European Journal of Plant Pathology 100: 259-267, 1994.
© 1994 Kluwer Academic Publishers. Printed in the Netherlands.

Invasiveness of Pseudomonas solanacearum in tomato,
eggplant and pepper: a comparative study

V. GRIMAULT and P. PRIOR
INRA, Station de Pathologie végétale, de Phytoécologie et de Malherbologie, BP 1232,
97185 Pointe-a-Pitre Cedex, France

Accepted 20 May 1994
Key words: latent infections, resistance

Abstract. The colonization of eggplant, pepper and tomato by Pseudomonas solanacearum
was compared. Latent infections were observed in pepper and eggplant, indicating that this
phenomenon was general in the main hosts of P. solanacearum. In eggplant and pepper,

as in tomato, resistance did not arise from a resistance to root colonization by the bacteria.
In tomato and eggplant, resistance mechanisms appeared to be similar: spread of P.
solanacearum was limited in resistant cultivars. In contrast, in pepper this limitation was not
observed and plants appeared more tolerant to high bacterial populations than tomato and
eggplant.

Introduction

Bacterial wilt caused by Pseudomonas solanacearum is a devastating
disease particularly on Solanaceous crops in tropical and subtropical areas
[Matos et al., 1990; Winstead and Kelman, 1960; Narayanan and
Gopinathan Nair, 1983; Digat and Escudié, 1967]. To control this soilborne
vascular pathogen, cultural practices and chemicals are insufficient [Daly,
1986; Enfinger et al., 1979]. The most widespread measure is therefore the
use of resistant cultivars [Hayward, 1991].

Knowledge of disease resistance mechanisms is of great concern to
improve breeding programs for resistance. Latent infections have been
demonstrated in bacterial wilt resistant tomato cultivars [Prior et al., 1990;
Grimault and Prior, 1993], in potato [Ciampi et al., 1980} and in some
weeds [Hayward, 1987; Caudron et al., 1992]. The study of resistance in
tomato and potato to wilt showed that the spread of P. solanacearum in the
stems of resistant cultivars was limited compared to susceptible ones
[Grimault et al., 1993; Bowman and Sequeira, 1982]. So, among the four
most widely grown Solanaceous species (tomato, potato, eggplant and
pepper), the characteristics of plant colonization by P. solanacearum were
comparable in tomato and potato. By contrast we did not find information
on eggplant and pepper resistance mechanisms. To verify if the characteris-
tics of plant colonization by P. solanacearum can be generalized to the
different hosts of the bacteria, our study focused on two of the main
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Solanaceous hosts of P. solanacearum: eggplant and pepper. We compared
the colonization of susceptible and resistant cultivars of these two hosts
with tomato colonization.

Material and methods

Plants
Three tomato cultivars were selected: Floradel (susceptible to bacterial
wilt), Hawai 7996 and Caraibo (resistant), as well as pepper cultivars Yolo
Wonder and Piperade (susceptible) and Narval (resistant) [Kaan and Anais,
1977], and eggplant cultivars SM6 and Kalenda (resistant), Ceylan (moder-
ately resistant) and Aranguez (susceptible) [Daly, 1986; Herbert, 1985].
Seeds were sown in vapor disinfected soil. Plants at the cotyledonary
stage were transplanted in 7 cm X 7 cm pots. Plants of 3 weeks-old for
tomato and 5 weeks-old for eggplant and pepper were transplanted in 4
litre pots. In a preliminary experiment 50 plants of the susceptible cultivars
Floradel, Yolo Wonder and Aranguez were used. In a second experiment,
two replications of 15 plants were used. The experimentis were carried out
in an insect-proof glasshouse.

Bacterial strains and inoculation

The bacteria were cultivated on Kelman’s medium [Kelman, 1954].
Inoculum was prepared from bacteria grown on tetrazolium chloride-free
medium. Cells were harvested, after 48 h culture at 30 °C, by flooding
plates with sterile distilled water and inoculum was diluted to 2 x 10’
cfu/ml by measuring the optical density (OD 650 nm = 0.01 corresponding
to 107 cfu/ml).

Different strains of P. solanacearum with a broad host range were tested
on eggplant, pepper and tomato, to select the more aggressive strain. These
strains, classified as race 1 (8217, 8218, 8222, 8227 and 8225), were
natural mutants resistant to streptomycin (200 ug/ml) and/or to rifampicin
(50 pg/ml) of strains isolated in Guadeloupe (respectively GT1, GT4, GA2
and GA4 for 8227 and 8225). Their characteristics have been previously
reported [Prior and Steva, 1990]. Ten plants per susceptible cultivar and
per strain were infected at 4 weeks-old for tomato and 6 weeks-old for
eggplant and pepper. This stage corresponds to the age of plants when they
are transplanted into the field in natural growing conditions. Plants were
infected, by inserting a scalpel into the soil at 1 cm from the stem, and
pouring 2 ml of inoculum in the soil. The percentage of wilt was deter-
mined fifteen days after inoculation.

In the second experiment, fifteen plants per cultivar (resistant or suscep-
tible) were simultaneously inoculated by root injury as previously
described. Two repetitions were carried out.
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Sampling and analysis

In the second experiment, wilted plants were sampled during the course of
the experiment. Stems from wilted plants were washed under tapwater and
surface disinfected with alcohol. Fragments of 2 cm from the hypocotyl and
midstem were sampled and weighed. Symptomless plants were sampled 21
days after inoculation when bacterial wilt reached its maximum. Secondary
roots were removed and taproots were washed under tapwater. Fragments
of 2 cm from the taproot, hypocotyl and midstem were sampled as previ-
ously described. Taproots were crushed in 5 ml sterile distilled water and
extracts were filtered through gauze. Fragments of hypocotyl and midstem
were placed in 4 ml of sterile distilled water, overnight at 10 °C to allow
the sedimentation of the bacteria while growth was arrested.

Extracts were plated using the Spiral system [Jalenques, 1988] on
selective medium (Kelman’s medium +50 pg/ml rifampicin +50 pug/mi
bacitracin). The medium was supplemented with cycloheximide (50 pg/mi)
to avoid fungal growth. Bacteria were counted after 48 h of culture and
densities were expressed as colony forming unit (cfu) per gram of fresh
matter (cfu/g FM) and log transformed (log cfu/g FM). Average densities
were calculated only on plants colonized over 10? cfu/ml (Spiral detection
lower limit) and compared by a variance analysis (Fisher’s test) [Snedecor
and Cochran, 1971].

Results

Bacterial wilt
Table 1 shows that the strain 8227 was the more aggressive on the three
hosts. This strain was also resistant to bacitracin (50 pug/ml) and it was
selected for the experiment.

Table 2 summarizes the percentages of wilting observed on the different
hosts 21 days after inoculation by the strain 8227. The resistant cultivars

Table 1. Aggressiveness of five strains of P. solanacearum with a broad host range on
susceptible cultivars of tomato, pepper and eggplant

Disease rating

Strain Tomato Eggplant Pepper
8217 78 1 0
8218 7 1 0
8227 7 5 7
8222 0 0 0
8225 1 0 0

# number of wilted plants out of 10, 15 days after inoculation
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Hawai 7996, Caraibo, Narval and SM6 did not wilt. In the susceptible cul-
tivars, the percentages of wilting were relatively low (from 50% to 56.6%)
except for Aranguez (70%). The resistant eggplant cultivars wilted at low
frequencies (13.3% for Kalenda and 30% for Ceylan). The bacterial densi-
ties counted in wilted plants are presented in Table 2. All wilted plants
were colonized at the hypocotyl and midstem, and bacterial densities were
high (approximatively 10° cfu/g FM). No significant difference was
observed among the cultivars at midstem. Only Floradel was significantly
less colonized (P = 0.02) at the hypocotyl level. All wilted plants were
sampled except for Floradel because a rapid maceration of tissues of young
plants at the beginning of the experiment did not allow the sampling of all
wilted plants.

Table 2. Bacterial densities counted in wilted plants of tomato, pepper and eggplant,
inoculated with the strain 8227

Cultivar % wilting? Bacterial density”
hypocotyl midstem

Floradel 56.7 9.28 *+ 0.32* 9.37 £ 0.33*
Hawai 7996 0 nd nd
Caraibo 0 nd nd
Yolo Wonder 50 9.69 * 0.16° 9.16 £ 0.20*
Piperade 50 9.82 £ 0.10° 9.50 = 0.13*
Narval 0 nd nd
Aranguez 70 992 £ 0.31° 9.19 £ 0.30*
Ceylan 30 977 £ 0.25° 9.05 +0.19*
Kalenda 133 10.0 £ 0.07° 9.80 £ 0.11*
SM6 0 nd nd

! on 30 plants.

2 expressed as log cfu/g fresh matter. nd = not determined. Values with the same superscript
are not significantly different according to the Fisher’s test (P = 0.02 at the hypocotyl and
P = (.12 at midstem).

Bacterial spread and multiplication in symptomless plants
All cultivars were invaded at taproot (Table 3). The bacterial densities
could not be determined at taproot level because of important contamina-
tions on the Petri dishes. In pepper, the frequency of taproot colonization
was 100% for all non wilted cultivars. By contrast in eggplant and tomato,
differences were observed between resistant and susceptible cultivars.
Susceptible cultivars had higher colonization frequencies than the resistant
ones. From taproot to midstem, a decrease in colonization frequencies was
observed in tomato and eggplant, except for the tomato cultivar Floradel. In
pepper, this decrease was not observed.

Bacterial densities observed in the hypocotyl were very high in pepper
(107 to 10° cfg/g FM) compared to eggplant and tomato (10> to 10° cfu/g
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FM). Statistical analysis was carried out separately for each host at the
different sampling levels. In the different hosts of P. solanacearum, no
significant differences were shown between bacterial densities encountered
at the hypocotyl in susceptible and resistant cultivars. At midstem, a signif-
icant difference was observed between the pepper cultivars: the resistant
cultivar Narval was less colonized than the susceptible one Yolo Wonder.
No significant difference was observed between the bacterial densities
encountered at midstem in the tomato cultivars. In eggplant, the statistical
analysis was not carried out because of the low number of colonized plants.

In susceptible pepper cultivars, bacterial densities were relatively stable
between the hypocotyl and midstem whereas in the resistant cultivar, a
decrease of bacterial density was observed. In tomato, a similar decrease
was observed in all cultivars, and in eggplant, the low number of colonized
plants did not allow a good estimation of bacterial densities.

Discussion

The strain 8227 was chosen for its broad host range despite its low aggres-
siveness as shown by the percentages of wilt obtained. In Floradel,
macerated plants were not sampled and bacterial densities were underesti-
mated as compared to the other cultivars because only the plants beginning
to wilt were sampled. The comparable bacterial populations at the
hypocotyl and midstem of wilted plants indicated that the threshold above
which wilt occurs was similar in the different cultivars of the three hosts
of P. solanacearum. This is consistent with results obtained on a range of
tomato cultivars differing in resistance to bacterial wilt [Grimault et al.,
1993].

The different pepper and eggplant cultivars presented latent infections
(symptomless colonized plants) as for tomato [Prior et al., 1990; Grimault
and Prior, 1993]. We wish to point out that plants were inoculated by root
injury, which could promote the penetration of bacteria. The inoculation
technique we used reflected the colonization of tomato by P. solanacearum
since recent studies have demonstrated that wilting frequencies were similar
in plants inoculated with and without root injury (J.G. Elphinstone pers.
comm.). Moreover, Khan et al. [1988], also observed the presence of
bacteria in resistant eggplant cultivars inoculated without root injury. So,
bacteria are able to penetrate in eggplant roots by natural openings as in
tomato [Schmit, 1978; Kelman and Sequeira, 1965]. The penetration of
P. solanacearum was not studied in pepper. Nevertheless, in natural condi-
tions, the injuries caused to roots by the transplantation of plants in the field
promote the penetration of the bacteria. So, the presence of latent infection
appears to be a general phenomenon not only in tomato cultivars [Grimault
et al., 1993] but also in pepper and eggplant. Moreover, in eggplant and
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pepper, resistance did not arise from a resistance to root colonization by
P. solanacearum since taproots were colonized at high frequencies.

Tomato cultivars resistant to bacterial wilt showed a reduction of colo-
nization from taproot to midstem. This confirmed the results obtained with
another strain of P. solanacearum [Grimault et al., 1993] and indicated that
the limitation of P. solanacearum spread was also observed in eggplant: the
colonization at the different levels was lower (density and frequency) in
resistant cultivars. So, we assume that the result of resistance mechanisms
of tomato and eggplant might be similar. By contrast, in pepper, the result
of resistance mechanisms seem to be different: no reduction of colonization
was observed in the resistant cultivar. At midstem, the bacterial densities
encountered in Narval, although significantly lower than in the susceptible
cultivar Yolo Wonder, were very high. Pepper seemed therefore to be more
tolerant than tomato and eggplant to high bacterial populations.

The presence of latent infections in the principal hosts of P.
solanacearum may have important epidemiological consequences since
growing tolerant cultivars of these three hosts of P. solanacearum in the
field would increase the inoculum level in soils. This fact should be kept
in mind for crop rotations [Melton, 1991; Sohi et al., 1981]. It would be
also important to manage weeds as numerous species were proven to be
symptomless carriers [Caudron et al., 1992; Hayward, 1987].

Colonization criteria were proposed as additional criteria for breeding
programs on tomato [Grimault et al., 1993]. This study demonstrated that it
would be also useful to take into account these criteria for breeding resis-
tant eggplant cultivars. By contrast in pepper, colonization criteria did not
permit differentiation of resistant cultivars from susceptible ones, and
resistance mechanisms are presently not defined.

Acknowledgements

We wish to thank C. Dauny for providing us with the eggplant seeds and
S. Hadj-Dahmane for technical assistance. We are very grateful to J. Schmit
for reviewing the manuscript.

References

Bowman JE and Sequeira L (1982) Resistance to Pseudomonas solanacearum in potato:
infectivity titrations in relation to multiplication and spread of the pathogen. American
Potato Journal 59: 155-154

Caudron F, Fournet J, Grimault V, Kermarrec A and Prior P (1991) Les mauvaises herbes de
la culture de la tomate hotes de nématodes phytophages et de la bactérie Pseudomonas
solanacearum E.F. Smith, dans les Antilles francaises. In: Caribbean Food Crop Society.
Proceedings of the XXVIIth Annual Meeting, Republica Dominicana, August 1992



266

Ciampi L, Sequeira L and French ER (1980) Latent infections of potato tubers by
Pseudomonas solanacearum. American Potato Journal 57: 377-386

Daly P (1986) L’implantation de I’aubergine aux Antilles ou la nécessaire adaptation du
matériel végétal A des problémes sanitaires. Bulletin Technique d’Information 409-411:
453-457

Digat B and Escudié A (1967) Reconnaissance du flétrissement bactérien des Solanées aux
Antilles frangaises. Phytiatrie-Phytopharmacie 16: 187-197

Enfinger JM, McCarter SM and Jaworski CA (1979) Evaluation of chemicals and application
methods for control of bacterial wilt of tomato transplants. Phytopathology 69: 637-640

Grimault V and Prior P (1993) Tomato Bacterial wilt resistance associated with tolerance of
vascular tissues to Pseudomonas solanacearum. Plant Pathology 42: 589-594

Grimault V, Schmit ] and Prior P (1993) Some characteristics involved in bacterial wilt
resistance (Pseudomonas solanacearum) in tomato. In: Hartman GL, Hayward AC (eds)
Bacterial Wilt: Proceedings of International Bacterial Wilt Symposium, ACIAR 45,
October 28-31, 1992, Kaoshiung, Taiwan

Hayward AC (1987) Prospects for the integrated control of bacterial wilt (Pseudomonas
solanacearum). In: Civerolo EL, Collmer A, Davis RE, Gillaspie AG (eds) Plant
Pathogenic Bacteria. Proceedings of the Sixth International Conference on Plant
Pathogenic Bacteria, Maryland, June 2-7, 1985 (pp 891-899) Martinus Nijhoff Publishers,
Boston

Hayward AC (1991) Biology and epidemiology of bacterial wilt caused by Pseudomonas
solanacearum. Annual Review of Phytopathology 29: 65-87

Herbert Y (1985) Résistance comparée de 9 espéces du genre Solanum au flétrissement
bactérien (Pseudomonas solanacearum) et au nématode Meloidogyne incognita. Intérét
pour I’amélioration de I’aubergine (Solanum melongena L.) en zone tropicale humide.
Agronomie 5: 27-32

Jalenques F (1988) Dénombrement rapide de colonies microbiennes par le ‘Systéme Spiral’
Information du Technicien Biologiste 1: 13-16

Kaan F and Anais G (1977) La sélection du piment & gros fruit (C. annuum L.) aux Antilles
frangaises pour I’adaptation climatique, la résistance aux maladies bactériennes
(Pseudomonas solanacearum E.F. Sm et Xanthomonas vesicatoria (Doidge) Dowson et
virales (virus Y de la pomme de terre). In: Comptes Rendus du 3 &me congrés Eucarpia
sur la génétique et la sélection du piment, 5-8 Juillet 1977, Avignon, France

Kelman A (1954) The relationship of pathogenicity in Pseudomonas solanacearum to colony
appearance on a tetrazolium medium. Phytopathology 44: 693-695

Kelman A and Sequeira L (1965) Root-to-root spread of Pseudomonas solanacearum.
Phytopathology 55: 304-309

Khan ANA, Shetty KS and Patil RB (1988) Multiplication of Pseudomonas solanacearum in
rhizosphere and root tissue of susceptible and resistant varieties of Solanum melongena.
Journal of Phytopathology 121: 313-317

Matos FSA, Lopes CA and Takatsu A (1990) Identificagao de fontes de resistencia a
Pseudomonas solanacearum em Capsicum spp. Horticultura Brasileira 8: 22-23

Melton TA (1991) Effects of two-year crop rotation and cultivar resistance on bacterial wilt
in flue-cured tobacco. Plant Disease 75: 695-698

Narayanan KK and Gopinathan Nair V (1983) Evaluation of brinjal varieties for resistance to
bacterial wilt. Agricultural Research Journal of Kerala 21: 58-60

Prior P and Steva H (1990) Characteristics of strains of Pseudomonas solanacearum from the
French West Indies. Plant Disease 74: 13-178: 22-23

Prior P, Béramis M, Chillet M and Schmit J (1990) Preliminary studies for tomato bacterial
wilt (Pseudomonas solanacearum E.F. Smith) resistance mechanisms. Symbiosis 9:
393-400

Schmit J (1978) Microscopy of early stages of infection by Pseudomonas solanacearum
E.F.S. on in vitro grown tomato seedlings. In: Proceedings of the IVth International
Conference on Plant Pathogenic Bacteria, INRA eds, Angers, pp 841-856



267

Snedecor GW and Cochran WG (1971) Méthodes statistiques. ACTA ed, Paris, 649 pp

Sohi HS, Rao MVB, Rawal RD and Ram Kishun (1981) Effect of crop rotations on bacterial
wilt of tomato and eggplant. Indian Journal of Agricultural Science 51: 572-573

Thurston HD (1976) Resistance to bacterial wilt (Pseudomonas solanacearum). In:
Proceedings of an international planning conference and workshop on the ecology and
control of bacterial wilt caused by Pseudomonas solanacearum. Sequeira L, Kelman A
(eds). Raleigh, NC State University, 18-23 July 1976, pp 58-62

Winstead NN and Kelman A (1960) Resistance to bacterial wilt in eggplant in North
Carolina. Plant Disease Reporter 44: 432-434



