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Summary &mdash; The resistance of cereal genotypes to the artificial inoculation of Pseudomonas syringae pathovars atro-
faciens (PSA) and syringae (PSS) at third leaf growth stage of development was investigated. The methods of pricking
and injecting were used. The injection method produced symptoms similar to natural infection, at level of inoculum at
least 107 cfu/ml. At this stage of cereal growth there was a high level of resistance to PSA and PSS. None of the
Aegilops species showed the symptoms of susceptible genotypes. Only one Triticum genotype was susceptible to
strains V28 and Y4895 of PSA and PSS, respectively, at the highest level of inoculum. The leaves of all Zea mays
genotypes were susceptible to PSS A106 at 109 cfu/ml.
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Résumé &mdash; Résistance des génotypes d’Aegilops, de maïs et de blé à Pseudomonas syringae pathovars (pvs)
atrofaciens (PSA) et syringae (PSS). La résistance au PSA et au PSS des génotypes des céréales a été étudiée
après inoculation par les méthodes de scarification et d’injection. La dernière méthode permet d’obtenir des symp-
tômes de maladie similaires à ceux obtenus dans la nature au niveau d’inoculum de 107 cfu/ml et plus. Les plantules
au stade 3 feuilles ont montré un niveau élevé de résistance à PSA et PSS. Aucune espèce d’Aegilops n’a montré d’in-
fection comme chez les génotypes sensibles. Un seul génotype de Triticum est sensible au plus haut niveau d’inocula-
tion par PSA V28 et PSS Y4895. Les feuilles de tous les génotypes de maïs sont sensibles au PSS A 106 à la concen-
tration de 109 cfu/ml.
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INTRODUCTION

Vassilev et al (1983) have previously reported
resistance in the early growth stage of cereals to
Pseudomonas syringae pathovar atrofaciens
(PSA). Most of the studied species (barley, rye,
triticale, and wheat) usually show resistant plant
responses up to the stage of leaf-sheaths length-
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ening (Large, 1954). In our country, bacterial leaf
blights occurred at this growth stage of plant
development. Some were caused by PSA, others
by P syringae pathovar syringae (PSS) or both
(Karov and Vassilev, 1990). Initial water-soaked

spots about 1-3 mm in diameter expanded,
became necrotic and progressed from gray or
yellow-green to light-tan or white. The spots may



coalesce into irregular stripes or blotches in a
short period of time (2-4 d). Entire leaves often
became necrotic and died. Similar types of symp-
toms, especially at the later stages of bacterial
infection, were sometimes mixed with lesions
caused by frost or fungi. On leaves, the browned
tissue resulting from bacterial infection was often
confused with natural senescence. The losses
caused by PSA and PSS have not been well
assessed, because of the complex biotic and
abiotic factors involved. Continuing earlier stud-
ies, we used artificial inoculation to investigate
the plant resistance to PSA and PSS of some
Aegilops L, Zea mays L, and Triticum L geno-
types at the third leaf stage of plant growth. The
methods of pricking and injecting were used in a
non-air-conditioned glasshouse.

MATERIALS AND METHODS

Six strains of PSA and PSS, ie two PSA, V1 and V28,
two PSS, A106 and Y4895 isolated from wheat, and
two PSS, Y3023 and Y3080 from Syringae vulgaris L
for which pathogenicity has been proved (Vassilev et
al, 1991), were inoculated by pricking (Method 1) or
injecting (Method 2) plants at the third leaf stage of
growth. Bacteria were stored lyophilized and were
grown for routine work on nutrient glycerine agar
(NGA) (Rudolph et al, 1990).

Plants from the IPGR collection with a large genetic
diversity were represented by 22 Aegilops L, maize and
wheat genotypes, which were grown in pots (Vassilev,
1984) till the third leaf. We used 10 healthy plants for
Method 1 and for each inoculum level in Method 2. The
inoculated plants were incubated in a non air-condi-
tioned glasshouse and kept in moist air by spraying
with tap water. All experiments were performed 3 times.

Method 1

Each leaf was pricked at 3 sites with a fine needle con-
taminated with bacterial culture aged 24-48 h
(Galachyan, 1941). Controls were pricked with a drop
of sterile water. Responses were evaluated on days 7,
14 and 28 after inoculation. A brown spot with a dark-
brown margin and a yellow halo, which spread out fur-
ther from the point of inoculation, was recorded as a
susceptible response. No symptoms or a small brown
spot restricted to 1 mm around the wound were scored
as an immune or resistant response, respectively
(Vassilev et al, 1991).

Method 2

Each pseudo-stem was injected in the middle using a
1 ml syringe. Various inoculum doses (10-109 cfu/ml)

of 24-48 h bacterial culture were adjusted at 610 nm
of Specol 10 (Carl Zeiss) using a calibration curve of
the PSA and PSS strains. The number of infectious

particles forming colonies on a solid medium (cfu/ml)
was determined by the method of serial dilution and
plate-count technique (Meynell and Meynell, 1965).
Controls were treated with sterile water. Plant re-

sponses were evaluated on days 7, 14 and 28 after
inoculation. Five grades were used (0-4): plants with-
out symptoms (0); plants with local necrosis only on
the site of injection (1); plants with a 1-3 mm restricted
spot (2); plants with 3 mm lesions with yellow halo
near of the place of inoculation (3); and (4) plants with
spots scattered on the entire leaf blade (necrotic and
later dry). The degree of infection has been calculated
(Vassilev and Karov, 1986; Vassilev et al, 1990) and 5
groups of plant responses were described: 0.0-0.0
immune (I); 0.1-37.5 resistant (R); 37.6-50.0 medium
resistant (MR); 50.1-62.5 medium susceptible (MS);
and 62.6-100.0 susceptible (S).

RESULTS AND DISCUSSION

The 6 selected PSA and PSS strains isolated from
wheat and lilac used in this study were recovered
from lyophilized cultures on NGA. Bacteria were
typical for PSA and PSS. They were also chosen
for their virulent properties (results not presented).
These 2 pathovars caused diseases on cereals
(PSA) and many other species (PSS). On the
cereals, PSA was usually more damaging to
plants than PSS at lower inoculum levels and dur-
ing the whole vegetation period (unpublished
results). Otta (1974) reported no differences
between PSS and PSA. Our earlier results

(Vassilev et al, 1991) obtained in the seedling
bioassay and ear spraying, distinguished PSA
from PSS. It was hard to differentiate between

symptoms caused by PSA and PSS in the late
stage of development of cereal plants until the
milk ripe stage, in which basal glume rot caused
by PSA was originally described on the head of
wheat at the base of glumes as a dull brownish-
black area (McCulloch, 1920). Using only PSA
strains caused typical symptoms on the ear and
made it possible to search the plant responses at
every stage of cereal development. In compari-
son, PSS never caused typical basal glume rot on
the head of cereals (Vassilev and Karov, 1982;
Toben et al, 1989; Vassilev et al, 1991).

In our trials, only the injection method gave
clear symptoms above 107 cfu/ml. The controls
were not affected. We present the highest plant
responses at the highest inoculum levels for some
representative genotypes from the experiments
done 3 times for different time periods (tables I, II
and III). At the third leaf stage of cereal growth,



there was a high level of resistance to PSA and
PSS. None of the Aegilops species showed the
symptoms of susceptible genotypes. One
Triticum genotype was susceptible to strains V28
and Y4895 of PSA and PSS, respectively, at the
highest level of inoculum. In this case, initial

water-soaked spots, like the natural ones, about

1-3 mm in diameter were observed. They
expanded, became necrotic and progressed from
gray or yellow-green to light-tan or white. The
spots coalesced into irregular stripes or blotches
in short period of time (2-4 d). Very often, entire
leaves became necrotic and died. On leaves, the
browned tissue resulting from artificial bacterial



infection was very soon indistinguishable from
natural senescence. The leaves of all Z mays

genotypes were susceptible to PSS A106 at the
109 cfu/ml. Symptoms were typical (round, white
to light-tan spots, usually up to 5 mm in diame-
ter). Sometimes elongated tan spots and stripes
resembled Setosphaeria turcica (Northern leaf
blight) symptoms on the leaves of Z mays geno-
types which are susceptible to bacterial blights.
Isolations from the lesions confirmed the identity
of the artificially inoculated bacteria (unpublished
results).
The injection method always gave more read-

able and constant responses in a non-air-condi-
tioned glasshouse. The pricking method was
rapid and usable for pathogenicity test

(Galachyan, 1941; Wilkie, 1973), but it was not

suitable for estimation of the plant resistance,
especially when it was difficult to ensure very

high humidity (relative humidity near 100%). It

was thus not possible to measure a real inoculum
level (Vassilev et al, 1990). Such a measurement
is requisite for exact assessment of quantitative
resistance of cereals to facultative pathogens at
various growth stages of plant development.
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