










































































Experiments conducted in the Dominican Republic indicated that Xap survived up to 7
months on infected debris on the soil surface, but not in buried debris after 30 days
(Arnaud-Santana et al. 1991). Xap survival studies conducted over ten years in
Michigan indicated that infected crop debris is not the primary inoculum source for CBB
(Saettler et al. 1986). Infected bean debris may be more important as an inoculum
source in tropical and sub-tropical than in temperate areas (Gilbertson ef al. 1990).

Survival of Xap is greater under dry conditions (Schuster & Coyne 19773a) as
bacteria decline rapidly under moist conditions (Allen et al. 1998). Sabet & Ishag (1969)
reported that Xap survived in press-dried bean leaves for more than 18 months in the
laboratory, while Gilbertson et al. (1988) found Xap to remain viable in dry-leaf inoculum
after 6 years. The longer survival under laboratory conditions as opposed to that in the
field could be attributed the presence of antagonists, such as protozoa, in the soil
(Habte & Alexander 1975).

Xap also survives on weeds and other host plants (Cafati & Saettler 1980c,
Angeles-Ramos et al. 1991, Opio et al. 1995). Certain weed species may harbor the
pathogen for up to 6 months (Opio et al. 1995). Angeles-Ramos et al. (1991) isolated
epiphytic, pectolytic Xanthomonads from symptomless weeds where pathogenic strains
were isolated from within infected fields. Epiphytic colonies survive on a wide range of
plant species in families Amaranthaceae, Commelinaceae, Compositae, Cruciferae,
Gramineae, Oxalidaceae and Portulaceae in addition to various legumes (Allen et al.
1998). Epiphytic Xap populations are important in the epidemiology of CBB on dry
beans (Ishimaru et al. 1991) and are differentially affected in hosts of different
genotypes (Cafati & Saettler 1980a).

The mechanisms of CBB dissemination over long distance (from one part of the
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No methods are available to eradicate internal seed populations, however,
external contamination may be conirolled by streptomycin sulphate and sodium
hypochlorite (Liang et al. 1992). Liang et al. (1992) investigated the potential of osmotic
conditioning in reducing internal Xap populations from seeds, using polyethylene glycol
(PEG) and glycerol as antibiotic carriers. They found that tetracycline and
chlorotetracycline in PEG solutions effectively reduced Xap, but were phytotoxic. PEG
solutions containing streptomycin reduced, but did not eradicate internal bacterial
populations from naturally infected seeds with few phytotoxic effects.

Streptomycin is rapidly absorbed into bean stems and translocated to leaves but

there is noindication that antibiotics are translocated downward through stems, trifoliate

leaves or peduncle into the pod (Mitchell et al. 1954). Antibiotics should not be applied
to leaves as resistant mutants may develop (Saettler 1989), which is the major reason
why antibiotic use is prohibited in South Africa. Development of resistance to chemicals
(Romeiro et al. 1998), costs involved and efficacy limit use of chemical control which
may be feasible under certain circumstances, such as seed production or as a

component of an integrated control strategy (Allen et al. 1998).

Biological control

Resistance in susceptible plants induced by inoculation with avirulent isolates does
exist. Bean leaf extract with avirulent isolates, evaluated at CIAT (1989) significantly
reduced CBB under field conditions. Mabagala (1999) identified two Bacilfus spp. and
a Pseudomonas fluorescens isolate that exhibited in vitro and in vivo antagonism to

Xap.
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Genetic resistance

The most effective and economic bean CBB control strategy is use of genetic resistance
(Rands & Brotherton 1925). CBB resistance breeding has been extensively researched
(Beebe & Pastor-Corrales 1991). Rands & Brotherton (1925) identified lines with
resistance to CBB. Subsequent efforts only yielded moderate levels of resistance
(Yoshii et al. 1978) with no immunity in P. vulgaris. Wild populations of P. vulgaris also
gave intermediate Xap resistance reactions (Navarrete-Maya & Acosta-Gallegos 1997).
Higher levels of resistance were found in scarlet runner bean (P. coccineus) while
highest levels were identified in tepary beans (P. acutifolius) (Singh & Mufioz 1999).

Honma (1956) made interspecific crosses between P. vulgaris and P. acutifolius
to derive the resistant line GN #1 Nebr. sel. 27 (Coyne & Schuster 1974a). This line has
been used many breeding programmes as a resistance source (Coyne & Schuster
1974a, Mohan & Mohan 1983) and resulted in development of resistant lines such as
Jules (Coyne & Schuster 1970), Harris (Coyne et al. 1980}, Tara, Valley (Coyne &
Schuster 1974b) and Starlight (Coyne ef al. 1991).

Another resistance source commonly used is Pl 207262 which was developed
in Colombia (Coyne & Schuster 1973}). GN#1 Nebr. sel. 27 and Pl 207262 have limited
use as GN #1 Nebr. sel. 27 is susceptible to isolates from Colombia and Uganda
(Schuster et al. 1973, Yoshii ef al. 1978). Both lines and derivates are poorly adapted
to tropical conditions (Webster et al. 1983). XAN 112, developed from crosses between
Jules and Pl 207262, had greater resistance and was better adapted to tropical
conditions (Schuster & Coyne 1981, Silva et al. 1989). XAN 112 has been extensively

evaluated as a resistance source in many countries (Argentina, Brazil, Colombia, Cuba,
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lLines developed through pyramiding are often not of suitable commercial seed type and
resistance must be transferred to cultivars of different market classes (Singh & Mufioz
1999). Sources of CBB resistance are shown in Table 1.

Adams et al. (1988) reported that a single major recessive gene confers
resistance in a snap bean line, A-8-40. Eskridge & Coyne (1996) found CBB resistance
in common bean to be controlled by one to five genes. Genetic markers indicated CBB
resistance to be linked from two to six quantitative trait loci (QTL) (Nodari ef al. 1993,
Jung et al. 1996, Miklas et al. 1996, Jung et al. 1997, Park et al. 1998b, Tsai et al.
1998).

Depending onresistance sources used and evaluation methodology, one to three
genes appear to confer resistance in P. acutifolius to CBB (McElroy 1985, Drijfhout &
Blok 1987, Silva et al. 1989). Based on resistance of F1, segregation in F2 and reaction
of F3 plants and lines, Drijffhout & Blok (1987) concluded that resistance was governed
by a single dominant gene which was confirmed by Silva et al. (1989). McElroy (1985)
indicated that resistance in XAN 159, XAN 160, and XAN 161 is controlled by one major
and a few minor genes. A single QTL explained 62% of the total phenotypic variation
in a line derived from XAN 159, confirming that one major gene control blight resistance
(Yu et al. 1999).

Welsh & Grafton (1997) concluded that resistance derived from P. coccineus is
conferred by one recessive gene. Range of reaction varied in susceptible plants
indicating presence of minor genes modifying expression of CBB resistance. Yu et al.
(1998), however, detected two resistance genes in the line XR-235-1-1which carries P.
coccineus-derived CBB resistance.

Kolkman & Michaels (1994) found that Pl 440 795 and Pl 319 443 from which
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produce reliable results. Detached pods (Ariyarathane et al. 1996) and detached
seedling steminoculation assays (Lienert & Schwartz 1994) can also be used effectively
for evaluation of resistance against CBB.

Various rating scales have been developed for evaluating and quantifying
disease reaction on leaves and pods (Saettler 1977, Yoshii et al. 1978, Valladarez-
Sanchez ef al. 1983, Park & Dhanvantari 1987, Van Schoonhoven & Pastor Corrales
1987, Mohamed et a/. 1993, Arnaud-Santana ef al. 1994). Rating scales should be
standardized and utilized uniformly when comparing lines with CBB resistance (Saettler

1977).

Marker assisted selection (MAS)

Evaluation of field reactions is costly in terms of time and space. Molecular markers
linked to resistance were developed for indirect selection in breeding for resistance (Bai
et al. 1996, Beattie et al. 1998, Park et al. 1999, Yu ef al. 1999). Yu et al. (1999)
screened 138 F5 lines derived from HR67 (resistance derived from XAN 159), using a
SCAR-marker and subsequently tested it for CBB resistance in the greenhouse. Based
on marker information, 28 of the 138 lines had the SCAR band present and were
predicted to be resistant. On comparing SCAR results with fleld Inoculation test data,
23 of 28 plants gave a resistant phenotypic reaction (DS1<2.0) indicating an accuracy
of 82%. Only 3.6% of the lines were mis-classified as resistant plants. Cost estimates
further indicated that use of marker assisted selections costed approximately one third
less than greenhouse testing (Yu et al. 1999).

Expression of QTL may differ over environments or populations in various crops
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and only one QTL affecting resistance to Xap was consistently expressed in four
common bean populations (Park et al. 1999). Marker-QTL associations need to be
confirmed in a breeding programme, particularly for traits like CBB resistance that have
complex inheritance patterns, low narrow-sense heritabilities and a number of genes
involved (Park et al. 1999).

Pyramiding of resistance genes into a single cultivar is necessary to achieve
stable resistance. Use of marker assisted selection can contribute considerably when
pyramiding genes (Kelly & Miklas 1999, Sing & Murnoz 1999, Dursun ef al. 1995).
Independence of resistance genes to be combined, however, need to be closely
monitored as many lines and cultivars have common sources of CBB resistance (Kelly
& Miklas 1999). Use of SCAR-markers linked with three independent QTL derived from
XAN 159 and GN #1 Nebr. sel. 27, has resulted in advanced cranberry, pinto and snap
bean germplasm with combined resistance to CBB. MAS should therefore expedite

improvement of blight resistance in other market classes of bean (Miklas et al. 2000).

CONCLUSION

Although CBB has been studied extensively, it continues to be a major constraintin dry
bean production in many parts of the world. Many contradictory results have been
reported and work confirming various aspects are required. Disease management is
complicated by the pathogen being seed borne and that widely adapted sources of
resistance are limited. Good progress, however, has been made recently to improve
resistance to CBB by combining genes from different Phaseolus species into a common

bean type. Lines obtained from gene pyramiding (i.e. Vax 3, Vax 4 and Vax 6) possess
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