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Abstract

A procedure was developed for specific and sensitive quantitative detectidtalsfonia (Pseudomonas)
solanacearunbiovar 2 (race 3) in soil. It is based on immunofluorescence colony-staining (IFC) followed by
confirmation of the identity of fluorescent colonies by PCR-amplification or dilution plating on a semi-selective
medium, SMSA. Addition of sucrose and the antibiotics cycloheximide and crystal violet to the non-selective tryp-
ticase soy broth agar resulted in increased colony size and staining interiRityadé&nacearurim IFC. Verification

of IFC-results by picking cells from IFC-positive colonies followed by dilution plating of the suspended cells on
SMSA was highly efficient. The success rate was 92% and 96% with ‘spiked’ and naturally contaminated soils
respectively. Several other bacterial species which cross-reacted with polyclonal antibodies in IFC also grew on
SMSA and were difficult to distinguish frofR. solanacearunthereby necessitating confirmation of the results.
Rapid verification of IFC-positive results directly by PCR-amplification with primers D2/B specific to division 2 of

R. solanacearurhad a success rate of 86% and 96% with ‘spiked’ and naturally contaminated soil samples, respec-
tively. Primers D2/B reacted with aR. solanacearundivision 2 strains, and strains 8. syzygiiand the banana

blood disease bacterium, but not with saprophytic bacteria cross-reacting in IFR vgittanacearurantibodies.

In comparative tests, IFC was able to detect consistently ca. 100chf goil, a detection level similar to that
found with direct plating on SMSA, but less laboriously, whereas detection level with a bioassay on tomato plants
was only 16-1C cfu g of soil.

Introduction through contaminated surface water is an important
pathway of disease transmission as infection can read-
Ralstonia (Pseudomonas) solanaceardiovar 2, ily occur when contaminated water is used for irriga-

race 3 is the causal organism of brown rot in potato, a tion (Olsson, 1976; Stead, 1996).

disease present in many potato producing areas world Infected aquatic roots of bittersweegolanum
wide. In the last decade, brown rot outbreaks occurred dulcamara growing along waterways, play a role in

in several countries in Europe, resulting in the intro- overwintering of the pathogen and as an inoculum
duction of stringent quarantine measures coupled with source, when bacteria leach out from the root system
intensive surveys. Under cool European conditions, (Olsson, 1976). In Western Europe, infection of potato
infected seed tubers were shown to play a major role in ground keepers and non-aquatic weeds has rarely been
survival and long distance transmission of the disease found and play no significant role in the epidemiology
(Elphinstone, 1996). Dissemination of the pathogen of the pathogen (Elphinstone, 1996).
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Little is known about survival oR. solanacearum
in soil under cool European conditions. Under tem-
perate conditions in Australia, the brown rot pathogen
was detected in soil for not more than two years

(Shamsuddin et al., 1979; Graham and Loyd, 1979).

However, it is often difficult to assess whether pop-

ulations have been really extinguished. In general,

detection of bacteria in soil is complicated by the
low numbers of target bacteria, the high micro-
bial background and an irregular distribution in
the field.

For detection oR. solanacearunm soil, sensitive

bacteria are present, some of which could cross-react
with the antibodies.

This paper aims at the development and evaluation
ofareliable IFC-procedure for quantitative detection of
R. solanacearunm soil in conjunction with verification
procedures for IFC-positive results. Two verification
strategies have been investigated: (1) confirmation of
the identity of IFC-positive colonies by reisolation
on the semi-selective medium SMSA followed by
characterisation oR. solanacearuntype colonies by
immunofluorescence cell-staining, (2) direct confir-
mation of fluorescent colonies by PCR-amplification,

indicator plants such as potato, have been used by plant-using primers against 16S rDNA sequences specific to

ing in test soil (Graham and Lloyd, 1978). In this way,
a relatively large soil volume can be tested and only
viable virulent cells are detected. A bioassay, however,
is time-consuming, lacks the possibility for quantifi-
cation and sensitivity was found to be ca?tfug?
(Graham and Lloyd, 1979). For quantitative estima-
tions, dilution plating on a semi-selective medium was

used, but the high populations of non-target bacteria
present in soil easily tend to overgrow the target bacte-

ria, resulting in a detection level of 16fu g of soil
(Graham and Lloyd, 1979). Moreover, recognition of

the target colonies on plates can be complicated by the
presence of bacteria with a colony appearance similar

to that ofR. solanacearumrRecently, a more selective

medium, SMSA (Elphinstone, 1996), has been devel-

oped which improved detection &. solanacearum
in soil by dilution plating but still suffered from the

same drawbacks as former growth media (unpublished

results).
Immunofluorescence colony-staining (IFC), which
combines bacterial colony-growth and serological

methods, allows sensitive and quantitative detec-

tion of several plant pathogenic bacteria in com-
plex environments with high microbial backgrounds,

such as potato peel extracts and cattle manure slurry

(Van Vuurde, 1987; Van Vuurde and Roozen, 1990;
Jones et al.,, 1994; Van der Wolf et al., 1996).
Both monoclonal and polyclonal antibodies produced
againstR. solanacearunshow cross-reactions with

division 2 ofR. solanacearuntBoudazin et al., 1999).

" Materials and methods

Bacterial strains and growth conditiondBacterial
strains, including 5&. solanacearurstrains (Figure 1)
and 32 cross-reacting bacteria selected from previous
studies (Table 2), were preserved-820°C on beads

in 15% glycerine, 8 mg mt Lab Lemco broth (Oxoid)
(Protect, Biotrading, Wilnis, NL)R. solanacearum
was grown on Trypticase Soy Agar (TSA, BBL) for
48-72h at 27C and subsequently suspended in ste-
rile demineralised water, in which it was stored for
a maximum of 1 month at 4C. For other bacte-
ria, master plates were prepared by growing bacte-
ria from the beads on TSA for 48-72h at Z7.
Master plates were stored for up to 1 week at
17°C. Prior to use, bacteria were grown from water
or master plates on slopes of Growth Factor Agar
(GF; 2.3mM KHPQ,, 0.2 mM MgSQ-7H,0, 1.7 mM
NacCl, 4.3 mM NHH,PQ,, 5mM glucose, 0.5% yeast
(Difco) and 1.5% agar, pH 7.2) for 24h at Z37.

IPO strain no. 1609 (Dutch Plant Protection Service
(PD) strain no. 2763) was used as a reference strain.
Bacterial suspensions were prepared in a quarter
strength Ringer solution.

Dilution plating on SMSA. The semi-selective

taxonomically related bacteria such as the causal organ-SMSA-medium as described by Engelbrecht (1994)

ism of the banana blood disease a@Rdsyzygii but

and modified by Elphinstone et al. (1996) was used.

also with more distantly related soil saprophytes (Griep A Volume of 50ul of test material was plated with
et al., 1998). The use of serological methods for the Usingaspiral plater (DW Scientific, IKS, Leerdam, The

guarantine pathogeR. solanacearurshould therefore
be considered with care. This is particularly true for
detectionin soil, where populationsRfsolanacearum
may be low and high numbers of saprophytic soil

Netherlands), creating a 20-fold gradient per plate.

Tomato bioassay. The bioassay in tomato plants (cv.
Moneymaker) was done as described by Janse (1988).
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Figure 1 Reaction of 39 race 3, biovar 2 strains; 1 race 1, biovar 1 strain; 3 race 1, biovar 3 strains; 2 race 1, biovar 4 strains and 2 race 2,

biovar 1 strains oR. solanacearurimm PCR-amplification using primers against 16S rDNA sequences specific for division 2. The arrows
indicate the 500, 1000 and 1500 bp bands of the 100-bp marker (M).

Young tomato plants at the 3—4 leaf stage were stem and tested directly on arrival. Ten g of soil was added

inoculated with sample extracts and incubated in a glassto 100 ml of 0.85% NacCl solution and 10 g of coarse

house for 16 h at 28 during day time and for 8h at  gravel with an average diameter of 3mm and shaken

24°C at night at a relative humidity of 70-80%. Plants for 20 min (280 rpm) at 27C. Extracts were filtered

were observed weekly for wilting symptoms over a through cotton wool. In the case of seeded samples,

period of five weeks. R. solanacearunstrain 1609 was grown for 24 h at
27°C, suspended and diluted in sterile water, and added

) ) to the soil just before extraction.
Preparation of soil extracts. A R. solanacearunfree
clay soil and a loamy sand soil as determined by IFC

were used for model studies with added bacteria. Soils Antibody production. Antiserum 9527BCD was pro-

were stored at 8C, and one day prior to the exper- duced against five race 3 strains (IPO strain nos. 267,
iment water was added to 85% moisture level and 268, 1608, 1609 and 1610), inoculated in equal num-
allowed to stand for 1 day at room temperature for the bersinthe rabbit. Antibodies were purified as described
soil microflora to stabilise itself. Naturally contami- by Steinbuch and Audran (1969) and conjugated with

nated clay soil, loamy sand soil and organic sand soil fluorescein isothiocyanate (FITC) as described by
were collected from different parts of the Netherlands Allen and Kelman (1977).
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Immunofluorescence cell-stainingDirect immuno-
fluorescence cell-staining was carried out on
R. solanacearuntype colonies on SMSA-plates.
Bacteria were diluted in sterile demineralised water
and tested in concentrations of ca.” Iells m! as
described by Van der Wolf et al. (1993) using antiserum
9527BCD conjugated with FITC in a 100-fold dilution.

Immunofluorescence colony-stainingFC was per-

Polymerase chain reaction.Suspensions of pure iso-
lates were tested at a concentration of &6lls mi*

in 5mM NaOH. IFC-samples were diluted 1:1 with
10 mM NaOH. Samples were boiled for 5 min and cen-
trifuged for 3minat 12 009 prior to PCR. Tenul of the
supernatant was tested in a total volume of (6BCR
reaction mix. The PCR-reaction mix contained QL2
of Taq polymerase (1 unit; Boehringer)ubof 10x
PCR-buffer (Boehringer), consisting of 10 mM Tris—
HCI (pH 8.3), 50 mM KClI, 1.5 mM MgGJ, 0.1 mg mt*

formed as described by Van Vuurde and Roozen (1990) gelatine, 5 (0.2mM) dNTPs (Pharmacia), O

with some maodifications. In a 16 mm well of a 24 well
tissue culture plate, 10d of sample extract (undiluted
and 1:10 in a quarter strength Ringer solution) was
mixed with 300ul of molten agar medium at 4&

(400ng) of each primer, 298 of demineralised
water. R. solanacearundivision 2 specific forward
primer D2 (3-GTCCGGAAAGAAATCGCTTC-3)
(position 405-424) and the non-specific reverse

using an ELISA plate shaker. Plates were incubated primer B (3-GCACACTTCATCCAGCGA-3) (posi-

for 2-3 days at 27C and successively washed
for 3h with 1 ml of sterile demineralised water to

tion 1064-1046) were derived from 16S rDNA
sequences (Boudazin et al., 1999; Seal et al., 1999). A

remove surface grown colonies. Colonies were stained 4| of 35 PCR cycles were run on a Perkin Elmer 9600

with 300ul FITC-conjugated antiserum 9527BCD,
50-times diluted in PBS (0.27M NaCl, 0.04M
Na,HPQ,, 2.9mM KH,PQ,, 5.4mM KCI) supple-
mented with 0.1% Tween 20. IFC-preparations were
washed for 24 h with 300l washing buffer (10-times
diluted PBS supplemented with 0.1% Tween 20)
refreshing the buffer after 1, 2 and 6 h. Fluorescent

thermocycler under the following conditions: denatu-
ration for 20s at 94C, primer annealing for 20 s at
66°C and DNA extension for 30 s at 7€.

Amplicons were analysed on a 1% agarose gel and
stained with ethidium bromide (Sambrook etal., 1990).
Alternatively, amplicons were separated on a 5% hori-
zontal polyacrylamide gel using the Multiphor 1l sys-

colonies were observed with an epi-fluorescent stereo ;o , (Pharmacia) and stained with the BioRad silver

microscope equipped with a GFP plus filter pack and
epifluorescent illumination with high pressure lamp
(Leica).

The basal agar medium used in IFC consisted of 10%

TSBA (3 g It of trypticase soy broth (BBL) and 10 g}
of agar (Oxoid)) supplemented with 0.1 mgtyclo-
heximide to suppress fungal growth. To improve the
staining quality and growth dR. solanacearumsev-
eral combination of additives as described in Table 1

were tested: sucrose, a sugar which can be utilised by

R. solanacearunbut not by a taxonomically related
species such aR. pickettii(Anonymous, 1984), and
three antibiotics: rifampicin for specific suppression of
Bacillus cereus var. mycoidga fast growing fungus-

like bacterial species, crystal violet to suppress Gram-

positive bacteria and chloramphenicol which inhibits
protein synthesis.
Bacteria from fluorescent and non-fluorescent

colonies were collected with a capillary needle and sus-

pended in 30Qu of demineralised water before plating
on SMSA and PCR testing. In order to reduce the risk
of contamination with non-target bacteria, only fluo-
rescent colonies were picked that were distant from
non-fluorescent colonies.

staining procedure according to the manufacturer’s
instructions.

Statistical analysis. The effect of additives in
TSBA on percentage recovery of soil bacteria and
R. solanacearurwas analysed by computing the least
significant difference (LSD) using the statistical pack-
age GENSTAT 5.3.

Results

Improvement of agar media for use in IFCIFC-
detection ofR. solanacearumace 3 strains 267, 1608
and 1609 added to undiluted clay and loamy sand soil
extracts using 10% TSBA supplemented with cyclo-
heximide to suppress fungal growth, resulted in a per-
centage recovery between 51% and 97% (Table 1).
Colonies were small and weakly stained, particularly
in loamy sand soil.

To improve the staining quality and growth of
R. solanacearunthe effect of several combinations of
additives were tested (Table 1). A significant improve-
ment in percentage recovery, colony size and staining



Table 1 Effect of selective compounds added to 10% TSBA on growth and colony fluoresceRedstdnia solanacearurstrains 267, 1608 and 1609 in
extracts of clay soil and loamy sand, pour plated for IFC, and on percentage recovery of soil bacteria

Additions to Percentage recovery of  Percentage recovelRy sblanacearufn Average colony  Colony
10% TSBA soil bacterfa size (wm) fluorescence
Clay soil Sandy loam
Clay Sandy Clay Sandy Clay Sandy
soil loam IPO267 IPO1608 [IPO1609 IPO267 IPO1608 [PO1609  soil loam soil loam
Cy? ND ND 85.0° 78.8 97.1 51.2 52.5 50.6 36 4 3 2
Cy+Rp 44.3 41.5 8.0 50.8 53.3 ND 28.4 20.6 46 4 2 2
Cy+Cm 58.8 54.9 50.6 53.0 55.1 15.1 35.0 36.8 39 4 4 2
Cy+Cv 2.8 37.6 56.0 57.5 61.3 24.2 26.3 30.6 46 4 4 2
Cy+Cm+ Cv 2.7 29.0 49.8 55.1 57.5 11.4 28.9 31.8 43 4 3 2
Cy+Cm+ Su 61.6 56.8 57.6 59.5 64.1 9.5 42.8 46.3 43 4 4 2
Cy+Cv+Su 3.0 30.3 74.6 84.1 83.6 70.5 75.6 80.8 50 25 4 4
Cy+Cm+Cv+Su 2.8 30.3 54.7 59.1 59.7 16.5 38.6 385 46 4 3 2

aNumber of cfu of bacteria in 10% TSBA without additives was considered as 100% (both in clay soil and loamyxsh@ftfi g of soil were found).
LSD =10.20 (interaction sotk medium),n = 3.

®Number of cfu of pure cultures &. solanacearurin 10% TSBA without additives was considered as 100%. ESD3 (interaction strairx soil x medium),

n=3.

°2 =weak fluorescence,3 moderate fluorescences=strong fluorescence.
dCy = Cycloheximide 100 mgt; Rp= Rifampicin 0.5 mgt*; Cm= Chloramphenicol 5 mgt; Cv= Crystal violet 5 mgt*; Su= Sucrose 1 gt.

LT
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quality in loamy sand soil sample was obtained only
by addition of a combination of 0.1 mg mlcyclohex-
imide, 5ug mi~* crystal violet and 1 mgmt sucrose

to 10% TSBA (TSBA-CCS). Although TSBA-CCS
improved colony size and staining intensity for both
soil types, percentage recovery was only greater with
loamy sand soil but not significantly different with
clay soil compared with 10% TSBA with cyclohex-
imide (Table 1). Sucrose had a stimulatory effect
on the growth ofR. solanacearumThe addition of
chloramphenicol, but not crystal violet, neutralised
this effect. Crystal violet, particularly in clay soil,
strongly suppressed growth of fast growing Gram-
positive bacteria. However, addition of crystal violet
had no significant effect on growth and staining quality
of R. solanacearurin IFC.

Cross-reacting bacteria in IFC. A panel of 32 bacte-
ria, selected for having shown cross-reactions in pre-
vious studies with polyclonal antisera against race 3
of R. solanacearunn IF and/or ELISA (Griep et al.,
1998) together with the homologous target strain and
Erwinia chrysanthenas a negative control, were tested
in IFC (Table 2). Of 32 strains, 16 were taxonomically
related toR. solanacearumbelonging to the genera
Pseudomonas, Burkholderiand Ralstoniaand 16
more distantly related or unidentified bacteria. Twenty-
two of these strains reacted in IFC, in which all but
two were easily recognised on the basis of the stain-
ing intensity or an incomplete staining restricted to the
edge of the colonies only (results not shown).

Verification of IFC-positive colonies.Two strate-
gies for verification of IFC-positive colonies were
evaluated with respect to specificity and efficiency:
(1) isolation of bacteria on SMSA followed by con-
firmation by IF cell staining of colonies with a
colony appearance typical d®. solanacearunand
(2) direct PCR-amplification of bacteria from fluores-
cent colonies.

From the 22 strains reacting in IFC, 12 were able to
grow on SMSA (Table 2). From the total panel of 32

40 potato biovar 2 and one biovar 1 strain, all were
PCR-positive, but none of the seven division 1 strains
tested (Figure 1).

From 70 fluorescent colonies taken from IFC-
preparations with clay and loamy sand soil extracts
seeded witlR. solanacearumtrain 1609, 68 could be
isolated on SMSA (Table 3). IF testing of the colonies
on SMSA confirmed the identity of the colonies.
When non-fluorescent colonies, sampled from IFC-
preparations with soil extracts without added bacteria
were grown on SMSA, only 4 out of 120 exhibited a
colony-appearance similar to thatiRef solanacearum
(results not shown). None of these were IF-positive. In
PCR, 56 out of 70 fluorescent colonies sampled were
positive, all non-fluorescent colonies being negative.
Colonies morphologically similar tR. solanacearum
on SMSA and positive in IF were grown from all PCR-
positive samples.

From naturally infested soils, when the identity
of 24 fluorescent colonies were checked, 22 formed
typical colonies on SMSA and were IF positive and 23
were PCR positive (Table 4). Cells from 10 atypically
stained colonies, 7 from contaminated and 3 from
non-contaminated soils, were negative in PCR and
showed no growth on SMSA.

Detection levels of IFC, SMSA-dilution plating and
bioassay on tomato. IFC was compared with dilu-
tion plating on SMSA and the tomato bioassay for the
detection ofR. solanacearunm soil. Serial dilutions

of cultures of strains 1608 and 1609 were added to
extracts of a loamy sand and clay soil samples. The
detection level of IFC was found to be ca. 10 cfuinl

of soil extract, which is equivalent to 100 cfa'gof

soil (Table 5). Reliable quantification was possible up
to densities of 16cfu per IFC-preparation. At densi-
ties above 10cfu per preparation, a weak staining of
target colonies was observed, probably due to compe-
tition for antibodies. The detection limit by dilution
plating on SMSA was found to be 10-100 cfutnbf

soil extract. In clay soil extract without added bac-
teria, saprophytic soil bacteria were frequently found
on SMSA plates with a colony size, colour and mor-

cross-reacting bacteria, 22 isolates were able to grow phology similar toR. solanacearumThe detection

on SMSA. TwoBurkholderia cepacisstrains (strain

limit for plating on SMSA was based on testing three

nos. 1702 and 1703), had a colony appearance similarcolonies with a typical morphology and identity in IF

to that ofR. solanacearum

Two division 2 strains of the banana blood disease
bacterium an@R. syzygiivere PCR-amplified but none
of the 39 saprophytic bacteria tested (Table 2). Out
of 41 R. solanacearundivision 2 strains, including

with polyclonal antiserum 9523. In addition, a 100-fold
serial dilution of the total bacterial population har-
vested from plates in 1 ml of demineralised water was
tested in IFR. solanacearurwas present when at least
one of the IF-tests was positive. Frequently the number
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Table 2 Growth of cross-reacting bactetian SMSA and reactions of cross-reacting bacteria in IFC, and PCR-amplification based
on primers D2/B against 16S rDNA sequences

IPO Bacteria Source Host/ Country IFC Growthon PCR
strain no. substrate reaction SMSA reaction
S302 Ralstonia syzygii PD2093 Syzygium  Indonesia ++ — +
S303 Banana blood disease PD2100 Musa Indonesia  +++ — +
S304 Banana blood disease PD2103 Musa Indonesia ++ — +
S306 Ochrobactrum anthropi PD2808 The Netherlands ++ + —
S307 Ochrobactrum anthropi PD2812 The Netherlands — + -
S339 Enterobactersp. IPO-DLO Potato The Netherlands ++ + —
S342 Enterobactersp. IPO-DLO Soil The Netherlands + + -
S345 Enterobactersp. IPO-DLO Potato The Netherlands — —+ —
S346 Coryneform IPO-DLO Potato The Netherlands— - —
S347 Rhodococcusp. IPO-DLO Potato The Netherlands + - —
S348 Unidentified IPO-DLO Potato The Netherlands— + —
1652 Ralstoniasp. NIZO96 Milk The Netherlands ++ + —
1659 Ralstonia pickettii PD1513 Blood The Netherlands ++ + -
1690 Rathayibacter tritici IVIA 1580.3 Spain - — —
1692 Aureobacterium liquefaciens IVIA 1580.7 Spain + - —
1693 Aureobacterium liquefaciens IVIA 1580.10 Spain + — —
1694 Serratia fonticola IVIA 1534.c Spain + + —
1701 Burkholderia caryophylli NCPPB353 United Kingdom ++ + -
1702 Burkholderia cepacia NCPPB353 United Kingdom ++(+) +4 —
1703 Burkholderia cepacia NCPPB353 United Kingdom — +4 —
1704 Burkholderia andropogonis NCPPB353 United Kingdom ++(+) - -
1705 Burkholderia caryophylli NCPPB353 United Kingdom ++ + —
1707 Burkholderia plantarii NCPPB353 United Kingdom — + -
1708 Burkholderia glumae NCPPB353 United Kingdom +/— — —
1710 Erwinia carotovorasubsp. INRA2.33 France + - -
carotovora
1713 Unidentified INRA1531 France +/— - -
1714 Pseudomonas marginalis ~ CFBP1538 France - + —
1715 Unidentified INRAR3 France — - -
1718 Burkholderia cepacia R5d-1 + + —
1720 Ralstonia pickettii Prr150 United Kingdom — - -
1722 Ochrobactrum anthropi T3b7 United Kingdom + + —
1723 Ralstoniasp. PD2778 The Netherlands + + -
502 Erwinia chrysanthemi PD266 Potato The Netherlands — — —
1609 Ralstonia solanacearum PD2763 Potato The Netherlands ++ + +

!Bacteria were selected for cross-reactions with polyclonal antisera aBaisstanacearurin IF and/or ELISA (Griep et al., 1998).

2Fatty acid analysis was used for strain identification and the best matches with the database of the Microbial Identification System
are given. Strains were obtained from J.D. Janse (Plant Protection Service (PD), Wageningen, the Netherlands), M.M. Lopez (IVIA,
Valencia, Spain), A.C. Le Roux (INRA, Rennes, France) and J.G. Elphinstone (CSL, York, United Kingdom).

3JFC was done with polyclonal antiserum 9523 agaiRstsolanacearumIFC signals:+-++ = strong fluorescence intensity,

++ = moderate fluorescence intensity= weak fluorescence intensity, = signal below background.

“Colony-appearance similar R. solanacearum

of colonies on SMSA-plates could not be determined Discussion
due to excessive slime production.

Wilting of tomato plants could only be induced con- IFC was found to be a sensitive method for quan-
sistently at concentration of 16fumi-! and higher. titative detection ofR. solanacearunbiovar 2) in
R. solanacearuncould be easily isolated from wilted  soil, and IFC will be of particular value in epidemi-
plants; plating of extracts from wilted plants resulted ological and ecological studies on survival of this
in almost pure cultures on SMSA. pathogen in complex matrices in general. Additions to
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Table 3 Characterisation of bacteria, picked from colonies in IFC-preparations with or without
addedR. solanacearurim soil extracts, using PCR-amplification and plating on SMSA followed

by IF cell-staining of suspected colonies

Samplé Total no. No. of colonies resultingin ~ No. of colonies
of sampled  growth of (IF-positive) PCR-positive
colonies R. solanacearurtypical

colonies on SMSA

Fluorescent colonies from 50 28 43

seeded clay soil

Non-fluorescent colonies from 50 0 0

non-seeded clay soil

Fluorescent colonies from 20 20 13

seeded loamy sand
Non-fluorescent colonies from 70 0 0

non-seeded loamy sand

2|[FC-preparations without added target bacteria contained up to 1000 colonies. In seeded soil
extracts, target bacteria were added in aratio of 1: 1 to 10 : 1 with soil bacteria. In IFC-preparations
with plain soil extracts no cross-reacting bacteria were observed.

PCharacterised on the basis of colony appearance and IF cell-staining.

°PCR-amplification based on 16S rDNA primers D2/B.

Table 4 Characterisation of bacteria, collected from fluorescent colonies in IFC-preparations with
naturally infested and non-infested soil extrachy SMSA plating and PCR-amplification

Appearance in IFC-preparations Total no. of No. of colonies No. of colonies
IFC-positive positive on positive in
colonies tested SMSA PCR

Extracts from infested fields

Typically stained 24 22 23

Atypically stained 7 0 0
Extracts from non-infested fields

Atypically stained 3 0 0

2Soil samples were collected from three parts of the Netherlands and comprised one clay soil, a loamy

sand and an organic sand.

bTypically stained: stained colonies similarRo solanacearurin spiked samples.
Atypically stained: stained colonies obviously different frémsolanacearurm spiked samples.

the TSBA (TSBA-CCS) resulted inanincreased colony
growth and staining intensity oR. solanacearum
in TSBA-CCS compared to TSBA. The improved
results with TSBA-CCS can be explained tentatively
by the stimulatory effect of sucrose on the growth
of R. solanacearumThe detection level was deter-
mined at ca. 10cfumt of soil extract, equivalent
to 100cfug? of sail, which is approximately the
theoretical detection level for IFC in which 0.1 ml
of soil extract is sampled. A similar detection level
for IFC was found forErwinia carotovora subsp.
atrosepticain cattle manure slurry and potato tuber

extract (Van Vuurde and Roozen, 1990; Jones et al.,

1994). In contrast, Elphinstone et al. (1996) found

consistent positive results with IFC for the detec-
tion of R. solanacearunmn potato tuber extracts, only
when 2x 10* to 2.5x 10° cellsmi! were present.
This was attributed to high background fluores-
cence and tuber tissue debris masking fluorescent
colonies. This difference in detection limits might
be explained by the presence of several antibiotics
in the IFC agar medium used by Elphinstone et al.
(1996), which, according to our results, would sup-
press growth in pour plates and hence drastically
decreased recovery of target colonies. It is also pos-
sible that the difference in test substrates (potato
tissue and soil extract) could have affected the
results.
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Table 5 Detection ofR. solanacearurm loamy sand and clay soil by IFC, SMSA-dilution plating and a tomato bioassay

Density of IFC SMSA- Tomato Density of IFC SMSA- Tomato
R. solanacearum plating  bioassay R. solanacearum plating  bioassay
in cfu ml~* of soil extract in cfu ml~* of soil extract

Loamy sand, IPO1608 Clay soil, IPO1608

>10 +9 + + >10° + + +
>10* + + + >10* + + +
3923 (1904) + + + 6360 (517) + + +
1018 (541) + + +/- 902 (337) + + +/=
181 (73) + + - 110 (31) + + -
32 (6) + + — 21 (8) + + -
13 (13) + + - 1(2) +/— + -
1(2) +/- - - 0 - - -

0 - - - 0 - -

0 - - - 0 - -
Loamy sand, IPO1609 Clay soil, IPO1609

>10' + 0+ + >10* + + +
>10 + + + >10* + + +
>10* + + + >10 + + +
2200 (246) + + + 2643 (175) + + +
404 (53) + + - 374 (149) + + +—
61 (24) + + - 39 (17) + + -
38 (4) + +/— - 12 (9) + +/— -
10 (0) + — - 1(2) +/- - -

0 _ — _ _ _ _ —

0 — - — — — —

aDensity of R. solanacearunm undiluted soil extracts as determined by IFC. Within brackets the standard deviations are given
(n = 3). Non-target bacteria were present in densities »f1®’ cfu g-* in sandy loam and in £2&fu g in clay soil.

bPresence oR. solanacearuron SMSA-plates was checked by testing colonies with a typical colony appearance with IFC and by
IF on a 10-fold dilution of all bacteria harvested from a SMSA-plate.

°+ =all 3 replicates positive;-/— =1 or 2 replicates positive; = all replicates negative.

The detection level of the SMSA dilution plating
method was close to that of IFC. However, sapro-
phytic bacteria were often found on SMSA-plates with
a colony-type very similar to that &®. solanacearum

be revived in the presence of host tissue. The presence
of cells in a VBNC-state has been demonstrated for
several soil bacterial species (Bloomfield et al., 1998;
Oliver, 1995), and may play an important role in plant

and characterisation of suspect colonies was required.bacterial disease epidemiology.

Moreover, quantification could be hampered by the

presence of large numbers of slime-producing sapro-

phytic soil bacteria growing on SMSA. Finally, quan-
tification could also be affected by the recovery of
bacteria on SMSA, which was previously described as
variable for race 3 strains (Engelbrecht, 1994).

The results with the tomato bioassay for detection
in soil extracts were in agreement with the results of
Elphinstone et al. (1996) for potato tuber macerates.
Wilting was induced only at relative high pathogen
populations £10*cfug™? of sail) which makes this
assay less suitable for detectionRafsolanacearurim
soil. The bioassay, however, may be used if the soil

In general, the physiological status of the bacterial
pathogen, may influence detection by cultivation pro-
cedures. In this study, soils were sampled directly upon
seeding with actively growing bacteria from a nutrient
rich agar medium, while after persistence under condi-
tions of low nutrient availability, such as in soil, culti-
vation on media with antibiotics may be impeded.

As a high proportion of strains (21 out of 30)
which had been previously shown to cross-react
with R. solanacearumantiserum in IF or ELISA
(Griep et al., 1998), also cross-reacted when tested in
IFC, the risks of false positive results would be high.
Of the 21 strains which also cross-reacted in IFC,

is suspected to harbour large numbers of cells in a 3 were previously described as negative in both IF

‘viable but non culturable’ (VBNC) state, which could

and ELISA, possibly because in IFC higher antibody
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concentrations are used. Seven strains, cross-reacting The need to confirm positive IFC results could be

in IFC, reacted exclusively in IF, which may be averted in the future by using specific monoclonal

explained by cross-reacting cell wall bound antigens, antibodies instead of polyclonal antibodies. Two com-

not detected in ELISA. Four strains cross-reacting in mercial sources are available now, one against extra-

IFC, reacted in ELISA, but not in IF. In this case sol- cellular polysaccharides &. solanacearupreacting

uble antigens may have been responsible, which arewith all biovars and the other, a recombinant antibody

not seen in IF, but can be seen as a fluorescent halo(scFv7) against the LPS d®. solanacearunshow-

in IFC. ing a high specificity for biovar 2 strains (Alvarez and
Occasionally positive colonies from cross-reacting Benedict, 1990; Rabenstein et al., 1998; Griep et al.,

bacteria were also found in natural soils and although 1998). Their use in IFC is being evaluated currently

often these can be differentiated frétnsolanacearum  using an indirect colony staining procedure.

in IFC by colony appearance and staining inten-

sity, confirmation procedures remain indispensable for

reliable testing. This is particularly important when  Acknowledgements
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