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Abstract 

Nonfluorescent pseudomonads have been studied by estimating their numbers in different soils and 
hortical substrates as well as some physiological properties and antagonistic relationships between them and 
fluorescent pseudomonads and actinomycetes. Nonfluorescent pseudomonads, depending on the studied 
soil or substrate, constituted 7-10% of the total number of bacteria from genus Pseudomonas, and the 
dominant among them were pectinolytic psychrotrophs. Antagonism of nonfluorescent pseudomonads was 
less frequent and less intense than that of fluorescent pseudomonads as counter-partners. On the other 
hand, in the system of interrelationships with actinomycetes, the antagonism of nonfluorescent 
pseudomonads was relatively more frequent, though its intensity was lower. 
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Introduction 

Fluorescent pseudomonads are bacteria known for 
their inhibitory activity. This results, among other things, 
from their ability to produce siderophores [8, 11, 13], 
antiobiotics [4, 5, 20, 21] and cyanides [1, 11, 16]. In 
studies of interrelationships between these bacteria and 
soil actinomycetes [6] it was found that the first of them 
on some media can have a stronger inhibitory effect than 
the others. 

However, besides fluorescent forms intensively 
studied in soil nowadays, nonfluorescent forms are also 
referred to the genus Pseudomonas. In the VHI-th edi-
tion of Bergey's Manual of Determinative Microbiology 
[2], only 44 out of 215 bacterial species, whose properties 
coincided or seemed to coincide (on account of a not 
quite accurate examination) with properties characteris-
tic of the genus Pseuodomonas, were found to have the 
properties of producing diffusible fluorescent pigment. In 
the next edition of the mentioned manual [15] - the 
number of such bacterial species constituted 19 out of 45 

distinguished ones. The occurrence of nonfluorescent 
Pseudomonas in soil and physiological properties of these 
bacteria soil strains, in contrast to fluorescent 
pseudomonads, are, however, very little known. 

The above situation within the genus Pseudomonas 
has encouraged us to undertake studies to compare the 
numbers of nonfluorescent and fluorescent forms of 
these bacteria in different soils and hortical substrates. 
Strains of nonfluorescent pseudomonads isolated from 
these environments were examined in a physiological as-
pect, taking into account first of all properties important 
for biochemical processes occurring in the soil, as well as 
their manner of action and response (inhibition and sen-
sitivity) to fluorescent pseudomonads and soil ac-
tinomycetes. 

Materials and Methods 

Nonfluorescent pseudomonads of 8 soils and 3 horti-
cal substrates were examined. Soil samples were taken 



 

 

from the plough layer (0-20 cm). Hortical substrates were 
commercial articles. To obtain the isolates of 
pseudomonads serial dilutions of the tested material 
were made in 0.5% peptone [23] and a selective 
Grant-Holt's agar medium [3] was spread with 0.1 ml 
portion of each dilution and incubated at 30°C for 30 h. 
That medium was trypticase soil agar (TSA) with the 
addition of 9 mg of basic fuchsin, 100 mg cycloheximide, 
140 mg TTC, 10 mg nitrofurantoin and 23 mg nalidixic 
acid and of final pH 7.2. 

The number of bacterial colonies grown up on the 
plates with that selective medium was recognized as the 
total number of pseudomonads. To distinguish non-
fluorescent from fluorescent forms, bacteria from 100 
randomly selected colonies in each experimental combi-
nation were transferred onto King's B medium [8] and 
after 3 days of culture at 30°C examined for the lack of 
fluorescence under a source of ultraviolet light. The non-
fluorescent bacteria were grown in pure cultures and sub-
jected to further tests. Only those strains, which were 
motile, gram-negative slender rods, oxidase and catalase 
positive, forming no chains, flocks and pleomorphic 
forms, not growing at pH 4.5 and growing in the presence 
of 0.1% triphenyl tetrazolium chloride were recognized 
as nonfluorescent pseudomonads. Their portion in the 
whole community of pseudomonads was calculated by 
a comparison of their number with that of fluorescent 
strains. 

Using the above technique, 68 nonfluorescent 
Pseudomonas strains were isolated in pure cultures. All 
these strains were examined for the ability to grow at 
temperature of 4°C after 7 days and at 42°C after 48 
hours (King's B medium), the ability to decompose 
starch (on starch-broth medium), pectins [9], lipids [22] 
and proteins (on gelatine medium). They were also 
examined for heterotrophic nitrification [14], NO3 reduc-
tion to NO2 (Griess reagent) and gas reduction (bubbles 
production on nitrate medium, no reaction with Griess 
reagent after Zn reagent application) as well as for cyan-
ide production on King's B medium enriched with glycine 
and FeCl3 [16]. 

Studies on the phenomenon of antagonism and sensi- 

tivity were performed with 20 nonfluorescent strains ran-
domly selected among all isolates, with 20 strains of flu-
orescent pseudomonads and with 19 strains of soil ac-
tinomycetes. 

Some fluorescent pseudomonads and all ac-
tinomycetes were previously described by us [6]. The re-
maining fluorescent pseudomonads were freshly isolated 
from the soil treated with impact fungicide [7]. Identifica-
tion with the use of the API 2ONE numerical test has 
classified them to the species Pseudomonas fluorescens, 
but they significantly differed from one another by 
physiological properties, which made some of them simi-
lar to representatives of the species Pseudomonas aure-
ofaciens.- 

All strains were maintained and proliferated to obtain 
an inoculum on Burkholder's medium containing g/dm3 

of extract from 300 g of peeled potatoes: NaHPO4 x 12 
H3O, 2; sodium nitrate, 10; dl-asparganine, 1.0; bacto-
peptone, 5; dextrose, 6; agar, 15 g. The pH was adjusted 
to 7.0. 

Inhibitory activity was determined by the conventional 
streak method. The media applied in this test had a com-
position, which on the basis of our previous investigations 
[6], could be recognized as optimal for manifestation of 
inhibitory properties of the studied microorganisms. 
Pridham-Gotllieb's medium [19] (PGM) and King's 
B medium [8] (KBM) were simultaneously used for both 
fluorescent and nonfluorescent pseudomonads, while po-
tato-dextrose agar medium (PDA) was used for ac-
tinomycetes. 

The inocula were prepared from a 24-h culture of 
pseudomonads and a 7-day culture of actinomycetes. In-
dicator microorganisms were perpendicularly inoculated 
to a 2- or 5-day old streak growth of the strain examined 
for inhibitory activity, depending on whether it was 
Pseudomonas or Actinomycetes strain. Growth-inhibition 
zones of these indicator strains were measured after 
2 and 3 growth days, respectively. The lack of growth at 
a distance of no less than 3 mm was taken as a positive 
result. 

All the bacteria were grown at 28°C. 

Table 1. Occurence of nonfluorescent forms in pseudomonads communities of various soils and hortical substrates. 
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Table 2. Some characteristics of 68 isolated strains of nonfluorescent pseudomonads. 
 

Table 3. Antagonism and sensitivity of 20 nonfluorescent to 20 fluorescent pseudomonads growing on Pridham - Gottlieb's medium 
(PGM) and King's B medium (KBM). 

 

 

Results and Discussion 

In studied soils as well as in hortical substrates the 
total number of pseudomonads ranged within 103 - 105/g 
dry wt of examined material and was mostly of the order 
of 104/g dry wt of examined material (Table 1). These 
numbers were within the range determined by different 
authors in non-rhizosphere soils [7, 16, 17, 24]. 

In the discussed communities of pseudomonads, the 
fluorescent forms were always predominant in number, 
irrespective of the kind of soil or hortical substrate. The 
number of nonfluorescent pseudomonads, despite the 
abundance of species of these organisms occurring in na-
ture, was hardly of the order of 103/g dry wt of examined 
material, except the garden soil manured with compost, 
where it was of the order of 104/g dry wt of examined 
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material. With such numbers, the nonfluorescent forms 
constituted only 6-10% of the community of 
pseudomonads, and their portion, therefore, was small, 
and more or less equal. 

When determining physiological properties of non-
fluorescent pseudomonads isolates, it was found that 
they were mainly psychrotrophs (Table 2). Though an 
optimal temperature for all isolates was 28°C, only few of 
them did not grow luxuriantly at 4°C after 6 days. 

Despite the fact that all the isolates had oxidative 
metabiolism, 3 strains produced acid compounds from 
glucose. Starch decomposers were 22% of strains. Atten-
tion is drawn by the frequency of pectinolytic forms, 
which constituted over 82% of the isolates. No strain was 
found to have lipolitic properties, whereas half of them 
hydrolyzed proteins. Nitrates were reduced by 3/4 of 
strains, either only to NO-

2, or with production of gas 
products. However, no ability of heterotrophic nutrifica-
tion was found. Some strains were cyanogenic, but pro-
duced cyanides mostly in trace amounts. 

As follows from Table 3, nonfluorescent pseudomonads 
under suitable conditions may show inhibitory properties 
towards fluorescent forms of these bacteria. The ability 
to inhibit their growth was found in cultures on PGM, 
but did not occur on KBM. On PGM, most nonfluores-
cent strains (17 out of 20) inhibited fluorescent strains, 
but the spectrum of that inhibition was differential. Some 
nonfluorescent strains inhibited only several fluorescent 
pseudomonads, others - over a dozen or so, or even all of 
them. The inhibition zones were from 3 to 20 mm wide, 
on average, of the order of 6 mm. 

It might be suggested that the fact that inhibitory 
properties of nonflurescent pseudomonads were un-
revealed in the case of their culture on KBM was caused 
by Fe+++ deficiency in that medium. Different microor-
ganisms require iron for production of antibiotics [11]. 
Enrichment of KBM in Fe+++ by addition of 15 µg 
FeCyml, however, did not cause the inhibition of fluor-
escent strain growth by nonfluorescent strains of 
pseudomonads (not shown). An exception was two non-
fluorescent pseudomonads. These were strains N13 and 
N14, which in 2 and 5 fluorescent strains, respectively, 
after 24 hours of a joint culture, caused the occurrence of 
8 - 10-mm growth-inhibition zones, that being only a de-
lay of growth, which occurred during the further, 2-day 
incubation. 

Although nonfluorescent pseudomonads were inhibi-
tory towards fluorescent strains of these bacteria, they 
also could be inhibited by them. That sensitivty, in con-
trast to antagonism, was manifested by all nonfluorescent 
pseudomonads on PGM. Moreover, the inhibition of 
their growth was relatively stronger. Particular non-
fluorescent strains were inhibited, on average, by more 
fluorescent strains than those by their counter-partners 
(13 in comparison to 10). Besides, they were sensitive to 
all or almost all fluorescent strains, towards which they 
could be inhibitory (not shown). 

Generally speaking, the above results permit the sug-
gestion that in antagonistic interrelationships within 
pseudomonads, fluorescent forms dominate over non-
fluorescent ones. This viewpoint is supported by the 
statement that fluorescent pseudomonads, unlike non-
fluorescent ones, were inhibitory also on KBM, although 

in a narrower spectrum than on PGM. Individual non-
fluorescent strains on KBM had only several, but not 
a dozen or so antagonists, each. In most cases these fluor-
escent pseudomonads, which inhibited a certain non-
florescent strain on KBM, inhibited it also on PGM. 
Nevertheless, some nonfluorescent strains were inhibited 
by fluorescent strains only on KBM. Noteworthy is the 
fact that their growth-inhibition zones were generally 
wider on KBM than on PGM. These differences could 
result from the production of a siderophore under these 
conditions in the form of a yellow-green fluorescent dye. 
Besides, nonfluorescent pseudomonads could be in-
hibited by strains from their own group (Table 4). Such 
inhibitory properties were manifested themselves in the 
bulk of tested nonfluorescent strains (13 out of 20). 

Table 4. Antagonism between nonfluorescent pseudomonads. 

 
These were chiefly the same strains, which were 

strongly antagonistic to fluorescent pseudomonads. Each 
of them had a relatively wide antagonistic spectrum, it 
inhibited the development of most of counter-partners or 
even all of them. Moreover, the phenomenon of self-inhi-
bition was encountered in 10 out of 13 such strains. 
Studying antibiotic activity of such a strain using the 
streak method, it was found that when the agar plates 
were at first inoculated with it as an inhibitory organism 
and then, after two days incubation as an indicator organ-
ism growth-inhibition zone was observed after further in-
cubation of plates. This zone generally was not smaller 
than those found in other indicator organisms, different 
from an inhibitory organism. This showed that inhibitory 
strains of nonfluorescent pseudomonads do not tolerate 
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Table 5. Antagonism and sensitivity of 20 nonfluorescent pseudomonads strains to 20 strains of actinomycetes. 
 

 

better than their counter-partners its own toxic meta-
bolites gradually accumulated in the medium. 

The phenomenon of antagonism was also characteris-
tic of interrelationships between nonfluorescent 
pseudomonads and soil actinomycetes (Table 5). Inhibi-
tory towards actinomycetes were 18 out of 20 nonfluores-
cent pseudomonads. Sensitivity to these pseudomonads 
was displayed by 17 out of 19 actinomycetes. Like in the 
action on fluorescent pseudomonads, particular non-
fluorescent strains had a different antagonistic spectrum 
towards actinomycetes. More or less half the strains in-
hibited the growth of 10 to a dozen or so actinomycetes, 
while another half inhibited the growth of only several 
strains. Growth-inhibition zones ranged from several, to 
dozen or so millimeters. Inhibitory effect in relation to 
actinomycetes was not so frequent as in relation to fluor-
escent pseudomonads. In our system of experiments (20 
nonfluorescent strains, 20 fluorescent strains and 19 ac-
tinomycetes), the inhibitory effect towards fluorescent 
pseudomonads was found in 201 cases out of 400 theor-
etically possible records (i.e. in 50% of such cases), 
whereas that towards actinomycetes was found in 142 
cases out of 380 possible (i.e in 37%). 

It has also been found that actinomycetes, similar to 
fluorescent pseudomonads, could not only be sensitive 
towards nonfluorescent pseudomonads, but could also be 
antagonistic to them. However, that antagonism, in con-
trast to sensitivity, was displayed only by part of ac-
tinomycetes, i.e. by only 12 studied strains. Sensitivity to-
wards actinomycetes was observed in all examined non- 

fluorescent pseudomonads, but from the other hand their 
particular strains responded only to no more than several 
(1-8) strains of actinomycetes. 

Unlike interrelationships between nonfluorescent and 
fluorescent pseudomonads, the sensitivity of nonfluores-
cent forms to actinomycetes was noted more rarely than 
their inhibition, i.e. only in 18% of theoretically possible 
cases in comparison with 35%. However, when measur-
ing the growth-inhibition zones produced by ac-
tinomycetes, attention was drawn by their relatively sig-
nificant width, larger than those produced by nonfluores-
cent pseudomonads. 

If, as mentioned above in the description of results, 
the occurrence of a strictly two-sided antagonism be-
tween nonfluorescent and fluorescent pseudomonads 
was quite frequent, such relationship between non-
fluorescent pseudomonads and actinomycetes occurred 
only sometimes. There were only 6 actinomycetes, which 
were simultaneously sensitive and antagonistic to 4 non-
fluorescent strains of pseudomonads. 

We agree that evaluation of results obtained in studies 
with actinomycetes should be done cautiously in view of 
the fact that both antagonism and sensitivity of these or-
ganisms were investigated under different conditions 
than antagonism within pseudomonads. As reported in 
the description of the applied methods, they were grown 
on PDA, not on PGM or KBM which as found previously 
[6], were unsuitable for demonstration of inhibitory prop-
erties of our strains. For that reason there is, among 
others, no certainty whether such two-sided antagonism, 
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described above, would also occur, if antagonism of 
pseudomonads and that of actinomycetes were revealed 
under similar conditions of culture. 

Summarizing, it seems that despite the above reserva-
tions, it will not be a mistake to state that relations be-
tween nonfluorescent and fluorescent pseudomonads 
and actinomycetes are highly complicated, even only on 
the account of mutual antagonism between them. In rela-
tions between representatives of the genus Pseudomonas, 
the inhibitory effect of fluorescent forms was more fre-
quent and stronger than that of nonfluorescent forms, 
which in contrast to initial assumptions, was not only 
caused by the ability to produce siderophore. It may, 
therefore, be suggested, that such a system of relations 
between these nonfluorescent and fluorescent forms is 
one of the reasons of the minority of nonfluorescent 
forms in Pseudomonas communities of soil environment. 
The occurrence of self-inhibition phenomenon in non-
fluorescent pseudomonads may be taken as another rea-
son. Contrary to fluorescent pseudomonads, ac-
tinomycetes appeared to be more frequently, but gen-
erally not more sensitive than inhibitory organisms in in-
teractions with nonfluorescent pseudomonads. As a mat-
ter of fact, the ability of actinomycetes to produce anti-
biotics is particularly widespread, but already in the pre-
vious paper [6] studying interrelationships between ac-
tinomycetes and fluorescent pseudomonads, it was found 
that antagonism in actinomycetes occurs not as frequently 
as in nonfluorescent pseudomonads. 

References 

1. ALSTROM S., BURNS R.G. Cyanide production by rhi- 
zobacteria as a possible mechanism of plant growth inhibi 
tion. Biol. Fertil. Soils 7, 232, 1989. 

2. DOUDOROFF    MI,    PALLERONI    N.J.    The    genus 
Pseudomonas [In:] R.E. Buchanan and N.E. Gibbons Eds, 
Bergeys Mannual Determinative Bacteriology VIII Edition. 
Williams a. Wilkins Co., Baltimore, p. 217, 1974. 

3. GRANT M.A., HOLT J.G. Medium for the selective isola 
tion of members of the genus Pseudomonas from natural 
habitats. Appl. Environ. Microbiol. 33, 1222, 1976. 

4. HAMMER P.E., HILLSS., LIGON J. Characterization of 
genes involved in the synthesis of pyrrolnitrin. Phytopatol. 
85, 1162, 1995. 

5. JAMES D.W.Jr, GUTTERSON N.I. Multiple antibiotics 
produced by Pseudomonas fluorescens HV 370 and their 
differential regulation by glucose. Appl. Environ. Microbiol. 
52,1183, 1986. 

6. KASZUBIAK H. Mutual antagonism between fluorescent 
pseudomonads and soil actinomycetes. Pol. J. Environ. Stud. 
7, 207, 1998. 

7. KASZUBIAK H. A modifying effect of temperature on bac 
teria response to soil treatment with fungicides. Pol. J. En 
viron. Stud. 8, 395, 1999. 

8. KING E.O., WARD W.K. RANEY D.E. Two simple media 
for the demonstration of pyocyanin and fluorescein. J. Lab. 
Clin. Med. 44, 301, 1954. 

9. KREISEL H., SCHRAUER F. Methoden des mykologis-
chen laboratoriums. VEB Gustav Fischer Verlag, Jena 
pp.181,1987. 

10. KUREK E. JAROSZUK J. Siderofory i ich rola w srodo- 
wisku glebowym. Post. Mikrobiol. 32, 71,1993. 

11. KUREK E., KOBUS J. Korzystne i szkodliwe oddzialywanie 
mikroflory ryzosferowej na wzrost i rozwoj roslin. Post. Mik 
robiol. 29, 1,1990. 

12. MYSKOW W, MASIAK D., STACHYRA A., ZIEBA S. 
Proby   opracowania  wskaznikow   aktywnosci   mikrobiolo- 
gicznej i biochemicznej gleby do oceny jej zyznosci. IUNG 
Pulawy, pp. 27, 1990. 

13. NEILANDS J.B., LEONG S.A. Siderophores in relation to 
plant growth and disease. Ann. Rev. Plant Physiol. 37, 187, 
1986. 

14. ODU C.T.J., ADEOYE Y.E. Heterotrophic nitrification in 
soil a preliminary investigation. Soil Biol. Biochem. 2, 41, 
1970. 

15. PALLERONI N.J. Pseudomonadaceae [In:] Holt J.G., Kreig 
N.S. (Eds), Bergeys Manual of determinative bacteriology. 
Williams a. Wilkins Co., Baltimore, p.141, 1984. 

16. PASZKOWSKI W.L., MASIAK D., KOBUS J. Biosynteza 
HCN przez bakterie ryzosfery pszenicy. [In:] Teoretyczne 
i praktyczne aspekty alleopatii. Ed. Oleszek W., Pulawy, 79, 
1996. 

17. PASZKOWSKI W.L., DWORNIKIEWICZ J. Zbiorowiska 
drobnoustrojow glebowych w uprawie chmielu i ich antag- 
onizm w stosunku do Verticillum alboatrum. II Badania 
w starym chmielniku. [In:] Drobnoustroje w srodowisku, 
wystepowanie,   aktywnosc,   znaczenie.   Ed.   Barabasz   W. 
DRUKROL, Krakow, 567, 1997. 

18. PASZKOWSKI     W.L.,     MASIAK     D.     Wystepowanie 
cyjanogennych bakterii z rodzaju Pseudomonas w ryzosferze 
jeczmienia jarego. [In:] Ekologiczne aspekty mikrobiologii 
gleby. Ed. Sawicka A., Durska G. PRODRUK, Poznan, 256, 
1998. 

19. PRIDHAM G.T., GOTTLIEB D. [In] Kurytowicz W, Ko- 
rzybski T., Niedzwiedzka - Trzaskowska I., Kowszyk Z. 
Metody otrzymywania aureomycyny. Ed. PZWL, Warszawa 
pp. 86, 1954. 

20. RAYMAKERS J.M.,  WELLER  D.M.,  THOMASHOW 
L.S. Frequency of antibiotic producing Pseudomonas spp. In 
natural environments. Appl. Environ. Microbiol. 63, 881, 
1999. 

21. ROSALES A.M., THOMASHOW L, COOK R.J, MEW 
T.W. Isolation and identification of antifungal metabolites 
produced by rice associated antagonistic Pseudomonas spp. 
Phytopathol. 85, 1028, 1995. 

22. SIERRA G. A simple method of the detection of lipolytic 
activity of microorganisms and some observations on the in 
fluence between cells and fatty substrates. Antonie van 
Leeuvenhoek J. Microbiol. Serol. 23, 15, 1957. 

23. STRAKA R.P, STOKES J.L. Rapid destruction of bacteria 
in commonly used diluents and its elimination. Appl. Micro 
biol. 5, 21, 1957. 

24. VANDENHOVE H, MERCK R, WILMOTS H, VLAS- 
SAK K. Survival of Pseudomonas fluorescens inocula of dif 
ferent physiological stages in soil. Soil Biol. Biochem. 23, 
1133, 1991. 

Kaszubiak H.396


