
ECOLOGICAL CHEMISTRY AND ENGINEERING A

Vol. 16, No. 7  2009

 1 Division of Microbial Biology, Faculty of Agriculture and Biology, Warsaw University of Life Sciences, 

Nowoursynowska 159, 02-776 Warszawa, Poland, email: monika_michalowska@sggw.pl

 2 Department of Rural Sanitation, Institute for Land Reclamation and Grassland Farming, Falenty, Al. 

Hrabska 3, 05-090 Raszyn, Poland, email: stefan_russel@sggw.pl

 3 Division of Soil Science, Department of Soil Sciences, Faculty of Agriculture and Biology, Warsaw, Univer-

sity of Life Sciences, ul. Nowoursynowska 159, 02-776 Warszawa, Poland, email: jozef_chojnicki@sggw.pl

Monika Anna MICHA OWSKA1, Stefan RUSSEL2

and Józef CHOJNICKI3

INFLUENCE OF SOME ABIOTIC FACTORS
ON THE OCCURRENCE OF MYXOBACTERIA

IN SELECTED FOREST SOILS OF PUSZCZA BIALA

WP YW CZYNNIKÓW ABIOTYCZNYCH NA WYST POWANIE
MYKSOBAKTERII W WYBRANYCH GLEBACH LE NYCH

PUSZCZY BIA EJ

Abstract: The aim of present paper was to establish the effect of some physical and chemical factors on the 

number and species composition of myxobacteria. The following chemical and physical factors were studied: 

pH, carbon and nitrogen content as well as terms of samples collection and depth of soil pro  le of selected 

forest soils (muck, gley) of Puszcza Biala The number of myxobacteria was determined by plate method 

using appropriate microbiological media. Isolated and puri  ed strains were identi  ed on the basis of their 

macro- and micromorphology using stereoscopic, light and scanning electron microscope.

The results showed that the highest number of myxobacteria was found in upper horizons of the exami-

ned soils. Higher pH and higher content of carbon as well as moderate humidity of muck soil have signi  cant 

in  uence on higher number and species diversity of myxobacteria than in gley soil. It was found that two 

species of the cellulolytic myxobacteria: Sorangium cellulosum and Polyangium compositum dominated in 

whole pro  le of the investigated soils.
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Myxobacteria are microorganisms which have maintained, probably due to their unu-

sual and complex life cycle as well as fascinating appearance, an unremitting attrac-

tion for many microbiologists all over the world. They are aerobic, unicellular, Gram-

negative gliding bacteria with rod-shaped vegetative cells that mostly occur in many 
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soil types. Myxobacteria frequently develop on decomposing plant material, the bark of 

living and dead trees or dung of herbivorous animals such as rabbit, hare, goat, deer and 

sheep [1 3].

They are unique among prokaryotes for their complicated multicellular behaviour. 

They use intercellular communication to engage in cooperative morphogenesis from 

which they produce unusual structures called fruiting bodies which contain myxospores 

[4]. Under starvation conditions the cells aggregate within the swarm, pile up and form 

fruiting bodies that allow the community to survive unfavourable environmental con-

ditions [5 7]. Inside the maturing fruiting body the rod-shaped vegetative cells are 

converted into myxospores by shortening and fattening. Thick-walled myxospores are 

asexual, dormant cells that are responsible for the survival under hostile conditions such 

as desiccation, high and low temperature, high salt concentrations, anaerobic condi-

tions, ultrasound and UV irradiation. They can survive in the environment for 10 25 

years [2, 4, 8]. Myxospores germination is induced by favourable environmental condi-

tions and in the laboratory by transfer to a suitable growth medium. 

Myxobacteria also display other interesting features like social behaviour expressed 

by collective food uptake and cooperative motility [2, 9]. Their cells move by glid-

ing over the surface of or within the substrate, so that colonies spread over the culture 

plate [10]. Cell motility plays an important role in development and morphogenesis in 

myxobacteria, especially in formation of fruiting bodies [11 13].

Myxobacteria are strictly aerobic organotrophs which prefer moderate temperature in 

the range between 9 38 °C. Myxobacteria specialize in the biodegradation of biomac-

romolecules. These organisms are divided into two sharply separated metabolic groups. 

Group 1 holds cellulose degraders. This group is capable of utilizing inorganic nitrogen 

compounds while growing on cellulose and glucose. Group 2, by far the majority of 

myxobacterial species, depend on an amino acid-containing medium such as peptone 

for growth. They obtain the required oligopeptides by hydrolyzing proteins [5]. In na-

ture, these myxobacteria feed on other microorganisms like eubacteria or yeasts, that 

therefore have been called micropredators [2, 14].

Myxobacteria have some potential for various applications. They play a substantial 

role in natural environment in solubilizing large macromolecules, cell carcasses and 

other biological detritus. Their predatory activity can be very useful to control cyano-

bacterial water blooms by destroying cells of cyanobacteria in aqueous environments. 

Myxobacteria can also be used as pollution indicators which can inform us about envi-

ronmental problems. A good opportunity for application may lie in the  eld of myxo-

bacterial enzymes such as restriction endonucleases and special proteases which can be 

very useful in biochemistry and medicine. The most promising opportunities for bio-

technological applications with myxobacteria is the production of secondary metabo-

lites, especially compounds with biological activity such as antibiotics and other inhibi-

tors like epothilon with antitumor activity. These substances are promising candidates 

for the development of useful drugs [2, 4].

The aim of present paper was to establish the effect of some physical and chemical 

factors on the number and species composition of myxobacteria. The following abiotic 

factors were studied: pH, carbon and nitrogen content as well as terms of samples col-

lection and depth of soil pro  le of selected extremely acid, forest soils of Puszcza Biala.
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Materials and methods

The soil samples were taken from Puszcza Biala from June to September 2006. The 

investigation was carried out on the muck and gley soils. The samples collected from 

all genetic horizons of investigated soils were analysed. The number of myxobacteria 

was determined by plate method by inoculation of appriopriate microbiological media 

with clumps of soil and soil suspensions 10 1, 10 2, 10 3. Inoculated microbiological 

media were incubated at 30 °C for 1 4 weeks and checked daily, beginning with the 

second and third day, under a dissecting microscope for the appearance of myxobacte-

rial swarms and fruiting bodies. After an incubation period the colonies and fruiting 

bodies zones were counted to determine the number of myxobacteria in examined soils. 

Obtained results were expressed as CFU (colony forming units) in 1 g dry mass of soil.

For isolation and puri  cation of bacterial strains the following media were used: 

VY/2 containing autoclaved yeasts (Saccharomyces cerevisiae) as the nourishment and 

B12 source [15, 16], water agar with mineral salts and  lter paper as carbon source 

and CY containing casitone (Difco) as rich source of nitrogen [4]. To inhibit fungal 

growth 100 g · cm 3 cycloheximide or nystatine to media, sterile water used to mois-

ten clumps of soil and soil suspensions was added.

In order to obtain pure cultures isolated strains were puri  ed by following methods [5]:

 direct puri  cation from swarm or fruiting bodies to a suitable agar medium: preda-

tory myxobacteria-CY, VY/2, MD1, CAS, CT, water agar with streaks of E. coli [5, 16]; 

cellulolytic myxobacteria-water agar with  lter paper and mineral salts, ST21CX, 

CEL3, STAN-6 [5].

 heating of the suspension of the mature fruiting bodies at 58 °C for 10, 20 and 

40 min.

 puri  cation of the suspension of the mature fruiting bodies with mixture of anti-

biotics such as chloramphenicol, streptomycin, tetracycline, kanamycin, erythromycin, 

gentamycin (20 30 mg · 50 cm 3 of water).

Isolated and puri  ed strains of myxobacteria were identi  ed on the basis of morphol-

ogy of vegetative cells, myxospores, fruiting bodies and colonies using stereoscopic, 

light and scanning electron microscope. Furthermore for the identi  cation of pure and 

enrichment cultures the determination keys of McCurdy and of Reichenbach and Dwor-

kin were applied [5, 17].

Statistical methods were used to determine the in  uence of some abiotic factors of 

selected forest soils of Puszcza Biala (terms of samples collection, depth of soil pro  le 

as well as pH, carbon and nitrogen content) on the occurrence of myxobacteria. There 

were conducted one and two-factor analysis of variance as well as Tukey s studentized 

range test using SAS 9.1 software (SAS Institute INC., Cary, NC).

Results and discussion

Investigated soils from Puszcza Biala (muck and gley) have different chemical and 

physical properties which affected on the number and species composition of the popu-

lation of myxobacteria (Table 1).
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The higher number and higher biodiversity of myxobacteria were found in muck soil 

than in gley soil (Fig. 1, Table 2).

The results showed that myxobacteria mostly occurred in surface layers of soil-AM 

horizon. In deeper horizons the number of myxobacteria rapidly decreased reaching the 

lowest values in Dg horizon. These results are in good agreement with those of Krze-

mieniewska and Krzemieniewski [18], Gorny [19] and Reichenbach [3]. This fact was 

probably caused by shortage of oxygen and organic matter in deeper horizons of investi-

gated soil which make unfavourable living conditions for this group of microorganisms. 

Table 1

Characteristics of soil pro  les of muck and gley.

Pro  le
Systematics

of investigated soils

Genetic 

horizons

Depth 

[cm]

pH %
C:N

H2O KCl C N

21a

Type: muck soil

Order: post-bog soils

Division: hydrogenics 

soils

AM

Mt

Dg

 5 10

 20 30

 50 60

5.1

5.2

6.3

4.6

4.9

5.8

36.50

17.40

1.10

2.09

0.95

0.07

17.46

18.31

15.71

35

Type: gley soil

Order: bogged soils

Division: semi-hydro-

genics soils

Ol

A

Gor

Gr

 0 1

 1 17

 17 50

 50 65

4.8

4.1

6.4

6.7

4.2

3.4

5.2

5.6

18.59

6.65

0.09

0.02

1.77

0.63

0.01

10.50

10.44

6.92

Fig. 1. The occurrence of myxobacteria in muck soil

Qualitative analyses also comprised dynamics of the number of myxobacteria in 

various seasons of the year. It was con  rmed that the number of myxobacteria has in-

creased from June with the maximum in July (AM horizon) and August (Mt horizon). 

The fall of the number of examined microorganisms was observed in September what 
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Fig. 2. Results of Tukey s test concerning the in  uence of abiotic factors on the number of myxobacteria 

in muck soil (Tukey s homogenous groups are represented by letters A through C. Bars in group A have 

the highest number of myxobacteria whereas bars in groups B to C have successively lower number of 

myxobacteria. Bars that have letters in common do not differ signi  cantly from one another
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was connected with drop of the air temperature as well as higher intensity of atmos-

pheric falls.

Results of two-factor analysis of variance showed a signi  cant in  uence of season 

and depth of soil pro  le on the number of myxobacteria in muck soil. Furthermore one-

factor analysis of variance showed a signi  cant in  uence of carbon and nitrogen con-

tent on the number of myxobacteria in examined soil.

Results of Tukey s test showed a statistically signi  cant differences of the averages 

of the number of myxobacteria depending on season. There were identi  ed three homo-

genous groups with the highest average of the number of myxobacteria in July and the 

lowest average in June.

Taking into consideration the in  uence of depth of soil pro  le there were observed 

a signi  cant differences in each of three genetic horizons of muck soil. Tukey s test 

identi  ed three homogenous groups with the highest average of the number of myxo-

bacteria in AM horizon and the lowest average in Dg horizon. 

Results of Tukey s test also showed a signi  cant differences of the number of myxo-

bacteria depending on carbon and nitrogen content. Tukey s test identi  ed three homog-

enous groups with the highest average of the number of myxobacteria at the highest 

carbon and nitrogen content in muck soil.

Table 2

Species composition and frequency of isolation of myxobacteria from muck soil

Species of myxobacteria Frequency of isolation [%]

Polyangium compositum

Sorangium cellulosum

Myxococcus fulvus

Angiococcus disciformis

Corallococcus coralloides

Polyangium septatum

Polyangium sorediatum

Cystobacter fuscus

Polyangium aureum

Polyangium luteum

43.00

34.67

11.67

6.33

1.33

1.00

0.67

0.67

0.33

0.33

The most often occurring myxobacteria were representatives of the Sorangineae sub-

order such as cellulolytic species Polyangium compositum and Sorangium cellulosum 

isolated from whole genetic horizons of examined soil pro  le. There were also obse-

rved myxobacteria belonging to the Cystobacterineae suborder such as Myxococcus fu-

lvus and Corallococcus coralloides, especially in surface layers of soil. As pointed out 

by Krzemieniewska and Krzemieniewski [18, 20] and Dawid [2] in acid soils occur

characteristic  ora of myxobacteria with the majority of representatives belonging to 

Sorangium and Polyangium genuses as well as some species of Myxococcus genus, 

especially Myxococcus fulvus.
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The second type of investigated soil-gley have dissimilar properties to muck soil. 

This soil was formed on the area with high level of groundwater which cause high hu-

midity and anaerobic conditions creating negative in  uence on the occurrence of myxo-

bacteria (Fig. 3, Table 3).

Fig. 3. The occurrence of myxobacteria in gley soil

Table 3

Species composition and frequency of isolation of myxobacteria from gley soil

Species of myxobacteria Frequency of isolation [%]

Sorangium cellulosum

Polyangium compositum

Myxococcus fulvus

Corallococcus coralloides

Angiococcus disciformis

Cystobacter minus

Polyangium septatum

Polyangium luteum

49.00

21.33

12.33

9.33

7.00

0.67

0.67

0.34

The results showed that distinct majority of myxobacteria occurred in A horizon. 

There was observed the considerably lower number of myxobacteria in Ol horizon, 

even though it is upper horizon. It is directly connected with fact that dead leaves are 

not major and most convenient environment of living of these microorganisms, so that 

this horizon is settled by selected species. Furthermore, similar to muck soil, the num-

ber of myxobacteria decreased in deeper horizons of soil pro  le because of high satu-

ration of soil with water causing anaerobic conditions as well as low content of organic 

matter, which is in agreement with the previous observations of Krzemieniewska and 
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Fig. 4. Results of Tukey s test concerning the in  uence of abiotic factors on the number of myxobacteria 

in gley soil.
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Krzemieniewski [18, 20] and Reichenbach [3].

The number of myxobacteria in gley soil, similar to muck soil, increased from June 

reaching maximum in August. With early autumn in September there was observed the 

lower number of myxobacteria than in summer, what is probably connected with cool-

ing and intensi  cation of atmospheric falls causing high humidity of soil.

Similar to muck soil results of two-factor analysis of variance showed a signi  cant 

in  uence of season and depth of soil pro  le on the number of myxobacteria in gley soil. 

Furthermore one-factor analysis of variance showed a signi  cant in  uence of carbon 

and nitrogen content on the number of myxobacteria in examined soil.

Results of Tukey s test showed a statistically signi  cant differences of the averages 

of the number of myxobacteria depending on season. There were identi  ed two homog-

enous groups with the highest average of the number of myxobacteria in August and the 

lowest average in June.

There were also observed a signi  cant differences of the number of myxobacteria 

depending of depth of soil pro  le. Tukey s test identi  ed three homogenous groups 

with the highest average of the number of myxobacteria in A horizon and the lowest 

average in Gr horizon.

Taking into consideration the in  uence of carbon and nitrogen content in examined 

soils there were identi  ed two homogenous groups. The in  uence of these factors on 

the number of myxobacteria were not so signi  cant as in muck soil.

The results showed that dominating myxobacteria were Sorangium cellulosum and 

Polyangium compositum. There were also commonly found Myxococcus fulvus, Coral-

lococcus coralloides and Angiococcus disciformis mainly isolated from Ol and A hori-

zons. Obtained results con  rm data published by Krzemieniewska and Krzemieniewski 

[18, 20] and Dawid [2].

Summarizing muck soil is more favorable environment of living of myxobacteria 

than gley soil. This fact is the result of higher reaction of upper horizons of muck soil, 

higher content of carbon, insigni  cant higher content of nitrogen and moderate humid-

ity in comparison with gley soil.

Conclusions

1. Myxobacteria are strictly aerobic microorganisms occurring in surface layers of 

examined soils.

2. The number and species composition of myxobacteria are strictly dependent on 

type of soil, physicochemical properties of soil and atmospheric factors.

3. Dominating myxobacteria were representatives of cellulolytic species which play 

important role in carbon cycle.

References

 [1] Dworkin M. and Kaiser D.: Myxobacteria, 2ed., Am. Soc. Microbiol. Press, Washington DC 1993.

 [2] Dawid W.: Biology and global distribution of myxobacteria in soils, FEMS Microbiol. Rev. 2000, 24, 

403 427.



830 Monika Anna Micha owska and Stefan Russel

 [3] Reichenbach H.: The ecology of the myxobacteria, Environ. Microbiol. 1999, 1, 15 21.

 [4] Bull C.T., Shetty K.G. and Subbarao K.V.: Interactions between myxobacteria, plant pathogenic fungi, 

and biocontrol agents, Plant Dis. 2002, 86, 889 896.

 [5] Reichenbach H. and Dworkin M.: The myxobacteria. [In:] The prokaryotes (Balows A., Trüper H.G., 

Dworkin M., Harder W., Schleifer K.H., Eds.), Springer-Verlag, New York 1992, 3416 3487.

 [6] Kaiser D.: Multicellular development in myxobacteria. [In:] Genetics of bacterial diversity, (Hop-

wood A., Chater K.F., Eds.), Acad. Press, London 1989, 243 263.

 [7] Reichenbach H.: The myxobacteria: common organisms with uncommon behavior, Microbiol. Sci. 

1986, 3, 268 274.

 [8] Shimkets L. J.: Social and developmental biology of the Myxobacteria, Microbiol. Rev. 1990, 54, 473 501.

 [11] Dworkin M.: Recent advantages in the Social and Developmental Biology of the Myxobacteria, Micro-

biol. Rev. 1996, 60, 79.

 [9] Drews G.: Mikrobiologisches Praktikum, 2ed., Springer-Verl., Berlin 1974.

 [10] Dworkin M.: Developmental biology of the bacteria, Benjamin/Cummings Publ. Co., Reading M.A., 

California 1985.

 [12] Burchard R.P.: Gliding motility of bacteria, Bio Sci. 1980, 30, 157 162. 

 [13] Burchard R.P.: Gliding motility of prokaryotes: ultrastructure, physiology and genetics, Ann. Rev. Mi-

crobiol. 1981, 35, 497 529.

 [14] Reichenbach H. and Hö  e G.: Biologically active secondary metabolites from Myxobacteria, Biotech-

nol. Adv. 1993, 11, 219 277.

 [15] Gerth T., Trowitzsch W., Piehl G., Schulze R. and Lehmann J.: Inexpensive media for mass cultivation 

of myxobacteria, Appl. Microbiol. Biotechnol. 1984, 19, 23 28.

 [16] Rice S.A. and Lampson B.C.: Phylogenetic comparison of retron elements among the Myxobacteria: 

Evidence for vertical inheritance, J. Bacteriol. 1995, 177, 37 45.

 [17] McCurdy H. D.: Order Myxococcales. [In:] Bergey s Manual of Systematic Bacteriology (Staley J.T., 

Bryant M.P., Pfennig N, Holt J.G., Eds.), Williams and Wilkins, Baltimore, MD, 1989, 3, 2139-2170.

 [18] Krzemieniewska H. and Krzemieniewski S.: Rozsiedlenie miksobakteryj, Acta Soc. Bot. Polon. 1927, 5, 

104 128.

 [19] Górny M.: Zooecology of forest soils, PWRiL, Warsaw 1975.

 [20] Krzemieniewska H. and Krzemieniewski S.: Miksobakterje Polski. Uzupe nienie, Acta Soc. Bot. Polon. 

1927a, 5, 79 98.

WP YW CZYNNIKÓW ABIOTYCZNYCH NA WYST POWANIE MYKSOBAKTERII
W WYBRANYCH GLEBACH LE NYCH PUSZCZY BIA EJ

Samodzielny Zak ad Biologii Mikroorganizmów, Wydzia  Rolnictwa Biologii

Szko a G ówna Gospodarstwa Wiejskiego

Abstrakt: Celem pracy by o okre lenie wp ywu czynników  zykochemicznych, tj. pH, zawarto ci w gla 

i azotu oraz terminu pobrania próbek i g boko ci pro  lu glebowego wybranych gleb le nych Puszczy Bia ej 

(murszowa, gruntowo-glejowa) na liczebno  oraz sk ad gatunkowy myksobakterii. Liczebno  myksobakte-

rii okre lono za pomoc  metody p ytkowej. Wyizolowane i oczyszczone szczepy zidenty  kowano na podsta-

wie charakterystyki makro- i mikromorfologicznej z wykorzystaniem mikroskopii stereoskopowej, wietlnej 

i skaningowej mikroskopii elektronowej. 

Wyniki analiz ilo ciowych wykaza y, e myksobakterie najliczniej zasiedlaj  powierzchniowe poziomy 

genetyczne badanych pro  lów glebowych. Wi ksze pH, wi ksza zawarto  w gla oraz umiarkowana wil-

gotno  gleby murszowej wp ywaj  znacz co na wi ksz  liczebno  oraz wi ksz  ró norodno  gatunkow  

myksobakterii w porównaniu z gleb  gruntowo-glejow . W badanych glebach dominowa y myksobakterie 

celulolityczne z gatunku Sorangium cellulosum i Polyangium compositum.

S owa kluczowe: myksobakterie, bakterie luzowe, mikro  ora gleby, Puszcza Bia a


