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PREFACE 

Tlús volume reports the proceedings of a Pan-African working group meeting on bacterial 
and virus diseases of the eommon bean, and is the 34th in a series of workshop proceedings 
amongst whieh it is a sequel particularly to No. 13 (that a!so addressed virus diseases) and 
to No. 20 (that reported proceedings of the fITSt bean pathology workshop, ineluding work 
on common baeteria! blight). 

Since this workshop was held, bean common mosaie virus (BCMV) has been separated into 
two distinct potyvirus species ; the necrosis-indueing strains of serotype A are now named 
bean eommon mosaie necrosis virus (BCMNV), while serotype B isolates, that do not 
normally induee necrosis except at high temperature, retain the name BCMV that now 
embraces strains ofblaekeye eowpea mosaie and several other legume virus isolates (eds.). 

These documents, whieh are designed to serve the bean research networks in Afriea, are 
supported through funds provided by the Offiee of Agrieulture, Bureau for Research and 
Development, U. S. Ageney for InternationaI Development, under grant No. LAG-4111-G-OO-
2026-00, and the Canadian InternationaI Development Agency (CIDA). Activities of the 
bean research networks in Africa are further supported by the Swiss Ageney for Development 
and Cooperation (SDC). The opinions expressed herein are those of the authors and do not 
necessarily refleet the views of these eontributing donor organizations, nor of CIAT. 

Further information on regional research activities on bean in Afriea that are part of these 
projects is available from : 

Pan-Afriea Coordinator, CIAT, P.O. Box 6247, Kampala, Uganda. 
Coordinator, SADC Sean Network, P.O. Box 2704, Arusha, Tanzania. 
Coordinator, Eastem and Central Africa Bean Research Network 
(ECABREN), P.O. Box 2704, Arusha, Tanzania. 
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OBJECTIVES OF THE MEETING 

R.A. Buruchara 

The First African Bean Pathology Workshop, which was held in Kigali in 1987, addressed 
"the most damaging diseases of common bean in Africa". Virus diseases were not covered, 
so that in due course a worldng group meeting on virus diseases was convened, in Kampala 
in 1990. In May 1992, the flfst Pan-Africa Bean Pathology Working Group met in Thika, 
where proceedings focussed only on fungal pathogens. In order to retain an appropriate 
balance between pathogen groups, the present meeting provides a forum at which to give 
adequate attention to bacteria! and viral diseases of beans. 

Research on bacteria! and viral diseases of beans in Africa is conducted under the auspices 
of national bean programmes, universities and other regional and international research 
institutions in Africa. Collaborative research between universities or between advanced 
laboratories in the USA and Europe, and the national institutions consider certain thernes to 
make use of comparative advantage of collaborators. The Bacterial and Vira! Worldng Group 
comprises key scientists from the bean research networks in Africa who are actively worldng 
on bacterial and viral diseases ofbeans. The group has the responsibility of offering specialist 
advice to the Steering Committees of the bean networks on important bacterial and viral 
constraints, when considering research activities, priorities and strategies proposed by 
network scientiests. This particular meeting brings together scientists from sorne of the 
national programmes in Africa, universities and some of the collaborating research 
institutions in Europe working on viral and bacterial diseases. 

The objectives of the meeting are : 

a. To offer a forum for peer review of on-going research activities on bacterial and viral 
bean diseases and to facilitate exchange of informatíon among scientists. 

b. To review past and current research actívities of regional (bacteria! and viral) sub-projects 
and any other to be able to assess past achievements and on-going research on bacterial and 
viral diseases. 

c. To develop future strategies and determine specific arcas, and priorities to be considered 
by research (sub-projects). 

d. To review the effects of bacterial and viral pathogens and the role of research on 
quarantine regulations and excbange of germplasm. 

e. To identify ways for improved collaboration, sharing of responsibílities and exchange of 
information and research results. 

The meeting will be ron in two separate parts. The first will comprise presentation of 
research on virus diseases (Session 1) and on bacterial diseases (Session 2), with speakers 
drawing attention not only to their results bUí also to their failures and difficulties. These 
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will then be used as the basis for the second part, topies to be addressed in two worldng 
groups, one for bacterial and one for viral diseases. The working groups will employ the 
Projeet Planning by objectives (ZOPP) method that was used most effectively at the Thika 
meeting (see Workshop Procs No. 23) to identify problems, analyze solutions, and to develop 
areas for future research. 
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VARIATION FOR PATHOGENICITY AMONG ISOLATES OF BEAN'· . 
COMMON MOSAJC VIRUS IN AFRICA 

Nicola J. Spence and Davitl G.A. Walkey 

Horticulture Research Intemational, Wellesbourne, Warwick, UK 

ABSTRACT 

BCMV isolates were collected from crops of Phaseolus vulgaris (bean) and from wild legume 
species in Burundi, Ethíopia, Kenya, Lesotho, Malawi, Morocco, Rwanda, Swaziland, 
Tanzania, Uganda, Zaire, Zambia and Zimbabwe. Isolates ofpathotype VEa from both beans 
and wild legume species were predominant in central, eastem and southem Africa. Isolates 
of pathotypes 1, l/I, /Va, IVb and Va were a/so found. There was considerable variation for 
pathogenicity among isolates and several novel pathotypes were identified based on the 
reactíons of a set of differentíal bean cultivars. 

INTRODUCTION 

The aim of this study was to investigate the pathogenicity of BCMV isolates obtained from 
samples of infected beans and wild legume species in central, southern and eastem Africa. 
Several sources of resistance to BCMV are available but it is essential for plant breeders to 
have knowledge of the distribution of and variation among BCMV isolates in the region 
where new cultivars are to be deployed to achieve a sustainable improvement in crop 
production. Pathotypes of BCMV are identified by their pathogenicity on a set of differential 
bean cultivars. Hitherto, ten pathotypes of BCMV (referred to previously as pathogenicity 
groups) have been identified on the basis of differential host responses (Drijfhout, 1978). 
Monoclonal antibodies differentiate BCMV isolates into two serotypes and there is a 
correlation between pathotype and serotype where ¡solates belonging to pathotype 111, VIa 
and VIb also belong to the "A" serotype, while isolates of all other pathotypes belong to the 
"B" serotype (Wang et al., 1984). 

MATERIALS AND METHODS 

Surveys 

Field surveys were carried out in collaboration with personnel of Centro Internacional de 
Agricultura Tropical (CIAT) and National Bean Programmes in Lesotho, Malawi, Swaziland, 
Uganda and Zimbabwe (January 1990), Ethiopia (September 1990), Morocco (November 
1990), Rwanda, Tanzania, Uganda and Zaire (May 1991), Burundi, Kenya and Rwanda 
(November 1991). In addition, samples were received at Wellesboume directly from Africa. 

Host plants. virus isolates, inoculations and maintenance of cultures 

Seeds of test plants were germinated in plastic boxes on damp cellulose wadding by 
incubating them for four days at 25°C. The germinated seed was planted in M2 Levington 
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compost (Fisons, UK) in 7 cm plastic pots. Plants were sown in an insect-proof glasshouse 
at 26"C; from October to March supplementary lighting was provided to give a daylength of 
16 hours. Seeds of the genera Chenopadium and Nicotiana were sown directly in sifted peat 
compost and germinated seedlings pricked out into individual pots. 

Infected plant material was collected as leaves. ff samples other than bean were collected, 
addilional herbarium material was preserved in a flower press and photographs taken to aid 
identification. For each sample, records were taken of locatíon, altitude, host species, 
cultivar (if known) and disease severity. Leaf samples were placed between two sheets of 
filter paper (Whatman No.l), lightly moistened with water and placed in a polythene bago 
The samples were stored in cool bags in the field and later refrigerated at 4-5°C, until they 
reached the laboratory (usually within 2-3 weeks). Additional similar leaf samples were 
immediately dried in plastic scintillation vials containing approximately 10 g of coarse CaCI3• 

Samples (fresh or dried) were homogenised in 1 % ~HP04 solution containing 0.1 % N~S03 
(1 g/mI) and used for sap transmission to appropriate test seedlings including: P. vulgaris ev. 
Double White (Dubbele Witte), Chenopadium quinoa, Nicotiana benthamiana, N. clevelandii, 
Vigna unguiculata and V. radiata. Sap inoculum. for sub-culturing was prepared in the same 
way. Some virus isolates were obtained from infected seedlings grown from seed samples 
coIlected in Africa. 

BCMV strains representing pathotypes: 1 (NLl), III (NLS), !Va (NVRS), IVb (NL6), Va 
(NY15), VIa (NL3), Vlb (NL5) and VII (NL4) (Drijfhout, 1978) were maintained in bean 
ev. Double White and are referred to as .. standard" strains to be used for comparison with 
unidentified isolates. Cultures of blackeye cowpea mosaic potyvirus (BICMV), eowpea 
aphid-bome mosaie potyvirus (CAMV), peanut mottIe potyvirus (PMV) and alfalfa mosaie 
virus (AMV) were also maintained for comparison. 

DifferentiaI bean cultivars 

Original seed was obtained from E. Drijfhout (Agricultura! Research University, 
Wageningen, The Netherlands) and multiplied at Wellesboume in insect-proof polythene 
tunnels. Up to 22 eultivars were used to characterise BCMV isolates on the basis of 
systemic infection (Drijfhout, 1978). A mínimum of two cultivars per host resistanee group 
were used in eaeh test and four seedlings of each cultivar were inoeulated as soon as the 
primary leaves unfolded. In addition, two further plants of eultivars in resistance group 8, 
9a, 9b and 10 (which possess the dominant 1 gene) were inoculated with eaeh isolate and 
maintained in a eontrolled enviromnent eabinet at 32°C to identify those iso lates which 
induced systemic necrosis only at this higher temperature. 

Eaeh plant was scored for symptoms at intervals up to 4 weeks after inoculation. Differential 
eultivars lhat developed questionable symptoms were back-inoculated to plants of ev. Double 
White to check for virus infection, or the suspect plants were tested for infection by ELISA. 
PotentialIy míxed infections were baek-inoculated from individual cultívars to a new set of 
differential cultivars. Isolates were assígned to pathotypes according to the reactíon patterns 
of the differential host cultivars. The reaction pattern of the differential host cultivars 
following inoeulation with the standard BCMV strains was investigated to confirm the 
original deseriptions by Drijfhout (1978). 
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Enzyme-linked immunosorbent assay (ELISA) 

A number of monoclonal antibodies and polyc1onal antisera were used in ELISA to aid the 
identification of the BCMV isolates and other viruses (Clark & Adams, 1977). Monoclonal 
antibodies bc-1-3 (BC3) and 197 were broad-spectrum, reacting in plate-trapped antigen 
ELISA (PTA-ELISA) with a11 BCMV strains and other potyviruses inc1uding BICMV, 
CAMV and PMV. In contrast, monoclonal antibodies bc-l-1A4 (BC!) and 12 were highly 
specific 10 BCMV strains of the "A" serotype only. Each survey sample was tested with 
these monoclonal antibodies by PTA-ELISA in duplicate wells. To aid identification, 
samples were also tested in direct double-antibody sandwich ELISA (DAS-ELISA) with a 
number of polyclonal antisera raised to specific BCMV strains and other potyviruses. 

RESULTS 

BCMV isolates from P. vulgaris 

In general, the reaction paneros observed following inoculation of the differential bean 
cultivars with the standard strains of BCMV were consistent with those described by 
Drijfhout (1978). SmaJl differences that were observed can probably be atrributed to 
enviroumental variation (particularly temperature). BCMV was isolated from 149 ofthe 647 
samples of P. vulgaris collected in Africa (Table 1). From the remaining 498 samples either 
no virus was detected, or BCMV was detected by ELISA but not isolated. Viruses other 
than BCMV were isolated from sorne samples or detected by ELISA but not isolated (Spence 
& Walkey, 1994). Variation in the reaction paneros observed on differential cultivars 
following inoculation with the BCMV isolates from Africa suggested that each could be 
considered as distinct. However, the ¡solates have been assigned, wherever possible, to the 
pathotype to which their reaction patteros most c10sely conformed. In sorne cases, 
assigument to a pathotype was clear-cut as rcaction paneros were identical to those of the 
standard strain representative of the pathotype. In other cases there were small but distinct 
and consistent differences between the reaction phenotype ohserved and that of standard 
strains. This variation included the failure of an isolate to infect one particular cultivar from 
a particular host resistance group even though other cultivars of the same group were 
infeeted. Isolates whose reaction phenotype deviated from that of the standard strain by 
variations such as this were still assigned to the pathotype they most closely resembled. 
Isolates whose reaction patteros did not conform to any previously described pathotype were 
considered to represent novel pathotypes. 

Approximately 53% ofBCMV ¡solates from P. vulgaris were assigned to pathotype VIa, the 
reaction phenotypes on differential bean culti vars being similar to NL3. Isolates of pathotype 
VIa occurred widely in all the areas surveyed except Ethiopia. Isolates assigned to pathotype 
III, being similar to NL8, had a more limited distribution, being found only in Burundi, 
Rwanda and Tanzania. Isolates assigned to pathotype 1 were found occasiona11y in Burundi, 
Ethiopia, Tanzania and Uganda aod an isolate assigned 10 pathotype IVa was found in only 
one sample from Zimbabwe. The distribution of isolates assigned lo pathotype IVb was 
more widespread and they were frequently isolated from infected seed. The distribution of 
isolates assigned to pathotype Va was restricted to westem Kenya, which was in marked 
contrast to the rest of the country where all other isolates obtained were assigned to 
pathotype VIa. Isolates of apparenúy novel pathotypes were found infeeting P. vulgaris in 
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aJl of tbe countries surveyed except Uganda. 

In Ethiopia tbere was a much lower incidence of BCMV tban in !he otber areas surveyed and 
!he absence of isolates of tbe "A" serotype is significant. When infection by BCMV was 
found, !he symptoms were generally mildo OnIy two isolates of BCMV were obtained which 
were botb of tbe "B· serotype and were assigned to patbotypes 1 and IVb. In addition, !bree 
isolates of apparently novel patbotype were found al different locations in tbe Rift Valley, 
tbese were confirmed to be of tbe "B" serotype of BCMV. 

In most countries tbere was Httle difference between tbe strains found at or near research 
stations and tbose found in fanners' fields. In Malawi, however, isolates assigned to 
patbotype VIa were only found near tbe Bunda College and Makapwa Research Stations 
while ¡solates assigned to patbotype IVb were only found in fanners' fields. The recovery 
of a single isolate confonning to patbotype IVa from tbe Harare Research Station, 
Zimbabwe, may have originated from imported virus-infected seed because no otber isolates 
of tbis type were found in Zimbabwe. 

The "A" serotype of BCMV was detected by ELISA in several bean plants collected in a 
very limited survey in Morocco. However, BCMV was always present in a mixed infection 
witb alfalfa mosaíc virus (AMV) and as a consequence the reaction of differential bean 
cultivars to tbese isolates was not detennined. 

Full details of a1l BCMV isolations made during the survey have been documented by Spence 
& Walkey (1994). 

BCMV isolates rrom wild legume species 

BCMV was isolated from several wild legume species in Kenya, Malawi, Rwanda and 
Uganda (Table 2). Isolates 28 and 30 from Crotalaria incana and isolate 38 from Glycine 
max obtained from Nakabango, Uganda were all oftbe "A" serotype and prnduced a similar 
set of reaction patterns on differential host cultivars. Systemíc veinal necrosis was observed 
in cultivars of host resistance groups 1 and 4, but this reaction was not tbe typícal 
hypersensitive reaction associated witb tbe action of the 1 gene. The phenotypic reaction 
pattern was not similar to any previously described BCMV pathotype and !he isolates were 
tberefore considered to comprise a novel pathotype. Isolate 465 from Cassia hirsuta 
(synonym Senna hirsuta) obtained at Bnkalasa, Uganda was of the "B" serotype and 
following inoculation of differential host cultivars tbe reaction pattern confonned to patbotype 
I. An isolate of tbe "A" serotype (499) from Macroptilium atropurpureum obtained at 
Mubuku, Uganda confonned to pathotype VIa following inoculation of differential bean 
cultivars. 

An isolate of the "A" serotype (531) from Vigna unguiculata growing as a weed in a bean 
plot in Rwanda confonned 10 pathotype VIa while tbree otber isolates of!he "A" serotype 
(820, 830 and 836) trom Cassia sophera (synonym Senna sophera) obtained trom different 
sites in Rwanda displayed a novel set of reactions patterns on differential cultivars and were 
considered to be previously undescribed patbotypes. 

6 

f 



Isolate 145 from a Rhynehosia spp. (not in flower) growing at Champhira, Malawi was of 
!he "B" serotype. This isolate conformed to pa!hotype IVa following inoculation of 
differential bean cultivars. 

At Nyangusu, near Kisii, Kenya an isolate (956) of!he "B" serotype was obtained from 
Vigna vexillata and !he reaction pattem on differential host cultivars assigned it 10 pa!hotype 
Va. At Nyangena, c. 30 km Crom the Nyangusu site, an isolate (963) of!he "B" serotype 
obtained from Crotalaria eomanestiana produced a novel reaction pattem on differential bean 
cultivars and was !herefore considered lO represen! a novel pathotype. The survey indicated 
!hat herbaceous wild legume species were numerous in Burundi, Malawi, Rwanda, Uganda 
and !he wetter parts of Ethiopia and Kenya. Fewer herbaceous Iegumes were observed in 
o!her areas and no samples were collected from wild legumes in Leso!ho, Swaziland, Zaire 
or Zimbabwe as none were observed to have virus symptoms. 

Full details of all BCMV isolations made from wild legumes in the different countries have 
been documented by Spence & Wa1key (1994). 

DISCUSSION 

BCMV isolates were assigned lo pathotypes according to !heir pa!hogenicity phenotype on 
differential host cultivars and could readily be classified as belonging to ei!her the "A" or 
"B" serotype by ELISA. Pa!hotype and serotype were strongly correlated. The results 
clearly demonstrated the widespread occurrence and predominance of the "A" serotype in 
central, eastem and sou!hem Africa; this serotype was completely correlated with the 
occurrence of a temperature-independent necrotic response by cultivars carrying the 1 gene. 
The study also demonstrated !he variation in pathogenicity which existed between isolates 
from wild populations of BCMV. The widespread occurrence of isolates similar to NL3 
and NL8 and of o!her isolates of!he "A" serotype wi!h novel pa!hogenicity phenotypes, 
emphasizes !he importance of incorporating resistance to !hese so-called necrotic strains into 
new cultivars. Many cultivars !hat have been introduced into bean improvement programmes 
in Africa carry muy !he dominant 1 resistance gene and are therefore susceptible to "black 
root" when infected by any isolate which provokes necrosis in the presence of this gene. In 
areas where necrosis-inducing isolates exist it is essential to incorporate additional resistance 
genes such as bc22 or be3 into breeding programmes. Exceptionally, necrosis-inducing 
isolates of!he "A" serotype were not located in E!hiopia. However, three isolates ofa novel 
pathotype were found !hat did induce necrosis in host group 8 cultivars even though !hey 
were of!he "B" serotype. In Ethiopia, cultivars carrying the [ gene alone may be sufficient 
to confer resistance against BCMV in most areas, but plant breeders need to be aware of the 
existence of !his novel pa!hotype which could influence !he durability of any newly 
introduced resistant bean cultivars. Because of the considerable variation that between 
isolates, the use of local isolates is considered more appropriate for screening local 
germplasm for resistance. The occurrence of BCMV in several wild legume species has 
significance as if such species have a role in !he epidemiology and evolution of BCMV this 
could also affeet !he durability of resistant cultivars. 
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Table 1. 

Coun
tryl 

Number of isolates of BCMV derived from countrles in Africa 
and assigned to particular pathotypes 

BCMV Pathotypes 

1 II III IVa IVb Va Vb Vla VIb VII Nov T 

BU 1 
ET 1 
KE O 
LO O 
MW O 
RW O 
WD O 
TZ 1 
UG 1 
ZR O 
ZA O 
ZW O 

Total 4 
% 3 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

O 
O 

8 
O 
O 
O 
O 
4 
O 
2 
O 
O 
O 
O 

14 
9 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
1 

1 
1 

2 
1 
O 
O 
1 
2 
1 
O 
2 
O 
1 
2 

12 
8 

O 
O 
1 
O 
O 
O 
O 
O 
O 
O 
O 
O 

1 
1 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

O 
O 

10 
O 
O 
2 
7 

22 
1 
6 

11 
1 
4 
8 

79 
53 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

o 
O 

O 
O 
7 
O 
O 
O 
O 
O 
O 
O 
O 
O 

o 
O 

1 BU, Burundi; ET, Ethiopia; KE, Kenya; LO, Lesotho; MW, Malawi 
RW, Rwanda; WD, Swaziland; TZ, Tanzania; UG, Uganda; ZR, Zaire; 
ZA, Zarubia; ZW, Zimbabwe. 
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5 26 
3 5 
7 15 
1 3 
6 14 
3 31 
1 3 
6 15 
O 14 
3 4 
1 6 
2 13 

38 149 
25 100 



Table 2. BCMV isolates obtained from wild legume species in Africa 

--------------------------------------------------------------------------------------------------------------------
lsolate Host species Country of BCMV BCMV 
number origin serotype Pathotype 

28 Crotataria incana Uganda A Novel 
30 Crotataria incana Uganda A Novel 
38 Glycine ma.x Uganda A Novel 
145 Rhynchosia sp. Malawí B IVb 
465 Cassia hirsuta Uganda B 1 
499 Macroplilium 

atropurpureum Uganda A VIa 
531 Vigna unguiculata Rwaoda A VIa 
820 Cassia sophera Rwaoda A Novel 
830 Cassia sophera Rwanda A Novel 
836 Cassia sophera Rwanda A Novel 
956 Vigna vexiltata Kenya B Va 
963 Crotalaria comanestiana Kenya B Novel 

1 Serotype determined usíng monoclonal antibodies 197 and 12 
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THE OCCURRENCE OF BEAN COMMON MOSAIC VIRUS IN WlLD AND 
FORAGE LEGUME SPECIES IN UGANDA* 

/ (. '- ~ " 

'" 1 G 2 "T 2' 3 T.N. Sengooba ,D .. A. Walkey, rd. Spence, D.l. ABen 
and A. Femi LáÍIa4 

1 Namulonge Research Institute, Uganda; 2 Horticulture Research International, 
Wellesbourne, UK; 3 CIAT Regional Bean Programme, Arusha, Tanzania; and 4 Sokoine 
University of Agriculture, Morogoro, Tanzania. 

ABSTRACT 

Necrosis inducing BCMV isolates were obtained from a range of wild and forage legume 
species growing in Uganda. Thirteen distinct isolates were identified on the bases of 
symptoms, pathogenicity in bean differential cultivars, serology, irnmunosorbent electron 
microscopy, seed-and aphid-transmission. Some isolates conformed with the characteristics 
of previously described slrains but others showed novel properties. Two ¡solates (429 and 
472) cGUSed necrosis in ¡-gene carrying bean cullivars but gave negative tests against 1-2 
monoclonal antibodies specific for "A" serotypes of BCMV. All isolates reinfected (he 
natural host from which they were obtained. The origin and ecological significance of these 
isolates is discussed. 

INTRODUCTION 

Bean common mosaic virus (BCMV) is a disease of global importance occurrlng wherever 
common beans (Phaseolus vulgaris) are grown and can cause severe crop losses in eastern, 
central and southern Africa. The virus is recognised as comprising two serotypes based on 
their pathogenicity reactions on a range of differential bean genotypes (Drijfhout, 1978; 
Morales & Bos, 1988). Serotype "A", also known as the necrotic strains, induce a 
hypersensitive and ofien lethal necrosis in bean genotypes possessing the dominant 1 
resistance gene, while "B" serotypes (non-necrotic strains) cause only mosaic symptoms in 
susceptible bean cultivars (Drijfhout, 1978; Wang, 1983; Vetten et al., 1992). 

Strains of the "A" serotype have been reported lo predominate in the major bean growing 
regions of eastern, central and southem Africa with the exception of Ethiopia, where only 
"B" serotypes have been found (Goothales, 1986; Vetten et al., 1991; Spence & Walkey, 
1994). The predominance of "A" serotype strains in Africa, which is not the centre of origin 
of Phaseolus vulgaris suggests that these necrotic strains may have originated in sorne other, 
indigenous legume species in Africa . 

.. The substance of this paper has now appeared in revised form in 
Plan! Pathology 46,95-103 (ed.) 
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Recent serological and protein sequencing studies have indicated tIlat the "A" and "B" 
serotypes may be distinct viruses and it has been suggested tIlat the "A" serotypes should be 
called bean common mosaic necrosis virus (BCMNV) (Vetten et al., 1992, Khan, 1993). 
Until the debate on the systematics of BCMV is resolved, both the "A" and "B" serotypes 
are referred 10 as BCMV in this paper. 

Previous studies have reported the occurrence of necrotie "A" serotypes similar to the 
standard NL3 strain (pathogenicity group V1a; Drijfhout, 1978) infecting bean erops in 
Uganda and the isolation of novel isolates from Crotalaria ¡ncana and Glycine l1U1X which 
were similar but distinet from the "A" serotype standard strain NL8 (pathogenicity group III; 
Spence & Walkey, 1994). This paper reports the results of a more extensive survey of 
legume weed and forage species throughout Uganda in whieh numerous nA" serotypes 
isolates have been found and charaeterised. New hosts of the virus and novel strains are 
reported. 

For the purposes of this paper the defmition of novel isolate, novel strain, strain type, 
standard strain, pathogenicity group and pathogenicity phenotype are as defmed by Spence 
& Walkey (1994). 

MATERIALS AND METHODS 

Collection. isolation and maintenance of virus isolates 

Sarnples were eolleeted from wild and forage legume species showing suspeeted virus 
symptoms in various regions of Uganda during 1992 and 1993. Leaf samples were 
refrigerated at 4° C prior to laboratory testing, or were dried in vials eontaining ealcium 
ch10ride (Spence & Walkey, 1994). Virus inoculum was prepared by grinding leafmateriaJ 
in 1 % phosphate solution ~HP04 containing 0.1 % Na2SOJ, in the proportion of 1ml 
solution to 19 leaf material, and inoculated to bean seedlings of ev. Double White. EUSA 
serology tests were also made on the collected leaf samples (Spence & Walkey, 1994). 

Isolates whieh gave positive tests in EUSA for BCMV were further propagated in bean 
plants cv. Double White to increase virus eoncentration before they were stored in liquid 
nitrogen. Additional cultures of each ¡solate were maintained in ev. Double White by sub
culturing and by harvesting infected seed from these plants. Virus-free seed stocks of ev. 
Double White were used in all experiments and the isolates were maintained in an aphid
proof screenhouse (Clovis Lande) at Namulonge and in aphid-proof glasshouses at 
Wellesboume. 

The BCMV standard strains, NL3 and NL8 (Drijfhout, 1978), isolate 30 (a novel NL8 strain
type isolated from Crata/aria ¡!/Cana in Uganda, Spence & Walkey, 1994) and isolate 458 
(a NL3 strain-type identified in Uganda, Spence & Walkey, 1994) which were used as 
eontrols in various experiments, were supplied by HRI, Wellesbourne and maintained in bean 
ev. Double White as described aboye. 

12 



Differentíal bean cultivars 

The virus isolates were identified and charaeterised according to the reaetíons they induced. 
(pathogenieity phenotype) in a selected range of differential bean eultivars (Drijfhout, 1978). 
The eultivars used are shown in Table 1. Four seedling of each were raised in an aphid
proof screenhouse and sap-inoculated with the test ¡solate at the primary leaf stage using 
standard procedures (Morales, 1989). The standard strain of NL3 and Ugandan isolate 458 
were also inoculated to four seedlings as controls. Plants were observed for 4 weeks, after 
which symptomless plants were tested by ELISA and back-tested on ev. Double White 10 
detect any latent infection. 

Host range studies 

Each test isolate was retum inoculated to the legume species from whieh it was isolated. The 
test seedlings were grown in Levington (M2) compost in a glasshouse maintained at 
approximately 210 (day) and 170C (night). Inoculated seedlings were observed for symptoms 
ror 6 weeks and symp10mless seedlings were tested for latent infeetion by ELISA. A range 
of legwne species (Table 5) known to oceur naturally in Uganda were also tested in a 
screenhouse at Namulonge for their susceptibility to isolate 458 (a NL3 strain type isolated 
rrom P. vulgarls in Uganda; Spence & Walkey, 1994) and isolates 197 and 308 found in this 
study. Seeds were supplied by the Intemational Livestock Centre ror Africa (ILCA) in 
Ethiopia and by CIAT from Colombia. AIl seeds were scarified prior to germination on 
damp filter paper in petri dishes at 22°C ror 4 days. When the radicals had emerged the 
seeds were planted in sterilised soil in clay pots. Samples from all seed batches were tested 
before virus inoculation to ensure that they were free from seed-bome virus. Four seedlings 
were inoculated with each test isolate. Virus inoeulum was prepared as deseribed above. 
AIl inoculated seedlings were tested by ELISA using Mab 1-2 and back-tested on cv. Double 
White 4 to 6 weeks after inoculation to confum virus infection. 

Enzyme-linked immunosorbent assay mLISA) and eleetron microscollY 

Direct ELISA using polyclonal antibodies (Pab) and indireet ELISA using Pab's and 
monoclonal antíbodies (Mab's) were carried out using standard procedures (Clark & Adams, 
1977; Kemeny, 1991). A reaetion was considered posítive ¡fthe absorbency value at 405nm 
was twice that of the healthy control. The following antibodíes were used in ELISA and 
electron microscopy tests: Pab's to standard BCMV strains NL3, NL8, NL6, isolate 30 ( 
a novel "A" serotype BCMV strain isolated from erotalarla incana in Uganda, Spence & 
Walkey, 1994), blackeye cowpea mosaic (BlCMV), peanut mottle (PnMoV), and cassia 
severe mosaic (CSMV) viruses. AIl Pab's were supplied by N.J. Spence. Mab's 1-2, 197 
and 463 were supplied by G.L Mink, University of Washington, USA. 

Leaf samples showing virus symp10ms were examined in an electron microscope using the 
, quick -dip' method (Brandes, 1957) to detect the presence and size of any virus particles. 
Immunosorbent electron mícroscopy (ISEM) (Derrick, 1973, Walkey & Webb, 1984) was 
used as an aid to identify each isolate and to investigate their relationship with the standard 
BCMV strains and other potyvimses. 
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Seed-and aphid-transmission 

The seed-transmission of the thirteen test iso lates was assessed in P. vulgaris cv. Double 
White in three experiments. Firstly, seeds were collected from the plants used for 
maintenance of stock isolate cultures. Seedlings gerrninated from this seed were visually 
assessed for virus symplorns. Secondly, seed was harvested from 45 plants grown in fifteen 
20cm clay pots each containing three seedlings. Each seedling was inoculated at the 
trifolioIate leaf stage (considered to be earIy enough 10 insure infection but not too soon to 
prevent seed set; Morales & Castano, 1987). The experiment was carried out in a 
screenhouse (Rossel-type) which allowed daytime temperatures of 30 to 36"C. Harvested 
seeds were germinated and seedlings evaluated for visual virus symptoms. Thirdly, the 
above experiment was repeated in a Clovis-Lande screenhouse which provided daytime 
temperatures 4"C cooler than the Rossel house. 

Aphid-transmission tests were carried out using a virus-free coIony of Aphis Jabae. The 
aphids were cultured on bean genotype MCM 5001 (a cultivar protected by the 1 gene and 
known to be resistant to BCMV infection; H. Gridley, personal communication. Test virus 
transmissions were made using the "leaf-piece" melhod (Walkey, 1991). Apterous aphids 
were starved for 1 h and placed on infected leaves for acquisition feeds lOmin.1ong. One 
centimetre squares, each wilh several feeding aphids, were cut from Ihe leaves aod placed 
on the test bean seedling cv. Double White. Five or ten seedlings were used for each of Ihe 
ten isolates tested. Inoculated seedlings were kept in an isolation chamber for 24 h before 
the aphids were killed by watering with Ambush (SOg/1 Cypermethrin). Test plants were 
evaluated for visual symptoms 3 to 4 wk after inoculation. 

RESULTS 

Isolatiol"! oC virus ísolates 

598 samples were collected from 43 different legume species from 20 genera showing virus
like symptoms at different locations in Uganda. Eight per cenl (51/598) of Ihese samples 
induced virus symptoms when inoculated to bean cv. Double White. 38 of the 51 samples 
(74 per cent) reacted positively in EUSA tests against Mab 197 which indicated the presence 
of BCMV or a related potyvirus. In further EUSA tests, 11 of the 38 isolates (from nine 
different legurne species, Table 2) reacted positively with Mab 1-2 (Table 2) whích is s.pecific 
for necrotic, "A" serotypes of BCMV (G. Mink, personal communication; Spence & 
Walkey, 1994). In addition. isolate 472 gave a negative reactíon against Mab 1-2 but a 
positive reaction against Mab 463 and Pab 30, which are specific for BCMV aod BCMV "A" 
serotypes, respectively (Spence, 1992). lsolate 429 also reacted negatively against Mab 1-2 
bul positively against Pab 30. 

Electton microscope examínation of leaf samples infected with these 13 isolates showed lbat 
all contained elongate, rod-shaped particles of approximately 750nm in length, consistent 
with the known length of BCMV (Morales & Bos, 1988). 

BCMV "A" serotypes were al80 detected by Mab ELISA tests in Albizia coriaria Welw. ex 
Oliv., Desmodium intonum (MíII.) Urb, D. uncinatum (Jacq.) DC, Rhynchosia resinosa (A. 
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Rich.) Bak, Tephrosia barbigera Welw. ex Bak. and T. paniculata Bak., but virus was not 
isolated in bean ev. Double White from these species. 

Charaeterization oC isolates 

The 13 "A" serotype isolates were further eharaeterized in pathogenieity, serological and 
transmission tests. 

Reaetions on differential bean cultivars 

The pathogenicity phenotype of the 13 iso lates was determined by inoculation of the 
differential bean cultivars as shown in Table 3. Isolates 741, 197,218,463,473 and 496 
eaused reaetions that were typical of the standard strain of NL3 (pathotype group VIa) and 
isolates 472 and 534 reaetions that were typical of the standard NL8 strain (pathotype 111). 
Isolate 472 was serologically atypicai, however, in that it did not react with Mab 1-2 (Table 
3). The responses of the other five ¡solates were distinct from those of Imown strains of the 
virus and must be considered novel isolates. Isolates 308 and 574 differed from the standard 
NL3 strain in not infeeting host resistance group 2 and would eorrespond with the theoretical 
pathogenity genotype V9 (Drijfhout 1978; Spence & Walkey, 1994). Isolate 598 differed 
from the standard NL3 strain in not infecting host resistance group 3 cultivars and 
corresponds with theoretieal genotype V7. Isolate 429 differed from the standard NL8 strain 
by latently infeeting host resistance group 6 eultivars, so eorresponds with theoretieal 
genotype VII. Isolate 524 also differed from the standard strain NL8 in infeeting ev. Pinto 
114 of host resistanee group 5. 

AH 13 isolates eaused systemic necrosis at both 26 and 32 C ~p. s~ptiplebeané\lí~~~s 
earrying the 1 gene, indicating that they are temperature-indepébdent isOlates. ..:'! 

• , .' _ ~4 

Serological relationships 

" " l 

In EUSA tests the 13 isolates did not react with Pab's to PnMoV, BICMV or CSMV; exeept 
for isolates 429 and 472 which gave positive reactions against PnMoV antiserum (Table 3). 
Considerable variation was observed in their reaetions against Pab's lo BCMV strains NL3 
and NL8, and isolates 741 and 534 did not reaet against Pab'g to ¡solate 30 from Uganda. 
As mentioned earlier, all13 isolates were detected by Mab 197 whieh is specifie for BCMV 

and related potyviruses, but isolates 429 and 472 did not reaet with Mab 1-2 whieh is specifie 
for "A« serotypes. Similarly, isolates 197 and 308 did not reaet with Mab 463 whieh is 
norrnally specifie ror all BCMV strains. 

In ISEM tests, all ¡solates were deeorated by Pab's to both NL3 and NL8 standard strains 
exeept 429 and 472 whieh were decorated by NL8 but not by NL3 antibodies. 

Host range in legume species and virus transmission 

In screenhouse tests, all 13 ¡solates were found to reinfeet the original host from which they 
were isolated. In a further experiment ¡solate 197 Ca standard NL3 strain-type) isolate 308 
Ca novel" A" serotype strain) and isolate 458 (NL3 strain-type originally isolated from P. 
vulgaris in Uganda), were inoculated to a range of indigenous and introduced legume species 
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that occur in fue wild in Uganda. The symptoms induced by fue viruses and fue results of 
fue ELlSA to test tor latent infection in fuese hosts are shown in Table 5. The results 
showed that fue three ¡solates varied in their virulenee in fue 14 legume species that became 
infected and that fue majority of fue species infected developed no visual symptoms. The 
following additional species were inoculated but did not become infected : Calopogonium 
mucunaides, Crotalaria brevidens. C. labumifolia. lndigofera hirsuta, l. erecta, 
Macroptilium atropurpureum and Neonotonia wightii. 

Eight of the test isolates and isolate 458 were found to be seed-transmitted in bean cv. 
Double White with percentage transmission ranging from 31 to 64 pereent (Table 6). Aphis 
fabae transmitted ten of fue test isolates as well as isolate 456 and the standard strain NL3 
in a non-persistent manner from infected to healfuy seedlings of cv. Double White. 

DISCUSSION 

This study has confmned that necrosis-inducing "A" serotypes of BCMV are prevalent in 
Uganda in many wild legume species. Sorne of the isolations made were in areas of scrub 
vegetation distant from cultivated P. vulgaris. These results provide further evidence in 
support of fue fueory that fue wetter, humid areas of Uganda and eentral Africa, where the 
number of wild endemic legume species is high, could be the geographical centre of origin 
of fue "A" serotype strains of BCMV (Spence & Walkey, 1994). In contrast, the non
necrotic "B" serotype strains that oceur in Africa are likely to have been introduced as seed
borne virus, together wifu P. vulgaris from Latin America (F. Morales, personal 
communication). This study, together with other reports (Spenee & Walkey, 1994), has 
clearly demonstrated that fue "A" serotype strains are readily transmitted to beans from wild 
legume species by local aphid 5pecies and that they may be seed-transmitted in P. vulgaris. 

The results of the experimental sap transmission of isolates 197, 308 and 458 to a range of 
locally occurring legumes species are interesting (Table 5). Firstly, fuey show Crotalaria 
spinasa and lndigafera spicata to be hosts of BCMV for the fírst time and secondly, they 
indicate that the infection induced in many species is latent. Such symptomless infection 
suggests that many of these species are tolerant to these isolates, whíeh may indicate co
evolution of the "A" serotype strains with these species in this region, so providing further 
evidence that central Afríea is clase to the centre of origin of these strains. 

The independent origin oC fue "A" serotype strains in this region oi Africa would strongly 
support the proposal that the "A" and "B" serotype strains are two distinct viruses and that 
the "A" serotypes should be called bean commonmosaic necrosis virus (McKern et al, 1992; 
Vetten et al., 1992). 

The prevalence both of susceptible wild legume host species and of aphid vectors of fue virus 
in this region of Africa would also provide the ecological opportunity ror the evolution of 
novel strains of BCMV. Such novel strains could result from the recombination of virus 
RNA's when two virus strains jointly infect the same host plant. This process is known to 
occur between c10sely related potyviruses (Lecoq & Purcifull, 1992; Goldbach, 1992). 
Previous studies have identified novel "A" serotype strains of BCMV infecting Crota/aria 
incana and Glycine rnax in Uganda and Senna sophera in neighbouring Rwanda (Spenee & 
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Walkey, 1994). In the present study, novel isolates were found infeeting Lablab purpureus 
(isolate 598), P. lunatus (574), Senna hirsuta (472), S. sophera (429, 524) and Vigna 
vexillata (308) (TabIes 1 & 3). 

The varialion shown by these isolates was characterized by their pathogenicity genotype in 
differentíal cultivars of common bean (Table 3). Sorne of the isolates had phenotype 
responses that c1early identified them as being related to the standard NL3 or NL8 strains of 
BCMV. The phenotype responses of these iso lates were not necessarily identical to those 
of NL3 and NL8 in every cultivar of each host resistance group. Sorne isolates failed to 
infeet an individual cultivar of a particular host group, even though they infected all other 
cultivars of that hos! group. Where such small variation occurred the isolate was considered 
lo be of the NL3 or NL8 strain-type (Spence & Walkey, 1994). Isolates 197, 218, 463, 473, 
496,741 (NL3 strain-types) and 472 and 534 (NL8 strain-types) were in this category (Table 
4), a1though it should be pointed out !hat isolate 472 showed additional atypical serological 
reactions (Table 3). 

Other isolates, however, showed phenotypic expression that differed considerably from the 
standard strains in !hat they failed to infect any cultivar of a specific host resistance group. 
Such isolates were considered to be novel. The response of isolate 598 from Lablab 
purpureus, for instance, indicated that it possessed pathogenicity genes PI and P2 (Table 4), 
which suggests !hat il belongs to the theoretical virus pathogenicity group V7 proposed by 
Drijfhout (1978); in addition, it carries the temperature-independent Px gene for necrosis 
proposed by Spence & Walkey (1994). This is the first report of Ihe isolation of a BCMV 
strain from this pathogenicity group. Similarly, isolate 429 (from Senna sophera) is novel; 
it carnes pathogenicity genes P2 and P22 (as weIl as Px), so placing it in theoretical 
pathogenicity group VII. Isolates 308 (from Vigna vexillata) and 574 (from P. lunatus) have 
similar phenotype responses !hat suggest that they carry pathogenicíty genes P12 and P2 and 
belong lo pathogenicity group V9. These would then belong to the same strain group as 
isolate 836 (from S. sophera in Rwanda; Spence & Walkey, 1994). 

The reactions of the isolates in ELISA 10 BCMV Mab's 1-2 and 463 and to BCMV Pab's 301 
NL6 and NLB, also indicated significant variation in their viral proteíns (Table 3). 

The horticultural importance of the widespread occurrence of these temperature-independent, 
neerosis inducing "AH serotype strains of BCMV in Uganda and their aphid veetors is 
considerable. The basis of most national bean improvement progranunes in Uganda and 
elsewhere in east, central and southern Africa has been the introduction of new, high yieldíng 
cultivars carrying the 1 resistance gene, effective against "B" serotype strains of BCMV. The 
ability of the necrotic "A" serotype strains to overcome the 1 gene resistance emphasizes the 
importance of protecting new bean cultivars in this regíon against the potentially devastating 
necrotic strains. The Ugandan national bean breeding improvement progranune is now 
incorporating germplasm ¡nto its new 1 gene carrying cultivars !hat possess the recessive 
resistance genes be3 or be2, which afford total resistance against all known pathogenicity 
genes of BCMV (R. Gridley, personal communication). 
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Table 1. Differential cultivars of common bean used in these studies. 

Rost 
groupsl 

1 

2 

3 

4 

5 

6 

(7) 

8 

9a 

9b 

10 

Resistance genes 

be-u 

be-u, be-1 

be-u be-e , 

be-u, be-2 

be-u, be-l, be-2 

be-u,be-12
, be-22 

be-u, 1 

be-u, be-l, 1 

be-u, be-l, 1 

be-u, be-Iz, 1 

1 Drijthout (1978). 

Cultivars 

Double White, Tbe Prince, Sutter Pink, 
Stringless Green Refugee, Common Red 
Mexican. 

Pure Gold Wax, Redlands Greenleaf C 

Redlands Greenleaf B, Great Northem 59, 
Great Northern 123 

Michelite, Sanilac 

Pinto 114 

Monroe, Red Mexican 35, Great Northem 
31 

Widusa, Black Turtle Soup 

Jubila 

Top Crop, Improved Tendergreen 

Amanda 
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Table 2. Legume species from which BCMV necrotic "A" serotype isolates were obtained in Uganda. 

Species Isolate Sympoms In LOCation (village 
natural host Survey site Idistrict) 

Centrosema 741 mild mosaic fallow field Nakabango, Jinja 
pubescens 
Benth. 

Crotalaria sp. 218 mild mosaic roadside scrub Nabbingo, Mpigi 

C. incana L. 463' mild mosaic fallow field Namulonge, Mpigi 

Lablab purpureus 598 mosaic banana plantation Kirinyabigo, 
(L.) Mpigi 
Sweet 

Plulseolus lunatus L. 574 mosaic roadside scrub Kawanda, Mpigi 

Senna lJícapsularis 496 chlorotic spots scrubland Bana, Masaka 
(L.) Roxb. 

Senna hirsuta (L.) 197 mosaic edge of bean field Bukalasa, Luwero 
Irw. & Bam 

S. hirsuta 472 vivid mosaic edge of bean field Bukalasa, Luwero 

S. hirsuta 473 vi vid mosaic edge of bean field Bukalasa, Luwero 

S. sophera (L.) Roxb. 429 mosaic roadside scrub Kimanya, Masaka 

S. sophera 524 chlorotic streaks roadside scrub Ruhanga, Kabale 

S. sophera 534 mild mosaic roadside scrub Kabale, Kabale 

Vigna vexillata (L.) 308 mild mottle banana plantation Namalere. Mpigi 
A. rucho 

I An additional "A" serotype was isolated from a different C. incana 
plant at this site. 
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Table 3. Reactions in RLISA tests of the "A" serotype legume iso lates of BCMV. 

Mab I Pa&' 
Isolate ----------------------------------- -----------------------------------------------------------------------------~ 

1-2 197 463 30 NL6 NL8 

741 + + + + 
197 + + + + + 
218 + + + + 
308 + + + + + 
429 + nt + + 
463 + + + + 
472 + + + + + 
473 + + + + + 
469 + + nt nt nt nt 

524 + + nt nt nt 

534 + + + + 
574 + + + + + 
598 + + + + + + 
464 + + nt nt nt nt 

1 Mab 1-2 is specific for nA" serotype strains of BCMV; 197 ls specific 
for all BCMV strains and selected potyviruses; 463 is reported to be 
specific for all BCMV strains. 

2 Pab 30 was prepared against a novel nA" serotype strain found in 
Uganda (Spence & Walkey, 1994). 

nt = not tested. 
PnMoV = Peanut mottle virus. 
BICMV = Blackeye cowpea mosaic virus. 
CSMV = Cassia severe mosalc virus. 
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PnMoV BICMV CSMV 
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+ 

nt nt nt 

nt nt nt 

nt nt nt 



Table 4. Pathogenicity phenotypes of the 13 isolares, their probable pathogenicity genes and their strain 
grouping. 

Standard strain IsoIate 
Sean ------------------------------------------------------------------~.------------------

host 197 218 463 472 598 308 
group NL3 NLS 473 496 741 543 574 

1 + + + + + + 
2 + + + 
3 + + + 
4 + + + + + + 
5 + + + + 
6 

8 N N N N N N 

9" N nt N 

9" N + N N 

10 

Path. PO PO PO PO PO PO 
genes 

PI n PI n PI P12 

PF PI' n n 
n n 
Px Px Px Px Px Px 

Strain NL3 NLS NL3 NLS Novel Novel 
-type 

Virus V12 V4 VI2 V4 V7 V9 
Genotypel 

+ = Positive reaction; - '" negative reaction; N = temperature - independent 
necrotic reaction; nt '" not tested; ? = questionable presence of PI 
pathogenicity gene and possible relationship to theoretical virus geno-
type group V7. 

I Theoretica1 virus genotype group, Drijtbout (1978). 
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524 429 

+ + 

+ + 
+ 

+ 
N N 

nt 

N 

PO PO 

n n 
PI? n 2 

Px Px 

Novel Novel 

V7? Vll 



Table 5. Experimental infeetion of wí1d legume species by three "A" serotype isolates. 

Isolate 

------.----------------------------------------------~------------------------------------------~-----------

197 308 458 

-------------------------~-------------- ----------------------------- --------------------------------
Host Speeies Syrnptsl EUSA Sympts EUSA 

Calopogonium + 
caeruleum 

Canavalia mo,ss + mo,s + 
ensiformis 

Centrosema + le + 
pubescens 

Crotafana + + 
incana 

C. spinosa + ss + 
Desmadium + + 
intortum 

D. uncinatum + + 
Indigofera + 
spicata 

Macroptilium mo + nt nt 
iathyroides 

Rhynchosia + + 
minima 

Senna hirsuta mm + mo + 
Vigna radiata + + 
V. unguic- mm + 
ulata 

V. vexillata + mo + 

1 mo = distinct mosaie; mm = mild mosaie; le = leaf curl; s = moderate 
stunting; ss = slight stunting; - = negative reaetion; + = positive 
reaction in EUSA test. 
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Table 6. The seed transmission of various KA" serotype isolates in bean ev. Double White. 

Seedlings infected/ seedlings tested 
Isolate --------------~------------------------------------- Pereentage 

Exp.l Exp. 2 Exp.3 Total infection 

197 4/6 6/14 nt 10/20 50 

308 nt nt 7/11 7/11 64 

429 nt nt 5/16 5/16 31 

473 2/3 24/56 8/13 32/72 44 

496 1/4 nt 5/8 6/12 50 

534 0/6 nt 10121 10/27 37 

574 nt nt 10/19 10/19 53 

741 5/8 9/26 12/14 26/48 54 

458 1/6 23/44 10/14 34/64 53 

1 Isolate 458 was a NL3 strain-type originally isolated from P. vulgaris in Uganda, and included as a 
control; all other ¡solates were isolated in the present study from other legume species. 

nt = Not tested. 
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TabIe 7. Aphid transmission of various "A" serotype isoIates by Aphis fabae in bean ev. Double White. 

Isolate 1 

197 

218 

308 

463 

472 

473 

496 

534 

574 

598 

458 

NL3 

No. seedlings infected 
INo. inoculated 

3/6 

3/9 

4/6 

4/7 

2/5 

4110 

2/8 

1/5 

2/6 

5/5 

3/10 

5/10 

1 The standard strain NL3 and isolate 458 (a NL3 strain-type originally isoIated from P. vulgaris) were 
included as controIs. AIl other iso lates were isolated from other legume species in this present study. 
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DETECTION OF NON-PROTECTED I-GENE IN ADV ANCED BREEDING UNES 
D. Cishahayol, R, Buruc!mra2 and T. Ntawurutwal . . / 

1 Institute des Scíences Agronomíque du Rwanda (ISAR), B. P. 138, Rubona, Rwanda, 2 
Centro Internacional de Agricultura Tropical (CIAT),B. P. 259, Butare, Rwanda. 

INTRODUCTION 

For a number of years now, the national bean progranunes of Rwanda, Burundí and Zaíre 
in the Great Lakes Region of central Africa have been handling large numbers of segregating 
populations, generated either from crosses rnade in their breeding progranunes or receíved 
directly from CIAT, Colombia. Many of the crosses have one or more of the parents with 
the I-gene which offers protection against certain strains of BCMV. However, the I-gene 
materials give a hypersensitive reaction to necrotic strains of BCMV (particularly the NL3 
and NL8) resulting in systemic necrosis and sometimes death of plants. Considering that 
these strains have been shown to occur in the region (Spence and Walkey, 1993) and in sorne 
cases their effect on-station has been considerable, national bean prograrnmes have shown 
interest in detecting the presence of the unprotected I-gene in their advanced Unes. This 
allows decision-making on how and where best to use advanced lines, including protecting 
the I-gene by incorporating the recessive genes be2-2 or be,. The objective of this study was 
to develop effective methodologies for field aod greenhouse detection of the 1 -gene in 
advanced lines. This paper presents results obtained from field trials. 

MATERIALS ANO METHODS 

Fíeld trials were conducted at ISAR, Karama station in south-east Rwanda, situated at an 
altitude of 1300 masl and receiving a bimodal ralnfall of about 900 mm per year. The site 
is a hotspot for BCMV and the NL3 strain has been isolated from the station (Spence and 
Walkey, 1993). The common bean line AFR 13 infected with NL3 was used as the source 
of the virus. 

Time al pJanting infectar and test plants. 

To determine the appropriate time of planting, an infector line was planted early relative to 
test Iines so as to rnaximize infection. AFR 13 and A 321 were used as infector and test 
Hnes, respectively. AFR 13 gives a mosaic reaction whereas A 321 (an I-gene line) develops 
black root if infected with necrotic strains of BCMV. Test Hnes were planted altemately, 
between two infector rows. During the 1993A season, two planting methods were compared. 

Method 1. At the initial planting date (12/11/93), al! infector rows were sown with AFR 13. 
At the same time the fust treatment of test Hnes was planted. On the tltree subsequent 
planting dates done at weekly intervals. only the test line was planted. 

Method 2. 80th the infector and test Hnes were sown on the initial planting date as well as 
on each of the three subsequent planting dates, done at weekly intervals. A split plot design 
was used, with planting of infector plants as rnain plots and test Iines as subplots. 
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During the 1993B season, a trial was conducted to determine the effect of establíshing 
screening trials for the I-gene at the beginníng of fue season or establishing fue trial about 
tltree weeks Jater. Late planting necessitated the use of irrigation to supplement fue 234mm 
of rainfall received tltroughout fue trial periodo In both cases, the test line was planted as 
described in Method 1 above, except for fue fael that 5 planting dates were used at 2 weekIy 
intervals. 

Screening for the presence of I-gene. 

A total of 175 lines from different breeding prograrnmes in fue Great Lakes Region were 
screened at Karama in 1993 B season. Infector rows of AFR 13 were sown late in fue season 
(114/93) and the test lines were sown 26 days latero An augmented design was used, with 
A 321 as the blaek root susceptible check and AND 811 as fue mosaic susceptible check. 
Evaluation was done at weekly intervaJs unti! harvest. The trial received 1237 mm of water; 
75 mm from rain and 1162 mm f[om irrigation. 

RESUL TS AND DISCUSSION 

Time of planting of infector rows in relation to test »!ants 

Planting of infector rows of AFR 13 before test lines resulted in a significantly higher 
incidence of black root on A 321 than when both were planted al the same time (Table 1). 
There was a significant method x date interaction. Late pJanting of fue test lines resulted in 
eatly appearance of black root symplOrns soon after emergence, but it taok 32 days from 
emergence for black root symptoms to appear, when both infector and test lines were planted 
al the same time. However, when test plants were sown tltree weeks Jater than infector 
plants, black root symptoms did nol develop unti118 days after test plant emergence. Sowing 
(by Method 1) in whích A 321 was sown three weeks after AFR 13, also led to increased 
plant mortality from blaek root. 

During the 1993B season, sowing the trial tltree weeks later resulted in early appearance of 
black root (16.4 days compared to 20.5 days) (Table 2), increased the percentage of plant 
mortality due to black root (4.7% and 11.9% from early and late planting, respectively), and 
reduced the number of escapes (12.9% versus 2.9%)(Table 3). 

Our results indieate that it is advisable lo sow an infector crop before fue test lines. This 
allows detection of black root earlier and reduces disease escape. Under field conditions, 
transmission of the virus from infector to test lines relies on aphids. Thus, it is important thal 
dates of planling are timed 10 ensure Ibat both virus and aphíds are present to facilate 
transmission. The optimum method at Karama station appears to be by sowing 3 weeks into 
the season combined with planting of test lines 2 to 4 weeks after planting of infectar rows. 
However, under sueh conditioll5' irrigation is necessary during dry periods. 

AFR 13 was used as fue infectar Hne because it is susceptible to the virus but, at the same 
time, it maintains a good amount of vegetative growth; being a climbing cultivar, it serves 
as a source of virus fOf a longer period Iban bush types. Since most advanced Hnes are likely 
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to be genetically uniform, it is not necessary for aH plants of test Hnes 10 be affected 10 
confrrm presence of the I-gene. Sowing oC test lines 2 to 4 weeks after the infector rows 
enables early deteetion oC black root. This gives the option oC using the same infector plants 
to evaluate several entries serially, as long as the infector erop remains viable and irrigation 
is possible. Dry conditions also favour aphid infestation. 

Screening for the presence of I-gene 

A total oC 39 cultivars (22.2 %) gave the black root reaction. Four entries (2.3 %) remained 
free of mosaie and black root and the rest gave a mosaic reactíon. These four together with 
those showing dubious reactions are to be tested further using artificial inoculation in the 
screenhouse. Entries found black root susceptible are shown in Table 4. 

This study demonstrates conditions and methods under which screening of advanced lines for 
the presence or lack of I gene can be done under field conditions with a good degree oC 
success. In the absence of laboratory or greenhouse facilities to conduct artificial inoculation 
this offers an alternative or even a complementary approaeh. 

REFERENCES 

Spenee, N. J. and Walkey, D. G. A. (1993). Bean Cornmon Mosaie Virus and related 
viruses in Africa. NRI Bulletin 63, Chatham, U. K. : Natural Resourees 
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Table 1. The effect oC two methods of sowing an infector (AFR 13) 
and test line (A 321) on the time oC appearance and 
incidence of black root. 

Sowing 

Days from emergence to 
fírst infection 

dates" Method 1 v Method 2x 

DO 32.0 aY 32.0 a 

DI 26.4 b 25.0b 

D2 18.8 c 22.2 e 

D3 18.0 e 19.4 d 

u = Sowing at weekly intervals. 

% dead plants at fírst 
evaluation 

Method 1 Method 2 

8.0 b 9.5 a 

6.8 b 5.4 ab 

4.8 b 0.6 b 

21.5 a 9.7 a 

v = AH infector plants were sown at initial planting date (DO). 
OnIy test plants were sown at weekly intervals. 

, = Both infector and test lines were planted at each sowing 
date. 

y = Values followed by the same letter in each column are not 
significantly different at P = 0.05. 
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rabie 2. Comparison of planting early and late in the season, and planting test lines at 
different times after the infector plants on the time of appearance of 
black root. 

Sowing date' Number of days to frrst black root 

Mean 

DO 

D2 

D4 

D6 

D8 

• '" Sowing at two weekly intervals 
v = lnitial sowing at start of season 
W = lnitial sowing 3 weeks later 

Early plantingv 

27.2 a 

23.0 be 

20.2 e 

16.0 d 

16.0 d 

20.5 

y = Values followed by the same letter in each column are not 
significantly different at P = 0.05 
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Late plantingW 

24.4 a 

14.0 b 

14.0b 

14.0 b 

15.4 b 

16.4 
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Table 3. Effects of time of planting on escape, the incidence of 
black root, and on plant mortality attributed to other causes. 

Time of planting 

Early (start of 
season) 

Late (3 wks later) 

No. escapes 
(%) 

12.9 b 

1.9 a 

Black root 
incidence (%) 

13.0 a 

14.0 a 

Mortality from 
other causes (%) 

4.7 a 

11.9 b 

Values followed by the same ¡etter within each column are not statisticalIy different at 
P = 0.05. 

Table 4. Origin of advanced bean lines found susceptible to black root. 

Origin 

CIAT 

RWANOA 

BURUNDI 

ZAIRE 

Advanced lines 

ANO 682, ANO 875, CNF 4708, ANO 886 
ANO 688, BAT 308, CNF 5547, CNF 5506, 
XAN 97, A 796, FEB 162, VON 186, 
VON 172, RAB 494, CNF 5538, PF 16, 
CNF 5513. 

RWR 719, RWK 8, RWR 432, RWR 306, 
RWR 867, RWK 7, RWK 1, RWK 10, 
RWK 5, RWK 11. 

MORE 90039, MORE 90030, MORE 90035, 
MORE 90062, MORE 90040, MORE 90003, 
MORE 91002, SCAM-80-CMI2, SCAM-SQ.. 
CM/15. 

MLB42-89A. MLB-12-88B, MLB-13-88B. 

------------------------------------------------------------------------------------------
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BEAN PRODUCTION CONSTRAINTS IN AFRICA WITH SPECIAL REFERENCE 
TO BREEDING FOR RESISTANCE TO BEAN COMMON MOSAIC VIRUS IN 

UGANDA 

H.E:Gridley 

CIAT, Kawanda Research Institute, PO Box 6247, Kampala, Uganda. 

BEAN PRODUCTION CONSTRAINTS 

Bean production constraints comprise fungal, bacterial, viral and insect pests and a range 
of soil fertility problems. Wortmann and Allen (1994) have recently compiled information 
on the constraints in bean producing countries in Africa to assist CIAT (Centro 
International de Agricultura Tropical) and national bean research prograrnmes in defming 
priorities. 
Based on the estimated bean production area affected, the five principal constraints of 
high (yield 108S > 300 kg/ha) and moderate (100-300 kg/ha lost) importance across all 
countries of eastern and southern Africa are given in Table 1. Similar data for the 
highland (> 1500m) and mid-altitude (1000m to 1500m) areas of eastern Africa are also 
included in Table 1 as these areas account for 70% of bean production in sub-Saharan 
Afriea. 

Across sub-Saharan Africa, angular leaf spot (Phaeoisariopsis griseola) is the most 
serious coustraint, estimated to be of high importance in 67% of the bean producing area, 
followed by low nitrogen (53%), anthracnose (Colletotrichum lindemuthiammt)(47%), 
bean stem maggot (46%) and low phosphoros (44%) (Table 1). The two soil fertility 
eonstraints and bean 8tem maggot are the three least widespread amongst the constraints 
of moderate importance, with bruchids the most widespread at 95%, followed by 
phosphorus fixation by iron oxides, at 69%. 

Of the five most widespread biotic constraints of high importance, three have already 
been noted, with common bacterial blight (XanthomofUlS campestris pv. phaseoh) at 29% 
and bean common mosaie virus at 22%, ma1Qng up the top five. Three of these five occur 
amongst the top five of moderate importance which also includes rust (Uromyces 
appendiculatus) at 44%, and phoma blight (Phoma exigua varo diversispora), at 26%. 

The constraints of high importance in eastern Africa are very similar 10 those aeross sub
Saharan Africa although the rootlstem rot eomplex and eharcoal rot (Macrophomina 
phoesolina) are more serious in this region. Also the prominence of the eonstraints 
changes with altitude (Table 1), notably with anthracnose switching from a major problem 
at the higher to a minor one at the lower altitudes, whilst common bacterial blight shows 
the opposite trend. Overall, four of the five most important biotie constraints are common 
10 both regions, namely, angular leaf spot, anthracnose , common bacterial blight and 
bean common mosaic virus. 

Biotic faetors have long been recognized as important constraints to bean productivity but 
it is clear that the abiotic constraints of low nitrogen 
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DISCUSSION 

Introductions are a fasl and cost effective means of íncreasing genetic varíation in a 
breeding prograrnme. Selectíon in well adapted segregating populations potentially should 
generate a higher frequency of Iines with improved yield potential !han occurs amongst 
introduced homozygous breeding lines, which inevitably have been selected in a 'foreígn' 
environment. However, retention of on1y resistan! progenies and lines inevitably 
drastically reduces the amount of genetic variation within populations for yield and other 
traits. To counteract this, and in view of the well documented low heritability fo! yield, a 
relatively large number of populations were utilized to create a diverse pool of genetic 
variation; the number of progenies screened and lines tested were maximized within 
available resources (Table 1). Multisite replicated yield testing was imposed from !he 
preliminary yield trial onwards to reduce the genotype x environmental variance. 

No reselection was consciously practised within the lines, following selection of resistant 
(usually F2) single plants, to aIlow exploitation of lnherent genetic variation for yield and 
locally important biotic and abiotic constraints in different eountries which received the 
African BCMV nursery. Preliminary results from the evaluation of progenies (from 
selection in F2 derived lines) indicate lhat such variation can be exploited practically but 
there is need to eonfinn this in a further season of testing. 

To date, breeders have main1y utilized the dominant 1 gene and more recent1y Ihe 
recessive genes be3 or be22 in breeding for resistanee. The former has been used for over 
20 years in Latín America and, although produclng a hypersensitive reaction with the 
necrotic strains, has yet to be overcome. However, breeders and pathologist cannot feel 
complacent, noting the regular breakdown of disease resistance in many erops, and the 
recent detection of novel strains of BCMV in Africa (Spence and Walkey, 1994), so 
posíng a future problem for the resistant sources current1y beíng utilized. 
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Table 1. The five principal constraints to bean production 
of high and moderate importance in sub-Saharan 
Africa and eastern Africa. 

ABIGTIC/BIGTIC 
sub-Saharan 

high importance %ha1 moderate importance %ha 

Angular leaf spot 
Low nitro gen 
Anthracnose 
Bean stem rnaggot 
Low phosphorous 

67 Bruchids 
53 Fep2 
47 Bean stem maggot 

46 Low phosphorous 
44 Low nitrogen 

easlern Africa - high importance 

> 1500m %ha 1000-1500m 

95 
69 

51 
47 

46 

%ha 

Anthracnose 
Angular leaf spOI 
Low nitro gen 
Low phosphorous 
Bean stem maggot 

92 Angular leaf spOI 70 
89 Common bacteria! blight 68 
70 Low nitrogen 40 

70 Bean common mosaic virus 32 
62 Bean stem maggol 30 

BIGTIC 
sub-Saharan Africa 

high importance %ha moderate %ha 

_. __ .. -:---~--=--=-- _. __ ._-.,.-;------
Angular leaf spot 67 Rnst 44 
Antbracnose 47 Bean common mosaic virus 37 
Bean stem maggot 46 Anthracnose 30 
Common bacterial blight 29 Common bacterial blight 29 
Bean common mosaic virus 22 Phoma blight 26 

easlern Africa - high importance 

>1500m %ha lOOO-1500m %ha 

Anthracnose 92 Angu!ar ¡eaf spot 70 
Angular leaf spot 89 Common bacteria! blight 68 
Root stem rol complex 35 Bean common mosaic virus 32 
Halo blight 31 Anthracnose 21 
Bean common mosaic virus 25 Charcoal rot 19 

1. Percent of production area (in hectares) where tbe 
constraint is considered of highlmoderate importance. 

2. Phosphorus f¡xation by iron oxides. 
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Table 2. Number of segregating populations, progenies screened 
and Hnes tested in the breeding prograrnme for BCMV 
resistance in Uganda initiated in three seasons. 

Number of: Phase number/starting season Total 

1/90a 2/91a 3/92a 

-Segregating 
populations 

F2 19 
F3 3 

F4 1 

43 38 100 

- single plant progenies 1881 
screened: (F3/F4/F5) 

- lines tested: PBR(I) 
IBR 
ABR 

182 
109 

45 

2835 
(F3) 

182 
40 
21 

2325 
(F3) 

405 
103 
(none) 

1 
3 

7041 

769 
252 

66 

1. Yield trials: PBR-prelimínary, IBR-interrnediate, ABR-advanced. 

Table 3. Percent yield íncrease over released 
cultivars of superior BCMV resistant 
lines 1, derived from segregating 
populations . 

Seed size 

Large! Small 
% CAL 962 % MCM 50012 

9 gites/3 seasons 9 sites/2 seasons 

UBR(93) 16 18 UBR(92) 12 28 

UBR(93) 14 16 UBR(92) 13 26 

UBR(93) 4 14 UBR(92) 27 20 

UBR(93) 12 9 UBR(92) 26 13 

UBR(93) 1 6 UBR(92) 9 12 

1. UBR-code for Uganda black root resistant lineo 
2. Released cultivar. 
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DISCUSSION OF SESSION 1 

Lana : Are there specific antisera Cor 'novel' isolates, like those assigned to a novel 
pathotype in Ethiopia ? 

Spence : There are no anúsera yet that are specific to these novel isolates. We now have 
many iso lates that do not conform to patteros of previously described pathotypes and 
there remain areas in Africa (like Mozambique, Sudan and the whole of West Africa) 

where collections have not been made. 

Lana : CIAT and its collaborators should produce a distribution map of BCMV pathotypes 
and non-conforming strains. 

Spence : There are such maps, published in NRI Bulletin 63 ! 

Lana : How long will the be3 gene remain effective? Why are you worried ? 

Pastor-Corrales : Genes for resistance to BCMV seem fairly stable, but the pyramiding of 
several genes is preferable to using one in isolation. 

Lana: Can beZ and be-3 be combined ? 

Gridley : Yes, but a lot of work would be involved ! 

Spence : Nothing fmm our survey suggests there is a problem with be3. 

Pastor-Corrales : With fungal pathogens, one can identify a site with lots of variation in the 
pathogen. Can this be done with BCMV ? 

Spence : The dot-blot test for identificatíon of BCMV can be used in the field without 
grinding. 

Lana: It would be helpful to have a simple diagnostic test. 

Spence : We need good. healthy controls with this test. We are trying to develop the 
simplest and most convenient test but polysaccharides in wíld species can give 
misleading results. We will continue work on this at Wellesboume over the next 
year. 

Lana : Can Ethiopia be used for screening for NL3 '? 

Gridley : Because of the risk of accidental introduction of NL3 into Ethiopia, al! seed 
imports from elsewhere in Africa have been bumed. Aid projects remain a problem, 
though. 

Opio : How is work progressing with large seeded types ? 
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Gridley : Between half and three-quarters of our materials are medium to large seeded. 

Burucbara : Entries in 1he black-root nursery from Karama are not well-adapted and are rust 
susceptible. 1 like the idea of diversity of materials maintained in breeding 
programmes. 

Lana : Can we have transpareney in breeding ? 

Gridley : Yes, certainly ! 

Sengooba : What advice can we get for multiple disease resistance ? 

Gridley : Multilocational screening is helpful in picking up susceptibility lO o1her diseases. 
In Uganda, Bukalasa is a good site for screening agaínst both CBB and ALS as welI 
as BCMV. Our strategy is to maintain levels of resistance against other diseases 
rather than lO make crosses specificalIy for multiple resistance. 

Burucbara : Results from sub-projects on CBB and rust should help to identify resistant 
parents. 

Gridley : We have more information on the material now. We have got 1he crosses but 
remain unsure about the level of screening. 

Pastor-Corrales: CIAT headquarters does have a number of lines with multiple disease 
resistance . 

Gridley : We should get these lines and use them as parental material. 

Lana : I propose that CIAT collates everyone's results in producíng distribution maps. 

Pastor-Corrales: It might be more appropriate that NRI does so. 

Spence : Certainly, we must get lOgether to colleet informatíon and produce something ! 

Pastor-Corrales : How wilI you do this? An expanded series of differential cultivars is 
needed. 

Spence : We are working with a breeder to produce engineered differentials. Bean mixtures 
have also been screened against BCMV. 

Sengooba : Perhaps certaín wild legumes migbt be useful differentials ? 

Lana: There remains the problem of the role of wild legumes in BCMV epidemiology. What 
rates of transmission occur ? 

Sengooba : 1 would like to show you sorne data on transmission between different virus 
hosts. 
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Spence : We still lmow Iittle about aphid transmission in the "wild" : 1 didn't see any 
evidence of it during my recent trip. Sorne isolates seem adapted to wild hosts, 
providing evidence of eo-evolution. Cultivated plants may be more susceptible, from 
a narrower gene-pool. 

Pastor-Corrales : There is lots of evidence for co-evolutíon between fungal pathogens and 
comrnon beans, in both srnall and large-seeded types. 

Spence : We are using PCR analysis to reveal differences. 

Pastor-Corrales: The centre of diversity of the virus may be Africa not Latin Ameriea, 
which ís the eentre of origin of beans. Studiés of diversity and co-evolution can help 
us to understand the system. 

Spence : Yes, 1 agree. 

Lana ; Are sequences between strains of the black rool pathogen identical? Are they the 
sarne between strains from bean and wild legumes ? 

Spence : Beans and wild legumes next to each other may have different infections, perhaps 
from different sources. Sueh inforrnation could help in predicting the evolution of 
strains. 

Pastor-Corrales: Do different strains have different DNA fmger-prints ? 

Spence : We are working on this with other viruses and hope to investigate this in BCMV 
in the future. 

Lana : Rave the isolates of Spenee and Sengooba been compared ? 

Spence : Yes! Selection appears to be for variation in BCMV. 

Pastor-Corrales : Sometirnes there is diversity in eharacters other than pathogenicity ! 

Buruchara : On current evidence, necrotic strains of BCMV are originally Afriean, 
indicating that P. vulgaris may not be the original host. 

Spence : Genetic diversity in the host perrnits us to identify diversity in the pathogen. 

Sengooba : This kind of researeh is appropriate to Universities. 

Spence : Much depends on funding, and colIaboration between groups may be essential. 
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Burucbara : Breeders and pathologists in the region have discussed the issue of whether or 
not to condone release of material possessing the unprotected 1 gene. We recognise 
that farmers are Jikely lO think they have been given a new disease rather than a new 
susceptibility. How much will black-root be a problem ifwe release anI gene variety 
? Farmers will react sharply ! 

Opio: We had this problem here, in Uganda. Farmers reported to the Ministry ibat a new 
disease had been introduced ! 

Schmit : Black-root is a problem only on research stations ! 

Sengooba : The use of White Haricot as a spreader seems likely to undermine our credibility 
with farmers. 

Spence : There are reservoirs of BCMV on-station. 
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RACE CHARACTERISATION AND IDENTlFICATION OF RESISTANCE ro 
BALO BLlGBT Pseudo11lOlUlS syringae pv. phaseolicola) IN AFRICA 
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* Natural Resources Institute, Chatham Maritime, :lCent ME4 4TB, UK and +Borticulture 
Research International, Wellesbourne, Warwick CV35 9 EF, UK. 

ABSTRACT 

Isolates from Ajrica and other bean grawing areas were categorised into nine roces on the 
basis of the responses 01 eight differential cultivars afier artíjicial inoculation. Nearly nine 
hundred isolates were identíjied as PsewIomanas svringae pv. phaseolícola on the basis of 
their pathogenicity to common bean. 175 were selected lor detailed race determinatíon. A 
'roce map' was produced indicatmg the frequency and occurrence 01 the nine roces. 
Altemative hosts were also investigated. 

One thousand and lorty eight Phaseolus bean accessions were evaluated lor resistance to su 
races of the pathogen. Race specíjic resistance genes (R-genes) were detected in 49.4% 01 
accessions at frequencies ranging from 35% lor R4 down to only 0.2% for RJ. A list 01 
useful sources of roce nan-specíjic resistant cultivars is given. 

INTRODUCTION 

The following paper was presented at the Pan African Working Group Meeting on Bacterial 
and Viral Bean Diseases. It is fue summary of seven years work and therefore only a 
proportion of fue information could be presented. The following is a summary of the parts 
of fue study most pertinent to the practical control of balo-blight in Africa. 

Balo-blight of common bean (Phaseolus vulgaris) caused by fue bacterium Pseudomonas 
syringae pv. phaseolicola, is seed-borne and spread through the crop by rain-splash. It is 
favoured by cool temperatures and is found at medium to high a!titude (1500-2500m) in the 
tropics. 

Resistant cultivars are fue only practica! means of controlling halo-blight in countries where 
farmers keep their own seed and a!ternative hosts make the carry-over of disease from one 
season to the next a significant problem. However, fue deployment of resistance without an 
awareness of pathogenic variation within fue patbogen populatíon could result in costly 
failure. To avoid this, it is necessary 10 identify variants (strains/races) of P.s. pv. 
phaseolicola before fue deployment of resistant cultivars, ensuring that only appropriate 
resistance sources are deployed. 

Two mees of the pathogen (faces 1 and 2) have long been recognised on fue basis of fue 
differentíal reaction of the P. vulgaris cultivar Red Mexican Ul3 (Walker and Patel, 1964). 
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These races are widely distributed throughout the world, including Africa. More recently 
a third race was described from Africa which was recognised by the differential response of 
the cultivar Tendergreen (Taylor & Teverson, 1985; Mabagala & Saettler, 1992). The 
differential reactions of cultivars to these races is shown in Table l. 

MATERIALS AND MEmODS 

Halo-blight infected material was collected by the authors and collaborators worldwide but 
with special empasis on Africa. Isolates were selected on the basis of colony characteristics 
on King's Medium B (King, et al.. 1954) and were usually the predominant orgamsm. 
Although P. vulgaris was the main host, collections were made of tropical legumes 
representative of seven different genera. 

A total of 1106 isolates were examined, representing 394 disease occurrences and including 
54 reference strains. Detaíled race determinations were made on 175 selected isolates. More 
techtúcal information can be obtained from publications by the authors and collaborators 
(Taylor el al., 1996a & b; Teverson et al., in prep.). 

pathogemcity tests were carried out as detailed in (Taylor et al., 19900). Bean seedlings 
were spray inoculated at primary leaf stage and kept under humid conditions for two days. 
After this period they were retumed to normal glasshouse conditions and symptoms were 
evaluated 10 days after inoculation. Symptoms were graded on a 1 - 5 scale where one is 
completely resistant and five completely susceptible. Using this system 1048 accessions were 
evaluated for resistance to six or more races. 

RESULTS 

Eight hundred and ninety three isolates of P.s. pv phaseolicola were grouped into three 
provisional race categories corresponding to the original races 1 and 2 and the new race 3 
on the basis of the responses of the three differential cultivars shown in Table 1. A more 
extensive series of eight differential cultivars was developed as a result of screetúng nearly 
1000 host accessions with a group of isolates representative of different geographical areas 
and the three previously categorised races. As a result of these tests, which suggested a 
complex race structure, the original three races were each itútially sub-divided, resulting in 
the identification of 6 races (races 1-6). Subsequent tests were then done on a selection of 
175 isolates using the revised differential series and the iBolates were categorised into mne 
races. Tbe chronological order of identification of races is shown in Fig. 1 and the 
developed race structure based on the interaction of !Úne races and eight differential cultivars 
Is shown in Table 2. 

The geographical distribution of the 172 isolates is shown in Table 3. Race 6 occurred most 
frequently and comprised 3 % of the isolates categorlsed. Nineteen per cent of isolates were 
race 4 in contrast to only 4 % of isolates categorised as race 3. However, both of these 
isolates produced the characteristic hypersensitive resistance on cv. Tendergreen. Race 1 
accounted for 12% of the isolates. In total, the three most frequent races 6,4, and 1, 
accounted for over 60% of a11 P.s. pv. phaseolicola isolates characterised. 
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The geographical distribution of race 6 was widespread. It was detected in seven African 
countries, as far north as Ethiopia and as far south as Lesotho. Race 1 occurred throughout 
the world, with 21 isolates originating from nine different countries; mee 7 was also 
distributed worldwide. 

Races 3 and 4 were, with the exception of one ¡solate, collÍmed to east and central Africa. 
Six race 5 isolates were identified, a11 except one of which originated from Africa. Race 8 
was a1so collÍmed to Africa, mainly Lesotho, with a single isolate {rom Tanzania. Race 9 
was rare and represented by only two isolates, one each from Malawi and Colombia. 

The host range distribution of 172 selected isolates is shown in Table 4. Of the 11 different 
host species of P.s. pv. phaseolicola represented, Phaseolus vulgaris was the most frequent 
(78% of isolates). Neonotonia wightii, apasture legume and common weed around bean 
fields, was host to 4 % of isolates whilst Phaseolus coccíneus and Lablab purpureus were host 
to 6% and 3% of isolates, respectively. The other seven species were each host to fewer 
than 2% of isolates. The widest host range was shown by race 7 with 18 isolates derived 
from seven different hosts. 

Two types of resistance were detected in the 1048 Phaseolus bean accessions which were 
evaluated for resistance. Race specific resistance was characterised by highly incompatible 
interaction phenotypes (resistant, grade 1) between certain combinations of races and 
accessions, but complete compatibility (susceptible, grades 4-5) with others. Race non
specific resistance was characterised by generalised resistance to aH races. lt could vary 
from a relatively high level resistance (grades 1-2) to intermediate levels of resistance (grades 
2-4). 

Approximately half of the 1048 accessions tested showed specific resistance to one or more 
races oC the pathogen. From genetic studies accession groups could be c1assified according 
to the likely resistance (R) genes they carried. By inference the frequency of these genes in 
the seven accession groups could then be estimated. Thus Rl was estimated to be present 
in 10.3% of accessions, R2 in 0.3%, R3 in 25.0%, R4 in 35% and R5 in 0.2%. Details of 
this work are given in Taylor et al., (l996b). Similarly, details of the gene-for-gene 
relationship postulated to explain in the interaction between races and cultivars, and the 
interpretation of the relationship is detailed in the third paper of the series, (Teverson el al., 
in prep.). 

Race non-specific resistance was shown by only 1 % of accessions tested. Accessions 
sbowing useful levels of this type of resistance are shown in Table 5. These accessions 
originate from diverse sources. HBr72 is a North American green bean, whilst 2702/2 was 
found as a low frequency component of a high a1titude Rwandan bean mixture. 

DISCUSSION 

The objective of this study of pathogenic variation was to probe a1ternately for variation in 
pathogen isolates and host cultivars (Taylor et al., 1996a & b), as pathogenic races can only 
be identified in relation to specífic host resistance and vice versa. 
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The practical significance of tbis work is iIlustrated by tbe often uneven geographic 
distribution of races (Table 3). For example, races 3 and 4 were almost entirely confmed 
10 east and central Africa and, sirnilarly, race 8 was found mainly in Lesotbo. In constrast, 
some races hall worldwide distribution, in particular races 1, 2, 6 and 7, which probably 
reflects tbeir distribution via tbe international seed trade. 

The wide natoral host range of tbe halo-blight patbogen (Table 4), represents 11 species of 
tropical legumes from seven different genera, includin!¡ grain and fodder legumes and 
leguminous weeds. Inoculation studies (Teverson, 1991) showed tbat tbe potential range was 
even more extensive. In particular, tbe occurrence of P.s. pv. phaseolicola in certain weed 
species (Neonotonia wightii and Desmodium sp.) was tbought to provide an important 
reservoir of infection for tbe carry-over of disease between seasons (Teverson et al., 1993). 

In conclusion, il is suggested tbat use of mee non-specific resistance together witb mee 
specific resistance appropriate 10 particular regions (eg. R3 in east and central Africa) could 
provide an effective strategy for establishing enhanced and durable resistance lo halo-blight. 
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Table 1. Differentiation of Pseudomonas syringae pv. phaseolicola races. 

Differential cultivars 

Canadian Wonder 

Red Mexican U13 

Tendergreen 

1 

+ 

+ 

Races 

2 

+ 

+ 

+ 

3 

+ 

+ 

(HYF) 

+, susceptible; -, resistant (hypersensitive); HYF, severe hypersensitive reaction. 
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Table 2. Race differentiation in PseudomolUlS syringae pv. phllseolicola wilh an extended 
range oC differential cultivars. 

Cultivars 1 

Canadian Wonder + 

ZAA54 (A52) + 

Tendergreen + 

Red Mexican U 13 

1072 + 

ZAA55 (A53) + 

ZAA12 (A43) + 

Guatemala 196-B 

+ =" compatible (susceptible) 
= incompatible (resistant) 

1072 = Phllseolus acutifolius 

2 

+ 

+ 

+ 

+ 

+ 

+ 

Race ..... 
345 

+ + + 

+ + 

+ 

+ + 

+ 

50 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 8 9 

+ + + 

+ + + 

+ + + 

+ 

+ + 

+ + + 
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Table 3. Frequency of occurrence and geographic distribution of races of Pseudonwnas 
syringae pv. phaseolicola. 

Race .... 
Origin (Number oí jsolates) 

1 2 3 4 5 6 7 8 9 T 

Africa 

Burundi 3 4 7 

Ethiopia 2 1 2 1 5 

Kenya 1 2 5 3 11 

Lesotho 4 1 5 12 22 

Madagascar 1 1 

Malawi 1 1 1 3 

Mauritius 1 1 

Rwanda 2 2* 20 24 

Swaziland 1 1 

Tanzania 1 2 2 2 9 4 1 21 

Uganda 4 4 

Zaire 1 1 1 3 

Zambia 5 5 

Zimbabwe 3 5 1 9 

Americª 

Canada 1 1 

Colombia 1 1 3 1 1 7 

Mexico 4 4 

Pero 1 2 3 

U.S.A. 1 1 1 1 4 

Europe 

Bulgaria 1 1 

France 1 1 1 3 

Germany 5 5 

ltaly 2 2 
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Spain 2 2 4 

Sweden 1 1 

U.K. 7 4 1 12 

Oth!:[Areas 

Australia 1 1 2 

New 2 2 4 
Zealand 

N. Yernen 2 2 

21 17 7 33 6 55 18 13 2 172 

* One isolate of tbís total was reisolated from 1302A, !he race 4 type strain, from Rwanda. 

Table 4. Host rauge distribution and number of isolates of Pseudomonas syringae pv. 
phaseolicola races. 

origin Race .... 

1 2 3 4 5 6 7 8 9 T 

C. cajan 3 3 
Desmodium sp. 2 1 3 
Lablab purpureus 1 2 1 1 5 
Macroptilium 
atropurpureum 1 1 

Neonotonia wighti.i 2 1 4 7 
Phaseolus 
acutifolius 2 2 

P. coccineus 8 2 1 11 
P.lunatus 1 1 2 
P. vulgaris 11 15* 7 29 3 48 7 12 2 134 
Vigna angularis 2 2 
V. radiata 1 1 2 

21 17 7 33 6 55 18 13 2 172 

;o Oñe lSOJate 01 this total was reisoJatea frOm ¡soJate l3otA, the race 4 type stram, frOm 
Rwanda. 
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Table 5. Bean assessions witb potentially usefullevels of mee non-specific resistance. 

Accession Designation Origin Disease grade 
No. (average) 

136 WisHBR 72 USA 1.0 
1049 AFJ29 France 1.0 
1055 Valliant France 1.2 
1054 NAC6S France 1.3 
10518 NDM14 France 1.5 
138 GN *1 Sel27 USA 1.6 
270212 Component of 

farmer's mixture Rwanda 1.6 
208 Pajuro Peru 1.7 
29 Mezcla de 6 lineas 

(Urobonobono) Burundi 1.9 
938 PI 150414 El Salvador 2.0 
1004 GLP-X92 Kenya 2.0 
173 Gloriabamba Mexico 2.1 
137 Jules USA 2.5 
263 Poroto Peru 2.6 
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Fig. 1. Chronological order of identification of races of PseudOTMMS syringae pv. phaseolicola. 



HALO BLIGHT RESIST ANT V ARIETIES 

Veronique Schmit 

Prograrnme Haricot, ISABU, BP 795, Bujumbura, Burundi 

ABSTRACT 

In arder to introduce resistance to halo blight mainly into the cultivar Doré de Kirundo, a 
total 013096 crasses hove been made at the ISABU station of Moso during {he years 1990-
1991, 1991-1992 and 1992-1993, and 475 hybrid pods have been harvested, The mean 
success rate was 15,3%, best in the thirdyear (28,2%); success in the two years before was 
respectively, 5% and 7,1%, Two backcrosses were made with the recurrent parent Doré de 
Kirundo in order to restore the interesting characteristics of thal variety which is very much 
appreciated by farmers. The Fl hybrids are multiplied in Moso, 

Segregating populations, either created in Burundi or introduced from CIAT, have been 
evaluated mainly in Gisozi, although sorne evaluation wilh inoculatíon has taken place in 
Moso in (he second rainy season of 1993. As the selection pressure ís often too low, the 
material has fo be harvested in bulk. Therefore, during the second season of 1992-1993, 
aníficial inoculation was done with a local strain of halo blight, on F2 populations in Moso, 
and on F2, F3, F4, F5, F7, BC2F2 and BC1F4 in Gisozi. 

At Moso, thal technique allowed the selection of 40 symptomless plants as well as a resistant 
population of Doré de Kirundo x Aroana in F2. 

At Gisozi, the individuals which were selected for their high resistance to halo blight included 
26 F2, 12 F3, 14 F4, 34 F5, 39 BC2F2, 66 BCIF3 and 6 BCIF4. Out of 33 F7 populations, 
16 have been selected. The evaluations made in Gisozi also confirmed the high degree of 
resistance fo halo blight which was detected in the Doré de Kirundo x Aroana F2 population. 

In 1993-1994, the material could only be multiplied and bulk harvested in Gisozi during the 
two consecutive rainy seasons, and in Moso during the second rainy season. 

INTRODUCTION 

Since 1990, !he Sean Prograrnme of ISABU has been in charge of !he sub-project "Halo 
blight resistant varieties". Halo blight, caused by Pseudomonas syringae pv. phaseolicola, 
is important in Rwanda and Zaire but is not !he most devastating disease in Burundi. 
Nevertheless, !he risb must not be neglected in medium and high altitude regions where low 
temperatures during !he night create favourable conditions for !he development of!he disease. 
It can also be a problem in seed multiplication fields. In Burundi, !he cultivar Doré de 
Kirundo, which was released in 1984 and became very popular among farmers, was 
withdrawn in 1988 because of its high susceptibility to !he disease. Genes for resistance to 
halo blight have been identified in otber local cultivars and can be introduced through 
hybridization to susceptible traditional or released cultivars. 
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The main objective of the sub-project is 10 introduce resistance to halo blight in commercial 
varieties of fue region. 

MATERIALS AND METHODS 

Materials 

Doré de Kirundo has been used as recurrent parent. Initially the varieties Calima, 
Urubonobono, A 410, A 321, PVA 779, HM 21-7, H 75, Aroana, and SM 1197 were used 
as donor parents. HM 21-7 is not highly resistant to halo blight and was dropped as donor 
since the second rainy season of 1993. On the other hand, A 321, A 410 and Aroana being 
susceptible to black root, have been eliminated from the crossing block during that same 
season. Doré de Kirundo is used as the susceptible check in the segregating nurseries and A 
321 is the resistant check. 

MetbodololD' 

The main activities of the sub-project are: 

- hybridization at the ISABU station of Moso. In fue crossing block, varieties are planted 
every 15 days in order to have them flower simultaneously. The row and plants are separated 
by distances of 1 m and 20 cm, respectively. An insecticide (dimethoate) is sprayed at 2-3 
weekly intervals during the vegetative and reproductive stages. Crosses are made on floral 
buds without emasculation just before opening. 

- Fl hybrid multiplication and checking whether the Fls are hybrids at Moso. Seeds from 
the same pod are planted in one row, with distances of 1 m between the rows and 10 cm 
between the plants. 

- Carrying backcrosses on Doré de Kirundo (recurrent parent), in order lO recover the 
interesting characteristics of that variety as well as to keep resistance to halo blight. 
However, only two backcrosses were made in 1990-1991 and in 1991-1992. 

Evaluation and individual selection at Moso and Gisozi. Until the frrst rainy season of 
1993, evaluation was carried out under natural selection pressure. &cause of low disease 
incidence, even at Gisozi where the heavy rains and low temperatures would norrnally favour 
disease development, it was decided to inoculate the different progenies. The inoculation is 
carried out at the primary leaves stage, some 10 to 15 days after planting, by cutting fue tips 
of the primary leaves with scissors which have been immersed in a bacterial suspension 
containing about lO" bacteria/mI. The frrst evaluation is made about 10 to 14 days afier 
inoculation. A second evaluation is made at the pod filling stage. The technique has been 
used with success at Moso and Gisozi in 1993B. The evaluation is based on the scale of 
severity and intensity established at CIAT by van Schoonhoven and Pastor-Corrales (1992). 
As for the progenies evaluated under natoral selection pressure, eifuer fue populations were 
bulk harvested when the pressure was too low, or the single pod descent method was used. 

The activities are carried out during both rainy seasons: the first rainy season, season A, 
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from October to ]anuary (e.g. 1993A: from October 1992 to ]anuary 1993), and tbe second 
rainy season, season B, from February to May (e.g. 1993B: from February 1993 to May 
1993). 

RESULTS 

Crossing programme 

From 1991A unti11993B, a total of 3096 crosses were made and 475 hybrid pods were 
obtained, with a mean success rate of 15,3 %. The results are presented in Tables 1 and 2, 
and show that the success rate was better in 1993, because the hybridization technique was 
mastered better. 

The first backcrosses were carried out in 1991B on the Fls obtained in 1991A, and also in 
1992A on the Fl obtained in 1991B. A total of 76 Fl farnilies were involved and 722 
backcrosses were made, with a success rate of 12,6%. 

The second backcrosses were carried out in 1992A on the BCIFl hybrids obtained in 1991B, 
and in 1992B on the BCIFl hybrids obtained in 1992A. Seven hundred and twenty 
backcrosses were carried out on 74 BCIFl families, with a success rate of 21,1 %. 

Evaluation and selection 

The evaluation of resistance to halo blight began in 1992A with 18 F4 popuIations which 
carne as F3s from CIAT and were multiplied in Moso in 1991B. Since the selection pressure 
was not severe, the single pod descent method was used at harvest and the F5 progeny was 
planted in 1992B at Gisozi. Within each population, the four best resistant plants were 
selected and the rest of each population was harvested as a bulk. The parent combinations 
of the selected individuals were the following: AND 303 x PV A 1320, PV A 15 x PV A 1320, 
PVA 1438 x PVA 1320, PVA 773 x PVA 1320, Doré de Kirundo x A 182, Nain de Kyondo 
x A 410, Doré de Kirundo x A 410, G 20523 x A 410, G 20523 x G 4450. 

Twelve F2 populations from CIAT were also planted in Gisozi in 1992A. Afier being 
multiplied, an individual selection of 50 plants was carried out in the F3 in 1992B. In 1991-
1992, no hybrid population from the crosses made in Moso was evaluated in Gisozi because 
those populations were used in backcrosses in Moso. The selection of the materials created 
at ISABU began in 1993A. 

At the Moso station, tbe following materials were multiplied in 1993A: 40 Fl populations, 
39 F2 populations, 43 BCIF2 populations and 82 BC2Fl popuIations. 

At Gisozi, the materials planted in 1993A included 29 F3 popuIatíons, 26 BCIF3 
popuIations, 65 F4 popuIations and 34 F6 populations of bush and semi-climbing beans, and 
6 F4 populations oC climbing beans. Because of the low selection pressure of halo blight, 
those materials were buIk harvested and planted again in 1993B. 

During 1993B, 19 F2 populations were inoculated tentatively in Moso. The symptoms 
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appeared 8 days afier inoculation and an individual selection was carried out. Within a total 
of 1860 p!ants evaluated, 40 symptomless plants were selected: 25 plants among the crosses 
Doré de Kirundo x H 75 and 15 plants among the crosses Doré de Kirundo x HM 21-7, as 
well as one population from the cross Doré de Kirundo x Aroana. On the other hand, the 
following materials were multiplied in Moso: 269 Fl and 46 BCIF1, 37 BC2F2, 23 BCIF3 
and 38 F3 populations. Those materials were bulk harvested. 

During 1993B at Gisozi, the families included F2, BC2F2, BCIF3, F3, BC1F4, F4, F5 and 
F7 populations. The F7 carne from crosses made at CIAT (Colombia). The results of the 
individual selections afier inoculation are presented in Tables 3 and 4. In F7, 16 populations 
were selected out of 33 populations. 

The results (Table 3) show that HM 21-7 is not highly resistant to halo blight and therefore 
very few highly resistant hybrids were obtained: between ° and 0,9 % depending on the 
progeny, with a mean of 0,5 % for all progenies. 

The evaluation of the F2 populations carried out at Gisozi confumed the high degree of halo 
blight resistance in the Doré de Kirundo x Aroana population. 

The young plants were high1y affected by the inoculation and frequently died. The number 
of dead plants were counted at flowering time. Other factors (including bean fly, root rots) 
may have contributed 10 the death ofthe plants as was the case in the BCIF4 progeny, where 
the death rate is 46,6% for the resistant check A 321. These data, as well as the halo blight 
scoring at R8, are presented in Table 4. 

The susceptible check, Doré de Kirundo, was heavily affected by the inoculation: most plants 
were already dead at flowering time, while the resistant check A 321 was symptomless or 
expressed only very light symptoms. These data show the low level of resistance of the 
BC2F2, with scores of 6,3 to 7,6, with a mean of 7,2. 

As for the crosses with A 321, the generally low resistance can be explained by the 
susceptibility of the halo blight resistant pIants to black root, which were eIiminated during 
the muItiplication of the eariy prugenies in Moso. As shown by Teverson (1991), the 
resistance gene R3 to halo blight is identical with the resistant gene 1 to BCMV. This would 
explain why A 321, A 410 and Aroana which have the 1 gene, are aIso resistant to the race 
3 of halo blight. 

Because of the political problems during the year 1993-1994, the materials were only 
multiplied in Gisozi in 1994A, and in Moso in 1994B. In Gisozi, in 1994B the materials are 
being evaluated under natural selection pressure. The populations which were planted in 
Gisozi and Moso during 1993-1994 are: 

a. in Gisozi, in 1994A: F2, F3, F4, F5, BCIF2, BCIF4, BCIF5, and advanced Iines (F6 
and F8); CIAT's International Bean Nursery for Halo Blight in 1994B: F3, F4, F5, BCIF3, 
BCIF5, and advanced lines (F6, F7, F9, BCIF6); CIAT's IBNHB. 

b. in Moso, in 1994B: F2, F3, BCIF2, BC2F3, BCIF4. 

58 



CONCLUSIONS AND PERSPECTIVES 

Individuals or populations with a high level of resistance lo halo blight have been selected 
within the materials created in Burundi and introduced from CIAT. Tbe best resistant Iines 
among the advanced Iines will be introduced for varietal selection in the near future. 

In order to avoid damage due lo bean fly infestation, the treatrnent of seeds with endosulfan 
(2g/per kg seeds) before planting is recommended. 

lnoculatíon in the field in Gisozi is recommended in order to obtain severe and uniform 
selection pressure. Inoculation with a mixture oi local races and evaluation of advanced lines 
under controlled conditions are planned in collaboration with the Phytopathology Programrne 
of ISABU. That method would allow the Bean Programme to confmn the resistance of the 
materials which were selected in the field. 
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Table 1. Number of crosses made at the ISABU station of Moso between 1991A and 19938, 
number of hybrid pods harvested and success rateo 

Season Number of Number of Success rate 
crosses hybrid pods (%) 

91A 553 16 2,9 
91B 180 21 11,7 
92A 550 39 7,1 
92B 540 40 7,4 
93A 778 227 29,2 
93B 495 132 27 

TOTAL 3096 475 15,3 

Table 2. Parent combinations, number of crosses made, number ofhybrid pods harvested and 
success cate during 1990-91, 1991-92 and 1992-93. 

Parents Number Number of Success 
of hybrid rate 

Recurrent Donor crosses pods (%) 

Doré de Kirundo MlO 322 28 8,7 
A321 317 45 14,2 

Urubonobono 403 51 12,7 
Calima 578 122 21,1 

PVA779 361 75 20,8 
H75 225 30 12,8 

Aroana 285 18 6,3 
HM21-7 333 39 11,7 
SM1l97 98 31 31,6 

77/2 8 5 62,5 

HM21-7 Calima 52 17 32,7 
PVA779 41 2 4,9 
SM1l97 73 12 16,4 

TOTAL 3096 475 15,3 
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Table 3. Number ofplants evaluated (eval.) and number of individual plants selected (select.) 
for halo blight resistance at Gisozi, Burundi, 1993B. 

--------------------------------------------------------------------------------------------------------------------
Parents No. BC2 BC1 BC1 

plants F2 F3 F4 F5 F2 F3 F4 Total 
--------------------------------------------------------------------------------------------------------------------

DxC Eval. 164 172 1108 146 1988 1301 477 5356 

Select 3 3 8 6 22 31 2 75 

(%) 1.8 1.7 0.7 4.1 1.1 2.4 0.4 1.4 

DxA Eval. 268 268 

Select 17 17 

(%) 6.3 6.3 

D xH75 Eval. 251 28 116 395 333 1123 

Select 5 O 2 4 3 14 

(%) 2.0 O 1.7 1.0 0.9 1.2 

DxHM Eval. 487 48 541 108 1800 2467 269 5720 
21-7 

Select 1 O 3 1 11 13 2 31 

(%) 0.2 O 0.6 0.9 0.6 0.5 0.7 0.5 

DxPV Eval. 51 93 141 27 458 272 59 1101 
A779 

Select O 6 O O 2 15 O 23 

(%) O 6.5 O O 0.4 5.5 O 2.1 

DxU Eval. 25 86 56 98 329 164 758 

Select 3 1 2 O 4 O 10 

(%) 12 1.2 3.6 O 1.2 O 1.3 

D x A410 Eval. 16 56 59 161 292 

Select O 2 O 1 3 

(%) O 3.6 O 0.6 1.0 
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D x A321 

Various 
from ClAT 

Eva!. 

Select 

(%) 

Eval. 

Select 

(%) 
-------- ._-_. 

Total Eva!. 
Select 
(%) 

1221 
26 
2.1 

382 
12 
3.1 

1992 
14 
0.7 

62 

29 

1 

3.4 

1230 

22 

1.8 

1652 
34 
2.1 

4798 
39 
0.8 

4702 
66 
1.5 

44 

1 

2.3 

1174 
6 
0.5 

73 

2 

2.7 

1230 

22 

1.8 

15921 
197 
1.2 



Table 4. Percentage of dead plants in the halo blight nurseries in Gisozi and mean score for 
halo blight. 

Combination Value* F2 F3 F4 F5 BC2F2 BCIF3 BCIF4 
.-----------------------------------_-.--------------------------------------------------------------------

A 321 %dp 9,6 4,9 10,6 28, 10,8 10,5 46,6 
(check) Score 2,5 2,3 2,5 1 2,2 2,5 2 

2 

Doré de % dp 90,3 82,0 83,5 92,3 76,3 68,1 91,0 
Kirundo Score 7,5 6,3 8 7 8,1 8 6 
(check) 

Dorél x % dp 68,2 65,2 78,2 84,2 44,8 37,6 91,8 
Calima Score 4 3,7 5,4 3,4 6,7 4,5 4,6 

Doré x % dp 22,4 
Aroana Score 3,5 

Doré x H % dp 55,6 50,0 80,2 31,2 54,0 
75 Score 4 5 3 6,3 5 

Doré x HM % dp 77,3 68,7 87,7 86,4 55,9 44,6 95,7 
21-7 Score 5 4 5,9 5,7 7 5,2 6 

Doré x % dp 39,2 70,3 76,4 81,5 63,2 30,9 89,8 
PVA 779 Score 5 5 6 4 7,6 3 6 

Doré x A % dp 75,0 73,2 41,7 90,2 
410 Score 4 6 7,5 4 

Doré x % dp 56,0 54,9 57,0 53,3 32,6 92,0 
Urubonobon Score 6 5 3,5 7,6 4,5 4,7 

Doré x A % dp 79,3 93,2 
321 Score 8 6 

Mean % dp 52,5 64,2 75,5 76,9 48,4 39,9 92,1 
Score 4,3 4,6 5,1 5,1 7,2 4,4 5,2 

----------------------------------------------------------------------------------._--------~----------------~------

1 Doré = Doré de Kirundo; * % dp = percentage of dead plants; Score = score for halo 
blight 
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STUDIES OF COMMON BACTERIAL BLIGHT OF BEANS IN UGANDA 

Fina Opio 

Namulonge Research Institute, P.O. Box 7084, Kampala, Uganda 

INTRODUCTION 

Common bacterial blight (CBB), caused by Xanthomonos campestris pv. phaseoU (XCP), is 
fue second most prevalent disease of beans (Phaseolus vulgaris) in Uganda; the fírst is 
angular leaf spot (Sengooba, 1985). The disease is most important in fue lowland, high 
rainfall areas. It is also in fuese areas where common bean is most important in fue diet as 
a protein supplement to fue starchy staple, Matoke. 

Research work on CBB in Uganda, which was initiated in 1987, has been carried out 
cooperatively by a breeder and a pafuologist. Work of fue pafuologist (1990-1992) is 
presented here. Objectives were the following : 

1. To study the nature and extent of variation in pathogenicity oC Xanthomonos campestris 
pv. phaseoli. 

2. To determine the ability of XCP to survive on weeds, non-host crops and in soil. 

3. To determine whefuer there are differences among genotypes in their ability to transmit 
CBB with a view to selecting for low seed transmission efficiency. 

4. To assess erop 1058 associated with CBB. 

5. To form an Eastem African common bacterial blíght nursery. 

Reviews of the work earried out toward each objective are given separately in the text that 
follows. Fuller details have becn publíshed elsewhere (Opio et al., 1992, 1993, 1994, 1996). 

VARIATION IN PATBOGENICITY 

Naturally infected leaves, sterns aud pods of P. vulgaris that bOfe eharacteristic symptoms 
of CBB were collected from most bean growing arcas of Uganda, supplemented by 
collections made in Ethiopia, Rwanda and Tanzania. lsolations were made on yeast dextrose 
carbonate agar (YDCA) and MXP (Claflin et al., 1987) a semi selective medium for XCP. 
Colonies of MXP that were yellow and hydrolysed starch were selected and considered XCP. 
Single colonies were selected for purification and subculturing and were conftrmed to be 
XCP by pathogenicity tests. patliogenicity tests were made by inoculating the first trifolio late 
leaves of cultivar Kanyebwa with a bacterial suspension prepared from 48 hr old cultures 
grown on YDCA. The concentration of the suspension was adjusted to aptica! density 0.5 
at 640hm to contain 5 x loa colony forming units (cfu) per millilitre. This was diluted to 10' 
cfu/ml before inoculating the bean leaves by the razor blade method (pastor-Corrales ~ al., 
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1981). 

In studying the nature and extent of the variation in XCP isolates, reactions of different hosts 
(P. vulgaris and P. acutifolius), phage-typing and growth characteristics on different media 
were used. Twenty genotypes of P. vulgaris and eight of P. acutifolius were used. Out of 
98 isolares collected, 30 were selected for these studies. The selection was made on the 
bases of their contrasting origins. 

The results revealed the existence of two types of pathogenicity. There were differences in 
aggressiveness of the isolates on the 20 P. vulgaris genotypes (Table 1) indicating a 
quantitative relationship, and no host specificity. On P. acutifolius, the 30 isolates tested 
interacted differentially with tepary bean genotypes and eight distinct physiologic races of 
XCP were defmed (Table 2), suggesting an underlying gene-for-gene relationship. Although 
variation was found in parameters including phage-type, the prnduction oí brown pigment 
and in vitro growth rate, there was linle consistent relationship between these characterictics 
and pathogenic variation. 

SURVIVAL 

The role of infested soil, infested bean debris, weeds and non-host crops in the survival of 
XCP was investigated between April,l990 and October, 1992, at two sites (Kawanda and 
Bukalasa) in Uganda. 

For soil, fields were first sown with beans. After harvest, the field was then subdivided into 
different plots. The treatrnents applied to the different plots was varying the time when 
beans was sown again in that field. A range oí 1 - 4 seasons was used (Table 3). 

Infested bean debris was sampled from beans during the cropping season. Then the debris 
were left standing in the field. Sampling continued weekly. Soil samples were taken at the 
pod filling stage when CBB was severe in the field, at harvest time, and thereafter at month1y 
intervals throughout the experimental periodo The soíl samples were randomly taken from 
different parts of the field. The bacteria were recovered from soil samples by serial dilutions 
in O.01m phosphate buffer (pH 7.2) and plating on YDCA and MXP. 

The infected debris left standing in the field were sampled weekly for XCP, from 
immediately afier harvest up to the next planting. Weeds and non-host crops within and 
around severely infected debris were also sampled. XCP was extracted by grinding of the 
material in O.Olm phosphate buffer (pH 7.2), serial dilution and plating on MXP and YDCA. 

XCP survived on infected debris, in soil and on weeds for several months in the absence of 
a bean crop. Crop rotation resulted in a decrease in the XCP population in the absence of 
beans. The population dynamics of XCP appeared to depend on the movement of this 
bacterium from infected leaves (or/and infested debris) 10 the soH. This is because the XCP 
population was highest at physiological maturity of the host when CBB was most severe and 
immediately after harvest when most of the infected crop residue had dropped to the ground. 
Tbe XCP population declined thereafter. This decline may have been due 10 decomposition 
of infected debris, suggesting that XCP cannot survive as a free bacterium in the soil in the 
absence of debris, conftrming previous fmdings (Weller and Saettler, 1980.) 
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XCP was isolated from the following weeds: SenfUl hirsuta Aeschynomene sensitiva. 
Ageratum conyzoiáes, Siegesbeclda orientalis, Bidens pilosa, Sonchus oleraceus. Amaranthus 
hybridus, Amaranthus thunbergii. CommelifUl benghalensis, OxaJis latifolia. Dígitaria 
scalarum, Galinsoga parviflora. Sorghum verticilliflorum, Erucastrum arabicum. and 
Portulaca oleracea. The non-hosl crops include Zea mays and Glycine max. AlI the weeds 
and non hosts were symptomless carriers of XCP. XCP was recovered from four weeds 3-
4 months after harvest of the bean crop; and at six months from Senna hirsuta. TItís 
índicates that, in absence of the bean crop, Senna hirsuta would harbour epiphytic XCP even 
in long dry seasons which in most of Uganda is less than 5 months. Hence ít bridges the gap 
between bean crops and perpetuates XCP inoculum. XCP could no1 be recovered from soil 
nor from any weed species after seven months. 

This means that, under Uganda conditions, effectíve rotation to control CBB would involve 
a mínimum of one year (i.e. two cropping seasons). 

V ARlATION IN SEED TRANSMISSION 

Ten elite bean lines from breeders in different countries in East Africa were evaluated for 
their ability lO transmit XCP. The lines were : K.20, CAL 96, RWR 136 and MCM 5001 
from Uganda; 2395-B-b-l and 2439-B-b-1 from Tanzania; Awash 1, Roba and ICA Linea 
64 from Ethiopia; and GLP 585 from Kenya. Kanyebwa and Kasuka Nywele were 
susceptible checks and XAN 112 was a resistant check. Seed of each line was increased 
from a single seed in the screen house. The seeds were aH inoculated by soaking in a 
bacterial suspension for four hours before planting. 

The inoculum concentration used was 5 x 107 cfu/millilitre. The ¡solates used were 1068, 
1073, 1010, and 1029 (see Table 1). The design was a split plot wíth ¡solates in main plots 
and genotypes in subplots. 

Records were taken on incidence of CBB as percentage of infected seedlings at lO, 18, 35 
and 56 days after sowing. Disease transmission efficiency (TE) was calculated as 

TE = NDS x lOO 
TGS 

where NDS is the number of diseased seedlings at 10 days afier sowing and TGS is the total 
number of seedlings that germinated. 

The results showed significant differences (P.::;. 0.05) between genotypes in their ability to 
transmit XCP from seed lo seedling. K.20 had the highest infected seedlings at 10 and 18 
days afier sowing. These were foHowed by RWR 136, 2395-B-b-l, GLP 585, 2439-B-b-l, 
Awash 1, CAL 96, Roba and ICA Linea 64, respectively. All seedlings from seeds ofMCM 
5001 and XAN 112 were hea1thy for all treatrnents. These results indicate that these two 
genotypes had very low seed transmission of the disease and could be nsed by breeders for 
developing bean varieties that are resistant to CBB and with low transmission efficiency of 
the disease. A significant interaction between ¡solates and genotypes was obtained in tbis 
study, indicating tbat the rate of seed transmission in beans depends both on XCP ¡solate and 
host genotype. 

66 



ASSESSMENT OF YIELD LOSS 

The effect of cornmon bacterial blight on seed yield of cornmon bean was determined in field 
experiments during three seasons at BukaIasa, Uganda. Different levels of disease were 
generated using chemical treatments, three bean genotypes differing in susceptibility, and 
three seed symptom categories. The chemicals were cupric carbonate, cupric sulphate and 
water, and fue bean genotypes were Kanyebwa (susceptible), K.20 (intermediate) and XAN 
112 (resistant). The seed categories were "severely diseased", "slightly diseased" and 
"symptomless" . 

The experimental design was a split plot, with chemicals as main plots and genotypes x 
categories in subplots. Severity and incidence were assessed from pre-flowering (RS) to 
physiological maturity, at weekly intervals. A 1-9 scale was used fOI assessing severity. 

Total and c1ean seed yields were taken at harvest. Regression analysis to evaluate the 
relationsrup between disease severity and yield employed the SPSSIPC V.3 prograrnme. 
Percentage reduction in yield for each season was calculated using fue intercepts of yield loss 
models developed. The data were expressed as percentage of fue minintum attainable yield 
(Bowen et al., 1991) using the following formula. 

Percentage YL = YR x D x 100 
MAY 

where YL is the yield 1088, YR is the reduction in yield induced by one unit increase in 
disease severity, D is the disease 8everity, and MA Y is the maximum attainable yield (the 
intercept) for each season. 

Yie!d losses in beans associated with CBB varied with susceptibility of fue genotype and 
stage of growtb at the time of infection. Losses in seed yield ranged from 26.6 lO 61.7% 
in the susceptible genotype Kanyebwa, and from 6.2 to 7.8% in the tolerant genotype K 20. 
XAN 112 suffered no significant yield 1088 at any stage of growth. 

COMMON BACTERIAL BLIGBT REGIONAL NURSERY 

A regional cornmon bacterial blight nursery was put together in Uganda. This nur&ery is 
rnade up of rnaterials resistant to CBB in Eastero Africa. This nursery now has 50 entries. 
There are a few susceptible and intermediate lines ror comparative purposes. 
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Table L Leaf lesion size (mm) in 20 genotypes of Phaseolus vulgaris 14 days after inoculation witb 30 isolates 
of Xanthomonas campestris pv. phaseoli. 

HOST GENOTYPES* 
ISO-
LATE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean 

1068 4.8 6.3 5.5 5.4 3.8 3.6 2.5 2.8 5.8 5.9 3.0 3.5 1.9 3.0 5.8 4.2 0.8 3.1 0.2 0.7 3.6 
1010 6.4 5.6 5.3 3.2 3.4 3.2 2.3 2.3 2.6 2.4 1.0 0.7 2.8 1.2 0.2 0.5 0.7 0.6 0.9 0.1 2.7 
1073 6.1 4.8 3.5 4.7 2.5 3.2 1.3 3.7 3.8 2.0 1.8 2.8 2.3 1.8 0.8 2.7 2.3 0.8 1.3 0.5 2.6 
1029 6.3 5.8 6.3 6.0 2.8 5.3 4.7 2.7 0.5 0.5 0.9 0.7 2.3 0.6 2.6 0.7 0.6 0.4 0.4 0.4 2.5 
1067 4.9 3.0 6.1 3.2 5.1 2.2 2.1 3.0 3.0 LO 3.5 0.6 0.2 4.2 0.4 3.0 2.1 0.3 0.3 0.3 2.4 
1011 5.1 5.4 6.8 4.0 4.2 3.3 2.7 2.7 1.3 2.3 0.6 2.8 0.8 1.1 0.5 0.7 1.0 LO 0.5 0.5 2.4 
1038 4.3 5.3 5.8 1.3 3.9 2.6 2.6 2.6 0.4 2.5 0.7 0.5 0.9 0.5 1.9 0.5 1.1 0.9 0.7 0.3 2.0 
1069 5.3 4.0 4.0 6.3 2.6 3.2 2.4 2.3 0.3 0.7 LO 1.3 0.8 0.5 1.5 0.4 0.8 0.8 0.6 0.4 2.0 
1032 6.3 4.4 3.7 5.1 2.3 1.0 1.3 2.4 3.0 1.0 0.6 0.5 2.3 0.5 0.5 1.0 1.0 0.6 0.6 0.4 1.9 
1099 5.8 5.6 6.6 5.8 2.3 0.4 2.7 1.1 0.7 0.5 2.7 0.5 0.4 0.7 0.6 0.3 0.5 0.5 0.2 0.5 1.9 
1046 5.4 5.4 6.2 5.2 1.3 0.7 0.9 0.7 0.9 0.9 2.1 2.6 0.4 0.6 0.9 0.5 1.0 1.1 0.5 0.2 1.9 
1005 5.2 3.3 3.4 2.4 2.6 3.4 0.8 2.3 3.0 2.7 1.9 0.6 0.8 0.5 0.5 0.5 0.6 0.4 0.5 0.1 1.8 
1030 5.3 6.4 4.3 5.7 3.4 0.9 0.5 0.5 0.9 0.7 2.0 0.5 0.5 0.5 0.3 0.3 1.0 0.5 0.5 0.3 1.8 
1112 5.3 5.2 5.4 3.7 2.4 1.4 1.2 1.4 1.1 1.1 1.1 1.1 0.5 1.0 1.1 0.5 1.3 0.8 0.5 0.5 1.8 
1048 4.8 3.7 4.3 2.6 2.3 0.5 2.3 1.8 2.2 0.5 1.7 0.5 0.7 1.1 1.9 1.3 1.0 1.0 0.2 0.4 1.7 
1066 5.2 4.8 6.2 6.0 1.3 0.6 1.0 2.0 1.0 0.3 0.3 0.5 1.1 0.4 0.3 0.4 0.5 0.6 0.4 0.3 1.7 
1096 3.9 3.8 3.9 3.9 2.7 2.7 0.5 0.5 0.4 0.7 0.6 0.5 0.3 0.6 0.5 0.4 0.6 0.5 1.0 0.3 1.4 



1007 4.8 5.8 5.2 3.5 2.2 0.7 0.6 0.9 0.1 0.6 0.2 0.2 0.1 0.2 0.2 0.3 0.2 0.1 0.1 0.3 1.3 
1024 5.9 3.2 3.8 4.9 2.3 0.5 0.5 0.5 0.3 0.5 0.5 0.5 0.5 0.7 0.5 0.3 0.5 0.4 0.3 0.3 1.3 
1002 2.8 3.8 3.3 1.9 3.6 2.3 1.3 1.2 0.2 2.0 1.2 0.5 0.4 0.5 0.1 0.4 0.4 0.6 0.6 0.4 1.3 
1034 5.9 3.5 3.8 4.6 2.3 0.5 0.5 0.5 0.3 0.5 0.5 0.5 0.4 0.4 0.5 0.3 0.5 0.4 0.3 0.3 1.3 
1090 3.2 2.9 4.0 4.0 2.6 1.3 0.5 0.1 0.3 0.6 0.7 0.6 0.2 0.5 0.5 0.3 0.5 0.5 0.5 0.2 1.2 
1083 3.3 2.9 3.4 4.3 3.0 0.8 0.5 0.5 0.2 0.7 0.5 0.4 0.5 0.5 0.3 0.3 0.6 0.2 0.2 0.2 1.2 
1065 4.0 2.3 2.0 2.0 1.3 1.0 0.3 0.3 1.0 0.5 0.5 1.3 2.3 1.0 0.7 0.6 0.6 0.3 0.2 0.3 1.1 
1042 2.0 6.2 1.3 5.0 0.6 0.4 0.7 0.5 0.2 1.2 0.7 0.2 0.2 0.7 0.5 0.4 0.6 0.5 0.5 0.1 1.1 
1043 2.3 2.3 2.4 0.8 1.4 0.6 1.1 0.8 0.4 0.6 0.6 0.7 0.5 0.5 0.1 0.4 0.7 0.5 0.5 0.4 0.9 
1040 0.9 5.5 2.3 1.2 1.3 0.6 1.1 0.2 1.3 0.2 0.2 0.5 0.2 0.2 0.2 0.7 0.4 0.2 0.1 0.1 0.9 

el 1026 0.6 0.5 2.0 0.5 0.5 2.4 0.7 3.1 1.8 0.5 0.0 0.0 0.8 0.8 0.0 0.0 0.4 0.0 0.0 0.0 0.7 
1033 2.5 3.0 3.6 0.9 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 
1074 1.8 2.7 2.8 1.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 

SE +1- 0.04 
CV % 23.9 

*1= Red Wolaita, 2=ZPv 292, 3= Kanyebwa, 4= Kasuka nywele, 5= K20, 6= Tara, 7= PI 207262, 
8= G 9857, 9= 06772, 10= Jules, 11= BAC 6,12= BAC 5,13= XAN 112, 14=IAPAR 14,15= ICA 
Linea 64, 16= MX 259-8, 17= IAPAR 16, 18= XAN 169, 19= Amanda 75-20, 20= XAN 159. 



Table 2. Interaction between 30 ¡solates of Xanthomonas campestris pv. phaseoli and eight genotypes oC tepary bean, P. acutifolius and 
definition of XCP races. 

Isolate 
No Tl' T5 TSb Tl9 T21 T22 PI 321638 

Racel + 
1010 

Race 2 + 
1005 
1032 
1069 

-1 Race 3 + + ..... 
1034 

Race 4 + + + 
1038 
1067 

Race5 + + 
1024 
1048 

Race 6 + + + 
1065 

Race 7 + + 
1068 
1083 



Race 8 
1011 
1046b 

+, compatible (susceptible) reaction. 
- , incompatible (resistant) reaction. 
a Responses of L 242-45 are similar to T1 so are omitted 
b Remainder of ¡solates 
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Table 3: The sequence of crops used in determining the survival period of Xanthomonas campestris pv. phaseoli in the field. 

Treatrnent 1990aA 1990bB 1991N 1991Bb 1992A 1992B 

Experiment 1 1 Bean Bean Bean Bean Bean Bean 

2 Bean Maize Bean Maize Bean Maize 

3 Bean Maize Soybean Bean Maize Soybean 

4 Bean Maize Soybean Maize Bean Maize 

5 Bean Fallow Fallow Bean Bean Maize 

Experiment 2 
-.J 
W 1 Fallow Bean Bean Bean Bean Bean 

2 Fallow Bean Maize Bean Maize Bean 

3 Fallow Bean Maize Soybean Bean Maize 

4 Fallow Bean Maize Soybean Maize Bean 

5 Fallow Bean Fallow Fallow Fallow Bean 

a A refers to the first rainy season which is from March to June. 

b B refers to the second rainy season which is from August to December . 
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RECENT RESEARCH ON COMMON BACTERIAL BLIGHT OF BEANS AT 
CIAT HEADQUARTERS 

ABSTRACT 

M. A. Pastor-Corrales, 
Centro Internacional de Agricultura Tropical, 

A. A. 6713, Cali, Colombia. 

Common bacterial blight (CBB), an imponant bacterial disease of common beans in both 
Latin America and Africa,is caused by X1lnthomonas campestris pv. phaseoli (XCP) and 
Xanthomonas campestris pv. phaseoli var. fuscans (XCPF). The two causal agents produce 
indistinguishable symptoms although XCPF is regarded as more virulent than XCP. XCPF 
produces a dark brown melo.nin pigment 071 tyrosine containing media but it is time 
consuming to distinguish the two by conventional methods. Non-pathogenic xanthomonads 
associated with bean plants and debris can also be identified mistakenly as XCP and XCPF 
on semi selective media. Recent work 071 CBB at CIAT, Colombia has covered the following 
areas: use of two medium repetitíve DNA probes in the quick identification of XCP and XCPF 
for diagnostic purposes. The same probes have also been used to study the genenc diversity 
of Latin American ¡solates. Evaluation of Phaseolus acutifolius germplasm available in 
CIATs' Genet;c Resources Unit has been made with the objective of idenliJYing new ,SQurces 
of resislance and lo verify resislance of the species. 

It was shown that the two medium repelitive probes (P2 and P7) can be used lO identiJY and 
unequivocally distinguish between XCP and XCPF, making pathogenicity tests unnecessary. 
The RFLPs patterns generated by the two probes lo the restricted DNA of XCP and XCPF 
were very different for the two CBB palhogens. The probes can also be used to rapidly 
separate the two causal agents of CBB from non-pathogenic xanthomonads usually associated 
with bean plants or seed. 

The main results obtained in genetic diversity studies are that isolates 01 the two CBB 
pathogens can be separated into lamilies. Isolates from the same geographical origin (eg 
country) tend to have very similar RFLP patterns. It was also interesting to note that there 
were no XCPF ¡solates andlor families from Costa Rica or the Caribbean countries. 
This implies that isolates of XCP and XCPF of different geographical origin are no! clonal 
as previously thought. Pathogenicity tests conducted with selected isolales of both palhogens 
corifinn that they a/so have differences in pathogenicity. 

Evaluarion af 303 accessian 01 P. acutifolius has been made with artificial inoculatian under 
field conditions. Out 01147 cultivated accessians, 90% were resistant while 85 - 89 % ofthe 
wild accessians were susceptible. However, some af the cultivated accessions were more 
susceptible than the common bean susceptible check. The iriference of these results is that 
during the process of domesticanon, CBB-susceptible genotypes were either not selected or 
may have not survived. On the other hand, wild accession have not been subjected Ea the 
sume selection pressures and their survival did not relay on CBB resistance. CBB resistance 
in wild accessions might well be a random feature. 
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DISCUSSION OF SESSION 2 

Following paper by Qpio 

Pastor-Corrales: How do you rate tbe pathogen in Uganda ? 

Opio: P. vulgaris canoot detect races in XCP. unlike P. acutifolius in which differential 
interactions between host genotypes and isolates are demonstrable. 

Sengooba : 1 note you have found symptomless weed hosts of XCP. Wbat is their role in 
transmission ? 

Opio: More studies are needed. 

Lana: Rain, and perhaps insects, are means of CBB spread. Is that corteet ? 

Pastor-Corrales : Yes, studies in Latin America showthat populations of XCP/XCPF 
survive permanently in weeds. It is the weather that triggers rosease development and 
spread. 

Following paper by Male-Kayiwa 

Lana : You said seedlings are more resistant than older plants. Shouldn't it be tbe other way 
around? 

Gridley : Tbere is considerable additive gene action. 

Opio : Expression of symptoms does depend on the stage of p1ant development as well as 
00 time of infection. 

Pastor-Corrales : Beans are more susceptible to CBB as seedlings as well as at flowering. 
Primary leaves show strong symptoms but there is no correlation with reactions of 
frrst or second trifoliolates. 

Buruchara : Evaluation of both leaves and pods is important. 

Teverson : Do youinoculate pods as well, at CIAT? 

Pastor-Corrales: Yes, we do. We use about 20 pods, and that's a lot of work:, inoculating 
between tbe seeds. Pod age is critical. 

Following paper by Pastor-Corrales 

Gridley: As regards levels of resistance to CBB, Opio has tested some of the putative 
resistant materlals bere in U gandá and found that, in some cases, resistance beld and, 
in others, it did noto How do you explain that ? 
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Opio: We bave already been doing this! Materials bave been received from many parts of 
Mrica including Sudan and Ethiopia. We are ready lO distribute nurseries on request. 
CIAT materials bave been exchanged too. Now CIAT headquarters should be asked 
10 send back lines for our nurseries. 

Pastor-Corrales : The best source of resistance is derived from P. vulgaris x P. acutifolius. 

Lana : Should BCMV and CBB be considered lOgether in breeding, since they appear 
together in the field ? 

Pastor-Corrales: Certainly! You can get the next CBB nurseries from Cali in Dec'94 in 
time for next season. 

Burucbara : Do we need to consider bacterial diseases other than CBB and halo blight ? 

Opio: We bave found brown spot (Pseudomonas syringae pv. syringae) which we believe 
is a minor pathogen. We have isolates. 
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Planning of Future Research Activities on Bacterial and Viral Bean Diseases 
in Africa. 

Reports from the Working Group Sessions. 

R. Buruchara,. 
CIAT, 

P O. Box 6247, Kampala,. Uganda. 

Iotroduction: 

The primary objective of tbis meeting was to review past and current research on bacterial and 
viral bean diseases, identify future strategies, and prioritize research and non-research activities 
or themes that could be the basis for developing regional sub-projects. The framework developed 
was meant to serve as a guide for Steering Committees of the bean networks for orienting, 
approving or rejecting sub-projects. 

Planning Methodology: PPO. 

A modification of the Project Planning by Objective (PPO) method applied in the Pathology 
Worlcing Group Meeting on fungal bean diseases in 1992 and described by Scheidegger and 
Buruchara (1992) was used. The planning period was 3 years and the areas of intervention were 
restricted to bacterial and viral diseases in Africa. 

Applíeation orpPO in the pan-Arríean meeting on bacterial and viral beao diseases. 

OnIy common bacterial blight (CBB), halo blight (HB) and bean common mosaic virus (BCMV) 
were considered for detailed discussions. Other bacterial and viral diseases were regarded to be 
of minor importance to warrant consideration Oí aIlocation of research resources at tbis stage. The 
same principie and procedure as applied in the 1992 bean fungal meeting, to identifY problems, 
solutions and activities was used. Neither verifiable indicators nor resources necessary for 
suggested activities were determined' This was because such details were regarded justifiable at 
sub-project leve!. But a1location of responsibilities among participating and non-partícipatíng 
institutions, and prioritizatíon at pan-Africa level was done. 

Results: Problem Aoalysis 
Results on problem analysis are found in the following 4 pages. The logic and steps used are 
similar to those described by Scheidegger and Buruchara (1992), The BCMV tree go over two 
pages, 
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