stand yield of G 13671 

The y1elds of the bush bean between the ma1Ze-cl1mb1ng bean rows were 
poor and contributed little to product1v1ty The1r presence may have reduced 
ma1ze and climb1ng bean y1elds and 1ncreased the amount of labour 1nvested 1n 
the crop as more t1me was required for plant1ng and harvestmg although 
weed1ng may have been less 
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Table 1 Total Dry Matter (TDM) of Bean and Yields and Yleld Components of 
Bean and Malze In Malze Cllmblng Bean Trlal at Kawanda 19888 

Bean Maize 

TDM at TOM at Graln Welght/50 Graln Welght/100 
R6 R9 ylelds seeds Pods/ Seeds/ ylelds seeds Cobs/ Seeds/ 
(g) (g) (kg/ha) (g) plant pod (kg/ha) (g) plant cob 

Ha1ze before beans 3 66 1 48 262 16 11 6 95 3 95 3939 30 38 o 918 416 9 Ma1ze with beans 6 66 11 08 362 11 43 10 08 2 52 2197 23 88 o 777 330 1 

No fert 111 zer 4 90 8 07 323 15 75 1 67 3 84 2924 26 73 o 856 367 4 
Fertilizar 5 42 10 48 302 11 79 9 36 2 64 3212 27 53 o 838 380 3 

Malze 75 x 75 cm 5 54 9 89 304 16 05 8 67 2 96 3077 27 44 o 849 371 3 
Malze 90 x 90 cm 4 11 8 66 321 11 50 8 36 3 51 3059 26 82 o 846 376 4 

Beans 73 000/ha 6 22 9 73 334 16 34 9 00 3 52 3088 27 16 o 833 385 9 
Beans 105 000/ha 4 09 8 82 291 11 20 8 04 2 95 3047 27 10 o 861 361 8 

L S O (P O 05) 1 37 NC 92 5 NC 3 31 NC 277 6 o 99 o 057 94 84 

NC not calculated due to miss1ng data 

Season 19898 

In 19898 bush bean yields were greater at the low ma1ze dens1ty than at 
the h1gher dens1t1es but malle denslty d1d not affect the y1elds of the 
cl1mbers nor total y1elds (Table 3) Ylelds of the climbers were not reduced 
by the presence of bush beans but the total bean y1eld 1n the presence of bush 
bean was 22% more than the total y1eld wlthout bush bean Dlfferences m 
var1etal 1nfluences of the cl1mbers on bean y1elds were not s1gnificant 
Orthogonal part1t1on1ng of the treatments mean square for seed y1eld (Table 4) 
showed that the tradlt1onal system yielded more beans than the mean total 
y1eld of the 1ntercropp1ng treatments and also more than the mean of 
1ntercropp1ng treatments 1n wh1ch bush bean was 1ncluded (Tables 3 and 4) 
The mean y1elds of the climbers 1n pure stand y1elded signlficantly more beans 
than the mean of the 1ntercropp1ng treatments and than the trad1tional system 

Ma1ze y1elds 1ncreased l1nearly with plant dens1ty but this relat1onsh1p 
was not s1gn1f1cant Maize y1elds were reduced by the presence of bush bean 
but were much larger when 1ntercropped with the cl1mbers than 1n the 
trad1t10nal system Thus 1n contrast with the previous two seasons the 
y1elds of cl1mb1ng bean supported by ma1ze were infer1or to the y1elds of the 
trad1t1onal ma1ze-bean assoc1ation 

The farmers who part1c1pated 1n the evaluat1on of the system stressed the 
1mportance of even matur1ty of the pods to avoid mult1ple harvests They did 
not 1 1ke G 2333 for th1s reason They expressed concerned about 1ncreased 
lodg1ng of the malle 1f their local cultivars were used in the system and 
about the extra labour 1nvolved due to the 1nclus1on of the bush beans 

Conclus1ons 

It 1s concluded that in the cropping systems examinad at Kawanda bean 
y1elds are 11ttle affected by maize dens1ty within the range tested but that 
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Table 2 Bean and Ma1ze Y1elds 1n Ma1ze-Bean Intercropp1ng Tr1al at Kawanda 
1n 1989A 

Treatment 

Ma1ze plant dens1ty 

2 5 plants/m~ 
2 o plants/m

2 1 5 plants/m 

L S D (P = O 05) 

Bush 
bean 
y1eld 

(kg/ha) 

119 
159 
153 

21 6 

Phosphorus fert1l1zer 

No P 
p 

Bean cult1var 

G 13671 
G 2333 

L S D (P = O 05) 

Best comb1nat1on8 

Pure stand 

G 13671 
G 2333 

Trad1t1onal system 

K20 

L S D (P = O 05) 

154 
133 

132 
155 

25 o 

11 5 

NA 
NA 

569 

69 6 

Cl1mb1ng 
bean 
y1eld 

(kg/ha) 

393 
344 
366 

62 6 

352 
383 

434 
302 

51 2 

483 

833 
705 

NA 

147 3 

Total 
bean 
y1eld 

(kg/ha) 

512 
478 
518 

75 2 

505 
500 

548 
457 

61 5 

598 

833 
705 

569 

137 7 

Ma1ze 
y1eld 

(kg/ha) 

3034 
2407 
2011 

230 3 

2620 
2348 

2525 
2443 

265 8 

3077 

NA 
NA 

1183 

624 o 

NA = not appl1cable a 2 5 ma1ze plants ha- 1 P G13671 

maize yield is favoured by higher ma1ze plant density G 13671 gave sl1ghtly 
higher yields than G 2333 but both cult1vars responded s1m1larly to the other 
expenmental variables The part1cipat1ng farmers d1d not like the long 
flower1ng per1od of G 2333 as they want to avoid mult1ple harvests For those 
that harvest fresh beans and green leaves the prolongad flower1ng may be 
desirable for home consumpt1on Application of small amounts of nitrogen and 
phosphorus fertilizers did not improve bean yield Inclusion of bush bean 
results in s1gn1f1cantly more bean y1eld but because this mod1f1cat1on 
requires more labour and management 1t may not result in 1mproved 
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profitab1l1ty 

Stud1es of the agronom1c and soc1o-economic aspects of the cropp1ng 
system w11l cont1nue on farmers fields in 1990 1n simple trials of six 
treatments in Luwero d1str1ct The treatments 1nclude the plant1ng of ma1ze 
at two dens1t1es w1th and w1thout the 1nclus1on of Type I bean the 
trad1t1onal ma1ze bean system and the Type III cultivar 1n pure stand 
supported by stakes The contribut1ons of farmers to the further development 

Table 3 Bean and Ma1ze Y1elds in Ma1ze-Bean Intercropp1ng Tr1al 
at Kawanda 1n 19898 

Treatment 

Bush 
bean 
y1eld 

(kg/ha) 

Ma1ze plant dens1ty 

114 
107 
152 

L S D ( P=O 05) 33 7 

Bush beans 

Absent 
Present 

Bean cult1var 

G 13671 
G 2333 

NA 
249 

134 
115 

L S D ( P=O 05) 28 7 

Pure stand 

G 13671 
G 2333 

NA 
NA 

Trad1t1onal system 

K20 895 

L S D ( P=O 05) 

Cl1mb1ng 
bean 
y1eld 

(kg/ha) 

413 
447 
412 

74 8 

445 
404 

439 
410 

61 1 

1274 
1505 

NA 

Total 
bean 

y1eld 
(kg/ha) 

506 
545 
595 

88 o 

494 
603 

574 
523 

71 8 

1274 
1505 

895 

296 1 

Ma1ze 
y1eld 

(kg/ha) 

4544 
4334 
4071 

587 7 

4534 
4098 

4273 
4359 

479 8 

NA 
NA 

2739 

1307 2 
-------------------------------------------------
NA = not appl1cable 
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Table 4 Some eomponents of the Treatments Mean Squares for Bean Seed Y1elds 
in Intercropping Tr1al at Kawanda in 19898 

Source of var1at1on df Mean squares 

Treatments 14 

Intercropping mean vs pure stand of cl1mbers 1 
Intercropping mean vs trad1tional system 1 
Pure stand of climbers vs traditional system 1 
G2333 VS G13671 (pure) 1 
Tradit1onal system vs mean of 1ntercropp1ng w1th 

bush beans present 1 
L1near effect of ma1ze dens1ty 1 

Error 42 

392038** 

4851299** 
443334** 
652366** 
106984ns 

271957* 
91814ns 

33146 

and eva luat 1on of the system Wlll be documentad to learn more about farmer 
part1C1pat1on 1n cropp1ng system development Adoption by farmers w11l be 
stud1ed in Luwero d1str1ct 1f an acceptable system 1s developed 
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The Producttvtty of P1ant susar cane 
Intercropped Stmu1taneous1y ~tth Hatze and Bean 

F Ismael and N Govinden 

Haur1t1us Sugar Industry Research Instttute Reduit Haur1tius 

Abstract 

In ten tr1a1s in Haur1tius 1n 1987 and 1988 p1ant sugar cane 
umform7y spaced at 1 6 m between ro~s was mtercropped w1th bean 
and ma1ze a1one or together At Tow denstty the y1eTd of bean 
meres sed proport 1onate 7 y "'' th mcreas mg dens 1 ty but not at the 
h1gh dens1ty Ha1ze gra1n y1eTd a7so 1ncreased 1111th 1ncreasing 
dens1ty but not proport1onateTy Ne1ther bean nor maize Y1e1ds were 
reduced 1n the presence of sugar cane Hatze reduced cane t1TTer1ng 
espec1a1Ty at h1gh dens1ty Cane and sugar YJe1ds were decreased 
w1th ma1ze 1n every 1nterrow of sugar cane 1111th bean at the hlghest 
dens1ty and 1111th ma1ze and bean together The productivJty of a11 
the assoc1ated systems was greater than sugar cane m pure stand 
The most product1ve system was sugar cane 1n assocJat1on w1th bean 
at h1gh dens1ty 

Introduct1on 

Sugar cane 1s the dom1nant crop in Maur1t1us occupy1ng 93% of the 
cult1vated land area Agr1cultural poli~y dictatas tha pursual of 
d1vers1f1cat1on only wh1la ma1ntaining total sugar product1on As sugar yiald 
cannot be 1ncreased substantially and land is scarca agr1cultural 
d1versif1cat1on can therefore only be achievad by cropping systems that 
1ntens1fy product1on and 1ncrease land product1Vity The intarcropp1ng of 
sugar cane offers such prospects 

The 1ntercropping of sugar cane with food crops is already practisad on a 
commerc1al scale const1tuting a cons1derable proport1on of production - 55% 
for groundnuts (Ismael and Gov1nden 1989) 80% for potato (Anon 198Q-85) and 
59% for malla (Gov1nden and Mauree 1986) Since 1983 national policy has 
prometed the development of dry bean production nacessitating furthar 
1ncrease 1n the product1vity of sugar cane in association with othar crops 

Under the ex1st1ng system of sugar cane production maize 1s grown in 
every interrow of plant sugar cane or every two 1ntarrows leaving alternate 
1nterrows unsown Sow1ng malle 1n every interrow reduces cana y1alds the 
latter practica does not (Anon 1977) so is the most common practica but 
under-utillzes land 

The 1ntroduct1on of bean 1nto the interrows without maize would 1ntansify 
cropp1ng and make better use of land In1t1al stud1as conducted in 1984 
(Anon 1985 1987) produced contrast1ng rasults In 1984 (but not in 1986) 
two rows of bean and one of maiza 1n altarnate interrows of sugar cane reduced 
cane and sugar y1elds The aim of the present study was to evaluata the 
effects of various assoc1ations of bean maize and maiza bean with sugar cane 
on product1Vity 
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Mater1als and Methods 

In 1987 and 1988 a ser1es of ten randomized complete block tr1als w1th 
six replicates were established in plant sugar cana The characteristics of 
the locations the sugar cana cultivars and the dates of sowing and harvesting 
are listad in Tabla 1 

Tabla 1 Characteristics of locations sugar cane cultivars and sowing and 
harvesting dates of sugar cana intercropping trials in Mauritius in 
1987 and 1988 

1987 1988 
------ - --------------------- - ---------- ----------------

location 80 BASF SH HTHO M 80 BASF SH MTHO 
---- -

BASES 
------- ------ --- ----- ------------ - -- --------- --- ---------------------- -----------
Altitude (masl) 10 75 75 40 90 27 121 48 55 480 
Cllmatic zone H H H H SBH H H H H SPH 
Rainfall (mm) 1600 1125 1650 1600/ 800 1500 1950 1600 1600 3200 
Soll type lHl LHL lHl LRP LRP lHl lHl LRP ~RP HFL 
Sugar cane M 1030/ H 1030/ H 1030/ H 555/ H 126/ H 1557/ R 570 H 695/ M 1557/ H 3035/ 
cultivar 71 71 71 60 63 10 69 10 86 

Dates of sowing 

Sugar cane 29 Jul 5 Aug 25 Sep 11 Aug 11 Aug 23 Aug 26 Aug 12 Aug 4 Aug 31 Aug 
Maize/bean 31 Jul 1 Aug 29 Sep 14 Aug 13 Aug 24 Aug 29 Aug 18 Aug 9 Aug 2 Sep 

Dates of harvest 

Sugar cane 4 Oct NR 25 Oct NR 3 Nov 19 Sep 27 Sep 12 Sep 6 Sep 5 Oct 
Halze 24 Nov 9 Dec 22 Jan 1 Dec 10 Dec 16 Dec 28 Oec 1 Oec 9 Oec 13 Jan 
Bean 30 Oct 2 Nov 21 Oec 10 Nov 3 Nov 18 Nov 6 Dec 8 Nov 4 Nov 2 Dec 

BO = Bel Ombre BASF = Bel Air-St Felix SH = Savannah MTMD = Mon Tresor-Mon 
Desert M - Med1ne BRSES = Belle Rive H = humid SBH = sub-humid SPH -
super-humid LHL = low humic latosol LRP - latosolic reddish pra1rie HFL = 
humic ferruginous latosol NR not recordad 

Except at Bella Rive wh1ch was ra1nfed all tnals were 1rngated by 
overhead sprinklers with about 25 mm of water every 10-15 days when rainfall 
was deficient Land preparation was by d1sc plough alone or in comb1nat1on 
with a sub-soiler The furrows for sugar cana were made mechanically 1 6 m 
apart Phosphate and potash were applied 1n the furrows at plant1ng at 131-554 
kg/ha P2o5 and 142-284 kg/ha K2o Nitrogen was top-dressed 5-6 weeks later at 
123-142 kg/ha N Factory scum at 11-28 t/ha was appl 1ed at a ll locat ions 
except Medine and Belle R1ve Sugar cane was plantad us1ng three bud cuttings 
at the rate of 31 250 cuttings/ha 

For maize and bean the furrows were made manually Seeds of ma1ze hybrid 
U-R14 were sown a few days after the planting of sugar cane Pure stand maize 
was sown at 80 cm between and 20 cm w1thin rows In assoc1at1on with sugar 
cana maize was sown between the sugar cane rows and 15 cm apart within rows 
Nitrogen (104 kg/ha N) phosphate (104 kg/ha P2o5> and potash (160 kg/ha K20) 
were app l 1 ed in the furrows at sowi ng and 182 k g/ ha N were top-dressed four 
weeks after sow1ng 
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Seeds of bean cultivar Long Tom were sown at the same time as the maize 
In pure stand the rows were spaced alternately 20 and 60 cm apart with 15 cm 
between plants within the rows In association with sugar cane bean was sown 
in single rows equidistant from the rows of sugar cane or in paired rows 40 
cm apart w1th 10 cm between plants within rows Nitrogen (20 kg/ha N) 
phosphate (20 kg/ha P2o5> and potash (30 kg/ha K2o) were applied in the 
furrows at sowing and ~4 kg/ha N were top-dressed at four weeks after sowing 
Insecticidas (Tamaron Decis or Trigard plus euprox) and herbicidas (Linuron 
or Preforan) were applied at standard retes 

The treatments were pure stand sugar cane (Se) maize or bean se with 
one or two rows of bean in every se 1nterrow se w1th one row of maize between 
every se interrow or every two interrows and se with one row of bean and one 
row of maize alternately between every se interrow 

The yields of cane sugar maize and bean were recordad Sugar yields 
were est1mated from total cane we1ghts and sucrose contents Maize grain was 
we1ghed after oven drying to constant weight and y1elds adjusted to 12~ 
mo1sture Bean grain yields were adJusted to 14ll moisture Sugar cane 
t1ller1ng was recorded monthly Relativa Yield Totals (RYTs) - the sums of the 
rat1os of the y1elds of sugar maize and bean in association to their yields 
1n pure stand - were used to evaluate the productivity of the different 
cropping systems in those trials where sole crop maize and bean treatments 
were included 

Results 

Bean Gra1n Y1e1ds 

Bean y1elds were poor but were better at Bel Air-St Felix in both 1987 
and 1988 (Table 2) The yields of bean in single rows were greatest in pure 
stand and fell proport1onately in associat1on with se and se plus maize The 
y1elds of bean 1n paired rows in association with se were greater than single 
rows in associat10n w1th se The absence of differences in bean yields per 
plant indicated that bean was affected by neither sugar cane nor maize 

Tabla 2 Bean gra1n y1alds (t/ha) 1n pura stand and assoc1at1on w1th sugar 
cane and ma1ze 1n Maur1t1us 1n 1987 and 1988 

1987 1988 

Treatmant 80 BASF SH MTMO M 80 BASF SH HTHO BRSES 

se + pa1red rows bean o 71 46 o 87 o 89 o 67 o 47 1 69 o 98 1 35 o 31 
se + s1ngle rows bean o 45 o 68 o 46 o 53 o 44 o 20 1 07 o 63 o 72 o 15 
se ma1ze bean o 20 o 33 o 13 o 27 o 19 o 13 o 57 o 27 o 21 o 06 
Pura stand bean NI 1 72 1 80 1 03 NI NI 2 51 NI 1 57 NI 
------------------------------------------------------------------------------------
BO Bal Ombra BASF Bel A1r-St Fel1x SH Savannah 
MTMD- Hon Tresor-Mon Oesert M Hed1ne BRSES Bella R1ve 
NI = not 1ncluded 
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Haize Grain Yie1ds 

Maize gram yields were excellent m all trials (Tabla 3) They were 
greatest in pura stand and least in the se maize bean assoc1ation with maize 
in every 1nterrow or every two interrows 1ntermediate Maize yields per plant 
were again unaffected by cropp1ng system though they were consistently less 
when in every 1nterrow w1th sugar cana 

Tabla 3 Haize grain yields (t/ha) in pure stand and assoc1at1on with sugar 
cane and bean in Haur1t1us in 1987 and 1988 

------------------------------------------------------------------------------------
1987 1988 

---------------------------- ----------------------------Treatment BO BASF SH HTHO H BO BASF SH HTHO BRSES ------------------------------------------------------------------------------------
se maize bean 1 96 1 86 2 34 2 12 2 29 1 65 1 97 1 13 2 27 1 89 se + maize alternate 2 19 1 67 2 13 2 02 2 01 1 79 1 70 1 47 2 06 1 86 se + maize every row 3 72 3 48 3 97 3 96 3 92 3 58 3 24 2 23 3 93 3 61 Pure stand maize NI 5 75 3 89 4 01 6 23 NI 7 07 NI 7 66 NI ------------------------------------------------------------------------------------BO - Bel Ombre BASF = Bel A 1 r-St Fe 11x SH Savannah 
HTHO Mon Tresor-Hon Oesert H Hedine BRSES Bella Rive 
NI = not 1ncluded 

Sugar cane Ti 11ering 

Tillering of sugar cana between 10 and 26 weeks after plant1ng was 
reduced in association w1th maize and/or bean The magnitude of the reduct1on 
variad with location year sugar cana cultivar and 1ntercrop treatment The 
reduction was greatest with malle and increased with density The effect 
disappeared from 26 ~eeks after planting 

Cane Y1eTd 

Cana yields are not available from Bel Air-St Felix and Mon Tresor-Mon 
Oesert in 1987 as they were not harvested by plot In other trials cana 
yields were vanable (Tabla 4) They were reduced by malle 1n every row 
paired rows of bean and maize bean in association 

Sugar YieTd 

Suerosa content was unaffected by treatments so sugar yields followed 
the sama pattern as cana yields (Tabla 5) 

Re1ative YieTd TotaT (RYT) 

The RYTs for the associated treatments were greater than those of the 
pure stands in all cases (Tabla 6) The most productiva system was paired rows 
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of bean 1n association with se (27 per cent better than sola SC) The 
se ma1ze bean association was least productiva 

Tabla 4 Cana y1elds (t/ha) in pura stand and associations with maize and 
bean 1n Mauritius 1n 1987 and 1988 

--------------------------------------------------------------------------
1987 1988 

---------------- ------------------------------
Treatment 80 SH M 80 BASF SH MTMD BRSES 
-------------------------------------------------------------- -----------
Pura stand se 72 9 88 7 88 o 93 5 72 3 72 5 106 6 42 5 

se + single rows bean 61 6 86 9 84 1 75 9 74 o 82 7 106 8 52 7 
se + pa1red rows bean 65 1 97 3 87 7 72 6 62 4 74 4 93 4 53 5 
se ma 1Ze bean 76 6 82 3 91 3 68 7 65 4 70 5 93 1 43 9 

se + ma1ze alternate 75 3 91 2 87 4 91 2 68 9 72 o 110 4 42 o 
se + ma1ze every row 71 8 89 2 83 7 75 o 62 3 66 7 97 2 32 2 

S E (±) 5 3 5 9 5 3 6 7 4 5 6 8 6 7 3 1 
--------------------------------------------------------------------------
BO Bel Ombre BASF = Bel Air-St Felix SH = Savannah 
MTMD Mon Tresor-Mon Desert M = Med1ne BRSES = Bella Rive 

Tabla 5 Sugar yields (t/ha) in pura stand and association w1th maize and 
bean 1n Maurit1us in 1987 and 1988 

Treatment 

Pura stand se 

se + single rows bean 
se + paired rows bean 
SC ma1ze bean 

se + ma1ze alternate 
se + maize every row 

S E (±) 

1987 1988 

80 SH M 80 BASF SH MTMD BRSES 

9 35 11 46 12 32 8 51 7 31 7 68 11 97 4 55 

8 01 
8 37 
9 67 

10 93 11 20 7 05 7 28 9 10 
12 30 11 76 6 58 6 26 8 21 
10 36 11 67 6 09 6 41 7 70 

12 30 5 57 
10 39 5 59 
9 90 4 66 

9 51 11 17 11 51 8 81 7 1-ª 7 80 12 31 4 43 
8 78 10 98 11 06 6 88 6 35 7 18 10 84 3 50 

o 70 o 72 o 70 o 57 o 45 o 73 o 80 o 33 
---------------------------------------------------------------------------
80 = Bel Ombre BASF = Bel Air-St Felix SH = Savannah 
MTMD = Mon Tresor-Mon Desert M = Medine BRSES = Bella Rive 
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Tabla 6 Relativa Total Yields of Treatments in Sugar Cene Maize and Bean 
Intercropping Trials in Mauritius in 1987-88 

Treatment 

Pure stand se 1 00 

se + s1ngle rows bean 1 19 
se + paired rows bean 1 27 
se ma1ze bean 1 14 

se + maize alternate 1 17 
se + maize every row 1 24 

Pure stand bean 1 00 
Pure stand ma1ze 1 00 

a means of three tr1als 

Discussion 

For any crop whether in association or in pura stand compet1tion occurs 
for a numbar of factors and this ultimately affects productlvity In 
Mauritius undar pravailing agricultural polic1es intarcropp1ng practicas 
should aim at maintaining sugar yields whila increasing the productivity of 
the system as a whole In the present trials cropping systems were ident1f1ed 
in which greater complementarity occurred and in which greater competition 
(inter- or intra-specific) reduced sugar yields 

Bean is a shorter duration crop than sugar cene or ma1ze It therefore 
had little effect on se during crop growth As a result bean y1elds were 
influenced more by bean density than the presence of other crops At the 
higher density greater intra-specific competit1on must account for the lower 
yield response 

Maize experienced much greater intra-specific compet1t1on than bean the 
competitiva effact being avident at lowar maiza densitias when intercroppad 
maize was in single rows This can be at least partly explained by plant 
morphology - maize being taller and leafier than bean encounters much more 
interaction and increased competltion Sugar cene which grows slowly at 
first was less competitiva than maize and did not affect maize yield 

Sugar cene 1n pure stand or assoc1ation normally produces larga numbers 
of tillers of which only a proportion reaches maturity due to intra-specific 
competltion The difference 1n the tillering pattern of associated sugar cane 
was the first indication that it also suffers adversely from inter-specific 
competition Even after the harvest of the maize intercropped se nevar 
attained the tillering level of SC in pure stand However differences 
subsequently disappeared due to the loss of excess tillers through intra­
specific competition Nutrients water and light are the thrae main factors 
for which plants compete As aach crop was fertilizad separately and there was 
no moisture stress maize most probably reduced tillering by competition for 
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light Thus the adversa affects of maize on the se were greater at the higher 
maize density 

The yield of sugar cana is dependent on the numbers and weights of 
millable canes Where yield is mainta1ned e1ther both components were 
unaffected or one component compensated for reduction of the other Where 
maize was at higher density either one or both of the components must have 
been affected The adversa effects of bean was surpnsing since crops of 
s1milar arch1tecture (for example groundnut and potato) do not reduce sugar 
cane y1elds 1n Maur1t1us These features should be investigated 

The increased product ivity from intercropping can be achieved 1n two 
ways Where sugar yield is not reduced intercropping is clearly advantageous 
Where sugar yields are reduced intercropping can still be more productiva if 
the assoc1ated crop more than compensates for the loss This was the case in 
three of the associated cropping treatments However in Mauritius any 
reduction 1n the yield of sugar is unacceptable even if the cropping system 
is more productiva overall so increased productivity is possible only by 
grow1ng ma1ze or bean at low dens1ties 

Conclus1ons 

The obJective of 1ntercropp1ng 1s to intensify crop production and 
increase the product1v1ty of land It has been confirmad that the recommended 
pract1ce of intercropp1ng plant sugar cane w1th maize 1n every two interrows 
does not reduce cane or sugar yields However further intensifying the system 
by 1ntroduc1ng bean 1n alternate rows adversely affected sugar cane and is 
therefore unacceptable When sugar cane is not intercropped with maize bean 
alone at the lower density can be produced w1thout adversa effect on se 
Although greater total productivlty may be ach1eved by introducing maize or 
bean at greater dens1t1es this results 1n reduced yields of cane and sugar 
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Identif1cation of Acid To1erant Sean Genotypes 
and their Responses to Phosphorus and Lime 

a Pre1iminary Report 

V A Ochvoh and J Y K Zake 

Department of Soi 7 Sc1ence 
Nakerere Univers1ty Kampa1a Uganda 

Abstract 

Bean y¡e 1ds 1n Uganda are subject to tnde f1uctuat 1ons depending 
1arge7y on so11 ac1d1ty 1eve7s and cuTt1vars Very 11ttle has been 
done on to1erance to so11 ac1dity or P and 11me requ1rements There 
are large depos¡ts of phosphate rocks (PR) 1n Tororo and some 
limestones are also ava1lable the1r effect1veness 1n 1mprov1ng bean 
y¡e1ds in d¡fferent so11 condJtJons needs to be ver1f1ed Three 
cultivars are currently be1ng exam1ned- K20 Banya and Kanyebwa In 
a greenhouse test K20 fa1Ted to grow to matur1ty w1thout add1t1on of 
e1ther PR or l1me Pots treated w1th vanous levels of PR and 11me 
showed prom1sing growth and y1elds There were s¡gn¡f¡cant 1ncreases 
1n ava1lable P w1th app11cat1on of PR L1me alone d1d not markedly 
1ncrease ava11able P Comb~nat1ons of 200 kg/ha P2o5 and 2 t/ha 11me 
resulted 1n the largest uptake of P by the f1rst and~second crops In 
the f¡e Id Kanyebwa appeared to be the most to 1erant of the three 
cult1vars 

Introduction 

There 1s a w1de diversity of bean (Phaseolus vulgans L ) landraces and 
cultivars in Uganda Sean yields average about 400 kg/ha but are subJect to 
very wide fluctuations vary1ng from total failure to ovar 1000 kg/ha 
depending largely on soil fert1l1ty (mainly soil acidity) cultivars seasons 
and pest 1nvasions (Mukasa 1970) 

There has been l1ttle attent1on to tolerance to so1l acidlty or P and 
lime requ1rements under Uganda cond1tions Also crop responses to lime and P 
in acid humid trop1cal soils are erratic and relat1vely unpredictable thus 
the need to obtain data for each condition (Mokwunye et al 1986) Foster 
(1970) reportad that bean y1elds 1ncreased with liming 1n the most ac1d1c 
Ferralsols where pH was below five and exchangeable Ca below 5 me/100 g 
Mukasa-Kiggundu (1975) reportad f1ndings wh1ch 1nd1cated that so1l ac1d1ty was 
one of the mam factors respons1ble for the poor performance of beans 1n 
severa 1 are as of Uganda and suggested that 1 t cou 1 d be corrected by proper 
applicat1ons of l1me and P There is a wide ranga 1n tolerance to so1l 
acidity among crop species and genotypes of the sama spec1es These 
differences are derivad from variations in sensit1vity to Al and Mn toxicity 
and relat1ve requ1rements of P Ca K and Mg (Foy 1976) 

Uganda has larga deposits of phosphate rock at Tororo and 1 imestone at 
Hima and Tororo but they are currently undeveloped Thus P fe1t1l1zers and 
agricultura] lime will continua to be importad at great cost plac1ng them 
beyond reach for most farmers An alternativa approach to the problems of so1l 
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acid1ty 1s therefore required 

The maJar obJect1ves of this research project are to identify bean 
genotypes that are tolerant to the various types of soil ac1dity in Uganda and 
determine how grain yields can be further 1mproved by applicat1ons of locally 
ava1lable P and l1me mater1als It 1s planned in three phases as follows 

a) collect1on of bean genotypes for test1ng and characterJZation on 
representat1ve types of ac1d soils 

b) screen1ng 1n laboratory and glasshouse to determ1ne the character-
1St1cs respons1ble for ac1d tolerance 11mits to their tolerance and 
responses to P and l1me and 

e) on-farm test1ng of genotypes tolerant of soil ac1d1ty their recommend­
at10n to farmers agronomists and breeders and def1nit1on of character-
1st1cs assoc1ated Wlth ac1d tolerance 

Mater1als and Methods 

One glasshouse and one f1eld tnal 1n progress s1nce June 1988 are 
reported 

Glasshouse Tr1al 

The tnal was conducted 1n pots us1ng the cultivar K20 and an ac1d 
Kltende so1l (Table 1) 

Table 1 Chemical and Physical Character1stics of K1tende and Kabanyolo 
So1ls 

-----------------------------------------------
Analys1s K1tende Kabanyolo 
-----------------------------------------------
N (%) 
Organ1c matter (%) 
P ( ppm) 
pH 
K (me/ 100 g) 
ca (me/100 g) 
Mg (me/100 g) 
CEC (me/100 g) 
Sand (%) 
Cl ay (% J 
S1 lt (%) 
Class Red 

o 50 
2 1 

1 75 
4 8 

o 11 
3 6 
o 6 
5 8 

20 4 
70 
8 6 

clay loam 

o 13 
2 6 

8 30 
5 1 

o 50 
3 7 
1 3 
7 2 

52 7 
35 

12 3 
Sandy clay loam 

-----------------------------------------------

The treatments were three levels of PR (up-graded to g1ve a concentrate 
conta1n1ng more than 40% P2o5 of which more than 6 1% is water soluble) 
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equlValent to O 100 and 200 kg/ha P and four levels of agncultural l1me 
equ1valent to O O 5 1 and 2 t/ha arranged in a completely randomized des1gn 
w1th three replicates 

Two crops were sown For-each crop six bean seeds were sown 1n each pot 
and thinned to four plants after germination The pots (each conta1n1ng 4 kg 
soil) were mainta1ned at f1eld capac1ty from O to 8 (fjrst crop) and 10 to 18 
(second crop) weeks Soils were sampled at o 4 8 10 14 and 18 weeks and 
analysed for ava1lable P pH exchangeable cat1ons CEC N and organ1c matter 

Plants were harvested after 8 weeks by cutting stems o 5 cm above the 
sol 1 A 11 the plants in each pot were harvested oven dned weighed and 
then crushed and s1eved for determ1nation of P bases and N contents 

F7e1d Tna1 

The field tnal was carned out at Kabanyolo w1th cultlVars K20 Banya 
and Kanyebwa each at three levels of PR (O 100 and 200 kg/ha P) 1n a 
randomized complete block des1gn with three repl 1cates Soil chem1cal and 
physical character1st1cs are shown in Table 1 

At matunty whole plants were harvested sun-dned threshed and the 
seeds winnowed clean The seeds were later sorted sun-dried and we1ghed 

Results and Discussion 

G1asshouse Tna 7 

There were highly s1gn1f1cant responses of dry 
extractable phosphate to PR and lime and interact1ons 
(Tables 2 and 3) In the absence of e1ther PR or l1me 
reach maturity 

matter we1ghts and 
between PR and l1me 
the plants failed to 

At the start of the expenment so1l ava1lable phosphorus was around/2 
ppm the crit1cal deficient level or less (Figure 1) The level was 
s1gnificantly improved by the appl1cat1ons of PR and l1me 1n all samples from 
4 weeks after sowing onwards the increase due to PR be1ng much greater than 
that dueto lime In sorne samples there were also s1gnif1cant pos1t1ve 
interactions between PR and l1me PR at 100 kg/ha and all three levels of l1me 
alone increased soil ava1lable P to only a little above the m1mmum for 
Uganda soils (5 ppm) P at 200 kg/ha increased soil ava1lable P to well above 
the min1mum level by 10 weeks after sow1ng but the greatest increases arose 
from the application of the higher levels of PR and lime together reach1ng 20 
ppm soil ava1lable P by 14 to 18 weeks after sow1ng when 1t was st1ll 
increasing 

At the start of the experiment soil pHs were quite low - all except one 
value (5 17) lying between 4 5 and 5 (F1gure 2) They were increased 
significantly by the application of PR and l1me but the 1ncrease was much 
greater with lime than with PR The increases in soil pH due to PR may have 
resultad from 1ts beneficial effects on soil microb1al act1v1ty in break1ng 
down organic matter Nona of the 1nteract1ons between PR and l1me were 
significant 

363 



S 
o 

a 
V 

a 

a 
b 
1 
e 

p 
h 
o 
8 
p 
h 
o 
r 
u 
8 

p 
p 
m 

p 

F1gure 1 The effects of PR 

and l1me on the so11 ava1lable P 

~~ 
() 

+~u .._ u 
_,._~ 

" • 
~H 

121 

+Hu 
.A- HU 
-H-H 

• " • • 
~ " 
+ .._ 
_,._ 

oL---~--~--~~--~--~ 

" • o 

T1me of 8amphng (week8) 

S 
o 

p 
H 

364 

F1gure 2 The effect8 of PR 

and hme on the 8011 pH 

~ ... «1 
+"u 
-<>-~u _,._ 

• " • .. 
A 

~H '1 

+Hu 
-&-Hu 

" • .. 
• 
~ '1 

+nu _._ u _,._ 

.. • .. 
T1me of 8amplmg (week8) 



Tabla 2 The Effects of PR and l1me on Extractable P eontent (mg/kg) of Bean 
in a Glasshouse at Kabanyolo in 1988 

F1rst crop Second crop 

P (kg/ha) P (kg/ha) 

l 1me (t/ha) O 100 200 Mean o 100 200 Mean 

o 21 87 25 88 32 17 26 64 22 90 28 60 38 65 30 05 
o 5 22 34 27 13 35 29 28 25 24 75 36 11 45 83 35 56 
1 25 96 32 96 40 67 33 20 27 23 38 69 48 17 38 03 
2 26 59 38 29 46 84 37 24 33 13 41 49 54 99 43 20 

S E o 962 o 555 1 149 o 664 

Mean 24 19 31 07 38 74 27 00 36 22 46 91 
S E o 481 o 575 
e v (%) 5 3 5 4 

Tabla 3 The Effects of PR and lime on Dry Matter Yields of Bean 1n a 
Glasshouse at Kabanyolo in 1988 

First crop Second crop 

P (kg/ha) P (kg/ha) 

lime (t/ha) O 100 200 Mean o 100 200 Mean 

o o 89 2 71 3 36 2 32 o 79 3 14 3 84 2 59 
o 5 1 06 3 52 4 10 2 89 o 99 3 87 4 35 3 07 
1 1 17 4 40 4 43 3 33 1 68 3 94 4 82 3 48 
2 1 31 3 66 5 06 3 34 2 65 4 39 5 90 4 31 

S E o 256 o 148 o 144 o 083 

Mean 1 11 3 57 4 23 1 52 3 83 4 72 
S E o 128 o 072 
e v (%) 14 9 7 4 
---------------------------------------------------------------------

F1eld Tna 1 

In the field there were no y1eld responses to PR perhaps due to the 
relatively high available P (8 3 ppm) and pH (5 1) in the Kabanyolo so1 1 
There were significant d1fferences in yields among cultivars suggest1ng that 
Kanyebwa (730 kg/ha) may be more tolerant of these particular soil cond1t1ons 
than K20 (670 kg) and Banya (525 kg/ha) 
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Conclusions 

Although 1t 1s not poss1ble to draw conclusions or make recommendat1ons 
at th1s stage these preliminary data are encouraging The cultivar K20 
responded s1gn1f1cantly to PR treatments without lime the lowest applied 
level g1ving a well-marked response In the next ser1es of experiments 11me 
w1ll be further reduced to traditional fert1lizer levels 

The exper1ments that have been carr1ed out on bean so far in Uganda have 
conce1ved mod1f1cat1on of the so1l env1ronment to meet plant needs for opt1mum 
product1on An alternat1ve approach is the use of plants capable of thr1ving 
on l1m1ted suppl1es of the essent1al nutrients Elsewhere it has been 
attempted to select crop plants that tolerate adversa soil conditions usually 
tox1c levels of soluble Al and Mn and low levels of soluble P for example 
bean cultlVars tolerant of h1gh Al (Sal1nas 1978) The poss1bility of 
select1ng bean genotypes that are product1ve at low levels of ava1lable P 1s 
worth explonng 

It is hoped that more data on dry matter and seed y1elds uptake of P and 
cat1ons nodulat1on under varying levels of soi 1 pH and soluble P and 
responses to appl1ed PR and l1me will a1d screening of bean genotypes and 
def1n1tion of the1r growth character1st1cs under low pH and P In 
collaborat1on w1th plant breeders 1t should be possible to develop tolerant 
bean cult1vars for our farmers 
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Effects of Weedmg Frequency and Seed Rate on Grotfth and 
Yfe1d of Haricot Bean Phaseo1us vu1gans 

Kidane Georgis 

Inst1tute of Agr7cu1tura1 Research Stat1on Nelkassa 
Nazreth Eth1op1a 

~stract 

Dur1ng the 1987 and 1988 cropp7ng seasons exper1ments were conducted 
to determ1ne the effect of weed1ng frequency and seed1ng rate on the 
growth and y1eld of hancot bean (Phaseo1us vulgans) 1n sem1-and 
cond1t1ons 7n the R1ft Va71ey m Eth1op1a The tnal was a sp77t­
sp77t plot des1gn w1th two weed1ng treatments (not weeded and weeded 
once) 1n ma1n plots three seed1ng rates (60 100 and 140 kg/ha) 1n 
sub-p Tots and three hancot bean cu Tt 1 vars w1 th d1 fferent growth 
hab1ts (EX-R7CO 23 - IIA W-108 - IIB and Nex1can 142 - IIIA) 
m sub-sub plots H1gh seedmg rates (100-140 kg/ha) suppressed 
weeds and mcreased seed y1eld 11'1th Tow seed rates (60 kg/ha) at 
Teast one weedmg 1s requ1red to mcrease seed y1eld by about 30% 
Cult1vars wfth v1gorous growth hab1ts gave reasonable y¡elds w1thout 
weedmg It can be concluded that the use of h1gh seed rates and 
cult1vars of v1gorous growth hab1t can reduce the number of weed1ngs 
and mcrease y¡elds of hancot bean m sem1-and s1tuat1ons s1m1Tar 
to the Nelkassa area 

Introduction 

Hancot bean 1s one of the maJor crops grown 1n nft valley areas of 
Eth1opia It is mainly used as a cash generat1ng crop for smallholders 
following teff (Eragost7s abyss1n1ca) Desp1te the 1mportance of the crop for 
farmers and to the nat1onal economy for export y1eld levels obtained by 
farmers are very poor rang1ng from 600 to 800 kg/ha (T1 lahun and Teshome 
1987) Weeds mo1 sture stress and low so1 1 fert 1 11ty are the maJor factors 
contr1but1ng to the poor y1elds 

The maJor1ty of bean producers (about 90%) do not weed the crop ma1nly 
because of shortage of labor due to overlapp1ng of farm act1vit1es The t1me 
of weed1ng of bean co1ncides wlth sow1ng of teff and weed1ng of ma1Ze and 
sorghum (Tilahun and Teshome 1987) and farmers g1Ve pnonty to the major 
food crops teff and ma1Ze 1n labour allocation Moreover herb1c1des are 
elther unavailable or too expensive for resource poor farmers and the1r use 
for weed control 1s very 11mited Improved weed1ng 1mplements are not 
ava1lable Thus handweeding supplemented by tradit1onal weed1ng 1mplements 
is the usual practica This 1s time-consum1ng and labour-1ntensive so bean 
is either not weeded or weed1ng 1s performed at the wrong stage 

Consequently weeds are maJor bean product1on problems 1n the r1ft 
valley In the Melkassa area Etagegnehu (1987) reportad 37-64% gra1n yield 
reduction 1n bean due to weed compet1t1on Through the1r long time testad 
experience small farmers have developed the1r own strateg1es for controlling 
weeds For instance they use greater seed rates (100 kg/ha) to ensure better 
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compet 1t 1 on and suppress weed growth Crop rotat ion i s another st rategy of 
controll1ng weeds practised by farmers In the Melkassa area haricot bean 1s 
grown follow1ng teff Since teff fields are ploughed 3-4 t1mes before 
plant1ng and weeded 2-3 t1mes weed 1nfestations in succeed1ng seasons are 
usually m1n1mum 

New har1cot bean cult1vars w1th d1fferent growth habits are being tested 
by the Eth1op1an Sean Improvement Program at Melkassa and may differ in their 
ab1l1ty to compete with weeds Mal1k et al (1989) found that white bean 
cultivars w1th d1fferent arch1tecture var~ s1gn1f1cantly in their competit1ve 
ab1l1ty aga1nst weeds The compet1t1ve ab1lity of cult1vars may be enhanced 
by determ1n1ng the opt1mum seed1ng rates 1n order to suppress emerging annual 
weeds 

The ma1n purpose of th1s study 1s to determ1ne the feasib1l1ty of 
controll1ng weeds 1n har1cot bean by use of cult1vars of more v1gorous growth 
hab1t and 1ncreased seed1ng rates 

Mater1als and Methods 

The exper1ment was conducted 1 n three d1 fferent locat 10ns at Me 1 kassa 
Research Center and on farmers f1elds at Wolenchite and Z1way during the 
1987-1988 seasons Accord1ng to Murphy (1968) the so1ls are texturally sandy 
loams at Melkassa clay sandy loams at Wolenchite and loams at Ziway w1th pHs 
rang1ng from 7 5 to 8 5 Add1t1onal descnpt10ns of the expenmental s1tes 
are 1n Table 1 and the maJor weed spec1es are l1sted 1n Table 2 

Table Descr1pt1on of Exper1mental S1tes 

Locat1on Lat1tude Long1tude Alt1tude Ra1nfall 

Melkassa 
z 1 w-ay 
Wolench1te 

29°21 E 
18°07 E 
26°21 E 

(masl) (mm) 

1550 
1650 
1400 

761 
600 
550 

Table 2 MaJor Weed Spec1es Across Locat1ons 1987 and 1988 

Melkas.sa 

Eragrost 1s spp 
Ga7msoga parvff7ora 
Sorghum sudanensus 
Cyperus spp 
Argemone mex1cana 

Ziway 

Eragrost1s spp 
Ga7fnsoga parv1flora 
Flaver1a tr1nerva 

Tnbu 7us terrestrfs 
Other grasses 

368 

Wolenchite 

Argemone mexicana 
Cazme7ma benghalens1s 
Dfgftarfa sangufna11s 
Leucas martJnfcensJs 
other broad-leaved spp 



The experimental design was a spllt-split plot with three replications 
Weeding treatments (no weeding and one weeding at th1rd tnfol1olate leaf 
stage) were main plots three seeding rates (60 100 and 140 kg/ha) were sub­
plots and three bean cultivars with d1fferent growth habits (erect - Ex-R1co 
23 sem1-prostrate - W-108 (0177-2) and prostrate - Mex1can 142) were sub-sub 
plots The gross plot size was 4 x 5 m and the net area for harvest1ng and 
other records was 3 x 5 m 

The land was ploughed twice by oxen The seeds were broadcast dry 1n the 
third week of June Fert1l1zer was not applied All other trad1t10nal 
management pract 1ces were at farmers leve 1 The t 1mes needed for weed1n9 
were recordad and weeds counted us1ng a quadrat Agronom1c (date and per cent 
of seedling emergence plant height) and phenolog1cal data were recorded at 
appropnate t1mes Seeds were harvested and we1ghed to determine y1eld per 
un1t area and 1 000 seed we1ght adJusted to 10% mo1sture content 

Results and Discuss1on 

Amount and d1stribution of ra1nfall were poor at all s1tes 1n 1987 but 
much better dunng 1988 when crop growth and development were better and 
heavier y1elds were obta1ned (Tables 3 and 4) Rainfall was less at Wolench1te 
than at Melkassa and Ziway 1n both seasons lead1ng to poorer y1elds 

For gra1n y1elds 1nteract1ons between seed1ng rates and weed1ng 
frequency were stat1st1cally sign1f1cant at all locations dur1ng both seasons 
The results from Melkassa are shown 1n Table 3 At the lowest seed rates 
y1elds of har1cot bean are cons1derably depressed w1thout at least one 
weed1n9 

Hlgher seed rates suppress weed growth so that bean y1elds are ma1nta1ned 
in the absence of weeding Indeed at Melkassa 1n both seasons plant damage 
dur1ng the weed1ng of plots w1th h1gher plant dens1ties reduced y1elds below 
those of the unweeded plots 

Mal1k et al (1989) work1ng at Ontano on the effect of wh1te bean 
cult1vars row spacings and seeding rates on establlshment and suppress1on of 
annual weeds also reportad that 1n weedy cond1t10ns the y1elds of hancot 
bean cultivars were s1gn1ficantly less 1n w1de rows and low seed1ng rates than 
1n med1um and narrow rows w1th h1gh seed rates 

cultivar x seed1ng rate interactions were also sigmf1cant for gra1n 
y1elds The data from Melkassa and Z1way are shown in Tables 4 and 5) The 
y1elds of the prostrate and sem1-prostrate haricot bean cult1vars (Mex1can 142 
and W-108) were heav1er and suffered less depress1on when not weeded than 
those of the erect type (Ex-Rlco 23) of which yields were 25-30% less 1n the 
absence of weeding Slmilar results were also reported by Malik et al (1989) 
It was also reportad that growth rates habit and canopy structure 1nfluence 
the competit1ve abil1ty of cultivars (Tr1pat1 and S1ngh 1968 Rao and Shetty 
1977 Malik et al 1989) 
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Table 3 Effects of Seeding Rate on Seed Y1elds (kg/ha) Under Weeded and 
Unweeded Condit1ons at Melkassa in 1987 and 1988 

Seeding rate (kg/ha) 

Weedmg 
frequency 

60 

1987 1988 Mean 

No weed1ng 960 1210 990 
Weeding once 1620 1780 1700 

Mean 1290 1400 1345 

100 140 

1987 1988 Mean 1987 1988 Mean 

1000 1320 1160 1630 1533 1533 
1120 1270 1195 1144 1350 1247 

1060 1295 1178 2190 1490 1390 

Table 4 Seed Y1elds (kg/ha) of Bean CultlVars of Contrast1ng Growth Hablt 
Under Weeded and Unweeded Cond1t1ons at Melkassa 1n 1987 and 1988 

Ex-RlCO 23 w-108 Mex1can 142 
Weed1ng ---------------- ------------- ------------
frequency 1987 1988 Mean 1987 1988 Mean 1987 1988 Mean 
-----------------------------------------------------------------------
No weedmg 920 1115 1018 1122 1310 1216 1388 1420 1404 
Weeding once 1020 1420 1315 1239 1390 1315 1422 1480 1451 

Mean 1065 1268 1167 1181 1350 1266 1405 1450 1428 

Table 5 Seed Y1elds (kg/ha) of Bean Cultivars of Contrast1ng Growth Hab1t 
Under Weeded and Unweeded Cond1t1ons at Z1way in 1987 and 1988 

Har1cot bean var1eties 

Weed1ng frequency Ex-Rlco 23 W-108 Mex1can 142 Mean 
1 ----------------------------------------------------------------

No weed1ng 
Weed1ng once 

Mean 

1124 
1535 

1330 

1450 
1520 

1485 

1820 
1933 

2787 

1466 
1663 

----------------------------------------------------------------

The ma1n focus of th1s study was to develop weed control measures using 
agronom1c management pract1ces requ1ring m1nimum labour and low cost 1nput for 
resource peor farmers It clearly demonstrates the 1mportance of using haricot 
bean cult1vars of aggressive growth hab1t (prostrate and sem1 prostrate) and 
h1gh seed rates to suppress weeds and 1ncrease bean yields in rift valley 
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areas of Eth1op1a Since these technolog1es requ1re low cost and labor 1nputs 
they read1ly f1t trad1tional fanm1ng systems The 1nformat1on 1s also useful 
for breeders to develop cult1vars wh1ch produce reasonable y1elds under weed 
competition 
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Zero T1 11age m Bean Product1on 

J G N Muthamia 

Nat1onal Hort1cultural Research Center 
Th1ka Kenya 

Abstract 

Observat1on tnals of zero and convent1onal t1l1age revealed that 
zero t1llage can be successfully appl1ed to bean product1on T11lage 
method d1d not mfluence plant he1ght and the number of pods per 
plant but affected plant stand and total seed y¡elds Cons1stent 
use of one herb1c1de Lasso (alachlor) led to bu1ld up of some weed 
spec1es (Tagetes m muta) Eros10n was v1rtua lly non-ex1stent m the 
zero t 1 llage p lot 

Introduct1on 

Zero t1llage (ZT) descr1bes plant1ng crops 1n prev1ously unprepared soil 
by open1ng a narrow slot trench or band of suff1c1ent Wldth and depth to 
obta1n proper seed coverage There 1s no other so1l preparat1on and herb1c1des 
are used to control weeds (Ph1ll1ps and Young 1973) Advantages associated 
w1th ZT are reduced so1l eros1on better mo1sture conservat1on and reduced 
costs of crop product1on labour and energy 

ZT has been successful Wlth malZe (Ph1l11ps and Young 1973) and 
transplanted tomato (Doss et al 1981) Most research on zero tillage has 
been 1n temperate countr1es but l1ttle work on annual crops other than ma1ze 
has been reported 1n the trop1cs Patterson et al (1986) reportad lower soil 
temperaturas w1th ZT than w1th convent1onal tillage (CT) and 1f th1s could be 
true for the trop1cs then 1t could be an asset 

Th1s study was conducted to evaluate the feas1b1l1ty of apply1ng ZT to 
bean product1on under trop1cal cond1t10ns and to conf1rm 1ts reputad 
advantages over those of CT 

Mater1als and Methods 

A ZT versus CT observat1on on bean was started in the long ra1ns of 1986 
(1986L) on the Gra1n legume ProJect exper1mental f1eld at the National 
Hort1cultural Research Center (NHRC) Th1ka (0°59 S 37°04 E elevat1on 1 550 
mas 1) and cont 1 nued du n ng subsequent seasons unt 1 1 the short ra 1 ns of 1989 
(19895) The s1te 1s 1n Agroecolog1cal Zone 3 low potential w1th an annual 
ra1nfall of 1 012 mm 1n a b1modal pattern annual evapotransp1rat1on of 1 214 
mm and well-drained dusky reddish brown Eutnc Nitosols of low to medium 
fert1l1ty (Anon 1983) 

The observat1on had two ma1n plots CT and ZT 
un1form grad1ent Each ma1n plot was 30 x 30 m net 
A and B for rotat 1ona 1 purposes The area under 
method per season was therefore 30 x 15 m 
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For CT the land was ploughed dur1ng a dry per1od harrowed and plant1ng 
furrows mrde O 5 m apart The fert1l1zer (diammomum phosphate - DAP - at 
200kg ha- ) was appl1ed 1n the furrows and thoroughly mixed with so1l before 
plant1ng The 1ntra-row spacing was O 1 m Weed1ng was at 15-21 days after 
emergence and then 15-20 days lateras recommended by de Groot et al (1981) 

The ZT plot was sprayed w1th the herb1c1de Roundup (glyphosate) at 3-5 1 
ha- 1 when vegetat1on was lush In the absence of perenn1al weeds a contact 
non-select1ve herb1c1de such as Gramoxone (paraquat) or weed 011 may be 
appl1ed a few days before plant1ng Sow1ng was by d1bbl1ng seeds O 1 m apart 
w1th1n rows spaced o 5 m apart Pro~ef seed coverage was essent1al DAP was 
applied 1n the furrows at 200 kg ha and not 1ncorporated Weeds were 
controlled by use of Lasso (alachlor) at 3 1 ha- 1 appl1ed after sowing but 
before crop and weed emergence Basagran (bentazon) may also be appl1ed 
post emergenCE when bean plants are p~st the f1rst tr1fol1olate leaf stage and 
the weeds are young enough for the control of Hexican mar1gold (Tagetes 
m1nuta) wh'ch pers1sted after long term use of Lasso 

Beans were harvested when all aenal parts were dry Harvested plants 
were counted and a random sample of about 5 plants taken from each of 10 rows 
to measure plant he1ght and count the number of f1lled pods After thresh1ng 
the seed was we1ghed Roots were dug and observad when the plants were 
act1vely grow1ng and podd1ng 

Results 

Effect1ve perenn1al weed control was ach1eved by Roundup appl1ed at end 
of ra1ns when the vegetat1on was lush and could absorb the system1c herb1c1de 
Once perenn1al weeds were el1minated use of cheaper contact herb1c1des such 
as Gramoxone could reduce the cost of product1on 

Band1ng DAP in the plantad rows 1n the ZT plot was as effectwe as 
incorporat1ng fert1l1zer 1n CT as was 1nd1cated by crop v1gour four weeks 
after sow1 ng Vert 1ca 1 fert 1 11Zer movement 1 nto the so1 1 was enhanced by 
ra1nFALL It 1s also poss1ble that the h1gher dens1ty of feeder roots Just 
below the so1l surface under ZT than under CT helped to absorb un1ncorporated 
nutnents Plants 1n a row del1berately left w1thout DAP appl1cat1on showed 
both nitrogen and phosphorus def1c1ency 

Ha1ze plant leaf t1ssues have been shown to have JUSt as h1gh 
concentrat 10ns of phosphate (Ph1 111 ps and Young 1973) and n1trogen ( Knave 1 
and Herron 1986) from surface appl1cat1on of fert111Zer as from fert1l1Zer 
wh1ch has been incorporated 

Lasso and Galex herb1c1des were effectwe as pre-emergent herb1c1des 
When plant1n9 was done with weeds already emerged Gramoxone or Roundup m1xed 
with any of these herb1c1des and appl1ed before seed emergence ensured weed 
control Lasso howevtrr did not effect1vely control Hex1can mangold 
(Hutham1a in pressa ) Sorne broadleaved weeds were not controlled by 
Basagran Basagran 1s effective as a post-emergent herb1c1de when bean is at 
the first trifol1olate leaf stage and weeds very young and small Large weeds 
develop tolerance to the herbicida 

The benef1ts of the mulchlng effect of k1lled trash were not fully 
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explo1ted as the trash was eaten by termitas wh1ch were part1cularly 
destruct1ve when bean plants were mature 

Seedl1ng emergence and growth were opt1mum and un1form while poor seed 
coverage resulted 1n low seed germinat1on due to seed rot as seed came mto 
contact with fert1lizer 

Plant v1gour was s1m1 lar under ZT and CT but 1n the case of extended 
drought plants under CT showed mo1sture stress symptoms earl 1er than those 
under ZT 

Under ZT bean plants had extremely short tap roots Lateral roots 
tended to spread out hor1zontally Th1s may explain the effic1ent ut1l1zat1on 
of 1mmob1le un1ncorporated phosphates The mo1sture ma1nta1ned by mulch 
d1ssolves the nutr1ents mak1ng them ava1lable to the roots close to the so1l 
surface Under CT tap roots were longer wh1 le the lateral roots grew 
downwards 

Ne1ther bean plant he1ght nor number of pods per plant were 1nfluencPd by 
t1llage method Stands were slightly more with CT than w1th ZT At f1rst the 
seed y1elds from CT were larger than those from ZT but subsequently wlth 
better zero t1llage management skills the y1elds from ZT t1llage were e1ther 
the same as those from CT or greater (Table 1) 

Table 1 Effects of Cultwat1on Practicas on Gra1n Y1elds (kg/ha) Plant 
He1ghts (m) and Pods/Plant of Sean Cult1vars at Th1ka between 1986 
and 1990 

Season 

1986L 

19865 

1987L 

19875 

19895 

Character 

Plant helght 
Pods per plant 
Gra1n y1eld 
Cultwar 

Plant he1ght 
Pods per plant 
Gra1n y1eld 
Cult1var 

Gra1n y1eld 
Cult1var 

Gra1n y1eld 
Cultwar 

Gra1n y1eld 
Cultwar 

Zero 
t1llage 

o 298 
2 9 
310 

o 239 
4 1 
369 

824 

1421 

1044 

GLP-2 

GLP-2 

GLP-1004 

GLP-1004 

GLP-1004 

Convent1onal 
t1llage 

o 276 
3 4 
436 

o 223 
4 3 
416 

NT 

1304 

1 o 11 

--------------------------------------------------------------
L = long ra1ns S = short ra1ns NT = not tested 
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Insect pest d~W,age espec1ally by term1tes was worst with zero tillage 
(Muthamla 1n press ) 

The costs of bean product1on were too much under both t11lage methods 
(Table 2) 

Tabla 2 Costs of Product1on w1th Zero and Convent1onal T1llage between 1986 
and 1989 

7ero t 1llage Convent1onal t1llage 

Operat1on 1986l 1986S 1987l 19875 1988l 19895 1986l 1986S 1988l 19898 

labour8 2142 2124 2124 1440 1332 2442 2952 
Roundup 1948 1948 1948 1948 1948 1661 
lasso (3l)b 390 390 390 390 390 474 1000 
Basagran (5l)c 690 690 
DAP (200 kg) 1156 8 1156 8 1156 8 1156 8 1156 8 1336 8 1156 8 
Bean seed 1140 1140 1140 1140 1140 1140 1140 

Total 7871 8 7058 8 7058 8 6374 8 6266 8 8043 8 7048 8 

a Kshs 18/day except for 1989 wh1ch lS Kshs 30/day 
b costs under convent1onal t1llage are labour for plough1ng 
e costs under convent1onal tillage are labour for harrowing 

Discuss1on 

3078 2276 3564 

1000 1000 1000 
500 500 1000 

1156 8 1336 8 
1140 1140 1140 

7174 6372 8 8340 8 

Zero t11lage has been successfully applled to malZe product1on 1n both 
trop1cal and temperate climates Under temperate condit1ons ZT resultad 1n 
greater total dry matter and pod y1eld of bean than CT (Tompk1ns and Mull1ns 
1977) ZT was also reportad successful on transplanted as opposed to d1rect­
seeded toma toes ( Doss et a 1 1981) Peor bean seed coverage res u 1 ted 1 n 
decreased stand as also observad by Knavel and Herron (1986) ExcesslVe 
t1llage was reportad to cause soll compact1on and reduced y1elds of bean 
(Ghaden et a 1 1981) 

Fert1lizer appl1cat1on by band1ng and 1ncorporat1on is not necessary 
Petiole t1ssue analys1s by Knavel and Herron (1986) and Mullins et al (1980) 
1ndicated that tillage does not affect leaf n1trogen and Mullins et al (1980) 
found that phosphorus was least w1th CT Patterson et al (1986) reportad 
low phosphorus 1n ma1ze tissue w1th CT 

Annual weed control can be ach1eved by use of e1ther Lasso Galex (Anon 
1990) or Basagran Cont1nued use of Lasso causes bu1ld-up of Mex1can 
marigold so use of alternat1ve herb1cides 1s needed 

The mulch1ng effect of trash was lost due to termltes but eros10n was 
v1rtually non existent in ZT comparad to CT 

Tillage methods 1nfluenced ne1ther plant vigour and he1ght nor number of 
pods per plant Seed y1eld was rather errat1c with 
increased yields from ZT 

Horizontal root dens1ty was greater with zero tillage but tap root 
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development was poor 

Insect pest damage was more w1th ZT than with er (Mutham1a 1989b) 
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On-Fa~ Bean Cu1tfvar Eva1uatfon Trfa7s fn Uganda 

J K1sakye and M Ugen-Adrogu 

Kawanda Research Stat 1on Kampa la Uganda 

Abstract 

Two bean advanced 11nes (A 191 BAT 1220) and se ven cult 1vars 
(Canoca G 13611 K20 Kampul1ke Ye11ow Namunye Red T-3 and Wh1te 
Hancot) were tested on-farm 1n the d1stncts of Kabale Luwero 
Hp1g1 and Raka1 The obJeCt7Ve was to evaluate the performance and 
acceptab1T1ty of prom1s1ng mater1als under farmers cond1t1ons Seed 
colour cook¡ng t1me and s1ze growth hab1t d1sease react1on taste 
and y1eld were assessed by the farmers The bean was e1ther soTe 
cropped or 1n assoc1at1on w1th ma1ze or banana The treatments were 
repT1cated tw1ce on each farm 1n a random1zed complete block des1gn 
G 13611 was l1ked 1n KabaTe but d1s11ked 1n other d1str1cts because 
of 1ts lack of market 1ts unpopular seed coTour and d1s11ke of 1ts 
tra1T1ng and 1ndeterm1nate growth hab1t Wh1te Har1cot was accepted 
7n Luwero Hp1g1 and Raka1 d1stncts because of 1ts h1gh market 
value taste and short cook1ng t1me but reJected 1n Kabale d1str1ct 
because 1t does not keep we77 after cookmg K20 and Namunye Red 
were read1 ly accepted 1n a11 d1stncts because of the1r large seed 
s1ze red seed colour and good taste T-3 was reJected 1n a77 
d1str1cts because of 1ts sma77 seeds and relat1vely poor y1eld 
Canoca was also reJected 1n a71 d1stncts because of 1ts taste and 
the sma77 s1ze and colour of 1ts seeds G 13611 gave s1gmf1cant1y 
better y1elds than a17 other entnes fo77owed by Whlte Hancot 
There was no d1 fference 1n y¡ e Id between K20 and the farmers 
cult1vars 

Introduction 

In develop1ng countnes where most of bean producers are subs1stence 
farmers w1th lim1ted resources there 1s an 1ncreas1ng need for bean cult1vars 
that are h1gh y1eld1ng res1stant to pests and d1seases and acceptable to 
farmers Dur1ng surveys conducted by scient1sts of the Uganda National Bean 
Program 1n Kabale Luwero Mpig1 and Raka1 D1stricts 1t was found that 
character1St1cs whlch farmers cons1der in choosing a cult1var include y1eld 
seed colour seed size growth hab1t taste res1stance to pests and d1seases 
drought tolerance and market pnce Farmers are genera 11 y 1 nterested to try 
d1fferent bean cult1vars Sometimes cultlVars that perform well on-stat1on 
may not do well under farmers condit1ons 

These tr1 a 1 s were conducted Wl th the ODJect JVe of assess 1 ng the 
performance and acceptab1l1ty of promis1ng cultivars and breeding l1nes under 
farmers cond1t1ons and el1cit1ng farmers op1n1ons about them 

Materials and Methods 

The tr1als were conducted during the two wet seasons of 1988 (1988A and 
19888) and the first season of 1989 (1989A) 1n the d1str1cts of Kabale 
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Luwero Mp1g1 and Raka1 Ten farmers were chosen 1n each d1str1ct and the 
treatments were repl1cated twice on each farm The design used was a 
randomlZed complete block The treatments included the follow1ng prom1s1ng 
entr1es from on-stat1on advanced yield tr1als A 197 BAT 1220 Carioca G 
13671 K20 Kampulike Yellow Namunye Red T3 Wh1te Har1cot and the farmers 
cult war 

Each plot was 3 x 4 m Farmers followed theu normal management 
pract1ces The tr1als were planted by the farmers together w1th the extens1on 
agents of the1r d1str1cts 

Observat1ons recorded 1ncluded 1nsect and d1sease rat1ngs v1gour stand 
count pod load and gra1n y1eld The following 1nformation was collected 
from each f1eld methods of land preparat10n and plant1ng prev1ous crop 
rotat1on so1l character1st1cs 1nputs applled and topography Farmers 
op1n1ons of the entr1es and thelr preferences were el1c1ted in meetings 
between part1c1pat1ng farmers researchers and extension1sts follow1ng 
harvest 

Results and D1scuss1on 

The mean seed y1elds of the entr1es 1n trials in each d1str1ct are shown 
1n Table 1 and farmers op1n1ons of each entry are summarized below 

A 197 

Farmers 1n Luwero and Mp1g1 l1ked 1ts seed size 
hablt short matur1ty per1od and relat1Vely h1gh y1eld 
colour were not des1rable and 1t lacked market 

BAT 1220 

determ1nate growth 
But its taste and 

In Kabale Mp1g1 and Rakai farmers d1sl1ked 1ts small seed s1ze It 
was suscept1ble to the beanfly (Oph7omy7a phaseoli) bruch1ds (Acanthoscel!des 
obtectus) and black root However farmers like 1ts red seed colour and taste 

Ca noca 

It was reJected 1n Mp1g1 Rakai and Kabale because of its small cream­
coloured seeds and their taste In Kabale there was high seedl1ng loss due 
to beanflles It was also damaged by aphids (Aph!s fabae) It was later 
maturing than K20 and does not shed its leaves in the field wh1ch compl1cates 
harvest1ng The pods are small 1n s1ze and d1ff1cult to thresh 

G 13671 

In Kabale farmers liked the colour and s1ze of its seeds 1ts vigour 
tolerance to poor so1ls and drought and high y1eld The 1ndeterm1nate growth 
hab1t was l1ked by farmers for 1ntercropp1ng with ma1ze In Luwero Mp1g1 and 
Raka1 1t was d1sliked because of 1ts seed colour and lack of market though 
1t gave the h1ghest overall mean y1eld It was suscept1ble to bean common 
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mosaic virus 

Table 1 Mean Grain Y1elds (kg/ha) of Entr1es 1n On-farm 8ean Var1ety Tr1als 
in Uganda 1988-89 

--------------------------------------------------------------------------------
Entries 

---------------------------------------------------------------------
Kamp- Nam- White 

A 8AT Car- G ul1ke unye Har- Farmers 
Season 197 1220 ioca 13671 K20 Yellow Red T-3 1COt cult war 
--------------------------------------------------------------------------------
Kabale D1stnct 

1988A NT 218 204 970 375 184 NT 379 197 599 
19888 345 43 NT 697 537 NT 219 558 NT 548 
1989A 456 610 NT 500 692 NT NT NT NT 565 

Luvero D1stnct 

19888 NT 382 326 462 380 404 266 387 475 448 
1989A 1050 NT NT 1154 955 707 NT NT 1065 962 

Mpigi District 

1988A NT 175 204 409 175 143 214 121 200 145 
19888 239 437 NT NT 417 419 370 NT 382 472 
1989A NT 861 NT NT 843 718 NT NT 1041 NT 

Rakai D1strict 

1988A NT 202 234 467 201 164 246 140 228 166 

NT = not tested 

K20 

In Kabale farmers felt that the leaves were too tough to be eaten as 
vegetables It was however liked in all four districts for 1ts determinate 
growth hab1t short matunty period attractive colour seed s1ze and hlgh 
y1eld Its marketabillty was also emphas1Zed In Raka1 Distnct farmers 
appreciated the loss of leaves at matur1ty because harvest1ng 
1S s1mpl1fied 

'1 
1 

!1 
1 

1 

KampuTike YeTTow 1, 

In Luwero Kampulike Yellow 1s referred to as Khak1 It was liked 1n 1 
Luwero Rakai and Mplgi because of its good taste short cooking t1me n1ce 
seed colour and short maturity penod Its small seed size was the only 
undesirable character1stic It was unacceptable 1n Kabale because of 1ts poor 
yield (Table 1) 
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Namvnye Red 

It was accepted 1n all the four districts because of the colour (red) and 
s1ze of 1ts seeds good taste short cooking time and high market value It 
1s however severely damaged by weevils 

T-3 

In Luwero Mp1g1 and Raka1 farmers l1ked 
cult1var was rejected because of 1ts small seed 
growth hab1t wh1ch made weed1ng d1ff1cult 

Wh1te Hancot 

the red seed colour but the 
low y1elds and its tra1ling 

The vanety was generally unacceptable 1n Kabale because of 1ts small 
seeds suscept1b1l1ty to weev1ls long matur1ty per1od uneven ripen1ng peor 
y1eld and rap1d detenorat10n after cooking In the other three distncts 
h1gh y1elds were obta1ned and farmers 11ked 1ts taste short cooking t1me 
soft testa and h1gh market value In these three d1str1cts 1t always 
commands the h1ghest pr1ce on the market 

Farmers Cvlt1vars 

In Kabale most farmers grow Rushale because of 1ts hlgh y1eld large 
red-coloured seeds short maturlty penod short cook1ng t1me and for its 
su1tab1l1ty for use as green pods and leaf vegetable 

In Raka1 and Mp1g1 farmers grow Kanyebwa because of 1ts good taste and 
h1gh market pr1ce but 1ts y1eld 1s very unstable Farmers have noted that 1t 
1s only su1table for newly opened land and 1t must be plantad at a time when 
1t w1 11 recewe the correct amount of ra1n 

Most other farmers grow Nambale mlXed with K20 They l1ke the red 
mottled seed taste y1eld short cook1ng t1me and h1gh market value of these 
cultwars 

Conclus1ons 

Generally the most 1mportant character1stics wh1ch farmers cons1der when 
choos1ng a cult1var are taste seed s1ze and colour and market value 
Market value appears to be determ1ned mostly by taste Farmers often mention 
y1eld as an 1mportant cntenon but they don t always choose the h1ghest 
y1eld1ng cult1var 

Thus farmers 1n Kabale accepted G 13671 Namunye Red and K20 whlle 
farmers 1n Luwero Mp191 and Rakai preferred White Har1cot K20 Namunye Red 
and Kampul1ke Yellow as cult1vars they would l1ke to cont1nue grow1ng The 
only common character1st1cs of these four cultivars are good taste and h1gh 
market value It appears that small dull-coloured seeds and relat1vely peor 
y1elds can be tolerated provided taste is good When taste is not 
outstand1ng large red-seeded varieties are preferred 
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Seed for Bean Product1on m SulrSaharan Afnca 
Issues Prob1ems and Pbssib1e So1utfons 

Dr W Gnsley 

Kawanda Research Stat1on Kampala Uganda 

Abstract 

The bean seed market for the maJor bean producmg areas of sub­
Saharan Afnca 1s exammed 7n th1s paper Seed 7Ssues of econom1c 
1mportance to bean farmers are the qual1ty and quant1ty of seed 
Important seed qual1ty 1ssues are seed contammated w1th pathogens 
that cause diseases and seed of poor phys1ca1 cond1t1on The 1ssues 
of seed quant1ty are the ava1lab7l1ty of seed of currently used and 
newly released cult1vars Wh1le many d1seases of bean are 
seedborne the research ev1dence to suggest that d1sease 1nfested 
seed 1s a maJar econom1c problem across w1de areas 1n sub-Saharan 
Afr1ca 1s sparse Poor phys1cal qual1ty seed 1s also not expected to 
be an econom1c problemas farmers have the sk1lls necessary to manage 
the plant1ng of seed of poor cond1t1on Wh1le these 1ssues can be of 
concern to farmers 1n loca11zed areas they are not expected to be 
maJar 1ssues 7n the aggregate The market for bean seed 1n sub­
Saharan Afnca 1s dommated by the sma 11 sea le farmer who 1s both a 
suppl1er and demander of seed W1th few except1ons the bean seed 
market 1s suppl7ed by sma71 farmers who produce gra1n for both 
consumpt1on and market1ng Seed 1s suppl1ed from w1thm the farm or 
from local markets or ne1ghbors Th1s market has successfully 
operated for a long penad of t 1me and has been shown to be 
remarkably res1l1ent 1n t1mes of stress There is no ev1dence to 
show that th1s market has not been able to supply the many types of 
bean cultivars demandad by bean producers A maJar seed supply 
problem however emerges when new cult1vars are released There 1s 
no market mg mechamsm that can produce and d1stnbute seed to the 
many potent1al end users Government orgamzed seed f1rms have not 
been able to perform these v1tal funct1ons The pnvate sector 
e1ther on a large or sma 11 sea le bas1s has not ente red the market 
because many of the precond1t1ons for successful f1nanc1al operat1on 
are not m place A market solut1on to the seed supply problem for 
newly released cult1vars may not be read1ly ava1lab1e Non-market 
1ntervent1on methods may be requ1red to ach1eve a suff1c1ently rap1d 
diffus1on of newly released cultivars 

Introduction 

Common bean (Phaseolus vulgans) is an 1mportant food crop for m1llions 
of small farmers throughout eastern and southern Africa It 1s normally 
produced in traditional agr1cultural production systems that use few purchased 
inputs Other than management and labor seed is often the only maJor 1nput 
allocated in these product1on systems The availabllity of h1gh qual1ty seed 
in sufficient quantities is a necessary cond1t1on for bean to be compet1tive 
in the mix of crops produced by small farmers in these areas 
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A quest1on of maJor interest 1s whether the quality and availabil1ty of 
seed 1s a constra1nt to increas1ng both the productwity and the overall 
product1on of bean in sub-Saharan Africa If there is a constraint of this 
nature then the performance of the bean seed product1on and supply sector may 
be called into question Importantly a sat1sfactory performance in th1s 
sector is a necessary cond1t1on for farmers and consumers to benefit from bean 
research 

To soma extent agncultural pol icy makers 1n most sub-Saharan Afnca 
countr1es have already concluded that both trad1t1onal seed producers and seed 
markets espec1ally those for cereals can not adequately respond to the needs 
of farmers As a result publ1cly f1nanced seed f1rms or seed un1ts that 
produce and d1str1bute seed to farmers have been established in many 
countr1es However the production and d1str1but1on of bean seed as well as 
that of other legum1nous crops have been of secondary concern to these 
government sponsored seed producers beh1nd that of ma1ze and other cereals 

The purpose of thts paper 1s two-fold The f1rst 1s to 1dent1fy and 
br1efly analyze the tmportant issues of bean seed supply and demand includ1ng 
those relatad to newly released culttvars for the maJor bean produc1ng areas 
of sub-Saharan Afrtca Spec1fica11y the issues examtned are seed quality and 
ava1lab1l1ty The second purpose 1s to rev1ew strategies for intervention in 
the bean seed product1on and distr1bution sector 1n those cases in which the 
performance of the sector 1s thought to be a factor constra1n1ng production 

To put these tssues 1nto context 1t will be of use to briefly invest1gate 
the structure conduct and performance of both the bean gra1n and bean seed 
product1on sectors Because of the large number of agro-ecological zones and 
d1vers1ty tn soc1al and econom1c cond1tions in wh1ch bean production occurs 1n 
sub-Saharan Afnca 1t wtll be necessary to generaliza when identifying and 
evaluat1ng these sectors Quant1tat1ve informat1on on both the bean gra1n and 
bean seed sectors in sub-Saharan Afnca 1s l1mited requ1 ring the extensiva 
use of farm level 1nterv1ews and observat1ons and second hand 1nformat1on 
sources 1n analysis 

The rematnder of th1s paper has f1ve sections and a summary In the f1rst 
sect1on the structure conduct and performance of the bean production 
1ndustry 1n the maJor bean produc1ng areas of sub-Saharan Africa are rev1ewed 
The structure conduct and performance of the bean seed industry are reviewed 
1n the second sect1on The bean grain product1on and seed supply sectors are 
comb1ned 1n the th1rd sect1on to ident1fy the market for bean seed In section 
four bean seed qual1ty and quant1ty issues are d1scussed A discuss1on of 
publ1c pol 1cy 1ssues relevant to the bean seed market and an example of 
1ntervent1on 1n the d1str1but1on of seed follow in the f1nal sect1on 

Bean Gra1n Production in Sub-Saharan Afr1ca 

The Structure and Conduct of the Bean GraJn ProductJon Sector 

Bean 1s w1dely produced 1n the highland areas of eastern east-central 
and southern Afr1ca and on the nearby island of Madagascar It 1s a major crop 
1n selected areas of the countries of Burund1 Kenya Rwanda Tanzania and 
Uganda and a secondary but s1gmficant crop 1n the countnes of Angola 
Eth1op1a Malaw1 Madagascar Mozambique and Za1re On a national basis 
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Kenya 1s the largest producer with almost 400 thousand t produced 1n 1986-87 
from 520 thousand ha (Gitu and Ngalyuka 1989) In consumpt1on annual per 
cap1ta levels are largest in the countr1es of Burund1 and Rwanda at 58 and 37 
kg respect1vely (Grisley 1990a) 

Bean 1s typ1cally produced on small subs1stence and sem1-commerc1al 
farms under arable cond1t1ons The absence of purchased inputs such as 

ji 
1 

fert1lizer pestic1des and cert1f1ed seed 1s the product1on norm on these 1 

small farms In addition to management the most common farm or household 1 

supplied inputs are labor seed and occas1onally manure or compost 1¡ 

The predominant land tillase methods for bean product1on are the hoe in 
eastern and east-central Afr1ca and the ox-drawn plow 1n Eth1op1a and southern 
Africa Mechanizat1on is limitad 1n t1llage operat1ons because of the 
uneconomic nature of tractor ut1 1 izat1on the w1despread pract1ce of the 
intercropp1ng of bean with other crops and the steep terra1n on wh1ch much of 
bean production occurs A lim1ted amount of mechan1zed product1on occurs on 
large state and co-operatlve farms 1n Eth1op1a and on commerc1al farms in the 
Arusha area of Tanzania and 1n Z1mbabwe 

Bean is frequently produced in assoc1ation with the basic staple crops 
of maize sorghum banana and tubers In these intercropped systems bean 
is generally v1ewed as a secondary crop because of the economic importance 
placad on the staple food crops wh1ch are pr1mar1ly targeted for subs1stence 
Exceptions to this rule occur in the major bean produc1ng areas of Burund1 
Rwanda and south-western Uganda where bean 1s v1ewed as a pr1mary crop In 
southern Afnca bean 1s frequently produced as a sola crop but at the farm 
level it cont1nues to be cons1dered a crop of secondary 1mportance 

The numbers of bean cultivars and land races aval lable to farmers for 
planting can be considerable 1n selected bean produc1ng areas A large number 
of cultivars 1s typically planted in the countries of Burundl Malaw1 Rwanda 
Tanzama Uganda and Za1re In these as well as other areas bean 1s 
produced in both pure and m1xed cult1var stands Cl1mb1ng bean cultivars are 
widely produced 1n Burund1 and Rwanda and 1n selected areas of Malaw1 
Tanzania Uganda and Za1re Bush type cultivars are preferred 1n most other 
bean produc1ng areas of sub-Saharan Afr1ca 

The Performance of the Besn Grs1n Product1on Sector 

In the 18 countnes 1n wh1ch bean 1s produced 1n sub-Saharan Afnca 
production increased at an est1mated annual rata of 2 2 per cent over the 20 
year period 1970-89 (Grlsley 1990a) In the aggregate th1s growth 1n 
production was due ent1rely to area expans1on as there was no s1gn1f1cant 
increase 1n productivity Forty-flve per cent of the growth 1n product1on was 
due to the rapid growth in Kenya (8 9 per cent annually) Other countries 
w1th pos1t1ve 1ncreases in product1on were Malaw1 Rwanda Tanzan1a and 
Uganda Countries with posit1ve growths 1n product1vity were Kenya and 
Uganda with annual productw1ty 1ncreases of 10 kg/ha and Malaw1 w1th an 
increase of 2 kg/ha annually 

In the most recent decade growth 1n bean production in sub-Saharan 
Africa has slowed The only countr1es found to have statistically significant 
increases in production were Ethiopia Kenya Malaw1 and Uganda Malawi was 

383 

1 

1 

1 



the only country real1Zing an increase in productivity The overall 
conclus1on 1s that growth in bean product1on is slowing in sub-Saharan Afr1ca 
and that y1elds are probably decl1ning 

Sean Seed Product1on 1n Sub-Saharan Afr1ca 

The Structure and Conduct of the Bean Seed Product1on Sector 

The structure of the bean seed 1ndustry 1s charactenzed by a larga 
number of small producers and a few but typically only one larga scale 
producers The sma 11 seed producers are the sama farmers who produce beans 
for home consumpt1on and local markets In most cases the source of seed for 
these farmers 1s e1ther the1r own gra1n product1on ne1ghbor1ng farms or local 
markets 

In a survey of 242 households 1n the Central and Eastern Provinces of 
Kenya Schonherr and Mbugua ( 1976) found that 47 par cent of farmers usad 
the1 r own seed 44 par cent purchased seed from local markets 7 par cent 
secured seed from ne1ghbors and 1 par cent obta1ned seed from other sources 
No farmer purchased cert1f1ed seed from the government parastatal seed 
company A s1m1lar s1tuat1on can be expected across most bean producing areas 
1n sub-Saharan Afr1ca 

Except for a l1m1ted number of cases stud1ed in Rwanda there 1s little 
ev1dence that small farmers spec1al1ze 1n bean seed product1on 1n sub-Saharan 
Afr1ca (CIAT 1988) The pr1mary reason 1s that the cond1t1ons necessary for 
the emergence of a market for spec1al1zed bean seed product1on by small bean 
farmers themselves have not developed At the m1n1mum these cond1tions would 
1nclude a w1despread bel1ef by farmers that the1r own seed ts of low quality 
and that spectaltzed producers could produce and d1stnbute bean seed of a 
super1or qualtty at a compet1tive price Ev1dence from observation and 
d1scuss1ons wlth farmers suggests that they sea llttle econom1c benef1t in 
procur1ng seed usually at a h1gher pr1ce 1f ava1lable from spec1alized seed 
sources 

Large scale seed producers in sub-Saharan Africa are typically organizad 
as etther government parastatals or as seed units w1thin the m1nistries of 
agrtculture There are no larga scale pr1Vate sector seed f1rms currently 
produc1ng bean seed In most cases government controlled ent1ties enJOY 
monopoly postttons 1n nat1onal markets for tmproved or cert1fied seed The 
monopoly structure is often JUSt1fied on the grounds that the economically 
opt1mal stze seed f1rm 1s suff1c1ently larga to warrant only a s1ngle producer 
for the nattonal seed market wh1ch 1s usually limitad in s1ze 

The Perfonnance of the Bean Seed Product1on Sector 

An overwhelm1ng share of the bean seed market in sub-Saharan Africa is 
bel1eved to be dom1nated by small scale farmers who primanly produce beans 
for consumpt1on and market1ng G1ven the w1despread production of bean 
across many countr1es the small farmer supplted bean seed market has 
performed remarkably well There 1s no evidence that short-comings 1n this 
market have dim1nished the econom1c compet1tive posit1on of bean 1n the mix 
of crops produced Th1s market has been able to accommodate for extraordinary 
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market supply and demand cond1t1ons due to factors such as env1 ronment and 
civ11 str1fe when viewed over a suff1ciently long period of t1me 
Importantly this market is self-susta1n1ng and does not requ1re ass1stance or 
regulat1on by government 

The overall performance of the large scale seed sector which 1s 
dominated by publ1c sector f1rms 1s generally regarded as poor The quant1ty 
of seed suppl1ed has been m1n1mal As an example the nat1onal seed company 
in Tanzania Tanseed supplied less than one percent of the nat1onal bean seed 
requ1rements 1n 1988 The performances of nat1onal seed parastatals 1n other 
countries are not expected to d1ffer s1gnificantly 

An 1mportant d1fference between the small and large scale bean seed 
producers 1s the flexib1l1ty in seed types suppl1ed The small scale sector 1s 
able to produce seed suppl1es of the many d1fferent cu1t1vars demanded by 
farmers In contrast producers 1n the large scale seed sector produce seeds 
of only a l1mlted number of cultwars Th1S 1s an 1mportant d1fference 1n 
those countr1es in which a large number of d1fferent cultivars are commonly 
used Publ1c sector f1rms may be less viable 1n these countr1es 

The Bean Seed Market 

In the above two sect1ons the structure conduct and performance of the 
bean grain and bean seed product1on sectors were br1eflY rev1ewed The 
structure of the market for bean seed can be character1zed by comb1n1ng 
information from these two sectors This structure is shown in Figure 1 w1th 
the bean gra1n producers or seed demanders on the horJZontal axis and the 
bean seed producers or seed suppl1ers on the vert1cal axis Th1s market 1s 
part1tioned 1nto four segments each character1zed by a d1fferent comb1nat1on 
of seed suppl1ers and demanders These market segments are ident1f1ed 1n 
quadrants I II III and IV of F1 gure 1 The d1 rect 1on of the supp 1 y and 
demand flows for seed are indicated by the arrows labelled S and O 

The market shown 1n quadrant I 1s expected to dominate the bean seed 
market 1n all sub-Saharan African countries The bulk of bean seed 1s both 
suppl1ed and demanded by small producers As ind1cated above 1n many cases 
the supply and demand for seed may come from the same farm The markets shown 
1n quadrants III and IV are typical of s1tuations 1n wh1ch seed 1s suppl1ed by 
a government parastatal or seed unlt The quant1ty of seed traded 1n these 
two markets 1s expected to be small when compared to that traded 1n the market 
shown in quadrant I 

An 1mportant character1st1c of all four of the seed markets 1dent1f1ed 1s 
that they are demand dr1ven That 1s the quant1ty of seed traded in these 
markets is pr1mar1ly a funct1on of demand and not supply An 1ncrease 1n the 
quantity of seed supplied will have l1ttle effect on the quant1ty demanded 

This demand dnven charactenst1c 1s also generally true of the large 
scale sector Government seed f1rms produce seed and s1mply wa1t for farmers 
to approach them for purchases Actw1t1es to st1mulate demand are rarely 
engaged 1n by parastatals By compar1son pr1vate sector seed f1rms 1n 
developed countr1es actively promote the1r products for the purpose of 
increasing demand Seed markets 1n these countr1es can be charactenzed as 
supply driven 
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Bean Seed Issues 

Because seed 1s a necessary 1nput in product1on any factor relat1ng to 
the quality and quantity of the seed can be an issue of econom1c relevance to 
farmers In bean production the seed qual1ty 1ssues of concern to farmers 
as1de from the genetic potent1al embodied in the seed are seed free of 
pathogens that cause d1seases and seed of good phys1cal qual1ty The econom1c 
issues assoc1ated w1th seed quant1ty are the ava1labillty of seed of both 
currently used and newly released cultlVars These 1ssues are d1scussed 1n 
more detall below 

Issues of Seed Qua17ty 

A number of v1ral bacter1al and fungal d1seases that affect bean plants 
can be read1ly transmitted through seed The most 1mportant are bean common 
mosaic v1rus common bactenal bl1ght halo blight brown spot bactenal 
wilt anthracnose angular leaf spot and ascochyta bl1ght All but bacter1al 
wilt are common 1n farmers f1elds throughout bean produc1ng areas of sub­
Saharan Afr1ca 

Farmers that produce the1r own seed or purchase seed from local consumar 
markets may unknow1ngl y use di sease contami nated seed 1 n product 10n Few 
farmers have the necessary sk1lls to determine whether the1 r home produced 
seeds are free of d1seases that can be seed transmltted In most cases 
observat1on alone 1s not suff1cient to determ1ne 1f seed 1s d1sease 
contaminated 

Seed purchased from rural consumar markets 1s more problemat1c Wlth 
regard to disease contaminat1on because farmers have no knowledge of the 
product1on history of th1s seed Farmers typ1cally make seed select1on 
dec1sions at local markets on the bas1s of cult1var phys1cal appearance and 
price 

As 1nd1cated in an above sect1on most countnes 1n sub-Saharan Afr1ca 
that produce beans ha ve a government owned ent 1 ty that produces and 
distr1butes bean seed However l1ttle of this seed 1s expected to be 
produced under the cond1 t 1ons necessary for seed to be cert 1 fied as d 1 sease 
free The best d1sease control procedure that can be expected 1s d1sease 
momtoring throughout the plants growth and reproduct1on penods and the 
dlscarding of seed gra1n produced on f1elds that have 1nfestat1ons of d1seases 
that are seed transm1tted The extent that governmental seed orgamzat1ons 
subm1t to th1s bas1c seed product1on pract1ce 1s not known 

GlVen that most farmers use locally produced gra1n for seed and the 
widespread occurrence of diseases that can be spread through contam1nated 
seed yield loss due to contaminated seed could be an important cons1derat1on 
Research on the chem1cal control of selected seedborne pathogens 1n Rwanda 
suggest that the economic returns from us1ng uncontam1nated seed could be 
s19n1ficant (CIAT 1987 1988) However w1thout more extens1ve research 1t 1s 
not possible to establish that disease contam1nated bean seed is an econom1c 
problem over wide areas of sub-Saharan Afr1ca 

The second 1ssue regard1ng bean seed quality has to do with the physical 
cond1t1on of seed The phys1cal condit1on of seed can potent1ally affect 

387 1 

\1 

1 



y1eld through reduced seed germ1nat1on or peor plant vigor 1n the early stages 
of plant growth if germ1nat1on occurs 

The Phys1cal cond1t1on of bean seed 1s not expected to be an 1ssue of 
economic importance 1n most bean producing areas of sub-Saharan Africa The 
reason 1s that farmers have the sk11ls necessary to appra1se the physical 
cond1tion of seed and are knowledgeable of 1ts 1mpact on seed germinat1on and 
potent1al for reduc1ng y1eld Common strategies to cope w1th this problem are 
e1ther to cull seed of peor phys1cal qual1ty or if used 1ncrease the seed1ng 
rate to compensate for the expected lower rate of germ1nat1on 

The phys1cal cond1t1on of seed may be of econom1c importance if farmers 
use mechan1cal equ1pment to plant beans When mechan1cal equ1pment 1s used it 
1s desHable that seed be of a known germinat1ng qual1ty 1n arder to 
accurately gauge the des1red plant d1str1but1on and overall populat1on 
dens1ty In add1t1on seed of low phys1cal qual1ty may result 1n a less than 
adequate performance of the mechan1cal planter a cons1derat1on of 1mportance 
on large farms 

Issues of Seed Quant¡ty 

As 1nd1cated above the two 1mportant 1ssues of bean seed quant1ty are 
the ava1lab1l1ty of seed of currently used and newly released cult1vars The 
supply and d1stnbut1on of seed of currently used cultlVars are well 
establ1shed 1n funct1on1ng markets wh1le that of newly released cultivars has 
yet to enter the market The problems assoc1ated w1th the supply of currently 
used and newly released cult1vars can thus d1ffer sign1ficantly 

In an above sect1on 1t was 1nd1cated that bean farmers secure most of 
the1r seed of currently used cult1vars from the1r own product1on or from local 
markets Th1 s market for seed 1 s we 11 estab 11 shed throughout sub-Saharan 
Afr1ca and has successfully operated w1th1n a compet1t1ve environment for many 
years A phys1cal shortage of bean seed 1n th1s market would not be expected 
other than 1n extreme s1tuat1ons such as crop fa1lure or c1v1l str1fe 

New bean cultwars are normally released by research programs In most 
countr1es a government parastatal or seed un1t has the sole responsib1lity for 
produc1ng and d1str1but1ng seed of newly released cult1vars However as w1th 
currently used cultivars the effect1veness of these organizat1ons in 
supply1ng seeds of newly released cult1vars to small bean farmers is lim1ted 
The reason for th1s 1nab1l1ty to supply seed is due to many factors but in 
general 1s not due to the lack of appropnate seed product1on technology 
The technology to produce high qual1ty bean seed 1s widely known and 
ava1lable 

Intervent1on 1n the Bean Seed Market 

The purpose of th1s section is to 1dent1fy strateg1es for 1ntervent1on 1n 
the bean seed market that may hold promise for 1mprov1ng the supply and 
d1stnbut1on of seed In th1s regard a question of the f1rst order of 
1mportance to cons1der 1s whether 1ntervent1on 1n the form of a publ1c policy 
is econom1cally JUSt1f1ed The cnter1on used here to determme 1f public 
1ntervent10n is just1fied w1ll be the ability of the bean seed market to 
supply adequate quant1ties of acceptable qual1ty seed at an affordable pr1ce 
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to bean producers If the market can perform this task then 1ntervention can 
not be justified on an econom1c bas1s 

The two bean seed issues of econom1c 1mportance to farmers were the 
quallty and quantity of seed Given the available information there is no 
ev1dence that e1ther the quality or quant1ty of seed of currently used 
cultivars is inadequate under normal product1on cond1tions Small farmers 
that produce for both subs1stence and market1ng dom1nate th1s compet1t1ve 
market In most cases gra1n sold for seed is pnced 1dentical to that sold 
for general consumpt1on Publ1c 1ntervent1on in this successfully operat1ng 
seed market is not warranted 

The supply of newly released bean cultivars to small farmers is however 
bel1eved to be a major problem As indicated above there is currently no 
mechanism to 1ntroduce seed of newly released cultwars 1nto the market1ng 
system other than through government parastatals or seed units In general 
these orgam zat ions have a peor performance record The i nablllty of these 
organizations to supply seed of newly released cultivars coupled w1th the 
absence of spec1al1zed pr1vate sector seed f1rms necessitates the development 
of new strategies if these cult1vars are to be made ava1lable 

Publfc Pol1cy and the Sean Seed Narket 

Public pol1c1es designad to 1ntervene 1n the bean seed market can center 
on e1ther the pnvate or public sector Specif1c targets w1th1n the prwate 
sector can be e1ther the small farm sector or the large commerc1al seed f1rm 
Targeting the publ1c sector would 1nvolve either the creation of a publ1cly­
owned f1rm or the organ1zat1on of a seed un1t most l1kely w1th1n the m1n1stry 
of agricultura 

Pol1cies that put emphas1s on the development of the prwate sector to 
supply the market for seed are generally preferable to pol1c1es that rely on 
public sector development However there may be good reason to bel1eve that 
large prwate f1 rms will not enter the market for bean seed 1n sub-Saharan 
Africa The primary reason 1s that the market is undeveloped from a 
commercial po1nt of v1ew Given the farm structure 1n wh1ch bean is produced 
spec1alizat1on 1n seed product1on may not be f1nanc1ally v1able 

As noted above 1t may be d1ff1cult to convince small farmers to purchase 
seed at a higher pnce than they w1ll have to pay at local markets or 1n 
comparison to the1 r opportum ty cost for farm produced seed The genera 1 
rule-of-thumb for bean seed pri ces in deve loped countnes 1 s that cert 1 f1ed 
seed is priced at a ratio of 3 5 to 1 when comparad to local bean gra1n 
pnces In sub-Saharan Afnca th1s ratio may have to be 4 or 5 to 1 1f a 
private seed f1rm is to realiza a prof1t Small scale farmers can not be 
expected to pay premiums of th1s magnitude for bean seed 

Another 1ssue of concern to private seed f1rms 1s that once introduced 
farmers may be re 1 uctant to cont 1nue seed purchases of a new cult war 1n 
futura seasons as grain will be available at a lower pr1ce 1n local markets 
Th1s 1s generally not a problem 1n developed countries as 1nd1v1dual farmers 
requ1re a larga quantity of a known quality seed However 1t 1s notan 
uncommon practica for farmers in developed countnes to use seed from graln 
produced the previous season 1f it is not disease contaminated 

389 

,1 
1¡ 
1 

1 

1 

1 

1 

1 

1 

1 



These issues w1ll also be of relevance to prospectwe small scale seed 
producers In add1tion small scale operations would probably require 
extenswe governmental ass1stance both techmcal and f1nanc1al to ensure 
successful entrance into the bean seed market Schemes of this natura have 
been 1n 1 t 1 ated by the government in Rwanda and 1 n genera 1 ha ve not been 
shown to be financ1ally successful 

Intervent1on 1n the bean seed market through the publ1c sector is 
generally regarded as a fa1lure throughout sub-Saharan Africa when JUdged on 
the bas1s of the quant1ty of seed d1stributed to farmers Therefore pol1c1es 
that emphaslZe publ1c sector 1nvolvement 1n the form of parastatals or seed 
un1ts are unl1kely to ach1eve the desired results 

The absence of a marketing mechan1sm that can efficiently produce and 
d1str1bute the end products of agr1cultural research to farmers 1s bel1eved to 
be a cr1t1cal factor h1ndering the spread of agricultural technology in sub­
Saharan Afr1ca The pr1mary reason that these market1ng mechan1sms have not 
developed 1n e1ther the pr1vate or public sector 1s the absence of appropr1ate 
f1nanc1al 1ncent1ves If th1s 1s the case then non-market methods that can 
d1str1bute the results from agricultural research must be examinad 

From a soc1etal po1nt of v1ew non-market methods to supply and 
d1str1bute the results of agr1cultural research such as a new bean cultivar 
need not necessar1ly be uneconom1cal If the soc1al benef1ts that society 
rece1ves through 1ncreased food supplies exceeds the soc1al costs invested in 
develop1ng supply1ng and d1stnbut1ng the new technology then the net 
soc1al returns to society w1ll be posit1ve From an economic po1nt of v1ew 
the preferred non-market method w11l be the one that gives the h1 ghest net 
SOC1~l benef1ts 

Many d1fferent non-market methods for 1ntroduc1ng seed of newly released 
cult1vars to farmers can be developed In what follows is an outline of one 
such method that m1ght hold prom1se 1n selected countr1es 

A Non-Market Example of Intervent1on 1n the Bean Seed Market 

In 1987 the bean cultwar Carioca was released 1n Zamb1a The 
agncultural research stations in the Central and North-Western Prov1nces 
elected to hasten the d1ffusion of the new cultwar by d1stributing Canoca 
seed free of charge to selected farmers Four hundred farmers in a widely 
d1spersed area were each allocated 2 kg of Carioca seed 

The obJectwe of the project was to introduce the cultivar in the hopa 
that farmers would reta1n and mult1ply the seed for continuad futura use 1f it 
was found to have acceptable characterist1cs Once the seed had successfully 
entered farmers normal market1ng channels then there would be no need for 
further 1ntroductions 

To determine the success of the method in distr1but1ng the Car1oca seed 
64 of the 200 part1c1pat1ng farmers in the Central Province were sampled in 
1989 three seasons after the 1n1tial introduct1on The results showed that 
35 of the 55 farmers planting beans in 1989 were planting Carioca 36 per cent 
of the surveyed farmers total land area 1n bean was in Carioca and Canoca 
seed was g1ven away 79 t1mes and sold in markets 48 times (Grisley 1990b) 
Forty-fwe per cent of the farmers surveyed knew on average of 3 5 other 
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farmers who plantad Carioca in the 1989 season 
method for 1ntroducing the seed was a success 

These results 1ndicate the 

An unattractive feature of th1s method is the cost incurred in seed 
purchases and distnbut1on However these costs need not necessanly be 
prohibit1ve Using a three-fold increase in the pr1ce of beans on the reta1l 
market in Lusaka the cost of the Canoca bean seed d1stnbuted to the 400 
farmers in Zamb1a amounted to US$ 792 Th1s is a small sum to forgo when 
comparad to the expected larga soc1al benefits ga1ned from the d1str1but1on of 
the Carioca seed 

Two 1mportant features of the seed distr1but1on method need to be 
emphas1zed First the d1str1but1on scheme concentrated on the supply s1de of 
market Farmers were s1mply g1Ven a quant1ty of seed for wh1ch they had no 
previous demand By prov1d1ng the seed free of charge 1t was not necessary to 
create a commerc1al demand for the seed As 1nd1cated earl1er creatwg a 
demand for bean seed of an unknown cult1var wh1ch by def1nition 1ncludes all 
newly released cultivars from small farmers could prove to be costly 1n most 
sub-Saharan Afncan countnes Pol1cies that target the supply s1de of the 
bean seed market may thus be more successful than those target1ng the demand 
si de 

The second feature 1s that seed was d1str1buted to farmers who 
part1c1pate in a seed market that has been successful for a long t1me As 
1ndicated above the small farmer seed market is an extens1on of the overall 
grain market for beans If the new cult1var 1s found to have des1rable 
product1on consumption storage and market1ng character1st1cs then the seed 
will be reta1ned and distr1buted through establ1shed market channels Bu1lding 
upon the s~ccess of a currently successful market can enhance the 
effectiveness of non-market seed distr1but1on schemes 
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SUMMARV OF DISCUSSIONS 

Omunyin et al 

Recommendations are not available to all farmers Those farmers who have 
access to the informat1on and want to follow recommendations often can not do 
so as the recommended inputs are not ava1lable or are too expensive It was 
concluded that farmers in the area are generally receptiva to adopting new 
technologies if appropr1ate Testing technolog1es under farmer cond1t1ons with 
1nputs from farmers and extension workers w1ll help in generating appropriate 
recommendat1ons wh1ch w1ll subsequently 1ncrease farmer adopt1on rates 

K1koba 

Sh1fts 1n weed populations and species as a function of cultural 
pract1ces both on-farm and on-station were discussed The survey 1s still 
on-go1ng and prel1m1nary find1ngs must be substant1ated w1th add1tional data 
Bean y1eld loss due to weed species and population crop rotation practised on 
the study plots and how weeds were controlled on the previous crops should be 
taken 1nto cons1derat1on and the1r effects on the study crop carefully 
analyzed and discussed 

Kisakye and Ugen-Adrogu 

Surveys were conducted to 1dent1fy farmer-percelVed constra1nts to bean 
product 1on and exper1ments were performed to determme which factors are 
responsible for bean y1eld loss A concern was voiced from the floor about the 
unusually low y1eld obta1ned from some of the expenmental plots Since the 
exper1ments were not carefully controlled (farmers were asked to follow the1r 
own cultural pract1ces) crop dens1ty might not have been opt1mal Pre-plant 
seed treatment w1th fung1c1des prov1ded only part1al disease control th1s is 
to be expected as seed treatment do es not p rotect p 1 ants f rom 1 ate r 
1nfestat1ons 1n the f1eld There was a lengthy discuss10n of the rationale 
for conduct1ng trials us1ng chem1cal fert1lizer as these are generally not 
ava1lable or affordable by most Afr1can farmers These tr1als are rational1zed 
on the bas1s that there are no ex1sting recommendations on fert1l1zer use for 
bean product1on by large farmers and commerc1al producers Small farmers could 
benef1t from the appl1cat1on of manure/compost on the1r bean fields 

Tenaw Workayehu 

Poor y1elds of bean 1n the work area were attr1buted to factors such as 
late plantlng poor so1l fertility and un1mproved cultivars It was 
established that June plant1n9 1s better than July plant1ng however as bean 
1s planted after malle farmers option of plant1ng bean much earlier 1s 
l1m1ted Researchers are cons1dering introducing early matur1ng malle 
cultlVars to address th1s problem The lack of response to added fertilizar 
was also discussed It was suggested that the researchers may obtain better 
response by apply1ng fert1lizers in the furrows before plant1ng To the extent 
poss1ble all trials should be subJected to benefit/cost analysis 
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Where soil pH is low lack of response to P 
from low-P sources (for example rock phosphate) 
it is released quickly 

Sieber 

may result from slow ralease 
or ty1ng up of the P where 

The mulching mater1al was not incorporated into the so1l The val1dity of 
the observati~n that pest 1nc1dence 1s greater with min1mum t1llage w1ll have 
to be establ1shed by research staff The burden of the cho1ce between feeding 
crop residues to livestock and us1ng them for mulch1ng 11es w1th the farmer 

In the mulch1ng exper1ence 1t was observad that mulch decompos1t1on may 
upset the soil nutrient balance Such imbalance may be reduced by term1tes 
wh1ch feed on the mulch and may even aid infiltrat1on Mulched plots stored a 
lot of water below the root zone There 1s need for agroforestry in th1s 
area 

Wortmann and Ugen-Adrogu 

The fert1lizer was appl1ed to malle but bean also benef1ted as 1t was 
planted 1n close prox1m1ty w1th ma1ze The exper1mental des1gn was changed 
between seasons in order to ga1n better understand1ng of the system 

For the 1ntroduction of cl1mb1ng bean 1n Uganda the compan1on crop 
(ma1ze) may add another element 1n the d1et s1nce maize is not normally grown 
1n th1s area where banana is the ma1n 1ntercrop component The farmers were 
1nformed and 1nvolved from the onset of the demonstrat1on The ra1sed the1r 
po1nts befare agree1ng to part1c1pate 

Govinden and Ismael 

Economic analysis has been done on other crops and cropp1ng systems and 
will be applled to bean systems 

Ochwoh and Zake 

It was noted that soil problems especially those relatad to pH occur 1n 
various parts of the reglan Screen1ng espec1ally for low pH tolerant 
genotypes 1s necessary In very acid1c conditions nodulat1on was absent 
plants were stunted and root development affected These features may be 
useful as criteria 1n select1ng for tolerance to ac1d1c cond1t10ns It 1s 
planned to evaluate materials cons1dered to possess tolerance to ac1d 
condit1ons but a start has been w1th local cult1vars 

K1dane Georgis 

Where no weed1ng was practised gra1n yield 1ncreased w1th mcreas1ng 
seed1ng rate In Ethiop1a 92 per cent of farmers do not weed the bean crop 

It may be unattract1ve to grow bean with 40 per cent y1eld reduct1on due 

393 



to lack of weeding and high percentage reductions due to other factors taken 
s1ngly There has been no attempt to correlata disease incidence w1th y1eld 
but 1t would be worthwh1le 

Although the added cost of extra seed required to give weed suppression 
effects appears Justified 1n econom1c terms 1t has not been exam1ned 
cnt1cally 

Weed masses were less w1th bean l1nes of plant type I!Ia than with those 
of growth hab1t II 1ndicat1ng a relationship between morpholog1cal 
characterist1cs and ab1l1ty to suppress weeds 

Mutham1a 

Although herb1c1des are expens1ve even med1um to small scale farmers are 
anx1ous to beg1n using them 

Much data were obta1ned from the tnal but time does not permit the1r 
presentat1on here Costs are ava1lable and will be subJected to full financ1al 
and econom1c analys1s Weed dens1ty and compos1t1on may have d1ffered from 
those on farmers f1elds at the start of the experiment because of land 
ut1l1Zat10n h1stones The work needs to be repeated on farmers fields to 
sample real farmers f1eld product1on environments 

K1sakye and Ugen-Adrogu 

Up to ten entnes can be accommodated 1n on-farm variety tnals The 
number Jncluded depends on the number offered If too few are 1ncluded 
promlsJng cultwars may be om1tted Ten farmers from each d1str1ct and five 
from each county are suff1cient to draw conclusions about cultivar 
performance 

Gnsley 

CIAT has recently d1str1buted a new bean line to farmers w1thout 
prev1ously evaluat1ng 1t on farm and 1t has been very popular 

In developed countr1es seeds are sold at up to 73 t1mes the gra1n pr1ce 
In Afr1ca farmers cannot afford such pr1ces so seed compan1es consider seed 
product1on unprof1table Farmer att1tudes may changa as they real1ze that good 
qual1ty seed produces lmproved yields There 1s a need to work on 
demonstrat1on plots through extens1on agencies to ensure that seeds are sown 
and not consumad Though demonstrat1ons are primarily to extend improved 
technology they can also serve as veh1cles for seed distrlbution 

General 

A quest1on was ra1sed if the FSR methodolog1es used in the member 
countr1es are more or less the same It appeared that the maJar components of 
FSR methodology are reta1ned by all programs The use of d1agnost1c surveys to 
pr1or1tize farmer problems and product1on constraints 1s a common phenomenon 
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11 
The 1mportance of multldlSClplinanty of survey teams 1s not shared by all i1 
participants It 1s believed that survey procedures also provide opportun1ties 11 

for researchers to interact closely w1th the farmers and extens1on workers 
Conducting surveys and on-farm tr1als 1s expens1ve and may not be sustainable 
w1thout donor support 
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SESSION VII CLOSING SESSION 

REGIONAL PRIORITIES FOR RESEARCH 

Regional Research Projects 

The opportun1ty prov1ded by Sess1on II for rev1ewing progress on 
reg1onally-supported collaborat1ve research proJects was apprec1ated by 
part1c1pants More d1scuss1on time should be allowed for this purpose in 
future workshops 

Research 1n some proJects was seen to be restr1cted to a single country 
All proJects should become fully regional 1n nature often by fol1ow1ng an 
agroecolog1cal approach that crosses national boundar1es 

The follow1ng pr1or1ty top1cs for new regional projects were 1dent1fied 

a) Agronomy warrants more attent1on 1nclud1ng the areas of 
- so1l fert1l1ty management 
- genet1c tolerance to low phosphorus so1ls 
- use of rock phosphate 
- management of so1l ac1d1ty and alkal1nity 

b) Research on non-formal seed d1ssem1nat1on to ensure that seed of new 
var1et1es reaches large numbers of small producers 

e) Oevelopment of more product1ve cropping systems based on the 1ntroduct1on 
of cl1mb1ng beans 

d) In crop protect1on research on root rots is needed 
attent1on to beanfl1es 

as well as 1ncreased 

Workshop part1c1pants recommended that the regional project approach be 
1ntens1f1ed Potent1al collaborators from interested countries should work 
together in draw1ng up the 1n1t1al proposal 1nd1cat1ng their spec1f1c and 
J01nt respons1b1l1t1es Collaborators should harmonize their experimental 
des1gns 1nclud1ng methods of data collect1on and analys1s Regional 
tra1n1ng could fac1l1tate th1s process 

Research Fac1l1ties 1n the Reg1on 

Wh1le shortages of equ1pment can lim1t the scope of research 1n some 
areas most part1c1pants bel 1eved that much of the most useful work can be 
carr1ed out w1th modest means For example good cond1t1ons for 1noculat1ng 
germplasm l1nes 1n screening stud1es can be obta1ned very econom1cally by the 
use of atom1sers 1n screenhouses CIAT 1tself does not use growth chambers 
for th1s type of work and recommends avo1d1ng equ1pment that 1s very 
sens1t1ve to 1nterrupt1ons 1n electrical supply 

Unwersities in the reg1on are somet1mes well placed to offer research 
fac1 1 1t 1es for use by nat 1ona 1 research programs An example i s Makerere 
Unwerslty s acqu1s1t1on of fac1l1t1es for conduct1ng ELISA tests for plant 
v1 ruses under the reg1onal proJect on BCMV wh1ch 1s 1ntended to prov1de a 
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service to any country in the region While the larger national agricultural 
research institut1ons may be able to contemplate self-sufflciency in research 
equipment financial considerations are likely to continua to favour regional 
collaboration Nowhere is this need more evident than in soil analyt1cal 
laborator1es which are expensive to maintain and generally in poor condition 

National Program Research 

Ways of 1mprov1ng the qual1ty of research 1n nat1onal programs were 
discussed Still more effort is requ1red to achieve the necessary level of 
interdlsciplinarity in particular soc1o-econom1c aspects are often lack1ng 
Social scient1sts are not available to join bean teams 1n some countries but 
other ways of obtaining input in th1s area can usually be found 

Although the amount of on-farm research 1nvolv1ng bean has 1ncreased 
s1nce the last regional workshop in 1987 1t 1s st1ll not enough In 
particular data on crop losses under farmers cond1t1ons are needed for 
1mproving the sett1ng of prior1t1es 

In the area of crop protect1on greater emphasis on ep1dem1olog1cal 
studies w1ll be needed 1f pest and d1sease management strateg1es are to be 
designad 

Observat1ons on the relatwe ments of abandoning or cont1nu1ng wlth 
resea~ch on pest1c1des and fert1lizers led to a l1vely debate In Afr1ca we 
need to avoid falling 1nto the dependence upon agrochem1cals that 
characterizes much of Latin American agricultura where farmers in sorne areas 
make up to twelve 1nsect1c1dal appl1cat1ons to a bean crop Feas1ble 
alternat1ves to agrochem1cals need to be sought 1n the 1nterests of 
sustainable development Fert111Zer use needs to be viewed w1th1n an 
integrated crop management system rather than be1ng developed merely for a 
bean component of that system Scarce research resources should be used 1n 
accordance with carefully developed pr1or1t1es Since fert1lizer research can 
lead fa1rly rap1dly to research recommendat1ons th1s can be undertaken most 
appropriately when research funds are readily ava1lable 1n t1mes of scarc1ty 
on the other hand the longer term research needed to develop susta1nable 
systems of production deserves cont1nuity of support 

Making dec1sions on resource allocat1on to research 1s a nat1onal 
prerogat we and responsib1l1ty However the regiona 1 program a 1 so needs to 
make its research pr1or1ties and w1ll cont1nue to try to complement nat1onal 
efforts by tak1ng a med1 um term approach and by tack 11 ng strateg1c and 
r1sk1er top1cs that may have high potential payoff 

Communicating the Results of Research w1thin the Region 

Partic1pants endorsad the reg1onal program s approach to workshops Th1s 
cons1sts of mult1discipl1nary workshops held every two or three years such as 
th1s one supplemented by specialist workshops and working group meet1ngs at 
the pan-Africa level in collaborat1on w1th other regional bean programs The 
quality of presentations at this workshop had been not1ceably h1gher than 1n ¡' 

the previous one with more data and better use of overhead transparencias by 

1 
speakers 

¡1 
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Future multidlSClPllnary workshops should 1nclude extens1onists and 
address the vital top1c of technology transfer More time is needed for 
d1scuss1ng reg1onal research projects poss1bly at the expense of the number 
of papers presentad and the field trip should be reinstated 

The reg1onal program was encouraged to redouble its efforts to facilitate 
the exchange of national reports among countries It also plans to distribute 
an annua 1 reg1ona 1 report among coll aborators Revw1 ng the Phaseo Tus Bean 
News7etter for Eastern Afnca (formerly published by KARI) was considerad to 
be 1mportant and the reg1onal coord1nator welcomed the recent offer made by 
the 01rector of KARI s Nat1onal Hort1cultural Research Station at Thika 
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CLOSING ADDRESS 

Mrs M N Wabule 

Ass1stant D1rector Kenya Agr1cultural Research Inst1tute 
Na 1 rob 1 Kenya 

CIAT representat1ves Reg1onal Programme Coord1nator Part1c1pants Observers 
Inv1ted Guests Lad1es and Gentleman 

' 

1 

1 

I am de 11 ghted to be he re wlth you to mar k the end of the Second Reg10na 1 l\ 
Workshop on Bean Research 1n Eastern Afr1ca 

11 I am pleased to note that dur1ng the last days you have del1berated on 
very 1mportant 1ssues related to bean product1on namely genet1c 1mprovement 
of beans agronomy and econom1 es of bean product 10n crop protect 10n and 
reg1onal collaborat1ve research 

I am conf1dent that as result of your del1berat10ns you have come up 
with valuable recommendat1ons wh1ch I bel1eve w1ll guide bean research 1n the 
reg1on I hope the reg10nal sc1ent1sts w11l 1mplement these recommendat10ns 
for the benef1t of the farmer 

Allow me Lad1es and Gentlemen to stress the need to 1ntegrate your bean 
research programmes w1th other d1sC1pl1nes such as the nat1onal cereal 
programmes to avo1d 1solated programmes In a recent workshop on farm1ng 
systems and the recent 1 y con el uded farm1 ng systems approach workshop 1 n 
Nyer1 a nat1onal programme on FSA has been agreed upon It 1s therefore our 
wish 1n KARI that we all play our part to ensure FSA takes off 

I note w1th great sat1sfact1on that CIAT and CIMMYT have already played a 
key role 1n formulat1ng s1m11ar gu1del1nes as noted 1n The Plann1ng Stage of 
On-Farm Research - Ident1fy1ng Factors for Exper1mentat1on wh1ch I bel1eve 
was publ1shed last year May I request CIAT to ass1st 1n the 1nformal 
tra1n1ng of our sc1ent1sts by expos1ng them to the procedures st1pulated 1n 

th1s plan 

CIAT has 1n the past played a b1g role 1n the tra1n1ng of our sc1ent1sts 
I thank them for th1s and request them to cont1nue to support our nat1onal 
gra1n legume programme CIAT s nch germplasm and 1nformat10n could benef1t 
our sc1ent1sts greatly 

I appeal to CIAT to facllltate the exchange of germplasm and encourage 
v1s1ts by the sc1ent1sts 1n the ent1re reg1on 

Bean 1s a maJor food crop 1n Kenya as you already know The bean 
programme does not have the external funding wh1ch other programmes enJOY 
Your support therefore w1ll go a long way 1n 1mprov1ng bean product1on 1n th1s 
country 

To the sc1ent1sts who have part1c1pated 1n th1s workshop 1t 1s my 
sincere hope that the contacts you have establ1shed dur1ng the workshop w1ll 
be ma1nta1ned and strengthened to enhance future collaborat1on and sc1ent1f1c 
exchange in the region 
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F1nally on behalf of the Kenya Government and KARI 1 take this 
opportun1ty to thank CIAT and other organizat1ons for their support in 
organ1z1ng and sponsor1ng the workshop May 1 also thank the KARI staff who 
were 1nvolved 1n the organ1zation and the authors of the various papers for 
the effort they put 1n the1r preparat1on 

To our v1sitors 1 must say it has bean a great pleasure to have you here 
w1th us and I would l1ke once more to 1nv1te you to v1s1t Kenya whenever you 
can Kar1bu tena' 

W1th those few remarks Lad1es and Gentleman 1t 1s now my pleasure to 
declare the Second Reg1onal Workshop on Bean Research 1n Eastern Africa 
off1c1ally closed 
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LIST OF PARTICIPANTS 

ETHIOPIA 

Ato Habtu Assefa Plant Patholog1st Melkassa Research Center P o Box 436 
Nazreth 

Ato Kidane Georgis Agronom1st Melkassa Research Center P o Box 436 
Nazreth 

Ato Teshome Girma Breeder Melkassa Research Center PO Box 436 Nazreth 

Ato Tenaw Workayehu Agronom1st Awassa Research Center P O Box 6 Awassa 

Dr Mit1ku Ha1le So1l Sc1ent1st Alemaya Un1vers1ty of Agr1culture P O Box 
138 01 re Dawa 

KEHYA 

, 

Ms Lydia Iren Agronom1st Reg1onal Research Center Embu P o Box 27 
Embu 1 

1 

Mr Patr1ck N Kabira Entomolog1st Nat1onal Agr1cultural Laborator1es Po 
Box 14733 Na1robi 

Mr Samuel T Kanyagia Nematologist Nat1onal Bean Research Program 
Coord1nator Nat1onal Hort1cultural Research Center P O Box 220 Th1ka 

Dr P M K1man1 Breeder Department of Crop Sc1ence Un1vers1ty of Na1rob1 
P O Box 30197 Nairob1 

Mr Isaac Mulagoll Agr1cultural Extens1on1st La1k1p1a Rural Development 
Program P o Box 144 Nanyuk1 

Mr S G S Mu1ga1 Breeder National Horticultura] Research Center P O Box 
220 Th1ka 

Mr J G Muthamia Agronom1st Nat1onal Hort1cultural Research Center P O 
Box 220 Th1ka 

Ms A M M Ndegwa Agronomist Nat1onal Hort1cultural Research Center P O 
Box 220 Th1ka 

Dr J H Nderitu Entomolog1st Kenya Agncultural Research Instltute PO 
Box 14733 Nairobi 

Mr A O Okoko Agronomist Kenya Agncultural Research Inst1tute PO Box 
523 Kis1 i 

Mr Michael E Omunyin Plant Patholog1st Nat1onal Hortlcultural Research 
Center P o Box 220 Th1ka 

Mr Amos Oree Entomolog1st P O Box 11145 Na1rob1 

Dr Benjamin A Oruko Soil Scient1st Department of Soil Sc1ence Un1vers1ty 
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of Na1rob1 PO Box 29053 Nairobi 

Mr G1deon o Rach1er Breeder Kakamega Reg1onal Research Cantar P O Box 
220 Th1ka 

Mr W K Rono Breeder National Dryland Farm1ng Research Center Katumani 
P O Box 270 Machakos 

Mr Johann S1eber 
144 Nanyuk1 

Agronomist La1kipa Rural Development Program P O Box 

MAURITIUS 

Mr FalZal M Ismael Agronomist Food Crop Agronomy Divis1on 
Sugar Industry Research Inst1tute Redu1t 

Mauntius 

Mr A Salem Saumtally Plant Patholog1st Maur1t1us Sugar Industry Research 
Inst1tute Redu1t 

SOMALIA 

Mr Adbulkad1r M Ab1kar Agronom1st CARS Research Directorate PO Box 
24 Mogadishu 

Mr Abd1az1Z She1khdon Farah Agronom1st CARS Research Directorate Po 
Box 24 Mogad1shu 

Mr Abd1rahman A Guled Entomolog1st CARS Research Directorate PO Box 
24 Mogad1shu 

SUDAN 

Dr A 11 K Mohamed Agronom1st Shambat Research Stat 1on P O Box 30 
Khartoum North 

Dr Sal1h H Sal1h Breeder Hudeiba Research Station PO Box 31 Ed Damer 

TANZANIA 

Ms Ruth Kamala Breeder Agr1cultural Research and Train1ng Institute 
Lyamungu P O Box 3004 Moshi 

Dr Em1l T Mmbaga Agronomist Agricultural Research and Tra1n1ng Institute 
Lyamungu P O Box 3004 Moshl 

UGANDA 

Mr Edmond Kikoba Weed Sc1entist ,Kawanda Research Station 
Kampala 

P O Box 7065 

Ms Jane K1sakye Agronom1st Kawanda Research Station P O Box 7065 
Kampala 
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Dr Samuel Kyamanywa Entomologist Department of Crop Sc1ence 
Univers1ty P O Box 7062 Kampala 

Makerere 

Mrs Beatrice S Male-Kayiwa Breeder Kawanda Research Stat1on P O Box 
7065 Kampala 

Mrs Masltuular Sophy Musaana Breeder Kawanda Research Stat1on P O Box 
7065 Kampala 

Mr Charles Nkwnne Soil Microb1ologist Makerere Umversity 
7062 Kampala 

P O Box 

Mr Victor Ochwoh Agnculturist Makerere UniVersity P O Box 7062 
Kampala 

Mrs As1nas1 F1na Opio Plant Pathologist Kawanda Research Station PO Box 
7065 Kampala 

Dr Samson OWera Plant Pathologist Oepatment of Crop Sc1ence Makerere 
University P O Box 7062 Kampala 

Mrs Theresa Sengooba Plant Patholog1st Kawanda Research Stat1on P O Box 
7065 Kampala 

CIAT 

Dr Cesar Cardona Entomolog1st CIAT A A 6713 Cal1 Colomb1a 

Dr Petar Hanson Breeder CIAT A A 6713 Cal1 Colomb1a 

Dr Julia Kornegay Plant Breeder CIAT A A 6713 Cal1 Colomb1a 

Dr Kwas1 Ampofo Entomolog1st SADCC/CIAT P O Box 2704 Arusha Tanzan1a 

Dr Rob1n Buruchara Plant Patholog1st CIAT B P 259 Butare Rwanda 

Dr Charles Wortmann Agronom1st CIAT P O Box 6247 Kampala Uganda 

Dr Howard Gr1dley Breeder CIAT P O Box 6247 Kampala Uganda 

Dr Will1am Grisley Economist CIAT PO Box 6247 Kampala Uganda 

Dr Rogar K1rkby Agronom1st CIAT PO Box 67 Debre Ze1t Ethiop1a 

Mr Jeff Mutimba Tra1ning Off1cer CIAT P O Box 67 Debre Ze1t Eth1op1a 

OTHER INSTITUTIONS 

Dr K B Paul Agronomist U S A I O Reg1onal Economic Development Serv1ces 
Office PO Box 30261 Nairobi Kenya 

Dr Laxman Singh Agronom1st OAU/ICRISAT P O Box 30787 Nairobi Kenya 

Dr Vartan Guiragossian Breeder OAU/ICRISAT PO Box 30787 Nairobi Kenya 
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