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ABSTRACT 

The cultural, phiysiological, and io ihemical properties of 35 isolates of 
Psenloynonas solanaicearttit from tile lIhilippines and one isolate each from 
North Carolina and Colombia were cniparalively investigated. Among iso
lates from the Philippines, differentcs were ,;hserved in colony characteris
ties, production of brown pi.mant in wveral media, haydrogen sulfide pro
duction, reaction in lititus milk with cream, and utilization of ialtose, lactose, 
and cellobiose. P'hilil)pine isol atcs differed from North Carolina isolate K-C) 
in colony ciaraeteristias and utilizati,'a or dulcitol, mannitol, arabinose, and 
tartrate; ani from Colombia isolate S-20S in colony characteristics, pellicle 
formation in nutrient broth, optinitium tWanpcrature for growth, diffusible pigment 
production in certain media, sensitivity to sidiuni chloride, growth claracteristics 
in nintrient broth, aid utilization of sorbitol, dulcitol, mannitol, i-inositol, 
ethanol, and arabinose. Among Philipine isolates, there was no apparent 
correlation between cultural, physiological, or biochemical properties, and host 
range. 

Many investigations on the cultural. physiological, and biochcnical pro
perties of Psetdomonas solanacearimn E. F. Smith have been made, but 
widespread disagreement concerning these properties remains unsettled (Kel
man, 1953). No doubt, sonic differences resulted from the use of differcnt 
techniques and/or nethods by various investigators, but several investiga. 

tions that utilized uniform techniques and environmental conditions indicate 

that there are true differences among strains. Hayward (196.1) observed 
that isolates differ in utilization of arabinose, lactose, maltose, cellobiose, 
sorbitol, dulcitor, ntannitol, mialonatc, and i-inositol as carbon sources in 

a semisynthetic medium. Harrison (1961) observed that isolates collected 
in Australia differ in ceftain properties, including ntilizaton of lactose, mal
tose, and xylose; starch hydrolysis; and production of a diffusilble brown 

pigment in agar media. In other comparative studies, Vasudeva (1955) 
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observed that isolates from India differ in utilization of xylose, raffinose, 
and salicin. In Japan (Okabe and Goto, 1952) some isolates produce gas 
from mannitol and dextrose, while others do not; and they differ quali
tatively in utilization of mannitol and lactose. 

In the Philippines, isolates of P. solanacearurm differ considerably in 
virulence to tobacco and ginger, and to a lesser extent to peanut, pepper, 
and tomato (Zehr, 1971). An investigation was undertaken to determine 
whether these isolates also differ in cultural, physiological, and biochemical 
properties, and to determine whether such differences might be related to 
differences in virulence. 

MATERIALS AND METHODS 

Thirty-five isolates of P. solanacecrzum from the Philippines, isolate 
K-G0 from North Carolina, and isolates S-208 from Colombia, which were 
used in host range studies (Zehr, 1971), were compared in cultural, physio
logical, and biochemical tests. Philippine isolates were identified as P. sola
nacearum by pathogenicity tests on tomato (Lcopersicon esculenti rNMill.) 
or other known suscepts of this pathogen, gram reaction, and colony ap
pearance on tetrazolium medium (TTC) (Kelinan, 195.1). Stock cultures 
maintained in distilled water at room temperature (23-32 C) were tested 
periodically for virulence and for purity by streaking on TTC medium. 
Before each test, a loopful of bacterial suspension was transferred from 
stock cultures to nutrient agar slants and incubated at 32 C for .18 hr. 
The resulting bacterial growth was used for inoculum. 

Most of the tests were conducted using procedures described in the 
Manual of Microbiological Methods (Society of American Bacteriologists, 
1957). Additional tests or deviations from these procedures will be described 
in detail. Tests were replicated 4 to 6 times and made at 32-33 C, unless 
otherwise, indicated. Experimental results were analyzed numerically by 
computer and isolates were grouped according to similarities as described 
by Lessel and Holt (1970). 

Gram reaction.-The Hucker modifica ,on of the gram stain was used. 

Colony characteristics.- Colonies were observed on nutrient agar, pota
to-dextrose agar plus 1% peptone (PDPA), and TTC medium using a 
minimum of three plates per isolate. Difco or Baltimoi Biological Labor
atory (BBL) nutrient broth plus 1.5% agar was used fn- the nutrient agar 
formula. PDPA was prepared from fresh potatoes, including 1.5% agar and 
2.0% dextrose, and pH was adjusted to 6.8 to 7.0. 

Nutrient broth.-Difco nutrient broth was used. 

Litmus milk.-All isolates were tested both in cream-free litmus milk 
and in litmus milk with cream. Difco litmus milk was used for the cream
free test, but for the test with cream a saturated aqueous solution of 
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litmus was added to fresh milk containing 27 butterfat, until a light laven
der color was observed (Society of Anerican Bacteriologists, 1957). 

Gelatin uttilization.-Nine isolates were tested at 20 C for lique
faction of gelatin at a 12% aqueous concentration, however, incorporation 
of gelatin (0.,%) iii nutrient agar proved to be a superior niethod for 
this test. After giowth appeared (18-72 hr), the medium was flooded with 
a mercuric chlcoride-l-CI solution (Society of American Bacteriologists, 1957) 
to precipitate the gelatin in the med iur. A clear zone surrounding the 
bacterial growth was interpreted as a positive test for gelatin utilization. 

Steamed potato slatts. - Fresh potatoes were cut into slants 5-7 mm 2 

at the base, placed in test tubes with I ml of 1.5% wae agar to hold 
the slants in position, and sterilized for 15 min at 121 C. Tcsts were 
made after incubation at room temperature (23-30 C) and at 32 C. 

Motility.- Motility was tested ill the Difco motility medium (Anony. 
mous, 1951), to which (I.005rl 2, .3, 5-triphenyl tetrazol iun chloride was 
added to aid detection of niotility (Gershman, O'Meara, and Chute, 1959). 

Sodinm chloride tolerance.- Growth was determined in Difco nutrient 
broth containing 0.5, 1.0, and 2.0% sodium chloride. 

Hydrogen sulfide production.- llydrogcn sulfide (1I1,S) production from 
1% tryptone blroth was tested bNwthe lead acetate-impregnated filter paper 
method. Sixteen isolate were tested for IIS production from cvstine, using
the Ayers, Rupp, and Johnson basal salts medium with dextrose as a car
bon source (Rhodes, 1959). Nine isolates were tested further, using pep
tone-iron agar as an indicator of Il.S production. 

Pectolytic actiuitv. - Starr's method (Starr, 19,17) for testing the pre
sence of pectolytic ell/vines was used. Sodion lolypectate (Nutritional Bio
chemicals Corp.) was used a's the substrate for this test. 

hndole production. -- After growing the bacteria in 1%to tryptone broth 
for 24 I, Kovacs' reagent was added to test for the presence of indole. 

Catalase production. - Isolates were transferred from stock cultures to 
nutrient agar slants and grown at roon temlperature (23-30 C) for 48 hr. 
Two ml 10-vol (3%) hydrogen peroxide was added to each tube and 
observed for evolution of gas, indicating catalase activity. 

Kovacs' oxidase test.-One loopful of bacteria fron .*-day-old nutrient 
agar cultures was transferred to filter p:per moistened with a drop of 
1% aqueous N,N,N',N'-tetramethyl-p-phenylene-diamine dihydrochloride. 
Appearance of a violet color was considered a positive oxidase reaction 
(Kovacs, 1956). 

Production of green fluorescent pigment.- Clara's medium (Clara, 
1934) was used for this test. 
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Nitrate reduction.- Reduction of nitrates was tested in nutrient broth 

plus 0.1% sodium nitrate. Sulfanilic acid and a-naphthylamine reagents 

were added after 12 hr, 24 hr, and one week to test for nitrites. 

Starch hydrolysis.- Nutrient agar containing 0.2% starch was poured 

in plates. A single streak of bacterial suspension was made on the me
dium, and incubated at 32 C for 3 days. Plates then were flooded with 

Gram's iodine solution to test for starch hydrolysis. 

Mfethyl Red-Voges Proskaucr test. - The mldium and reagents for this 

test were prepared as suggested in the ,Manual of Mficrobiological Methods 
(Society of American Bacteriologists, 1957). Reagents were added two days 

after setting the test. 

Op[timum tempcraturC.-This test was made in nutrient broth at teni
peratures of 15, 21, 27, .33, and '9 C. Optimum temperature for growth 

was determined by observing turbidity after 16 hr, 2.4hr, 2 days, and 8 
(lays. 

Utilization of amino acids as sources of carbon and nitrogen. -

Utilization of 'asparagine was tested according to the method of Starr and 
Weiss (1943) in a nitrogen and carbon-free basal medium. Three con

secutive transfers were made to tubes of fresh medium to ensure that 
growth did not result from nutrient carry-over in the initial transfer. 
Glassware used in the experiment was washed in acid, rinsed thoroughly 

first in tap water and then in distilled water. Asparagine was sterilized 
by filtration and added aseptically to the auttoclaved basal medium for a 
final concentration of 0.5%. 

Tyrosine w,,s tested similarly as a substrate for carbon andi nitrogen, 

but repeated transfers from the tyrosine medium were no- made. The 
concentration of tyrosine used was 0.025%. 

Organic sources of carbon.-The synthetic basal salts medium of Ayers, 
Rupp, and johnson (Society of American Bacteriologists, 1957) was used 

to test the utilization of 23 different materials as sources of carbon. These 
were: dextrose, sucroie, mannose, galactose, raffinose, levulose, naltose, 
rhamnose, lactose, cellobiose, salicin, sorbitol, dulcitol, mannitol, i-inositol, 
arabinose, ethanol, glycerol. tartratc, acetate, citrate, malonate, and formate. 
Brom thymol blue was added to the medium initially as a 1.6% alcoholic 
solution but invetigation showed that the alcohol could support bacterial 
growth. Therefore, the indicator was added as an aqueous suspension for 

most of the tests. Glassware was washed thoroughly in an acid cleaning 

solution and rinsed in distilled water before use. The basal medium was 
dispensed in test tubes and autoclaved, while the carbon sources were 

sterilized by Millipore filtration and added iseptically to the sterilized basal 

medium. Organic acids were tested at 0.5% concentration; other materials 
were tested at 1.0%. All tube cultures were incubated at 32 C, except 
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for brief intervals during hot weather when the incubation temperature 
rose to 36 C. A maximum of 3 weeks was allowed for completion of 
these tests. 

RESULTS 

Gram stain. -All isolates were short, gram-negative rods. 

Colony characteristics.- Differences in colony size, pigmentation, vis
cosity, and production of a diffusible brown pigment were apparent among 
many of the 37 isolates when they were grown on TT or PDPA media. 
On TTC rnedium, most Philippine isolates grew rapidly and in 48 hr 
produced convex, irregularly round colonies (4.6 mm diam) that tended to 
flow readily. A few isolates, notably LB.6 and LC-1, always produced 
smaller colonies (2-3 mm diam) that remained discrete. All Philippine 
isolates produced colonies that were white with glistening, reddish-pink 
centers. Colonies from isolates K.60 (North Carolina) and S-208 (Colom
bia) were similar, but had dull, red centers and were smaller than Phil. 
ippine isolates (except LB.6 and LC.1). Colonies of K-60 were more fluid 
than were those of S-208. All isolates, except S-208, produced a diffusible 
brown pigment in the medium, but isolates DC-3. DC-4, V.1, and K.60 
were especially proficient in production of this pigment (Table 1). 

On PDPA, greater variation among Philippine isolates was noted, espe
cially in pigmentation of the colonies. Colonies after 48 hr -were 3-5 mm 
diam and very fluid. Some were pinkish-buff, others were white and opaque, 
and still others grayish-white and translucent. Colonies derived from isolate 
LC-l were smaller (1-3 mm) on this medium, is was observed on TTC, but 
the diameter of those from LB-6 did not differ from other isolates. Isolates 
S-208 and K.60 were brownish-white, relatively small (1-3 riam diam for 
S.208; 2-4 mm diam for K-60), and less fluid than Philippine isolates. As 
was observed in TTC medium, isolates DC.3, DC-4 V-I, and K-60 were 
notable in production of a diffusible brown pigment in PDPA. 

On nutrielit agar, colonies were circular, convex with irregular margins, 
fluid, grayish-white or brownish-white, 2-3 mm diam, and there were few 
apparent differences among isolates. Little diffusible brown pigment was 
produced when Difco nutrient .agarwas uscd, but on BBL nutrient agar 
pigment production was similar to that noted with TTC and PDPA media. 

Growth in nutrient broth.-All isolates grew well in nutrient broth 
and produced abundant, diffused growth with white sediment. All isolates 
except S-208 produced a thin pellicle (S.208 produced none), and cultures 
of S.208 and K-60 were less turbid than those of other isolates. Isolates 
DC-3, DC-4. V-I, and K-60 produced brown pigment in the medium after 
6-10 days. 

Reattion in litmus milk.-Smith (1914) described as "var. asiaticum" 
a strain of P. solanacearum that produced acid from litmus milk with 
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TABLE I. Summary of differences observed in cultural, physiological, and biochemical properties of 37 isolates of 

Pseudomonas solanacearum 

- Diffusible brown H2 Sproduced Acid from carbon sources 

u .Z - pigment 

E t z 00 

- = _ Eo r= ._ 
= _ * 2 z . a c * * 4o) *:-2 o 0r- - 8

2i -~ 0~2 4) 04) o 

A-2 33 +o + . + + + +b_8++ -H-++ -H ++ + + -H 

A-3 33 - + + - + + + + - + + -H- + +++4-H- -I- + + --

Ba-1 33 + + + - + + - - -+ -- + -- --+ ++-H + + -H 

BC-1 33 + + + - + + - - -+ -H- + ++ -H H- -++ + + 

Ca-1 33 + + + - + + ++ +H -H- -H--+ -H- -H- + + 4+ 

Ce-1 33 + + + - + + + - - 4-+ + -- -- +-H- +4 + + -+ 

CO-7 33 + + + - + + + + - - + + + +-H- -+ -+ + + -+ 

Da-1 33 + + + - + + * + - + -+ + 4+ +- -H -+ + + 4+ 

DC-1 33 + + + - + + - + -+ + + +-+ ++ -+ + + ++ t 

DC-7 33 + + + - + + + - + + -+ + -+ 4+ -+ + - - N 



TABLE I .- contd - 2 

- Diffuzible brown H2 S produced Acid from carm'on sources 
U 2- pigment 

EE 
c 

0-o.o z 
0 o 

a~& 
E, 

C 

0 q .2 0 
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L I-.CL 1- -1 U -E 
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GS-2 33 + + + - + + - + - + + ++ - -- -H- + + -+ 

GS-4 33 + + + - + + - * - - + + -4- -++ 4--- ++ ++ + + -

1-2 33 + + + - + + * - - - + + + ++---H- -4 + + -H 

1-3 33 + + + - + + - - + -4 ++  - -H- -4-- + + 4+ 

1-4 33 + + + - + + - +++- -H- + -- -- -4++ + + -4 

Ki-1 33 + + + - + + - + + - - - ++ - -H- + + -4

La-i 33 + + + - + + ±J - - +4- - + -44-4-H- -+ +- + 4+ 

La-2 33 + + + - + + + ± - +4- + + ++4-+ ++ +4 + + ++ -

LB-4 33 + + + - + + - - - ++- -4- + 4+4- i +4 + + -4m4 

LB-5 33 + + + - + + * * - - -+4 - 4 + -- H- + -4 + + -44 

LB-6 33 + + + - + + - - +- + - -+--H- - 4-4- + + -+-

,.C-1 33 + + + - + + " " - - + -++++ ++ +.i- + + 



TABLE I .- contd - 3 
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TABLE 1.--contd - 4 

S Diffusible brown H2 Sproduced Acid from carbon sources
 

a -2 pigment ,,
 
o0AU 0 E, 

-~~ 0- 0 a-. C oo 
3 a)- .2 -0- - --E; -E-- *-0 c 0 a

E . -!u4E 0 . E- 0 0 -C ' a Z -2 0 

O~V-1 33 + -- -H- + ++ + ± -+ + - - + -H- -H- -H -- + + -H

K-60 33 +-I -H- + + + - -+ -+ - H- - - i 
 + - 

S-208 27 . . . . + . . ... . . .. . . . .- + 

21 + = positive test; -H- = strongly positive test; t = results differ among replicates; - = negative test. 

b/ For carbon sources: ++= acid produced in synthet'cbasal medium within one week at 32 C, + = ccid produced in 1-3 weeks; 

- = no acid produced in three weeks. 

Isolates DC-3, DC-4, and V-1 produced acid from cellobiose in Hayward's medium (Hayward, 1964), but not in Ayers, Rupp, 
N,

and Johnson medium (Society of American Bacteriologists, 1957). 0 

0 

I 
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cream. More recently, cream-free litmus milk has become widely used 
among bacteriologists. This experiment was made to determine whether 
Philippine isolates produce acid from cream-free litmus milk, litmus milk 
with cream, or both. 

In cream-free litmus milk, all isolates produced an alkaline reaction 
in 3.4 days which gradually increased in intensity for 2-3 weeks without 
clearing or litmus reduction. In litmus milk with cream, all isol-.:cs pro
duced an alkaline reaction initially, but some changed to acid after one 
week. The acid reaction began in the cream layer of the surface, gradually 
spreading throughout the medium. Sometimes, however, the acid reaction 
was weak and restricted to the surface layer. Isolates with an alkaline 
reaction did not reduce litmus, but change to acid was accompanied by 
litmus reduction and sometimes by acid curd formation. Twelve isolates 
produced an acid reaction. H'-wever, the acid reaction of isolates GS-4 and 
LB-5 reverted to alkalne within 3 weeks, and some others were variable 
among replicates. 

Gelatin utilization.- All isolates utilized gelatin when it was incor
porated in nutrient agar. All 9 isolates that were tested for gelatin lique
faction produced crateriform liquefaction after 4 weeks. 

Growth on steamed potato slants.-Production of a tar-black pigment 
on steamed potato slants has been reported as a useful diagnostic tool for 
P. solanacearum (Harrison, 1961; Hutchinson, 1913; and Smith, 1896). This 
experiment examined the usefulness of this technique for Philippine isolates. 

Glistening white bacterial growth appeared on the slants in 2 days, 
and a golden-brown pigment was present after I week. Sometimes a tar
black pigment also appeared within I week. Twenty-five of the 37 test 
isolates produced the black pigment within 3 weeks, but production was 
variable among replicates. Isolates K-60, S-208, and 10 Philippine isolates 
produced no black pigments on steamed potato slants. 

Motility.- All isolates were motile in the semi-solid medium. How
ever, growth of S-208 was poor in the medium, perhaps due to sodium 
chloride sensitivity. 

Sodium chloride tolerance.- The rate of growth of all isolates was reduced 
when NaCI added to the medium. Most isolates grew fairly well at concentra
tions of 0.5% and 1.0% NaCI, but none grew at 2.0% NaCI. However, with 
S-208, growth was much reduced at 0.5% NaCI, and no growth was visible at 
the 1.0 or 2.0% concentrations. Sodium chloride was bacteriostatic at the 
2.0% concentration. The bacteria settled to the bottom of the medium in 
a stringy mass, but when streaked on TTC medium after one week, they 
produced normal virulent (fluidal) colonies. 

Hydrogen sulfide production.- Only 4 of the 37 isolates tested produced 
hydrogen sulfide (H2S) from tryptone, and these were only weakly 
positive. The 4 positive isolates also produced considerable brown pig
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ment in the medium (none was produced by all other isolates). A stronger 
positive II2S reaction was obtained when cystinc replaced tryptone as thesubstrate, and some isolates that had given a negative test for H2 S with 
tryptone were positive in this test. However, other isolates were negave
for fH S production in both media. In peptone-iron agar all 9 isolates 
tested were negative for H.S production. 

Pectolytic activity.-Most isolates grew well in the pectin medium and 
produced acid with crateriform liquefaction within I week. isolates GS-.I
and S-208, however, grew very slowly in thi: medium and produced little or 
no liquefaction or change in pH. 

Indole production. - isolates negative for indoleAll were production. 
Catalase and oxidase reactions.-All isolates were positive for both the 

catalase and oxidase tests. 
Production of green fluorescent pigment.-All isolates grew well in 

Clara's medium, but none produced a green fluorescent pigment in the 
medium. 

Nitrate reduction.- All isolates reduced nitrates to nitrites. 
Starch hydrolysis. - None of the isolates hydrolyzed starch. 
Methyl red-Voges Proskaner test.-All isolates gave negative reactions 

in the methyl red and Voges Proskauer test. 
Optimum temperature for growth..-The most rapid growth occurred
 

at 33 C for all isolates except S-208, which grew best at 27 C. However,
 
the range of temperatures 
 in which isolates grew differed considerably.
Most isolates grew slowly at 15 C, and grew well from 21-33 C, but isolates 
GS-2 and Li-I produced no visible growth in eight days at 15 C and grew
slowly at 21 C. Isolates K-60, La 2, Ki-l, 1-3, 1-4, and Da-l grew well at 
39 C, but the other isolates did not grow at this temperature. 

Utilization of anino acids as sources carbon and nitrogen.-XVhen as. 
paragine or tyrosine was the sole source of carbon and nitrogen, all isolates 
grew rapidly. No pigment formation was apparent from asparagine, but in 
the tyrosine medium isolates V-I, DC-I, and DC-4 produced a pink pig
ment within 3 (lays. After 5 days, other isolates also produced a pink pig
mea in the medium and when the cultures were 12 days old, all were 
positive for pigment production. At P (lays, when the last observation 
was made, the pigment had changed to brownish-orange. 

Organic sources of carbon.-Of the 23 materials investigated as possible 
sources of carbon, all isolates utilized glycerol, acetate, citrate, dextrose, 
sucrose, mannose, galactose, levulose. of isolatesand None the utilized 
rhamnose, raffinose, malonate, formate, sa Isolates inor cin. differed util
ization of the remaining 10 materials, however. None of the isolates pro
duced gas from the materials tested. 
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Hayward's (196-1) inedium and Dilco O1 Basal .\cdiuml were compared 

with Ayers, Rupp, and Johnson's basal medium of determine whether the 

basal medium might inlluence results of test. with lactose, maltose, and 

cellobiose. Twelve isolates that had given negative lesults for acid pro

duction with tlcse materiais previously were te,ted in tie 3 me,lia and 

compared with ikolate L( .1, which readily utilized lactose, nialtose, and 

cellobiose ill plevious- CXJCriuclit ,. Ila\warFs tItediuiti was slightly more 

sCsitive than the other two, giving thIe mot ra pid i(dication of acid 

production. In Ilawaril's inediuni iolztes, V-I, I):-3 and l)CI produced 

slight acid frlm cellobiose whidh was jIMt detected in tie other 2 media. 

\'hcit ]I0 additional caibon S1our1C was added to the ()F medium..growth 

and a strong alkaline reaction ocmlreId: but whlen the medium was covered 

with melted p)etrol attUnil no growth or c01'Cliale in J!l occultcid, even when 

an additiontal carbon sour(ce was added. This idicaited that all 13 isolates 

tested li,, strictly metabolism.I oxidative 

lxaminatioi of siihl'iie.A of isolates. - Resuhts of 56 tests were 

aialved by (otliltr for similaritics among the :;7 islate. This 

analviis showed a1hig percetirage similarity (over ) alnolig most isolates91)1", 


from the lhilippines (Fig. 1). Philipp1 ine i (,laus wele distribuitcd in two 

relatively distinct, homogeneous groups tli:t are similar to Biotvpes 3 and -1 

(Hayward, 196-I), respectively. However, isolates DC-., I)C-.I and V-1 were 

l OStelnt any that Isolates1ot C1i. With of the .1biotyvpes have been proposed. 
K-60 and S-208 were distiric: from all Philipp ine isolates and also were of 

relatively low similarity (76.8',) to one another. 

DisciSSlON 

The .7 isolates of P. solanaccarnum used in this study differed in many 

tests, including colonv characteristics, production of brown diffusible pig
ment, optitnun temperature ad termerature range for" growth ill nutrient 
Iroth, sodiumm utleritle tolerance, pigment production on steamed potato 
slants, acid production in litmus milk with cream. hydrogen sulfide pro
duction, and carbon sources utilized. Production of black pigment on 
steamed potato slants, acid production i litnunts milk with cream, and 

hydrogen sulfide production were not stable characters that might be use
fitl for defining strains of P. solanaccarum. The steamed potato and lit
mus milk reactions differed amriong replicates, and the hydrogen sulfide re

action depended on the substrate and method of testing. 

Latin American workers (Buddenhagetn, 1960; French and Sequeira, 
1970) have found colony characteristics on TTC nedium useful for iden
tifyiuig certain strains of P. solanac'um. Among the Philippine isolates 

tested, colony characteristics were useful for identifying isolates 1.B-6 and 
LC-1. Although certain differences among other isolates were apparent, 
they were distinct and tended to disappear as the colonies became older. 
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Fig. 1. Percentage similarity of 56 cultural, physiological, and biochemical proper
ties of 37 isolates (A-2, A-., etc.) of Pseudomonas solanacearum. 

Isolates K.60 and S.208 were. easily distinguished from Philippine isolates 
by colony form and pigmentation on TTC medium. 

The designation "var. asiaticum" solely according to acid production in 
litmus milk with cream (Smith, 1914) is of dubious value. All isolates 
produced alkaline reaction in this medium within I week and only after 1 
week did some of the isolates show an acid reaction. Designation, there
fore, depends on the time that the observations are made. Perhaps, a 
more serious objection is that the reaction sometimes differed among repli
cates of the same isolate. 

Reactions of Philippine isolates in other tests were fairly uniform, ex. 
cept in utilization of lactose, maltose, and cellobiose. Apparently, Biotypes 
3 and 4, which differ in utilization of these 3 compounds (Hayward, 1964), 
are common in the Philippines, but Biotypes 1 and 2 were not found. 
Isolates DC-., DC.4, and V-I, which were intermediate between Biotypes 3 
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and 4, were more active jn the production of a brown pigment in various 
types of media than were other Philippine isolates. 

Isolates K.60, from North Carolina, and S.208, from Colombia, were. 
distinct from Philippine isolates in a number of characters, especially in 
the range of carbon sources that were utilized. These 2 isolates also were 
distinct from one another in these tests. Isolate S-208 differed so markedly 

from other isolates in its cultural and physiological properties that one 
might be tempted to define it as a distinct bpecies. However, in patho
genicity tests (Zehr, 1971), S-208 produced typical symptoms of bacterial 
wilt in tomato (Lycopersicon esculentumN Mill.), potato (Solanum tube. 

rosum L.), pepper (Capsicum annuum L.), and diploid banana (Musa 

balbisiana Colla). Therefore, the writer is not inclined to consider this 

isolate as another species. 

Little correlation was found between physiological properties and host 
range (Zehr, 1971). Okave and Goto (1961) reported that Japanese isolates 

that attacked tobacco oxidized lactose as a carbon source. All Philippine 
isolates of high virulence to tobacco also utilized lactose, but North Caro
lina isolate K-60, which is virulent to tol icco, did not utilize lactose. As 
was observed by Okabe and Goto (1961), lactose utilization was not a good 
index of virulence to tobacco because many isolates of low virulence to 
tobacco also utilized lactose. Colony form was not related to pathogenicity, 
and also, was not correlated with difference in physiological or biochemical 
characteristics. 

LiTERA'ruaE CITFD 

ANONY'MOUS. 1953. Difco Manual (Ninth Edition). Difco Laboratories, Detroit, 850 p. 

BtDDENHACEN, 1. W. 1960. Strains of Pseudomonas solanacearum in indigenous hosts 
in banana plantations of Costa Rica, and their relationship to bacterial wilt of 
bananas. Phytopathology 50: 660-664. 

CLARA, F. M. 1934. A comparative study of the green-fluorescent bacterial plant 
pathogens. New York (Cornell) Agr. Exp. Sta. Mem. 159. 34 p. 

FRENCIT, E. R. & L. SEQUEInA. 1970. Strains of Pseudomonas solanacearum from Cen
tral and South America: a coi-.parative study. Phytopathology 60: 506-512. 

GESHMAN, M., D. C. OMEARA, & H. L. C*IUTE. 1959. Use of a tetrazolium salt 

for an easily discernible sulfide-motility reaction. J. Bacteriol. 78: 739-740. 

HARuISSON, D. E. 1961. Bacterial wilt of potatoes. I. Field symptoms of the dis
ease and studies on the causal organism, Pseudomonas solanacearum variety asia
ticum. Australian J. Agr. Res. 12: 854-871. 

HAYWARD, A. C. 1964. Characteristics of Pseudomonas solanacearum. J .Appl. Bac
teriol. 27: 265-277. 

HUTCHINSON, C. M. 1913. Rangpur tobacco wilt. Mem. Dept. Agr. India, Bact. Ser. 
1: 67.84. 

KELMAN, A. 1953. The bacterial wilt caused by Pseudomonas solanacearumn. North 
Carolina Agr. Exp. Sta. Tech. Bull. 99. 194 p. 

KELMAN, 	 A. 1954. The relationship of pathogenicity of Pseudomonas solanacearum to 
colony appearance in a tetrazolium medium. Phytopathology 44: 693-695. 

14 



KoVACS, N. 195r,. Identification of Psc'sdornonas iyoctyanae by the oxidase reaction. 
Nature 178: 703. 

LEssErL, E. G. & 1. C. Io.-r. 1970. Presenting and interpreting the results. p. 50-58. 
in W. 11.Lockhart and J. Liston (ed.) Methods for Numerical Taxonomy. Amer
ican Soo. for Microbiol., Bethesda, 1Md. 

OKABr, N. & 'M. Coro. 1952. Studies on Bact. solanacearuin with special reference 
to the kinds of s!rains and their classification. Suizuoka Univ. Fac. Agr. Rept. 2: 
64-93. 

OKAnFr, 
N. & M. Coio. 191. Studies on Pseudormnors soanarrarin. XI. Patho
types in Japan. Shizuoka Univ. Fac. Agr. Bept. 11: 25-12.
 

RJhorw s, Nt .ior. J. 10)59. The charaterization of l'sendoomuonas fluiresctiis 
 J. Gon. 
Mirobiul. 21: 211-26:1.
 

Smirri, E. F. 1S91. A ba eerial 
 disease of tomato, eI.,eplanl, and Irish potalo, U.S. 
Dept. A\gr. Div. Veg. Physiol. and Palhoi. Bull. 12. 28 p.

Smrrr, E. F. 191.1. Bacleria in relation to plant diseases. Carnegie Institute, Wash
ington, 1). C. Vol. 3. !398 p. 

Socw-ry or .B1A.cnric-\N" c'rraoiocisi's. 1957. Manual of microbiological anelhrd(is. 
Mcraw-flill, New York. 315 p. 

S'rjm, M I'. 19.17. The causal a"gent of bacterial root and stem dlikease of u ayiule. 
l'hlvtopatholr,'y !37: 191-300. 

SrnR, M. P. & J. E. W\Iss. 1911. Croxwtl rf piytopathogenic bacteria in a syn
tietic asparagine diclin. lryltopathllousy 3:3 -:31. 

VASU'OC',,. 11. S. 1955. lleport of the Division of .MNeulogy and Plant Pathnlogy.
Sci. lit-pt. Agr. li-s. Inst. New Delhi, 195:1-1951. p. 9.3. 

7Euru, E. 1. 1970. Slrains osf Psendorhnnas solanaccaruin in the Philippines as deter
mined by cross-inoculation of hosts at different temperatures. Philippine Phvlo
pathol, 63: .11-51. 

15
 




