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SOUTHERN BACTERIAL WILT OF FIELD TOMATOES 
IN SOUTHWESTERN ONTARIO 

1 R.E.C. Layne and C.D. McKeen 

Abstract 
Pseudomonas  s o l a n a c e a r u m  E. F. S m . ,  the c a u s a l  agent  of southern b a c t e r i a l  wilt 

of tomato,  w a s  found in Kent County in s i x  f ields of p r o c e s s i n g  tomatoes s e t  with t r a n s -  
plants  i m p o r t e d  f r o m  Georgia,  USA. Infection ranged  f r o m  1 to 470, and only l imi ted  
secondary  s p r e a d  o c c u r r e d  in two of the six f ie lds .  This  is the f i r s t  r e p o r t  of b a c t e r i a l  
wil t  of tomato  in Canada that  could be  t r a c e d  to t ransp lan ts  of known or ig in  and f o r  which 
the identi ty of the  pathogen w a s  ful ly es tab l i shed .  The  overwintering potential  of the 
pathogen in southwes te rn  Ontario so i l s  i s  be ing  inves t iga ted .  Until the possibi l i ty of 
overwin te r ing  i s  established,  s e v e r a l  p recaut ionary  m e a s u r e s  have been recommended .  

Southern b a c t e r i a l  wilt,  caused  by Pseudomonas  
s o l a n a c e a r u m  E. F. S m .  , is a n  important  d i s e a s e  of 
tomato,  potato, tobacco, eggplant, pepper and pea-  
nut in the southern  United S ta tes  (2) .  The  d i s e a s e  
se ldom o c c u r s  nor th  of Maryland a n d  Virginia o r  
w e s t  of the Appalachian Mounta ins .  Vaughan (11) 
proved  exper imenta l ly  that  the c a u s a 1 b a c t e r i u m  
overwin te red  in the s o i l  as far north as c e n t r a l  New 
J e r s e y .  The  d i s e a s e  h a s  o c c u r r e d  on f ield tomatoes  
in the Nor th  C e n t r a l  S ta tes ,  where  it was  introduced 
f r o m  southern-grown t ransp lan ts ,  but  l o s s e s  have 
been  s m a l l a n d  overwin te r ing  h a s  n o t  been e s t a - 
bl i shed  (10). 

The  only prev ious  r e p o r t  of sou thern  b a c t e r i a l  
wil t  in Canada appeared  i n  1949 ( 3 ) .  T h e  causa l  
b a c t e r i u m  w a s  i so la ted  in Ontario by P r o f .  E. H.. 
G e r r a r d  f r o m  a f ield tomato  plant of unknown origin 
that  had symptoms of "brown ro t .  I' The d i s e a s e d  
plant was  found n e a r  Kitchener,  Ontario.  Identifi- 
cat ion w a s  b a s e d  on cu l tura l  c h a r a c t e r s  of the b a c-  
t e r i a  and  on d i s e a s e  symptoms (4) .  No conf i rma-  
tory  pathogenicity t e s t s  w e r e  m a d e  with t h e  b a c -  
t e r i a l  i so la te .  

In 1967, about t h r e e  to four  weeks  a f t e r  s e v e r a l  
tomato  f ie lds  w e r e  s e t  w i t h  impor ted  t ransp lan ts  
f r o m  Georgia,  up t o  4% of the  plants  in s o m e  fields 
showed symptoms sufficiently s i m i l a r  to those d e s -  
c r i b e d  f o r  southern  b a c t e r i a l  wil t  (2, 5 ,  6) t o  suggest  
that  th i s  m a y  have been the d i s e a s e  involved. Di- 
s e a s e d  plants  w e r e  collected f r o m  s e v e r a l  locat ions 
f o r  isolat ion and  identification of the  pathogen (s). 
S e v e r a l  su r v  e y s  of tomato  f ields i n  southwes te rn  
Ontar io  w e r e  m a d e  throughout the growing s e a s o n  
to de te rmine  the incidence a n d  extent  of wilt,  v a r i e -  
t i e s  affected, o r ig in  of t ransp lan ts ,  and  evidence of 
s e c o n d a r y  s p r e a d .  

F r u i t  B r e e d e r  and  Pathologist  and  P l a n t  Pa tholo-  
gi s t ,  r e s p e c t i v e l y ,  Re  sear  ch S ta t ion ,  Canada 
Depar tment  of Agriculture,  Harrow, Ontario.  

Materials and Methods 
Sinall p i r c e s  of intcrnally d i sco lored  t i  s s u e  

f r o m  the xylem and pith w e r c  mounted in drops  of 
s t e r i l e  water  and cxamined by phase-cont ras t  m i c -  
roscopy  (400X) 

Crude s a p  e x p r e s s e d  f r o m  sys temica l ly  infec- 
ted  p l a n  t s  was  s t r a i n  v d  th rough cheesecloth and  
applied to upper leaf s u r f a c c s  b y  g e n t l y  rubbing 
l e a v e s  f r o m  b a s e  to t ip w I t h pads of Cheesecloth 
soaked  i n  inocula ,  a s  descr ibed  by Layne (8) for  
i n o c u l a t i o n  w i t h  C o r y n  e b a c  t e r  ium michiganense 
(E. F. Sm. ) Jensen .  

P i e c e s  of s t e m ,  root  and petiole f r o m  d i s e a s e d  
plants  w e r e  s u r f a c e - s t e r i l i z e d  b y  i m m e r s i o n  in 70% 
ethyl  alcohol  for  5-10 seconds and f lamed to b u r n  
o f f  surp lus  a l c o h o l .  T h e s e  s e c t i o n s  w e r e  s p l i t  
longitudinally and  s m a l l  p ieces  of d i sco lored  t i s s u e  
w e r e  removed asep t ica l ly  and placed In s c r e w  cap 
tubes  containing 3 m l  of s t e r i l e  w a t e r  The tubes 
with contents  w e r e  thoroughly agitated with a Vor-  
t e x  Jr . M i x e r .  A loopful of the suspens ion  w a s  
s t r e a k e d  on King's B media  (7)  in p e t r i  p la tes  and 
incubated for  s e v e r a l  days a t  room t e m p e r a t u r e ,  
about  25" C Observations of the resu l t ing  b a c t e r i a l  
colonies f o r  p r e s e n c e  of pigment and  f luorescence  
in ul traviolet  light w e r e  m a d e  3-5 days l a t e r .  UV 
f luorescence  was  de te rmined  with a long-wave UV 
lamp. All  b a c t e r i a l  i so la tes  w e r e  t r a n s f e r r e d  t o  
s lopes  of mannitol  a g a r  and potato-dextrose-peptone 
a g a r  (PDPA) and  examined again f o r  co lor ,  diffu- 
s ib le  p i g m  e n t and  U V f l u o r e s c e n c e .  T r a n s f e r s  
w e r e  a l s o  m a d e  to s t e r i l e  s t e a m e d  potato p l u g s ,  
a n d  the co lor  of the b a c t e r i a l  growth and  the  change 
in co lor  of the potato plugs w e r e  noted a f t e r  incuba-  
t ion f o r  3-5 days.  

P u r e  cu l tures  of the b a c t e r i a l  i so la tes  obtained 
w e r e  tes ted  f o r  pathogenicity on tomato  'Michigan- 
Ohio' a n d  'Ohio W- R 25'. and  on potato ' I r i sh  Cob- 
b l e r ' .  The  tomato  plants  w e  re a t  l e a s t  30 t o  60 
days  old, w e r e  individually potted in  a m i x t u r e  of 
peat a n d  sand,  a n d  w e r e  fe r t i l i zed  on a weekly sche- 
dule. T h r e e  methods  w e r e  u s e d  to inoculate tomato  
plants:  
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Leaf rub. Cheesecloth soaked in turbid sus -  
pensions of the bacter ia l  isolates in s t e r i I e 
water  was rubbed over the leaf surface.  

-- 

Stem inoculations. Tips of s ter i le  needles 
were  coated with bacter ia  f rom pet r i  dishes and 
s t e m  s stabbed about m i d w a y  between their  
bases  and shoot apices.  

Root inoculations. Turbid suspensions of the 
bacter ia  were  poured into trenches made with 
s ter i le  scalpels near  the tap roots,  thus ensur-  
ing that the secondary roots were  severed.  

Potato plants were  s t em - inoculated about 1 0  c m  
f rom the shoot apex. All plants were  maintained in 
the greenhouse a t  25-30°C. Plas t ic  canopies were  
used to provide additional humi dif ication for  the 
leaf rub inoculations. 

Cultural and pathogenic character is t ics  of nine 
isolates of p. solanacearum were compared with 
t h e  three  common bacter ia l  pathogens of tomato: 
Pseudomonas tomato (Okabe) Altstatt, Xanthomonas 
vesicatoria ( Doidge) Dows . , and Corynebacterium 
michiganense.  

Fields of processing tomatoes known to be in- 
fected with the sopthern w i l t  pathogen were  s u r -  
veyed in June, July, August and September, 1967, 
to observe  incidence of wilted plants and evidence 
of secondary spread. Soil samples were  collected 
a t  the base  of diseased plants on October 20 fo r  sub- 
sequent studies of the overwintering potential of the 
pathogen. 

Results 
Symptoms-Naturally dtseased plants were  stun- 

ted and wilted, and extensive breakdown of the pith 
occurred  in the lower par t  of the s t em and tap root 
(Fig.  l:A, C, D). In the stem, reddish-brown vas-  
cular discoloration and water  - soaking of the pith 
extended well above and below t h e  regions where 
internal breakdown was severe .  Adventitious root 
d e v e l o p m e n t  was  extensive on s tems o f  wilted 
plants. Spots were  not present on the leaves,  s t ems  
o r  fruit  of wilted plants, but dark-brown to b l ack  
s t r eaks  on the s t ems  and petioles were  somet imes  
observed (Fig  l :B),  

Microscopy- Examination of water mounts of  
discolored s t e m  tissues f r o m  affected plants r e -  
vealed the presence  of la rge  numbers of highly mo-  
tile, rod-shaped bacter ia ,  occurring singly o r  i n  
pa i r s .  

Pre l iminary  bioassay test- Three to five days 
af ter  inoculation, smal l  i r regular  lesions with tan 
centers  and dark  brown margins  were  observed and 
they w e  r e  distinguishable f r o m  those associated 
with other bacter ia l  pathogens of tomato (1, 6). The 

d isease  became systemic seven days after inocula- 
t i o n  as indicated by w i I t i n g of  leaflets and the 
appearance of dark-brown to black s t r eaks  'on the 
petiole (Fig.  1 : B )  . Wilting progressed until a l l  
leaves were  affected. 

Cultural characters  in vitro- In the nine patho- 
genic isolates obtained f rom systemically infected 
tomato plants mos t  cultural  characters  were  s imi -  
l a r .  On PDPA media,  they were  a t  f i r s t  white, but 
they became brown with age and produced a brown 
diffusible pigment that did not f luoresce in UV light. 
No diffusible pigment w a s produced on mannitol ,  
but some isolates produced the brown pigment o n  
King's B. No UV fluorescence was obtained with 
any of the isolates on King's B o r  mannitol. Bac- 
t e r i a l  growth on potato plugs was a t  f i r s t  white but 
soon became brown. The potato plugs changed f r o m  
white to gray to grayish brown af ter  severa l  days. 
Such characters  have been described for  _P. solana- 
cearum (5, 6). 

Severa l  important differences in color, pigment 
production, UV fluorescence,  and other characters  
distinguished our isolates of p. solanacearum from 
other bacter ia l  pathogens of tomato. p. t o m a t o  
produced a diffusible green pigment on King's B and 
mannitol. The pigment gave a s t rong bluish green 
fluorescence in UV light. Neither &. vesicatoria 
nor C_. michiganense produced a diffusible fluore-  
scent pigment on any of the media  tested. 5. v&- 
catoria was yellow and d i s t i n c t  1 y mucoid on all 
med ia ,  whereas C _ .  michiganense was c r eam o n  
PDPA and mus ta rd  yellow on mannitol. p. tomato 
was gray to white on all media but p. solanacearum 
was white on mannitol and white to brown on King's 
B and PDPA. On steamed potato plugs, the color 
of bacter ia l  growth a n d  the color changes of the 
plug differed with each of the four bacter ia l  patho- 
gens .  P. J solanacearum isolates w e r e  brown a d  
changedthe color of the plugs f rom white to brown. 
P. tomato was white o r  gray and changed the plug 
c o l o r  f r o m  white to g ray .  X. vesicatoria was  
yellow and mucoid, and changed the plug color f rom 
white t o  brown. C .  michiganense w a s  mus ta rd  
yellow a n  d changed the plug color f rom white t o 
gray.  5. michiganense was  a lso  g r a m  - posit ive,  
whereas the other three  pathogens were  gram-nega- 
tive. Other workers  have obtained similar resul ts  
with s imi lar  media and stains (5, 6, 9). 

--  

Pathogenicity tests- The pathogenicity t e s t s  on 
tomato w e  r e  suffi ciently definitive to distinguish 
o u r  isolates of p. solanacearum f rom t h e  other 
three bacter ia l  pathogens of tomato. p. solanacea- 
- rum and C_. michiganense produced local as well as 
systemic symptoms on tomato, but their  symptoms 
were  distinctly different (2, 6, 8, 9).  p. tomato and 
X .  vesicatoria e a c h p r o d u c e d distinctive local 
symptoms but no sys temic  symptoms (1, 5, 6) .  
- 

Our i s o l a  t e s of p. solanacearum produced 
brown water-soaked s t reaks ,  somet imes  with brown 
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Figure 1. Tomato plants infected with Pseudomonos solanaceorum. A and 
C )  Naturally infected plants at miduseason. Note severe stunting and wi l t  
compared with healthy neighboring plants, B) Typical symptoms obtained 
from stem or root inoculation. Note severe wilt ing of leaves and black 

streaks on petiole and leaflet on 2nd lowest leaf. Photographed 1 1  days 
after inoculation. D) Longitudinal section of the lower portion of a stem 
from a naturally infected plant showing vascular discoloration and typical 
internal breakdown with cavities in the pith. 
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bacterial  ooze, on inoculated s tems of potato. Epi- 
nasty and wilt of the upper leaves occurred in plants 
inoculated with t h e  m o s t virulent i sola tes .  The 
three other bacterial  pathogens of tomato were non- 
pathogenic on potato. 

Confirmatory identification-Our limited cultu- 
ral and pathogenicity tests showed that all nine of 
our isolates were 12. solanacearum. Dr . Arthur 
Kelman, Department of Plant Pathology, University 
of Wisconsin, confirmed our identification after he 
examined four of our isolates.  

Survey of tomato fields in Kent County-On six 
Kent County f a rms  where southern bacterial  w i l t  
was p resen t ,  transplants imported f r o m  Georgia 
were  being grown (Table 1). Infection ranged f rom 
1 to 4%, and there w a s  evidence of s e c o n  d a r y 
spread w i t h i n  the row on t w o  f a r m s .  Very few 
plants adjacent to diseased o n e s  became infected 
la ter  in the season at  one farm. At another farm,  
where secondary spread was c o n s i d e r e d  t o  b e  
moderate,  the disease was mainly confined to a low 
a rea ,  which was flooded several t imes in June and 
July .  Vaughan (11) , too ,  found that t h e  disease 
spread more  readily in wet, low-lying a reas .  The 
diseased plants were  removed in July and no further 
evidence of spread was observed in August and Sep- 
tember.  Losses caused by the disease were quite 
small on a l l  farms. 

Discussion 
With only a few cultural and pathogenicity tes ts  

we were  able to identify 11. solanacearum and t o  
distinguish it f rom p tomato, 5. vesicatoria and 
6. pichiganense The tests were  easy to perform 
and gave positive results in 2-10 days. 
- 

The sudden collapse of the foliage and the ex-  
tensive decay of the pith were  the symptoms that 
distinguished southern bacterial  wilt f rom fusarium 
or verticillium wilts. In addition, it has been shown 
that the exudate obtained by squeezing the base  of 
diseased tomato s tems infected with p. solanacea- 
r u m  i s  not obtained f rom plants infected with the 
fungus-induced wilts (10). 
- 

During the past five y e a r s ,  about 80% o f  the 
field tomato plants grown in Essex and Kent coun- 
ties i n  southwestern Ontario have b e e n  imported 
transplants f rom Georgia. The disease is of com- 
mon occurrence in Georgia ( 2 ) .  I t  has probably 
been introduced into Ontario on infected transplants 
in previous years  but it was only detected once (4). 
In 1967, exceptionally warm,  wet weather prevailed 
during June, when the transplants were  quite small .  
Rapid disease development is  common under these 
conditions (2, 6, 11). Conspicuous stunting and wilt 
occurred during this period, so that by July dis-  
eased plants were easily recognized (Fig. l:A, c). 

Table 1 .  Occurrence o f  s o u t h e r n  bacterial  w i 1 t i n  processing 
tomatoes imported a s  transplants f r o m  Georgia a n d  
grown in fields in Kent County, Ontario, 1967 

Location of fields Infection Varieties 
( 70) affected 

Secondary 
spread 

Lot 2, Conc. 4, Tilbury E. * 

Lot 3, Conc. 3, Tilbury E. 

Lot 15, Conc. 4, Dover+ 

4 

2 

2 

Campbell 17 
and 19 

Campbell 17 
and 19 

Campbell 19 
and 24 

~~ 

t r ace  

none 

moderate 

Lot 9, 10, Conc. 2, 3, Chatham 1 Campbell 24 none 

Lot 4, .Conc. 1, Howard 1 Campbell 17 
19, 24, 135 

none 

Lot 14, Conc. 8 ,  Raleigh 1 Campbell 19 none 

* 2. solanacearum was isolated and identified a s  the pathogen causing the wilt and internal 
breakdown symptoms on plants sampled. 
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La te r  in the season, d iseased plants were  not read-  
ily detectable b e  c a u s e  t h e  y were  overgrown by 
healthy plants. 

Southern bacter ia l  wilt is repeatedly introduced 
into the northern United States f rom southern-grown 
transplants but it has  failed to become established 
and has caused only minor  damage t o  t h e  f i e l d  
tomato crop (10). It has  overwintered in field soils  
as far  north as New Je r sey  ( l l ) ,  but overwintering 
in Ohio, Michigan, Illinois o r  Wisconsin has  not 
been demonstrated.  We a r e  presently investigating 
the overwintering potential of the pathogen in south- 
western  Ontario. 

U n t i l  p r o o f  o r  disproof of overwintering in 
southwestern Ontario i s  obtained, certain precau-  
tions should be  followed with subsequent crops .  No 
solanaceous c rop ,  especia l ly  potatoes,  p e p p e r s ,  
eggplants, o r  tobacco, should be grown in tomato 
fields that h a d  plants infected with southern bac-  
t e r i a l  w i l t  the previous season.  Diseased plants 
should be removed and burned when they a r e  f i r s t  
observed. Replants should not be made where dis-  
eased plants were  located. 
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