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Introduction

Common bean (Phaseolus vulgaris L.) is one of 
the most important legume, widely cultivated (FAO 
Statistics Division, 2009), due to its commercial 
value and its high content of quality nutrients 
(carbohydrates, proteins, minerals, and vitamins). 
FAO data on bean production in Europe indicate 
that in 2007 Turkey, Spain and Italy were the 
main bean producers. In Turkey, bean cultivation 
covered an area of 172.205 ha (63.000 for string  
and 109.205 for dry beans), in Spain, 23.900 ha 
(15.100 for string and 8.800 for dry beans) and in 
Italy 29.306 ha (20.537 for string and 8.768 for dry 

beans). In 2007, bean production was 674.211 tons 
in Turkey (519.968 for string and 154.243 for dry 
beans), 231.700 tons in Spain (220.100 for string 
and 11.600 for dry beans) and 202.237 tons in Italy 
(187.190 for string and 15.047 for dry beans, FAO 
Statistics Division, 2009). In Italy, besides the com-
mercially grown cultivars there is an abundance  of 
landrace cultivars with unique flavors and nutri-
tional features and for which there is a traditional 
market (Dinelli et al., 2006). This is the case of the 
Fagioli di Sarconi, a pool of traditional high-value 
cultivars, selected from various landraces (Masi et 
al., 1999; Piergiovanni et al., 2000) and protected by 
the European Union (Reg. CEE No. 1263/96) with 
the mark PGI (Protected Geographical Indication). 
The Fagioli di Sarconi are cultivated in the National 
Park of the Agri valley in Basilicata (southern 
Italy) for dry seed production (Brandi et al., 1998). 
The germplasm of this pool should be conserved 
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Summary. Cultivars of the Fagioli di Sarconi are a pool of high value common bean (Phaseolus vulgaris L.) traditional 
cultivars selected from various landraces. These cultivars are protected by the European Union (Reg. CEE n° 1263/96) with 
the mark PGI (Protected Geographical Indication) and are cultivated in Basilicata (southern Italy) for the production of dry 
seeds. Fagioli di Sarconi cultivars are susceptible to common bacterial blight (CBB), a disease caused by the varieties fuscans 
and non-fuscans of Xanthomonas axonopodis pv. phaseoli. Five Fagioli di Sarconi cultivars (Tondino bianco, Verdolino, Can-
nellino, Tabacchino and Ciuoto) were artificially inoculated with two virulent strains of this bacterium, representative of 59 
recently characterized strains of both the fuscans and non-fuscans varieties, with the aim to evaluate the susceptibility of these 
cultivars to the pathogens. Four CBB–resistant breeding–lines were used for comparison. Suspensions of the bacterium were 
injected into the first trifoliate leaflets of bean plants and produced typical CBB symptoms on the Fagioli di Sarconi cultivars, 
and hypersensitive necrotic lesions on the CBB–resistant breeding–lines. When cultivars were inoculated with the strain of the 
variety fuscans, Tondino bianco, Verdolino and Cannellino were more susceptible than Tabacchino and Ciuoto, whereas when 
they were inoculated with the non–fuscans strain, Tondino bianco, Tabacchino and Verdolino were more susceptible than Ciuoto 
and Cannellino. The tolerant cultivars appeared good candidates for the introgression of CBB–resistance characters in a breed-
ing programme. The varying response of the traditional Fagioli di Sarconi bean cultivars to artificial  inoculation suggests that 
several plant and pathogen factors are involved in the interaction between X. a. pv. phaseoli varieties and the bean cultivars.
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and characterized to enable the genetic resources 
of the bean pool to be exploited by farmers. The 
germplasm, preserved on farm by the “Consorzio di 
Tutela dei Fagioli di Sarconi”, has been extensively 
characterized for its biochemical and nutriceutical 
traits (Piergiovanni et al., 2000; Lioi et al., 2005; 
Dinelli et al., 2006) but nothing is known about its 
response to diseases. These traditional cultivars are 
plagued by Common Bacterial Blight (CBB), caused 
by Xanthomonas axonopodis pv. phaseoli (Smith) 
Dye (Xap) and X. a. pv. phaseoli var. fuscans (Xapf) 
(Vauterin et al., 1995), and there have been a num-
ber of severe outbreaks of this disease in the last 
decade. Investigations of bean fields in 2001–2002 
found that most fields showed the typical symptoms 
of CBB and that by the end of the production cycle 
nearly 100% of the plants were infected, with heavy 
crop loss (Lo Cantore et al., 2004). The response of 
individual cultivars during these outbreaks was not 
recorded. Different varieties of the pathogen cause 
similar symptoms on susceptible common beans 
and they have similar biochemical and physiological 
characteristics (Van den Mooter and Swings, 1990). 
Strains of Xapf are distinguished from those of Xap 
only because the Xapf strains  produce a brown 
pigment when grown on some agar media (Schaad 
et al., 2001). Nevertheless, there is considerable 
genetic diversity between Xap and Xapf strains 
(Chan and Goodwin, 1999; Mkandawire et al., 2004; 
López et al., 2006; Mahuku et al., 2006), as recent 
AFLP analyses have confirmed (Lo Cantore and 
Iacobellis, 2007; Alavi et al., 2008, Lo Cantore et 
al., unpublished data) and this supports the recent 
proposal to classify the pigment–producing strains 
as Xanthomonas fuscans subsp. fuscans, and the 
non-pigment-producing strains as X. campestris pv. 
phaseoli (Schaad et al., 2005, 2006). 

The CBB bacterium is seed-borne, and therefore 
pathogen-free seed is a prerequisite for a healthy 
crop, but apart from exclusion measures, there is as 
yet no established method to disinfect the seed (Lo 
Cantore et al., 2009). For the control of CBB, the use 
of bean cultivars with genetic tolerance/resistance 
to the disease is the most practical method (Coyne 
et al., 1974; Yoshii et al., 1978). The highest levels 
of CBB resistance are found in tepary bean (P. acu-
tifolius A. Gray), whereas  only low to intermediate 
resistance occurs in common bean (P. vulgaris L.) 
and scarlet runner bean (P. coccineus L.) cultivars 
(Coyne et al., 1963; Valladares-Sanchez et al., 1979; 

Schuster et al., 1983; Drijfhout and Blok, 1987; 
Singh and Muñoz, 1999).

The objective of the present work was to evalu-
ate the response to CBB of five traditional French 
bean cultivars of the Fagioli di Sarconi pool (Ton-
dino bianco, Verdolino, Cannellino, Tabacchino and 
Ciuoto), comparing them to four available resistant 
bean breeding-lines (VAX-4, USDK-CBB-15, ABC-
Wiehing and USCR-CBB-20) (Singh et al., 2001; 
Miklas et al., 2006; Mutlu et al., 2008), using foliar 
inoculation with representative strains of the above 
pathogens. Virulent strains of X. a. pv. phaseoli 
var. fuscans USB749 (ICMP14929) and X. a. pv. 
phaseoli USB771 (ICMP14932) were selected from 
a collection of 59 strains of these two pathogens (31 
from X. a. pv. phaseoli var. fuscans and 28 from X. 
a. pv. phaseoli. These strains have been recently 
characterized for their pathogenicity, phenotypic 
and genetic characters (Lo Cantore and Iacobellis, 
2007; Lo Cantore et al., unpublished data). Aliquots 
of a bacterial suspension (108 cfu ml-1), prepared 
from 48-h-old cultures grown on yeast dextrose cal-
cium carbonate agar medium (Schaad et al., 2001) at 
29°C were injected with a sterile syringe without a 
needle into the first trifoliate mesophyll (four inocu-
lations per leaflet, twelve inoculations per plant) of 

Figure 1. Symptoms on the traditional cultivar Verdolino 
(A–C) of Fagioli di Sarconi and hypersensitive necrotic 
lesions on the CBB resistant breeding-line ABC-Wiehing 
(B–D) 21 days after inoculation with strain USB749 of 
Xanthomonas axonopodis pv. phaseoli var. fuscans (A–B) 
and strain USB771 of X. a. pv. phaseoli (C–D).
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six bean plants grown for about 20 days in plastic 
pots containing garden soil (Compo Sana-Compo 
Agricoltura, Milan, Italy) in a greenhouse at about 
22±5°C. Each inoculation covered an area of  about 
0.5 cm2. The assays were performed twice. 

The typical CBB symptoms, and the necrotic 
lesions typical of the hypersensitive reaction, ap-
peared on the Fagioli di Sarconi cultivars and the 
CBB resistant breeding-lines respectively (Figure 
1). The traditional cultivars Tondino bianco, Can-
nellino, Verdolino, Ciuoto and Tabacchino showed 

Figure 2. Response given by the traditional bean cultivars of the Fagioli di Sarconi and by CBB resistant breeding-
lines to artificial inoculation with strain USB749 of Xanthomonas axonopodis pv. phaseoli var. fuscans (A) and strain 
USB771 (B) of X. a. pv. phaseoli.

at the inoculation sites tiny water soaked lesions 
about fourteen days after inoculation. These lesions 
expanded and turned into necrotic spots surrounded 
by chlorotic halos, as already reported in other stud-
ies, on different bean cultivars and strains and us-
ing different inoculation techniques (Dursun et al., 
2002; Marquez et al., 2007). The disease response 
14, 21 and 28 days after inoculation was assessed 
with univariate analysis of variance (PROC GLM) 
using a completely randomized experimental de-
sign. Following analysis of variance of the disease 
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reaction after 28 days, the cultivar means were 
separated with Fisher’s protected least significant 
difference (LSD.05). SAS-STAT software (SAS 9.2, 
2002–2003, SAS Institute Inc., Cary, NC, USA) 
was used for data analysis. The null hypothesis of 
disease response homogeneity among cultivars was 
rejected using analysis of variance (P<0.0001). The 
Cultivar × Strain interaction was highly signifi-
cant (P<0.001) (Figure 2). Consequently analysis 
of variance was also conducted using the disease 
response at 28 days as a dependent variable. The 
least significant differences between the means 
were significant after 28 days (P<0.05). At that time 
the traditional Fagioli di Sarconi cultivars differed 
in their susceptible response depending on the 
pathogen used for the inoculation (Figure 2). With 
strain USB749 of X. a. pv. phaseoli var. fuscans, 
the lesion sizes on cv. Tondino bianco, Cannellino 
and Verdolino were significantly larger (P<0.0001; 
LSD.05=5.14 mm) than those on cv. Ciuoto and 
Tabacchino (Figure 2A). 

The susceptible response obtained with strain 
USB771 of X. a. pv. phaseoli after 28 days differed 
from that obtained with strain USB749 of X. a. pv. 
phaseoli var. fuscans (Figure 2). Overall, lesions 
were smaller with the non-fuscans strain. Specifi-
cally lesions on 'Tondino bianco' and 'Tabacchino' 
were significantly larger (P<0.001; LSD.05=1.82 mm) 
than those on 'Verdolino', 'Ciuoto' and 'Cannellino', 
and on USDK-CBB-15, ABC-Wiehing, VAX-4, and 
USCR-CBB-20 (Figure 2B). The lesions on 'Ciuoto' 
and 'Cannellino' did not differ significantly from 
the lesions on the breeding-lines USDK-CBB-15, 
ABC-Wiehing and VAX-4 but they differed signifi-
cantly from those on USCR-CBB-20 (Figure 2B). 

In conclusion, the findings that the cultivars 
Ciuoto and Tabacchino and Ciuoto and Cannellino 
appear to be less susceptible to CBB caused by X. 
a. pv. phaseoli var. fuscans and  X. a. pv. phaseoli 
strains, respectively, are positive since it is well 
established that the use of pathogen-tolerant 
germplasm  rather than resistant cultivars should 
be advisable in order to avoid the selection of the 
pathogen population, leading to the resistance 
being overcome. This is particularly true for sus-
tainable farming. The above cultivars, apart from 
their agronomic, biochemical and nutriceutical 
traits, appear good candidates for the introgres-
sion of CBB resistance characters in a breeding 
programme.

The differing response of the traditional 'Fagioli 
di Sarconi' bean cultivars to artificial  inoculation 
suggest that several plant and pathogen factors 
are involved in the interaction between X. a. pv. 
phaseoli varieties and common bean, and that these 
factors differ between the traditional cultivars of 
Fagioli di Sarconi and also between the pathogen 
varieties. However, further experiments with a more 
representative number of strains of both bacterial 
varieties, possibly from a different geographic ori-
gin, are necessary to determine this. In general the 
resistance of breeding-lines VAX-4, ABC-Wiehing, 
USCR-CBB-20, and USDK-CBB-15 was confirmed, 
although at least in the experimental conditions, 
there were differences between them. The results 
further suggest that the inoculation procedure is 
suitable to evaluate the susceptibility/tolerance and 
the resistance of bean cultivars and/or breeding–
lines. Nevertheless, the response of the traditional 
bean cultivars to inoculation needs to be confirmed 
by using different plant parts (i.e. pods), as well as 
different bacterial strains, possibly of different geo-
graphic origin and at different concentrations. It is 
well known that Phaseolus spp. differ in their resis-
tance or susceptibility depending on the plant organ 
they are tested upon: each organ has its own degree 
of resistance/susceptibility (Valladares–Sanchez et 
al., 1979; Schuster et al., 1983; Aggour et al., 1989; 
Rodrigues et al., 1999; Marquez et al., 2007). 
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