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ABSTRACT

RIBEIRO, R. de L. D., R. D. DURBIN, D. C. ARNY, and T. F. UCHYTIL. 1977. Characterization of the bacterium inciting

chocolate spot of corn. Phytopathology 67:1427-1431.

The bacterium that incites chocolate spot. a leaf blight
disease of corn, is a fluorescent pseudomonad in group la of
Lelliott et al. On the basis of its bacteriological properties and
toxin production. this bacterium was shown to differ sub-
stantially from strains of Pseudomonas syringae that cause
holcus spot of corn. and to conform with P. coronafaciens
and with the causal organism of halo blight of timothy.
Halo blight symptoms were induced on oats and timothy by
inoculation with the corn chocolate spot strains. These

Additional kev words: oat halo blight. toxin. timothy.

strains synthesize three cholorosis-inducing toxins in culture,
two of which are structurally identical with the tabtoxins
reported for P. coronafaciens and the timothy halo blight
bacterium. It is proposed that the casual organism of corn
chocolate spot in Wisconsin be designated as P. coro-
nafaciens pathovar zeae to distinguish it from other strains
of this nomenspecies which are unable to infect corn and
timothy.

A leaf blight disease of corn (Zea mays L.) called
chocolate spot first appeared in 1971 at several locations
in Wisconsin. Since then, the disease has occurred
sporadically and only in fields with potassium-deficient
soils (1, 12). The disease has not been reported from other
states. The symptoms (dark brown, elongated spots up to
3 cm long) are restricted to the leaves (Fig. 1). Wounding
of leaves by wind whipping appears to promote infection.
The most characteristic symptom is a pronounced, broad
yellow halo that surrounds each lesion, indicative of the
possible effect of a toxin. The lesions are more numerous
along the leaf edges and toward the tips, areas where
potassium deficiency symptoms also first appear. Later.
they may coalesce causing death of large areas.

The causal organism of corn chocolate spot provi-
sionally has been designated as a strain of Pseudomonas
svringae (1). Previously P. svringae [Syn. P. holei
(Kendr.) Bergey et al.] was identified as the incitant of
holcus spot of corn (13). However, the symptoms of
holcus spot differ markedly from those of chocolate spot:
the lesions of the former disease are characteristically
smaller than those of chocolate spot, and are formed by
tan to whitish papery spots with reddish margins. The
narrow band of chlorotic tissue that sometimes occurs
around older lesions is not considered important for
diagnostic purposes. In 1976, Sellam and Wilcoxson (24)
reported a leaf blight of wheat in Minnesota, and the
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causal agent was identified as a strain of P. syringae; it
also was pathogenic on corn artifically inoculated. How-
ever, no description of the symptoms produced by this
strain on corn was given.

The purpose of this paper is to establish the relationship
of the Wisconsin chocolate spot organism to other closely
related bacteria in terms of their physiological charac-
teristics, including toxin production, and pathogenicity.

MATERIALS AND METHODS

The following organisms were used: five strains (ChS |
to 5) from typical chocolate spot lesions on corn. These
strains came from diseased specimens collected in 1975
and 1976 from Columbia and Walworth Counties. Wis-
consin; Pseudomonas coronafaciens, PC-27 from M. P.
Starr (Bacteriology Department, Univ. Calif.. Davis); P.
tabaci, six strains including ATCC#11528, ATCC#17914,
and four tobacco strains from R. W. Fulton (Department
of Plant Pathology. Univ. Wisconsin. Madison); P.
svringae, three strains (BS 1 to 3) from brown spot of bean
in Wisconsin, and two strains (B-397 and B-359) that
incite holcus spot on corn from J. E. DeVay (Department
of Plant Pathology. Univ. Calif., Davis); and two strains
(Ti 1 and 2) from timothy (Phleum pratense 1..) halo
blight obtained in 1975 and 1976 from Columbia County.
Wisconsin.

Selected bacteriological tests performed were: Levan
formation and ability to induce potato rot (19); activity of
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oxidase (16), arginine dihydrolase (28), B-glucosidase
(10), and tyrosinase (7): ability to induce pitting on
polypectate gel (2), necrotic lesions on cowpea (17),and a
hypersensitive reaction on tobacco leaves (15); and
utilization of organic acids as sole carbon sources (20).
The production of syringomycin was determined with the
bioassay technique of Gross and DeVay (8); Geotrichum
candidum Link ex Pers. was used as the test organism. An
arthrospore suspension of the fungus was sprayed on petri
dishes containing PDA plus 0.4% casamino acids that
had been spot-inoculated previously (6 days) with the
bacterial isolates. The occurrence of inhibition zones
around the bacterial colonies was considered indicative of
syringomycin synthesis. The in vitro formation of
chlorosis-inducing toxins was tested with filtrates from
cultures grown in Woolley’s medium (26). After incuba-
tion for 5 days on a rotary shaker at 24 C, cultures were
centrifuged and the supernatant fraction was filter-
sterilized (Millipore, 0.22 um pore size) and then bio-
assayed. In some cases, this fraction was further concen-
trated and purified by passage through a column

Fig. 1. Symptoms of chocolate spot on naturally infected corn
leaves. Note the pronounced halos surrounding the necrotic
lesions and their coalescence mainly along leaf edges and tips.
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containing Amberlite CG-120 (H+ form). After washing
the column with distilled water, the toxins were eluted
with 5% NH,OH. To minimize breakdown. the eluent
was evaporated quickly in vacuo at 35 C and the residue
resuspended in ethanol. The resulting precipitate was
removed by centrifugation and the toxins in the super-
natant fluid then were separated by ion-exchange
chromatography as previously described (26). Chlorosis-
inducing activity of crude filtrates and partially purified
preparations was tested by prick inoculations of primary
or first true leaves of bean seedlings, cultivar Bush Blue
Lake-274, through 10-pliter droplets. The plants were
then placed in a controlled environment chamber (12-hr
dayat 26 C and 10,000 lux; night temperature of 21 C); the
results were recorded 48 hr later.

Pathogenicity tests were performed in the greenhouse
(20-30 C) on plants that were grown in a mixture of
compost soil, peat moss, and sand (3:1:1. v/v). The
species used were: corn hybrids A619xW64A and
W64AxA554; cowpea cultivar California Blackeye 3: oat
cultivars Portage and Dal; timothy cultivar Verdant; and
tobacco cultivars Xanthi and Havana 38. Inocula con-
sisted of suspensions containing about 106 viable cells per
ml prepared from I-day-old cultures on glycerol nutrient
agar slants. Bacterial cells were washed by centrifuging
and resuspending twice in sterile, distilled water. Triton
X-100 (0.1% final conc.) was added to the suspensions
used in the spray inoculations. Incoculations were per-
formed by pricking moistened leaves with a sterilized
needle through droplets of inoculum, or by spraying the
inoculum onto plants by means of a Ceccato 2701-2711
(1.5 nozzle) paint gun, without causing apparent water
soaking. Inoculated plants were kept in a mist chamber
for 24 hr and then transferred to the greenhouse.

RESULTS

The incitant of corn chocolate spot is a Gram-negative
rod that produces fluorescent pigment on King’s B
Medium containing glycerol (14), is motile by one to five
polar flagella, and has an oxidative mode of glucose
metabolism. It forms levan, is oxidase-and arginine
dihydrolase-negative, and induces a hypersensitive re-
action when infiltrated into tobacco leaves. According to
the LOPAT characteristics it is a fluorescent pseudomonad
in group la of Lelliott et al. (19) which includes a number of
nomenspecies, such as P. coronafaciens, P. tabaci, and P.
syringae. On the basis of these and additional tests
(Table 1), the bacterium could not be differentiated from
P. coronafaciens (sensu reference 11) and the closely
related pseudomonad that incites timothy halo blight
(27). The chocolate spot organism differed from strains of
P. svringae by its inability to utilize DL-lactate. in-
ability to induce necrotic lesions on cowpea, and by its
tyrosinase activity. The lack of utilization of L(+) tartrate
as a sole source of carbon. in addition to its inability to
cause pitting on polypectate gel. differentiated the choco-
late spot bacterium from P. rabaci.

All P. syringae strains inhibited the growth of G.
candidum (indicating the production of syringomycin),
but the corn chocolate spot. timothy halo blight, P.
coronafaciens, and P. rabaci strains did not. On the other
hand, culture filtrates from strains of the chocolate spot
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organism contained toxins that induced chlorotic lesions
with necrotic centers, when injected into bean or tobacco
leaves. This effect was similar to that obtained with
filtrates from P. coronafaciens, P. tabaci, and the path-
ogen of timothy. The toxic material was heat-labile (100 C
for 10 min) and the chlorotic effect was light-dependent,
as is characteristic of the tabtoxins (4, 25). lon-exchange
chromatography of partially purified preparations from
the chocolate spot bacterium revealed two peaks of
chlorosis-inducing activity (Fig. 2). The first active peak
(50-60 min retention time) upon acid hydrolysis (6 N
HCI1, 1 hr at 100 C) yielded only tabtoxinine, as
determined by chromatographic and mass spectral pro-
cedures (26). Its complete structure is currently being
determined. The second peak corresponded in elution
time (100-120 min) to the two previously reported
tabtoxins (26). Acid hydrolysis of this fraction yielded
threonine, serine, and tabtoxinine as determined by the
same procedures. In addition, this peak cochromato-
graphed with authentic tabtoxins in ion-exchange and
thin-layer chromatographic systems (26), and upon
standing, its contents partially degraded into the bio-
logically inactive isotabtoxins.
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Reciprocal inoculations with the strains from corn
chocolate spot and timothy halo blight were positive
(Table 2); the symptoms (necrotic spots with yellow halos)
induced by all these strains appeared identical on the
inoculated leaves of both hosts. In addition, they pro-
duced typical halo blight symptoms on oats. Strains of
P. coronafaciens and P. tabaci were pathogenic on their
natural hosts (oats and tobacco, respectively) but not on
corn and timothy. Holcus spot symptoms were produced
on corn by the P. syringae strains B-359 and B-397;
neither strain produced symptoms on oats or timothy.

DISCUSSION

According to Doudoroff and Palleroni’s revision of the
genus Pseudomonas, as published in the eighth edition of
the Bergey's Manual of Determinative Bacteriology (3),

TABLE 2. Comparison of pathogenicity to selected hosts of
corn chocolate spot and timothy halo blight strains with three
species of Pseudomonas
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Fig. 2. Amino acid elution profile of a partially purified
preparation from the corn chocolate spot pseudomonad.
Hatched areas indicate zones with chlorosis-inducing activity in
bean leaves.

Strainiei Test Plant®
nomenspecies Corn Timothy Oat Tobacco
ChSlto$§ +P + +
Ti 1 and 2 + + +
P. tabaci® - +
P. coronafaciens - - + =
P. syringae" #* = = -

“Light spray inoculation with
cells/ml.

about 10* washed viable

bSymbols: + = virulent: - = avirulent.

‘Strain ATCC #17914 was nonpathogenic. The remaining
strains reacted identically.

d“Holcus spot” strains B-359 and B-397. Strains BS I to 3 were
nonpathogenic on all four test plants.’

TABLE I. Comparison of bacteriological properties of corn chocolate spot (ChS) and timothy halo blight (Ti) strains with three

species of Pseudomonas

Strain or nomenspecies

Test

ChS1to5 Tiland2

P P P
coronafaciens svringae® tabaci®

Growth on

DL-lactate b
Growth on

L{+) tartrate
Pitting on

polypectate gel -
B-Glucosidase

production + +
Necrotic lesions

on cowpea -
Tyrosinase

activity + +

NT

“All strains reacted identically.

"Symbols: + = positive reaction; — = negative reaction; NT = not tested.
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all fluorescent plant-pathogenic pseudomonads that are
negative for the oxidase test should be considered within
P. svringae. However, this proposal was considered
provisional because of insufficient information at that
time on the nomenspecies which comprise the group of
plant pathogenic. oxidase-negative, fluorescent
pseudomonads. It was even recognized that some of the
nomenspecies included in P. syringae might deserve
independent specific rank. In support of this, Pecknold
and Grogan (21) suggested that genetic differences, as
evidenced by DNA homology studies with a number of
such nomenspecies, were great enough to justify their
separation into several groups.

Hayward (9) stated that “any distinct pathological
entity must receive a convenient label” for quarantine
purposes; Schroth and Hildebrand (23) pointed out that
the distinctive pathogenic capabilities of the organisms
should be considered part of a determinative system.
According to Dye et al. (5), organisms such as P. tabaci
and others that induce “characteristic and reproducible
host reactions™ require names indicating their “different
pathogenicities™. If these alternative viewpoints are fol-
lowed, the chocolate spot bacterium should not be
designated P. svringae. This is based on the following
points: (i) holcus spot of corn is a disease considerably
different from chocolate spot; and (ii) the chocolate spot
strains produce tabtoxins in culture, two of which are
identical with those already reported. These toxins have
not been associated with strains of P. syringae, but are
produced by strains of P. coronafaciens, P. tabaci, and
P. garcae Amaral et al. (26). Tabtoxins are capable of
reproducing part of the symptoms (yellow halos)
characteristic of the diseases incited by these nomen-
species and therefore can be considered of taxonomic
relevance. Conversely. the corn chocolate spot pathogen
produces no detectable syringomycin. This is especially
significant because syringomycin synthesis, determined
via the G. candidum bioassay, is a characteristic of
P. svringae strains which can incite holcus spot and its in
situ production has been considered an essential require-
ment for disease development on grass hosts (8).

In addition, the chocolate spot strains differ from
P. svringae strains in certain biochemical tests considered
useful for the separation of fluorescent pseudomonad
nomenspecies. Thus, the chocolate spot strains show
tyrosinase activity and are unable to utilize DL-lactate as a
sole carbon source, whereas strains of P.syringae,
including those that incite holcus spot on corn. give
opposite reactions. The incitant of chocolate spot does
not induce necrotic local lesions on cowpea primary
leaves, whereas strains of P.syringae, regardless of the
host of origin, induce a positive reaction. Furthermore,
others have considered this test to be reliable for identify-
ing strains of P. syringae (17).

The chocolate spot bacterium is probably identical
with the organism that incites halo blight of timothy in
Wisconsin (27). Their behavior in vitro, the types of
toxins produced (tabtoxins), and the symptoms they
induce on certain host plants are identical. They do,
however, differ from strains of P. coronafaciens in host
range. As first mentioned by Elliott (6). strains that cause
oat halo blight do not infect corn. In addition, Taylor et
al. (27) found P. coronafaciens to be nonpathogenic on
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timothy although their isolates from timothy induced
halo blight symptoms on oats. Also, P. coronafaciens var.
atropurpurea from various grasses is unable to attack
corn or timothy (22, 29). On the basis of these consider-
ations the organism which incites corn chocolate spot and
timothy halo blight should be regarded as a distinct forma
specialis of P.coronafaciens. In conformity with the
recommendations of the International Code of Nomen-
clature of Bacteria (18), we propose that this bacterium be
designated as P. coronafaciens pathovar zeae; because it
differs from other strains of P.coronafaciens by its
virulence on corn and timothy.
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