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Summary 

Tomato seedlings, raised at a metropolitan 
nursery, were sampled at 4-weekJy intervals 
between July and November to estimate the 
population or Pseudomonas syringae pv. 
tomato (PST), the causal organism of bac
terial speck, on the surfaces of symptom
less leaves. Plants which were sprayed with 
the chemicals commonly used to control the 
disease were included in the study to evalu
ate the effect of the chemicals on the 
epiphytic populations of PST. 

The populations or PST were large (up 
to 1.04 x t()ll colony-forming units per g 
fresh weight of leaves) in July and August. 
No PST were detectable at other sampling 
times with the exception of a sample in 
October. There was no difference between 
the numbers of PST on sprayed and un
sprayed leaves. In fields at Wanneroo and 
Bunbury an assessment was made of bac
terial speck in crops raised from seedlings 
purchased from the nursery in August. This 
was done to determine whether plants with 
large epiphytic populations on their leaves 
produce serious disease outbreaks in the 
fiefd. This study showed that 73-80'10 of 
plants in the field crops were affected by the 
disease . 

Introduction 

Bacterial speck of tomato (Lycopersicon 
esculentum Mill .) caused by Pseudomonas 
syringae pv. tomato (Okabe) Yo ung el 01. 
(hereafter referred to as PS1) has been con
sidered to be an economically important 
di sease of tomato for the last 10 years. 
Losses caused by the disease have been 
reported from many countries around the 
world (Pohronezny el al. 1979; Goode and 
Sasser 1980; Terribleetal. 1980; Leite and 
Mohan 1985). Lesio ns on fruit make it unfit 
for fresh market and processing (Goode 
and Sasser 1980). The worst case of loss 
caused by PST was that reported in U.S.A. 
(Pohronezny et 01. 1979) in which there was 
a rejection of 160 hectares of the trans
plants. The disease can be severe in the 
nursery causing severe defoliation and can 
continue , though often with reduced sev
erity, in transplants in the field . 

PST, the causal organism, can survive as 
an epiphyte on seeds (Chambers and Mer
riman 1975), plant debri s as trash or in soil 
(C hambers and Merriman 1975; Linder
mann et 0/ 1984). It was proved to survive 
o n transp lants which were sto red a t 1°C 
(Bonn el al. 1985). T hese plants have been 
considered to be sources of inoculum in the 
field . Even a low percentage of infected 

transplant s may cause severe dam age in a 
crop because of the high potent ial for 
spread o f PST under conducive environ
mental conditions (Smitley and McCaTler 
1982). Little work on this bacterium has 
been done in Austra lia apaTl from that in 
Victoria by Chambers and Merriman 
(1975). In Western Australia, PST has been 
isolated frequent ly from plants, within Fi eld 
crops of tomatoes, which were believed to 
be affected by A llernaria solani (Ell. & G. 
Martin) Sor. (Sivasithamparam , unpub
li shed) . The leaf speck causes leaf blight 
and early defo liation and appears on plants 
which a re symptomless at transp lanting. 

The a im of this experiment was to 
examine if PST exists epiphytically o n leaf 
surfaces of symptomless seed li ngs in a nurs
ery. The existence of a large populatio n o f 
PST on such plants would indicate that 
even healthy plants could act as a source 
of inoculum of the pathogen in the field . 

Several chemicals a re used in nurseri es 
to prevent both bacterial and fungal di s
eases of tomato. These chemicals may 
affect the epiphytic populations of PST on 
the seedlings. The two hypotheses tested are 
that (a) the numbers of PST on symptom
less leaves may va ry depending on the lime 
of the yea r when the sampling is made (J uly 
to November), and (b) that the chemicals 
app lied wi ll reduce the populations on leaf 
surfaces. 

Materials and methods 

Seeds of the tomato cultivar 'Duke' were 
planted directly in a mixture of pasteurized 
85070 pine bark and 15 070 peat moss. Soil 
temperature was mainta ined at approxi 
mately 21 °C fo r 4 days to stimulate seed 
germinat ion in winter. Seedlings were 
grown in the glass house for 2 weeks (in 
summer) to 4 weeks (in winter) and were 
then transferred to a shade-house to harden 
them befo re transplanting into the field. At 
transplanting, the seedlings were about 4-6 
weeks o ld o r at the two-leaf stage of 
growth . 

Seedlings were supplied with liquid fer
tili ze rs app lied through the irrigatio n 
system. During the period of germination 
on the heated bench, they were watered 
daily or less freq uently depending o n Ihe 
wea ther. 

C hemicals used in the nursery to prevent 
disease were (i) Kocide, cupric hydroxide 
(a.i. copper 500 g kg-', Shell Chemical 
Ausl. Pty Ltd) used as a bacte ri cide at 
2 g 1.1 of product in water, in addition to 
(ii) Mancozeb (a.i. M ancozeb, 800 g kg·', 

Rohm and Haas Aus!. Pty Ltd) a t 2 g 1.1 

of product in wat.er. Plant s were sprayed 
twice a week including the period when 
samples were co llected. 

Procedure 

Sampling There were two treatment s: one 
unsprayed and the ot her sprayed wi th 
chemicals. Sixty single plants (three from 
each of 10 trays per treatment) were col
lected at each sampling. An indi vidual 
leaflet was taken fro m each rep licate plant 
and placed in a plastic bag. Samples were 
carri ed in a n insulated container to the 
laborato ry and processed within 24 h . 
Samplings were done a t 4-weekl y interva ls 
between July and November 1986. 
Isolarion of PST Each leaf sample was 
weighed, cut into small pieces with sterile 
sc issors and placed into a 20-m l McCart
ney botllecontaining 10 ml of steril e phos
phate buffer (0.1 M, pH 7.0) . Bacteria were 
displaced fro m lea f samples by means of 
an ultrasonic cleaner operated at a fre
quency of 55 000 cycles sec I fo r 25 sec 
(Model Bransonic 221). The suspensions 
were serially di luted (lO- rold) and 0.1 ml 
aliquots o f each dilut io n spread o n we ll
dried plates (3 plales fo r each dilution) o f 
a modified King's medium B (Simon and 
Ridge t974) at pH 7. 2 and supplement ed 
with cyclo hex imide (100 mg 1" ). Plates 
were incubated a t 25 °C and after 48 h 
flu orescent colonies were counted under 
366 nm UV. light. Single colo nies of 
nuorescent pseudo mo nads were picked a t 
random and subcultured o n 10 sla nts of 
King's medium B fo r further tests (Table 3). 
Identification or PST A lota l of 100 iso
lates was picked random ly from those 
iso lates which were considered to be PST 
because of their nega tive response to oxi
dase and argi nine dihydrolasc tests (Fahy 
and Lloyd 1983). Pseudomonasaerugenosa 
(Schroeter) Migula (M 10848 provided by 
Dr B. J . Mee, Department o f Microbio
logy, University o f Western Austral ia), P. 
syringae ex tomato (C3485), and P. syrin
gae ex plulll (C3465) (provided by Mr P. 
MeR. Wood , Western Austra lian Depart 
ment of Agricu ltu re) were used as compari
sons for each lest conducted. The bacteria 
were growll for 24-48 h on a slant o f King's 
medi um B before use. All tests were con
ducted at 25°C and were made at least 
twice on every iso late. 

Kovac's oxidase test, lests for arginine 
dih ydroiase, levan formation , a nd utili za
t ion of single-carbon sources were conduc
ted usi ng met hods described in Lcl1iott pI 

al. (1966): Misaghi and Grogan (1969) ; 
Fahy and Hayward (1983); and Jones el al. 
(1986). 
Pafhogenicity test Isola tes were subjected 
to pathogenicity tests o n to mat o to aid 
identifica tion o f the pa thovar (Fa hy and 
Lioyd 1983). Tomato cv. 'Duke' seed used 
in the nursery were planted in plasti c cups, 
o ne per cup in pasteuri zed soil. After 4 
weeks each plant was inocula ted with a 
single iso late of an oxidase and arginine 
d ihydroiase negative nuorescent pseu
domonad . Thirty-s ix iso la tes were tested 
and there were three replicate plants per 



iso late. The inocula were prepared by 
flooding 72-h old cultures o n sucrose
nutrient aga r with steri le distilled water 
(Pohronezny et al. 1979). The plallls were 
inoculated by gelllly rubbing a lea f with a 
cOllon swab soaked with bacterial suspen
sio n. Each plant was covered with a mois
tened plastic bag and incubated at 25 °C fo r 
2 days when the bag was removed and in
cubation (at 25 °C) continued for another 
4- 6 days. 
Field assessment Pro perties at Wanneroo 
and Sunbury. with tomalo crops grown 
fro m seed li ngs which left the nu rsery in 
August, were inspected for disease in 
October. The percentage o f plants show
ing symptoms of bacterial speck was esti
mated in each crop. Symptomless leaf 
samples were checked fo r PST. 

Results 

Population of Pseudomonas 
syri n~ae pv. lomalo on tomato 
seedling leaves in the nursery 
The testing of symplOmless lea ves of 
tomato seed lings for the presence of PST 
showed that with the except io n o f a sample 
in October the bacteria were recoverable 
o nly in July and August (Table I). Largc 
populations o f PST were detected in 
August in bo th sprayed and unsprayed 
trea tments. In this month a large number 
of the seedlings in the nurseries were infec
ted wit h the disease which was misiden
tified, however. by the nurserymen as black 
spot caused by Alternaria solani. 

The chemicals used in the nursery do not 
appear to affect the epiphyt ic populatio ns 
of PST o n tomato leaves since there was 
no significant din'erence between sprayed 
and unsprayed treatments in August (Table 
2) . 

The result s o f biochemical and patho
genicity tests confirm that mOst of the 
fluo rescent bacteria in leaf-washings were 
PST (Table 3). 
Field assessment Eighty percent of the 
surveyed plants fro m Wanneroo and 
73 .8070 of the surveyed plants from BUIl
bury were infected with bacterial speck. 
Isolations from sympt omless leaves from 
these field crops indicated large populations 
o f PST were presenl. 

Discussion 

Under the conditio ns existing within the 
nursery glasshouse, the population o f PST 
o n leaves va ried widely at each sampling 
l ime even wit hin the same treatment (0 to 
10" CFU per g of leaf fresh weigh I) . 
Whenever PST was found the estimated 
populatio n was high 11 08 colony-forming 
units (CFU) per g fresh weight of symptom
less leaves). This may be because the cool 
and humid , environmental conditio ns 
fa vour the mult ip1ic3tio n of the bacterium 
o n the leaf. In July and August daily tem
pera tures (8 to 18°C) were cooler than in 
Septcmber and OClOber (12 to 2 1°C), and 
the a tmosphere more humid (79 to 8211,70 
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Table 1 Percentage of leaf samples posit ive fo r PST at five sampling limes on tomato 
seedlings within the nursery 

Treatment rlfo leaf samples positive for PST" 

14 Ju ly 11 Aug . 8 Sept. 6 Oct . J Nov. 

Sprayed: Kocide 
+ Mancozeb 

Unsprayed 

1.6 

5 

" Means from 20 replicates each of three leaves. 
"n.d., not dete(,,·ted. 

63 

57 

n.d. " 1.6 n.d. 

n.d . n.d. n.d. 

Table 2 Nu mbers of PST (colo ny- forming unit s per g fresh weighl) on sympto mless 
tomato seedling leaves (4 weeks o ld) from a nu rsery 
The transformed va lues (log n + I) are in paremheses. 

Sprayed Unsprayed 

Mean" 1.04 x 10' 
(6.21) 

9.55 X 101 

(6 .6 1) 

LSD: 0.05 (log x + I) = 1.92. 
" From 20 replicaTcs each o f Ihrc{" leavcs. 

Table 3 Biochcmicaltcsts and pa thogenicity o f isolates from to mato seedling leaves sus
peeled 10 be PST 

Tests 

Oxidase negative 
Arginine dih ydrolase negati ve 
Levan formation 
Fluorescence with sucro se 
Non-fluorescent with erythritol 
Non-fluorescent with DL lactate 
Pat hogenici ty on tomato 

RH . in Ihe former and 61 to 69% in the 
la tt er period) . Such all environment is 
known to suit PST (Git aitis et al. 1985). 

Large populations o f PST were also 
fo und o n leaves of the field-transplanted 
loma toes rai sed from seeel in this nursery. 
However, it cannot be assumed that they 
were the same stra ins o f PST as those in 
the nursery because there were no tomatoes 
from o ther sources in those ft elds for com
parison. It is possible that PST may also 
have been introduced from Irash or non
suscept ible crop and no n-crop plants in the 
fie ld. 

PST in the nursery may have or iginatcd 
from diseased plalll debris in the glass
ho use. Chances of seed transmission is 
minimal as the nursery uses a techniquc of 
seed disi nfectio n employing aerated steam. 
The apparatus was designcd specifically for 
the purpose by Professor K. f . Baker. 

To ensure that bacteria isola ted were 
PST a nd no t P. syringae pv. syringae, it 
was necessary to [cst their capaci ty to use 
single-carbon sources such as sucrose, 
eryth rit o l a nd DL-Iactate (Misaghi and 
Grogan 1969; Jones el 01. 1986) . Two of 
the isolates did not nuo rescc in the medium 
with sucrose but did in the medium with 
erythrit o l. These isola tcs were, however, 
characteristic o r PST in ot her tests. 

No. isolates No. isolates 
tested respondi ng 

100 100 
100 100 
100 100 

13 II 
Il II 
36 36 
36 36 

Bacterial speck is a serious problem of 
tomato in Western Australia. It is eviden t 
from this study that the bacterium ca n 
occur in a well-managed nursery with clean. 
well ventilated and illuminated glasshouses. 
It is also poss ible for the pathogen to cxist 
as an epiphyte 011 non-hosts. PST is cos
mopolitan and difficult to eradicate. The 
fa ct that the bacteria werc not dctected o n 
sympt omless leaves between the mOlllhs of 
September and November indicates thai the 
popula tio ns may decline 10 no n-detectable 
levels du ring certain months of the yea r. 
11 also indicates that it is possible to reduce 
infection within the glasshouse by mai n
taining the environment within it as they 
ex ist in the months o f September, October 
and November. 

The lack o f cont ro l using chemical sprays 
is alarming but confirms the o bservations 
made in several nu rser ies in Perth where 
such sprays werc of little use in containing 
the discase in 1986. It is poss ible that the 
sprays may be effective only at low inocu
lum poten ti als, Copper-resistant st rains of 
PST have been encountered in U.S.A. 
(Cooksey 1986) and it is poss ible that such 
a resistance may bc present in the straim. 
found in this nursery. 

Further work compari ng the ex tent o f 
the disease in field crops rai sed from nurs-
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ery seedlings with different levels of 
epiphytic populations wi ll indicate the 
importance of such populations. Bacterio
phages specific to st rains of PST have been 
reported in North America (Cuppeis 1984). 
Use of strain specific bacteriophages, bac
teriocin (Vidaver and Buck ner 1978) or 
sero-typing (De Boer et 01. 1979) may 
elimi nate the extensive labour involved in 
such stud ies and give a better indication of 
the source of pathogenic strains. 
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