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ABSTRACT - The purpose of this study was to identify common bean genotypes resistant to bacterial wilt to be used as resistance
sources in breeding programs targeting resistant cultivars. A total of 67 accessions, five cultivars and one control were evaluated,
which wee attificially inoculated with theCurtobacterium flaccumfacieps. flaccumfacienssolate Cf2634. Theesults pove the

existence of alleles that confer tolerance to bacterial wilt in the cultivars IAC Carioca Arud, IAC Carioca Pyatd and IAC Carioca
Tybatad. The mean grades of disease symptonsslaest in BAF 122 (Xan 159); this accession was identified as disease-tolerant
and indicated for use in breeding programs to develop resistant cultivars.
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INTRODUCTION bean is grown throughout the country and practically all
year long, helps the bacteriu@urtobacterium
Common bearRhaseolus vulgarik.) is the worlds  flaccumfaciengv. flaccumfaciengo survive for long
second most produced and consumed legume specigsiiods and spread out into new regions. In common bean
and highly important in the national and global agriculturatultivation, the utilization rate of controlled seed is very
production. Howeveilthe crop is susceptible to a numbetow (around 20 % in Santa Catarina), since farmers mostly
of external factors, for example climatic influences andse seeds from their own production (Herbes et al. 2008).
disease incidence, which contribute to the reduction @his is a phytosanitary problem, since contaminated seeds
grain yield. RecentlyCurtobacterium wilt or bacterial wilt are the most efficient means of bacteria dissemination,
caused b urtobacterium flaccumfaciems. flaccumfaciens especially over long distances.
was detected in several bean-producing regions of Brazil  The control of bacterial wilt is based on the use of
(Maringoni and Rosa 1997, Uesugi et al. 2003, Theodoresistant cultivars, crop rotation and healthy seeds
et al. 2004), a fact that has motivated research indicatiffigaringoni and Camara 2006, Herbes et al. 2008) since
bacterial wilt as one of the most important emerginthere are no products available for a chemical control of
diseases of common bean. the wilt. After the appearance in the field, the bacteria on
The survival of the pathogen in contaminated cromfected plants can only be controlled by eliminating the
residues, soil and seed, along with the fact that commdiseased plants (Romero 2005). The use of resistant
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cultivars is the most efficient way to control bacterial wilt Considering that the assessments were performed

and is also cheap and easy to use for farmers. in the same experimental unit, the analysis of repeated
To meet the need for resistant genotypes, thfieasures over time was used (Littell et al. 2006), based on

identification of bean genotypes with good resistancge statistical model:

levels is essential for the development of a breeding program, Y =+ g+t + gt + e, where ; is the observed

facilitating the incorporation of resistance genes into highy, ;e of genotypeat timej; | is the overall meau, is the

yielding, susceptible genotypes (Maringoni 2002, SOUZ@‘fect of genotypé; t, is the effect of timg; gt; is the

et al. 2006, Theodoro et al. 2007, Krause et al. 2009). Fiﬂferaction effect genotypet timej; ande; is the random

this purpose, the co_IIe_c_Uons in the I|vmg genebankgrro[_ro meet the assumption of normality of the statistical
contain a huge variability of genes, which must be

. . . model, the data were transformed-fy+ 3 , and tested
characterized for the use in breeding programs. for normality by Shaniro-\itk 8
The objective of this study was to identify common®' " ity by - '

bean genotypes resistant to bacterial wilt as resistance 10 Model the covariance matrix of residuals 15
source in breeding programs structures were testetheAkaike Information Criterion

was used to choose the covariance matrix, selecting the
lowest value for this parametdihe partitioning of the
degrees of freedom for each genotype over time was

From the living genebank of common bean of th@erformed by linear regression analysis, adjusting
State University of Santa Catarina (UDESC) 67 accessiof®lynomialsAll procedures were performed using PROC
five cultivars (IAC Cariocérud, IAC Carioca Pyata, IAC MIXED and PROC GLM of SAS according to Littell et al.
CariocaTybatd, SCS Guara and Pérola) and a contr(006).

IAPAR 81) were evaluated.

( The e)xperiment was conducted in a greenhouse irﬁESULTSAND DISCUSSION

completely randomized design with three replications. Each ~ The covariance matrix that best fit the data was a
experimental unit consisted of one pot containing threfst-order ante-dependence matrix (ANTE 1). This matrix
plants. The soil used was a mixture of mineral eartlepnsiders the heterogeneity of variance and correlation
compostedtattle manure and substrate. Five seeds wepetween the errors of adjacent evaluation periods and
sown and after emergence thinned to three plants per pallows an appropriate modeling of the errors associated

Nine days after emergence the plants were inoculatedth the means, corroborating the conclusions of analysis
according to the methodology of Maringoni (2002)0of variance and increasing the accuracy of estimates of
Curtobacterium flaccumfaciens:. flaccumfacienssolate  the associated mean error (Littell et al. 2006).

Cff 2634 was used, which was grown in nutrient-sucrose ~ The effect of genotype - time interaction was significant
agar (NSA) culture medium for 48 hours at 28 °C in a bactefig" > F = 0.0006), indicating that the genotype performance
growth chambeiThen the bacteria were diluted in salinevas different in the evaluation periods of bacterial wilt
solution (0.85 % NaCl) to a concentration ofa@.c.mL?, a.nd .tr']at the effect Fime haq the greatest influence on the
measured by a spectrophotometer at an optical densitySignificance of the interaction (data not shown).

600 nm. The stems were inoculated at two perforations Since the genotype - time interaction was significant,

. : .the degrees of freedom were partitioned, demonstrating
between the cotyledons and primary leaves, with a stick ) . .
: . . . tpe behavior of each genotype in the evaluations. Due to
previously soaked in bacterial solution. In the contrg :
the large number of genotypes some representative

treatment (IARR 81) the bean plants were perforated at raphs are shown in Figure 1, with [antermediate and

two points and treated with distilled water as a surrog ‘?gh mean grades of bacterial wilt symptom. The mean of
for the bacterial solution. all evaluated genotypes, as well as the slope coefficients
The disease symptoms were assessed 20, 30 andyfg) coefficients of determination JRare presented in
days after inoculation, on a grade scale adapted fyple 1. Bacterial wilt symptoms were observed on all
Maringoni (2002). Reactions of genotypes with grades wrcessions, although at different levels, which all fit the
to two were considered tolerant (Theodoro and Maringoniodel of linear disease growth over tim@¢R0.88-0.97)
2006, Theodoro et al. 2007). (Table 1) The appearance of bacterial wilt on all accessions

MATERIAL AND METHODS
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Table 1L Mean grades for bacterial blight symptoms 20, 30 and 40 days after inoculatioficieaéfangular and coétient of
determination (R for the 72 genotypes

Means (days Means (days
Genotype ﬁ coSfli(':EiZnt R Genotype 20 30( 2 40 coesflt(':giint R’
BAFO01 0.33 2.33 3.67 y =0.08x* 0.92 BAF81 1.50 4.50 7.50 y =0.12x* 0.97
BAF02 1.00 4.00 6.33 y = 0.10x* 0.94 BAFg84 1.00 3.00 4.00 y = 0.09x* 0.93
BAFO05 1.33 4.00 5.67 y =0.10x* 0.95 BAF86 2.33 3.33 5.00 y =0.10x* 0.93
BAFO07 3.00 6.33 7.33 y =0.12x* 0.96 BAF87 2.00 6.50 7.50 y =0.12x* 0.93
BAFO08 2.00 5.00 7.67 y =0.12x* 0.94 BAF88 1.00 4.33 6.67 y=0.11x* 0.93
BAF09 1.33 3.00 4.67 y =0.09x* 0.93 BAF89 1.67 5.33 7.00 y=0.11x* 0.92
BAF10 1.00 1.00 3.67 y =0.08x* 0.92 BAF90 1.67 4.67 6.00 y=0.11x* 0.94
BAF11 1.00 4.33 6.67 y=0.11x* 0.96 BAF91 1.00 5.67 7.67 y = 0.12x* 0.95
BAF13 1.67 5.33 6.67 y=0.11x* 0.95 BAF92 0.33 6.00 6.67 y=0.11x* 0.92
BAF14 1.00 5.33 7.67 y=0.11x* 0.93 BAF95 0.33 3.00 4.00 y =0.09x* 0.92
BAF23 1.00 1.67 2.67 y =0.07x* 0.83 BAF97 0.67 2.33 3.33 y = 0.08x* 0.89
BAF24 1.67 4.67 7.33 y=0.11x* 0.96 BAF98 1.00 4.33 5.67 y =0.10x* 0.95
BAF25 1.67 6.00 8.67 y=0.12x* 0.97 BAF99 0.67 3.33 6.67 y =0.10x* 0.94
BAF27 0.67 3.67 5.33 y =0.10x* 0.92 BAF101 2.00 5.00 6.33 y=0.11x* 0.96
BAF28 3.00 7.00 8.33 y =0.13x* 0.97 BAF108 1.00 1.67 2.33 y=0.07x* 0.90
BAF29 1.00 4.33 6.33 y=0.11x* 0.94 BAF109 0.00 3.33 6.00 y = 0.09x* 0.90
BAF34 1.00 1.33 3.67 y =0.08x* 0.93 BAF122 0.00 1.33 1.67 y =0.06x* 0.80
BAF35 2.00 5.00 7.00 y=0.11x* 0.94 BAF127 1.00 3.00 4.67 y =0.09x* 0.93
BAF37 2.33 5.67 7.33 y =0.12x* 0.96 BAF128 1.00 4.00 5.00 y =0.10x* 0.94
BAF38 1.00 2.67 4.00 y =0.09x* 0.90 BAF130 1.00 4.67 6.33 y=0.11x* 0.94
BAF40 1.00 7.00 8.67 y =0.12x* 0.95 BAF131 1.00 2.00 4.33 y = 0.09x* 0.94
BAF42 1.67 5.67 8.33 y = 0.12x* 0.96 BAF141 2.00 3.67 4.00 y = 0.10x* 0.93
BAF47 0.67 1.67 6.33 y =0.09x* 0.93 BAF143 0.50 5.00 7.50 y=0.11x* 0.94
BAF49 0.00 1.33 4.67 y = 0.08x* 0.88 BAF144 1.00 5.00 7.33 y=0.11x* 0.96
BAF50 0.67 1.33 3.00 y =0.07x* 0.92 BAF145 1.67 3.67 7.33 y=0.11x* 0.95
BAF53 1.00 3.33 4.67 y =0.09x* 0.94 BAF147 1.50 5.00 8.00 y =0.12x* 0.97
BAF56 0.67 2.33 3.33 y = 0.08x* 0.91 BAF150 1.33 3.67 5.00 y = 0.10x* 0.94
BAF63 0.67 2.00 3.33 y =0.08x* 0.92 BAF156 1.00 3.67 7.33 y=0.11x* 0.95
BAF64 2.00 6.67 7.33 y =0.12x* 0.96 BAF162 1.33 4.00 7.33 y=0.11x* 0.94
BAF65 1.00 5.33 8.00 y =0.12x* 0.95 BAF164 0.33 1.33 4.67 y = 0.08x* 0.88
BAF66 1.67 3.33 4.33 y =0.09x* 0.94 BAF183 1.00 4.00 5.33 y =0.10x* 0.83
BAF69 1.00 6.00 8.00 y =0.12x* 0.96 SCS Guara 1.33 3.00 5.00 y =0.10x* 0.93
BAF74 2.33 5.33 7.33 y =0.12x* 0.96 Pérola 0.00 3.00 5.00 y =0.07x* 0.88
BAF75 1.00 3.00 4.00 y =0.09x* 0.89 IAC Pyata 1.00 2.00 3.00 y =0.09x* 0.92
BAF78 1.67 4.67 5.33 y=0.11x* 0.92 IAC Tybata 0.67 2.33 3.67 y =0.08x* 0.90
BAF79 0.33 2.33 3.33 y =0.08x* 0.93 TAC Arua 0.00 1.00 3.00 y =0.07x* 0.92

is due to the fact that the nature of the genetic control of In this sense, the living genebanks are particularly
the disease is complex, probably polygenic (Coyne et aialuable because of the high variability of genes that can
1965). be used in breeding programs. In the living common bean
A consequence of the complex nature of resistangenebank of UDESC, the mean grades of bacterial wilt
and of the great influence of the environment on symptosymptom of BAF 122 (Xan 159) were below two in all three
development is a low heritabilityan obstacle in the evaluations, suggesting that this accession has genes that
development of resistant cultivars (Mutlu et al. 2005). Thieduce tolerance to the diseaselfle 1, Figure 1). For the
prior knowledge of resistance sources enables tlwerrect choice of accessions the symptom grades must
development of genotypes that are resistant or hamet only be low but the disease progression over time
acceptable tolerance levels, i.e., the yield is not affectedhould also be slovas can be observed in the low slope
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Figure 1. Diagrams of grades of bacterial wilt symptoms of the respective evaluated genotypes 30, 40 and 50 days after inoculation;
confidence interval at 95 % probability; predicted interval at 95 % probalilityaccessions with low (a), intermediate (b) and high (c),
mean grades of bacterial wilt symptoms.

coefficient of the accessions BAF 122 (0.06) , BAF 23 (0.06)  The tolerance of accessions is related to the presence
and BAF 108 (0.07). of resistance mechanisms such as tylosis formation and
Xan 159 is an important source of genes for commahe presence of fibrils around the bacterial cells that prevent
bean breeding programs, since it is also resistant ¢ell growth and movement through xylem vessels. The
common bacterial blight causedXgnthomonas campestris characteristic symptoms of bacterial wilt are therefore not
pv. phaseolj demonstrated in two QTkegions that observed (Souza et al. 2006, Souza and Maringoni 2008).
determine this resistance (Jung et al. 1997). It can be usedontrast, no resistance mechanisms occur in susceptible
as allelle donor in crosses to develop cultivars with acceptallecessions, allowing the bacterial cells to proliferate,
resistance levels to two bacterial diseases of common beiatreasing the disease symptoms.
But although 159 Xan is a great source of tolerance to  The cultivars IAC CariocArud, IAC Carioca Pyata
bacterial wilt and common bacterial blight, the grain qualitgnd IAC Cariocatdybata showed tolerance to bacterial
is exotic and of marginal economic importance in Brazilwilt with mild disease symptoms ble 1).The cultivars
Certainly more breeding work is required until thidAC CariocaArud, IAC Carioca Pyaté and also IAC Carioca
tolerance source becomes useful, especially in view of téyta, according to Maringoni (2002), are the only
guantitative genetic control of the disease. registered cultivars with bacterial-wilt resistance, while the
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others are extremely susceptible to the disease. In studies host reaction, the number of genes involved in each
developed by Souza et al. (2006), IAC Caribglaatd was reaction, interactions with the environment, the genetic
considered resistant since no disease-symptoms wenechanisms involved as well as the identification of
observed. Howevein this study disease symptoms werenolecular markers for marker-assisted selection. This
observed on the cultivars, which were therefore considerezthnique is extremely valuable in breeding programs,
tolerant rather than resistant, as mentioned in other studiesice the genes available can be used to obtain a
Studies evaluating the genetic resistance to bacterial wilbnsistent protection against the pathogen (Rava et al.
in some common bean genotypes by different autho2904 Almeida et al. 2007).
show different reactions of a same genotype. The reasons  In conclusion, the accession BAF 122 (Xan 159) is
are variations in experimental conditions and differerblerant to isolat€ff 2634 oiCurtobacteriunilaccumfaciens
bacterial isolates (Souza et al. 2006). pv. flaccumfaciensand is indicated for breeding programs
The fact that most common bean varieties recommendggeting resistant genotypes.
today in Brazil are susceptible represents a serious threat
of the crop, because this disease could become probIemgl(l%:K'\IOWLEDGEMENTs
for susceptible cultivars under field conditions favoring The authors thank the Fundacad\geio a Pesquisa
the occurrence of epidemics (Maringoni 2002). On the oth@ientifica eTecnolégica do Estado de Santa Catarina -
hand, the existence of some tolerant genotypes is importd?PAPESC and Conselho Nacional de Desenvolvimento
so there are cultivars available for regions with 100 %ientifico eTecnolégico (CNPq) for financial support, and
disease incidence. are indebted to ProfessAntonio Carlos Maringoni of
The identification of genes that confer resistance ahe Universidade Estadual Paulista Julio de Mesquita Filho
tolerance to bacterial wilt is the first step towards succeINESP) for providing the isolate and to the researcher
in a breeding progranThereafterresearch should get Ségio Augusto Carbonell of the Institutgrondmico de
specific issues such as knowledge of the phenotype ©ampinas (IAC) for providing basic seeds.

Fontes de resisténcia a Curtobacterium flaccumfaciens
pv. flaccumfaciens em acessos de feijdo

RESUMO - O objetivo deste trabalho foi identificar gen6tipos de feijdo resistentes a murcha de curtobacterium, para que possam
ser utilizados como fontes de resisténcia em programas de melhoramento, para o desenvolvimento de cultivares resistentes. Foram
avaliados 67 acessos, cinco cultivares e uma testemunha, as quais foram inoculadas artificialmente, utilizando o isolado de
Curtobacterium flaccumfacieps: flaccumfacien<ff 2634. Osesultados compvam a existéncia de alelos que coarfietolerancia

a murcha de cutobacterium nas cultivas IAC CariocaArud, IAC Carioca Pyata e IAC Cariocgdbata. Ente os acessos foi

possivel identificar o BAF 122 (Xan 159) como tolerante a doencga, pois apresentou as menores médias para os sintomas, sendo
indicado para uso em programas de melhoramento para o desenvolvimento de cultivares resistentes.

Palavras-chave Phaseolus vulgaris.; murcha de curtobacterium; Banco Ativo de Germoplasma
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