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Abstract. We investigated the partial physiological resistance (PPR) of common beans
(Phaseolus vulgaris L.) to white mold disease caused by Sclerotinia sclerotiorum (Lib.)
deBary. The activity of phenylalanine ammonia-lyase (PAL) was measured in detached
stems inoculated with a growing mycelium of the pathogen. Noninoculated detached stems
and whole plants were included as controls. Five bean cultivars-Upland, Bunsi, Sierra,
UI-114, and Montcalm-and one breeding line-NY 5394-were tested; all varied in PPR
to white mold disease. Greater PAL activity in the resistant NY 5394 than in the susceptible
‘Upland’ suggests that PAL activity may be involved in the PPR of common beans to S.
sclerotiorum.
Partial physiological resistance (PPR) to
white mold disease caused by Sclerotinia
sclerotiorum has been observed in common
bean (Miklas et al., 1992a, 1992b). Studies
have shown white mold disease to be a quan-
titatively inherited, polygenic trait (Miklas
and Grafton, 1992). To gain insight into this
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PPR and quantitative host-pathogen relation-
ships in general, the activity of a plant defense-
related enzyme-phenylalanine ammonia-
lyase (PAL)-was characterized for five com-
mon bean cultivars and one breeding line, all
varying in PPR to S. sclerotiorum.

The detached stems of white mold-suscep-
tible (S) ‘Upland’ and partially resistant (PR)
‘Bunsi’ (known as ‘Ex-Rico 23’ in Canada)
navy beans, S ‘UI-114’ and PR ‘Sierra’ pinto
beans, PR ‘Montcalm’ kidney bean, and PR
snap bean breeding line NY 5394 were inocu-
lated with a growing S. sclerotiorum myce-
lium and assayed for PAL activity. Detach-
ment, preparation, inoculation, and subsequent
incubation of the main stems were based on
procedures described by Miklas et al. (1992a).
Briefly, main stems were detached from 28
day-old greenhouse-grown plants. The main
stem, including the hypocotyl, of an indi-
vidual plant was trimmed at the potting soil
surface and just below the unifoliate (second)
leaf node. These main stem sections were
inoculated with S. sclerotiorum within 5 min
of their excision. A 3 × 5-mm piece of tissue-
paper inoculum containing a growing myce-
lium was placed on the newly formed cut
surface of the excision made below the second
node. A pathogenic isolate, ND26 (from Ber-
lin Nelson, North Dakota State Univ.), was
used for all inoculations.

Inoculated stems were placed on trays of
moistenedvermiculite. The trays were wrapped
with clear plastic to maintain humidity and
incubated in darkness on a laboratory bench at
ambient room temperature (20C) for 84 h.
About 20 inoculated and 20 noninoculated
main stem sections from 40 individual plants
of each bean type were placed on a tray. One
tray from each bean type was evaluated for
one greenhouse planting and represented one
replication. Four greenhouse plantings were
conducted from Oct. to Dec. 1990. The design
was a randomized complete block with four
replications.

Tissue samples from inoculated and
noninoculated stems of each bean type and
replication were assayed for enzyme activity.
After incubation, samples (1 cm long) were
taken from the noninfected tissue at the lead-
ing edge (within 1 mm) of a lesion or from the
middle of a noninoculated stem until enough
individual stems were sampled to collect 1 g
(fresh weight) for each treatment. The l-g
samples were frozen with liquid N and ground
immediately using a mortar and pestle. The
ground tissue was homogenized with a ho-
mogenizer (Polytron; Brinkmann, Westbury,
N.Y.) for 15 sec at medium speed in 15 ml
extraction buffer [0.1 M sodium borate (pH
8.8) plus 2 mM 2-mercaptoethanol and 3 mM

ethylenediatetraacetic acid (EDTA)] (South-
erton and Deverall, 1990). The homogenate
was centrifuged at 13,000× g for 15 min. The
bean stem extract (supematant) was brought to
95% saturation with ammonium sulfate to
precipitate protein and reduce background in-
terference by trans -cinnamate (Bolwell et al.,
1986).

One milliliter of the ammonium sulfate
extract was centrifuged at 14,000× g for 10
min. The protein pellet was redissolved in 1 ml
extraction buffer and is referred to as the
sample extract. The reaction mixture (2.25 ml)
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contained 250 µl sample extract, 1.0 ml ex-
traction buffer, and 1 ml 50 mM L-phenylala-
nine (substrate) in the same buffer (Hughes
and Dickerson, 1989). The reaction mixtures
were incubated at 37C in a water bath for 3 h.
The concentration of trans -cinnamic acid
(product) was determined spectrophotometri-
cally at 290nm (Hughes and Dickerson, 1989).
Blanks that contained only buffer were in-
cluded. PAL specific activity is expressed as
nanomoles of trans -cinnamic acid formed per
minute per milligram of protein. Protein con-
centration was determined according to
Bradford (1976) using bovine IgG as a protein
standard.

An unbalanced analysis of variance of PAL
activity was conducted because some bean
types were not present in all four greenhouse
plantings. SAS Institute’s (Cary, N.C.) GLM
procedure was used to perform the analysis.
Reported means were least-squares-adjusted
and separated with an F test protected least
significant difference (P ≤ 0.05) based on
smallest N. The noninoculated treatment was
not analyzed statistically because no PAL ac-
tivity was detected.

Lesions (discolored, water-soaked tissue)
began at the inoculated stem apex and grew
toward the detached stem base as a column,
consuming all tissue in its path. Lesion growth
was characterized visually after incubation
(Table 1). Short lesions were characterized as
slow growing and long lesions as fast growing.
Lesions formed only in stems that were inocu-
lated with the pathogen mycelium. After incu-
bation, the water-soaked lesions spread fur-
ther in ‘Upland’ and ‘UI-114’ (S) than in
‘Bunsi’, ‘Sierra’, ‘Montcalm’, and NY 5394
(PR). Lesion growth was fastest in ‘UI-114’
and least in NY 5394 and ‘Montcalm’. Lesion
growth in ‘Bunsi’ and ‘Sierra’ was intermedi-
ate. These observations concurred with le-
sion-length measurements obtained in a previ-
ous excised-stem assay (Miklas et al., 1992a).

No PAL activity was detected for any bean
type in the noninoculated detached stems.
There was a bean type effect for the increased
PAL activity among the inoculated detached
stems (Table 1). PAL activity increased most
in ‘Montcalm’ and NY 5394 and increased
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least in ‘Upland’. ‘UI-114’ had fast growing
lesions; therefore, tissue samples were ob-
tained near the root end of the hypocotyl, a
procedure that may have biased its PAL activ-
ity upward. This bias is suggested by Rahe and
Arnold (1975), who observed that more phy-
toalexin accumulated toward the root end of
common bean hypocotyls.

PAL activity data, when combined with
field observations of reddish-brown borders
surrounding arrested lesions on ‘Montcalm’
and NY 5394 (Miklas et al., 1992a), suggest
that phenylpropanoid end-products, especially
phytoalexins, are components likely to con-
tribute to the PPR of common beans to S.
sclerotiorum. This supposition is supported
by previous studies that showed that more
phytoalexin accumulated in hypocotyls of
beans and soybeans [Glycine max (L.) Merr.]
that developed limited lesions in response to S.
sclerotiorum (Sutton and Deverall, 1984), and
that oxalic acid and polygalacturonases syn-
thesized by S. sclerotiorum elicited phytoa-
lexin biosynthesis in soybean (Favaron et al.,
1988). An increase in PAL activity, however,
does not always ensure increased phytoalexin
accumulation (Ebel et al., 1984); nonetheless,
greater PAL activity paralleled slower lesion
growth in this study.

Perhaps the increased PAL activity in re-
sponse to S. sclerotiorum noted in this study is
H

a result of gene influence on common bean
PPR through phytoalexin biosynthesis.
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