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Abstract. A seed inoculation method using hilum injury was
developed to screen common bean (Phaseolus vulgaris) for
resistance to bacterial wilt (Curtobacterium flaccumfaciens
pv. flaccumfaciens) under controlled environments. This
indoor screening method was efficient and effective as it took
only 14 days to complete a test. Significant differences in
levels of resistance to bacterial wilt were found among the
19 cultivars or lines tested using this indoor screening
technique.

Additional keywords: Curtobacterium flaccumfaciens pv.
flaccumfaciens, disease rating, hilum-injured seed
inoculation, resistance screening method.

Resumen. Se desarrolló una técnica de inoculación  mediante
daño a semilla para evaluar frijol (Phaseolus vulgaris) para
resistencia al marchitamiento bacteriano (Curtobacterium
flaccumfaciens pv. flaccumfaciens) bajo condiciones
controladas. Esta técnica fue eficiente y efectiva, ya que sólo
tomó 14 días para completar la prueba. Se encontraron
diferencias significativas en el nivel de resistencia al
marchitamiento bacteriano entre las 19 líneas o variedades
evaluadas.

Palabras clave adicionales: Curtobacterium flaccumfaciens
pv. flaccumfaciens, evaluación de la enfermedad, inoculación
mediante daño al hilo de la semilla, método para evaluar la
resistencia.

Bacterial wilt of common bean (Phaseolus vulgaris L.) caused

by Curtobacterium flaccumfaciens pv. flaccumfaciens
(Hedges) Collins and Jones has been reported in the USA
(Hedges, 1922, 1926; Schuster and Christiansen, 1953, 1957;
Venette et al., 1995), Canada (Hsieh et al., 2002a; Patrick,
1954), Mexico (Yerkes and Crispin, 1956), Australia (Adam
and Pugsley, 1934), Brazil (Maringoni and Rosa, 1997),
Bulgaria (Kovacevski, 1930), Hungary (Klement, 1958),
Russia (Budanova and Nikitina, 1973), Turkey (Sonmezalp,
1966), and Yugoslavia (Techitch, 1946). Infected seeds
showed yellow, orange or purple discoloration, depending
on the pigment produced by specific strains of the pathogen
(Hall, 1994). Both yellow and orange variants of C.
flaccumfaciens pv. flaccumfaciens were found in western
Canada (Hsieh et al., 2002a; Huang et al., 2002). This
bacterium is a seedborne pathogen which was reported to
survive for over 24 years on diseased seeds stored under
laboratory conditions (Hayward and Waterston, 1965).
Satisfactory chemical control measures, especially seed
treatments, remain unavailable. Current control measures
recommended for bacterial wilt are the use of pathogen-free
seed and a suitable crop rotation (Mohan and Hagedorn,
1989). Breeding for resistance to plant disease is considered
the most economical method for disease control, where
resistant germplasm is available. Several inoculation methods
have been used to identify bean germplasm with resistance
to bacterial wilt, including cotyledonary node inoculation
(Coyne and Schuster, 1974; Kiryakov and Genchev, 2000;
Schuster et al., 1964), petiole inoculation (Rickard and
Walker, 1965), and partial vacuum inoculation of seeds (Goth,
1966). The cotyledonary node inoculation and petiole
inoculation methods require the use of bean seedlings and,
thus, take more than 3 weeks to complete each experiment.
The partial vacuum inoculation method is often inconsistent
due to factors such as variability in viability of the inoculum
in suspension, the requirement of a wetting agent, and
variability in response to pressure conditions (Goth, 1966).
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The objective of this study was to develop an effective and
more efficient seed inoculation method for assessing
resistance of common bean cultivars and lines to bacterial
wilt under controlled environments. The isolates of C.
flaccumfaciens pv. flaccumfaciens used in this study were
one yellow variant, YSB-2, and one orange variant, OSB-3.
Both isolates were obtained from common bean seeds of the
great northern cultivar US1140, collected from a bean
processing plant in southern Alberta in 2001. Cultures were
grown on potato dextrose agar (PDA) (Difco, Detroit,
Michigan, USA) in Petri dishes for 3 days at room temperature
(20 ± 2°C). Bacterial suspensions were prepared by adding
10 ml of sterile distilled water to each dish and adjusting the
concentration to 1 to 3 x108 colony forming units (cfu) per
ml. The beans used in the study represented six commercial
market classes, and included the following cultivars and lines
for each market class: AC Black Diamond, L95F025, CDC
Night Hawk, and UI906 for black bean; CDC Pintium, and
Othello for pinto bean; AC Scarlet, AC Redbond, AC Earlired,
and NW63 for small red bean; AC Polaris, Alert, and US1140
for great northern bean; AC Skipper, Envoy, and L94A001
for navy bean; and AC Alberta Pink, L94C356, and Viva for
pink bean. For inoculation of yellow or orange variant of C.
flaccumfaciens pv. flaccumfaciens, seeds of each cultivar or
line were injured by puncturing the hilum using a sterile
needle, and were soaked in a bacterial suspension (yellow or
orange variant) for 1 h, and planted in Cornell peat-lite mix
(Boodley and Sheldrake., 1977) in root trainers (Spencer-
Lemaire Industries, Edmonton, Alberta, Canada) (Hsieh et
al., 2002b). For untreated controls, seeds were injured, soaked
in sterile water and planted in Cornell mix by the same method
already described. There were four replicates in each
treatment with 10 seeds per replicate. Plants were kept in a
growth chamber at 28/22°C (16-h day/8-h night) and watered
as needed. The treatments in each experiment were arranged
in a complete randomization design. At 14 days after
inoculation, seedlings were rated for wilt incidence and
disease severity. Each seedling was rated for disease severity
on a scale of 0 to 5 as follows: 0, healthy seedling; 1, wilt on
one of the primary leaves; 2, wilt on both primary leaves; 3,
wilt on first trifoliate; 4, death of seedling after development
of primary leaves; and 5, un-emerged seedling or death of
seedling before development of primary leaves. Wilt
incidence was defined as the percent of seedlings with
bacterial wilt symptoms. A disease severity index (DSI) for
each treatment was calculated using the formula: DSI =
ΣG(nw)/T, where n = number of seedlings, w = wilt rating (0
to 5), and T = total number of seedlings. Wilted seedlings
were surface sterilized in 70% alcohol for 3 min, blot dried,
cut into small pieces (0.5 cm length), and plated on PDA in
Petri dishes. After incubating at 20 ± 2°C for 3 days, bacterial
colonies derived from bean tissues were isolated, and single
colony cultures were compared to standard reference cultures
for confirmation of infection of plants by the wilt pathogen.
For each bacterial isolate, the experiment was repeated once.

Results showed that seedlings from seeds inoculated with
either the yellow or the orange variant of C. flaccumfaciens
pv. flaccumfaciens developed wilt symptoms in 5 to 7 days
after planting, but the disease rating was best assessed at 14
days after planting. For each variant in each experiment,
significant differences (p < 0.05) in level of resistance were
observed among the 19 common bean cultivars and lines
tested (Table 1); for example, the three small red bean
cultivars, AC Scarlet, AC Redbond, and AC Earlired; one
great northern bean, cultivar Alert; and one pink bean cultivar,
AC Alberta Pink, and one pink line, L94C356 (Fig. 1), were
resistant to both yellow and orange variants, with wilt
incidence lower than 36%. One navy bean line, L94A001
was susceptible to both variants with wilt incidence higher
than 80% (Fig. 1). Also, two black bean cultivars, CDC Night
Hawk, and UI906; two navy bean cultivars, AC Skipper, and
Envoy; and one great northern bean, cultivar US1140, were
susceptible to both variants. Two pinto beans, cultivars, CDC
Pintium, and Othello; one small red bean, cultivar, NW63;
and one great northern bean, cultivar, AC Polaris, were only
moderately susceptible to both variants of the pathogen. The
disease severity index also offered a good measure of disease
resistance to bacterial wilt. For example, line L94A001 was
susceptible to both variants with severity index higher than
3.4, but cultivar AC Scarlet was resistant to both variants
with severity index below 0.6. The results also showed that
cultivar AC Black Diamond was moderately susceptible to
the yellow variant and susceptible to the orange variant of
the pathogen, whereas cultivar Viva was moderately
susceptible to the yellow variant, but resistant to the orange
one. The response of each bean cultivar or line to each of the
two bacterial variants was in most of the cases consistent
between the two tests (Table 1). This study indicates that
inoculation of hilum-injured seeds with C. flaccumfaciens
pv. flaccumfaciens is an efficient and effective method for
testing common bean for resistance to bacterial wilt. The other
reported screening methods, such as cotyledonary node
(Coyne and Schuster, 1974; Kiryakov and Genchev, 2000;
Rickard and Walker, 1965; Schuster et al., 1964), and petiole
inoculation (Rickard and Walker, 1965) were effective but
required more time and growth space to grow bean seedlings.
The present study demonstrates that one experiment can be
completed in 14 days using the direct seed inoculation and
planting method, compared to 22 days using other methods.
Therefore, the method described in the current study can
reduce the time required for each experiment, and also permits
screening of large numbers of bean cultivars and lines in a
limited space such as a growth chamber. The wide range of
differences in levels of resistance to bacterial wilt observed
among the 19 bean cultivars and lines suggests the possibility
of developing new common bean cultivars with resistance to
this disease. In the USA, Coyne et al. (1965) have identified
some bean lines such as P.I. 136677, P.I. 136725, P.I. 165078,
P.I. 177510, and P.I. 204600 which are resistant to bacterial
wilt. However, the presence of both yellow and orange
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Black bean
AC Black Diamond 36cdefy 1.1b-f MS 53bcd 1.7bcd S
L95F025 33def 0.9c-f MS 49bcde 1.9bc S
CDC Night Hawk 50bcd 1.5bcd S 53bcd 2.1b S
UI 906 40bcde 1.3b-e S 55bcd 2.3b S
Pinto bean
CDC Pintium 26efg 0.7def MS 44cde 1.1c-f MS
Othello 24efg 0.7def MS 31efg 0.9c-g MS
Small red bean
AC Scarlet 11g 0.2f R 16gh 0.4fg R
AC Redbond 18fg 0.2f R 19fgh 0.4fg R
AC Earlired 18fg 0.8c-f R 21fgh 0.8d-g R
NW 63 23efg 0.7def MS 38def 1.4b-e MS
Great Northern bean
AC Polaris 26efg 0.6ef MS 36def 0.8d-g MS
Alert 10g 0.3f R 19fgh 0.4fg R
US 1140 56bc 1.6bc S 60bc 1.9bc S
Navy bean
AC Skipper 59b 1.8b S 63bc 2.3b S
Envoy 89a 2.7a S 67b 1.8bc S
L94A001 86a 3.4a S 92a 3.8a S
Pink bean
AC Alberta Pink 5g 0.3f R 3h 0g R
L94C356 8g 0.2f R 8h 0.1g R
Viva 23efg 0.7def MS 21fgh 0.6efg R

Black bean
AC Black Diamond 44cde 1.3cde MS 79ab 2.7bc S
L95F025 48bcd 1.8bc S 60bcd 2b-e S
CDC Night Hawk 58bc 1.7bc S 78ab 2.6bc S
UI 906 47bcd 1.3cde S 66abc 2.3bcd S
Pinto bean
CDC Pintium 33def 0.7e-h MS 51cde 1.4efg MS
Othello 31def 1.0def MS 28fg 0.7gh R
Small red bean
AC Scarlet 15fgh 0.5fgh R 20fg 0.6gh R
AC Redbond 23efgh 0.5fgh R 35ef 0.8gh R
AC Earlired 8gh 0.2h R 26fg 0.6gh R
NW 63 28defg 0.7d-h MS 50cde 1.7def MS
Great Northern bean
AC Polaris 48bcd 0.9d-g S 40def 1.0fgh MS
Alert 5h 0.1h R 26fg 0.6gh R
US 1140 66bc 1.7bc S 71abc 2.0cde S
Navy bean
AC Skipper 69b 2.1b S 83a 2.9b S
Envoy 55bc 1.7bc S 82ab 2.8bc S
L94A001 97a 3.6a S 83a 3.7a S
Pink bean
AC Alberta Pink 21fgh 0.4fgh R 28fg 0.6gh R
L94C356 8gh 0.3gh R 10g 0.3h R
Viva 47bcd 1.3cd MS 36ef 1.2e-h R

                                                                          Experiment I
 Bean cultivar                  YSB-2  (Yellow strain)                 OSB-3 (Orange strain)
                                  Incidence      Index    Reactionz      Incidence     Index      Reaction
                                       (%)            (0-5)                            (%)           (0-5)

Table 1. Resistance of common bean (Phaseolus vulgaris) cultivars and lines to bacterial
wilt (Curtobacterium flaccumfaciens pv. flaccumfaciens) as assessed using the hilum
injury/seed inoculation method.

yMeans within a column followed by the same letter are not significantly different according
to Duncan’s multiple range test (P = 0.05).
zR = resistant, MS = moderately susceptible, and S = susceptible. The reactions to bacterial
wilt pathogen were based on the results of Duncan’s multiple range test in both disease
incidence and index.

                                                                         Experiment II
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variants of C. flaccumfaciens pv. flaccumfaciens in numerous
bean fields in Alberta (Huang et al., 2002), together with the
fact that bean cultivars may have different responses to the
two variants as shown in this study, suggests that it is necessary
to screen each cultivar or line against both variants of the
wilt pathogen.
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