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Abstract

In the year 2000 the occurrence of Azotobacter spp. in 31 Polish soils was examined and results of this 
study were compared with those published by Ziemięcka for 28 soils analysed in 1917-18. Almost 52% of the 
soils tested in 2000 were colonised by Azotobacter spp. indicating that intensification of agricultural practices 
that took place during the past century has not significantly changed (50% soils with Azotobacter examined 
in 1917-18) the colonisation of Polish soils by the studied bacteria. When present, numbers of these bacteria 
varied widely, from several (soils No. 17 and 31) to almost 10,000 cfu g-1 of the soil No. 25.
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Introduction

Aerobic bacteria belonging to the genus Azotobacter 
represent a diverse group of free-living diazotrophic 
(with the ability to use N2 as the sole nitrogen source) 
microorganisms commonly occurring in soil. The genus 
Azotobacter includes 6 species, with A. chroococcum most 
commonly inhabiting various soils all over the world [1-9]. 
The occurrence of other Azotobacter species is much more 
restricted in nature, e.g. A. paspali can be found only in 
the rhizosphere of a grass, Paspalum notantum [8, 9]. Soil 
populations of Azotobacter spp. rarely exceed several thou-
sand cells per gram of neutral or alkaline soils, and in acid 
(pH < 6.0) soils these bacteria are generally absent or occur 
in very low numbers [1-7]. With respect to Polish soils, in 
1923 Ziemięcka [1] published results of her pioneer stud-
ies on the occurrence of Azotobacter spp. in soil samples 
collected in 1917 and 1918 from 28 locations in Poland. 
These studies showed that 50% of the examined soils con-
tained Azotobacter spp. Most of the soils (23) studied by 
Ziemięcka [1] were also characterised by their chemical 

properties, such as soil reaction and contents of humus, to-
tal N, P2O5 and CaO. Among these parameters, soil reaction 
was found to be the most important environmental factor 
influencing the occurrence and numbers of Azotobacter 
spp. in the studied soils. Zawiślak [3] detected Azotobacter 
spp. more frequently, and in higher numbers, in cultivated 
soils than in uncultivated (sodded) soils collected from hills 
in Olsztyn province, suggesting that agricultural practices 
might create environmental conditions more favourable for 
the development and survival of Azotobacter in soil. 

In 2000 we examined populations of various groups 
of microorganisms, including Azotobacter spp., in 31 dif-
ferent soils from Poland. Therefore, it seemed interesting 
to compare our data with those reported by Ziemięcka [1] 
to see whether intensification of agricultural practices 
that took place during the course of the past century have 
caused any changes in the colonisation of Polish soil by 
Azotobacter spp. 

Material and Methods

In October of 2000 samples from 0-25 cm layer of 
31 soils from different regions of Poland were collected. *Corresponding author
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Number and origin of soil C org.
%

N total
%

Soil fraction
<0.02mm pH (H2O) pH (KCl)

Numbers of
Azotobacter 

(cfu in 1 g of soil d.m.)
1.ODR Szepietowo 0.71 0.074 18 6.5 5.9 0

2.         “ 0.83 0.094 29 7.3 6.9 250

3.ODR Radom 2.14 0.210 19 7.3 7.0 810

4.         “ 1.44 0.151 17 6.5 6.2 97

5. ODR Barzkowice 0.86 0.095 15 6.2 5.7 0

6.         “ 0.73 0.082 15 6.8 6.6 200

7. ODR Strzelino 1.26 0.128 18 5.8 4.5 0

8.         “ 1.08 0.112 17 5.8 4.5 0

9.  ODR Sielinko 1.84 0.234 24 7.7 7.5 760

10.         “ 0.63 0.068 14 6.2 5.6 0

11. ODR Bratoszewice 0.96 0.080 14 5.5 4.9 0

12.          “ 3.27 0.228 8 5.2 4.6 0

13. ODR Przysiek 0.92 0.098 20 5.5 5.0 0

14.          “ 0.79 0.088 21 5.6 5.4 0

15. ODR Kalsk 0.77 0.070 11 6.6 6.2 0

16.          “ 1.06 0.098 13 5.4 4.9 0

17. ODR Leszno 0.93 0.101 18 7.1 6.9 8

18.          “ 0.74 0.079 17 4.4 3.8 0

19. ODR Łosiów 0.77 0.085 31 7.6 7.2 180

20.          “ 1.46 0.159 45 6.2 5.5 0

21.          “ 0.83 0.094 40 7.3 7.0 150

22. ODR Jelenia Góra 0,87 0.082 25 6.1 4.7 0

23.          “ 1.25 0.144 48 7.1 6.4 140

24. ODR Karniowice 0.94 0.088 34 6.7 6.2 380

25.          “ 1.29 0.135 43 6.8 6.5 9900

26. ODR Kościerzyn 0.83 0.093 16 5.4 4.4 0

27.          “ 1.54 0.184 21 7.5 7.2 490

28. RZD Borusowa 1.55 0,140 53 7.3 6.5 540

29.          “ 0.99 0.105 36 7.5 6.3 97

30.          “ 1.66 0.120 51 6.9 6.3 8

31. RZD Grabów 0.75 0.052 19 7.0 6.1 130

Numbers of colony-forming units (cfu) of Azotobacter 
spp. in the examined soils were assessed by the dilution-
pour plates method [10] on N-free agar medium contain-
ing: K2 HPO4 0.5 g, MgSO4 0.2 g, NaCl 0.2 g, CaCO3 5 g, 
sucrose 10 g, agar 12 g and H2O dist. 1000 ml and traces 
of Mn, Fe and Mo. Azotobacter spp. after 48-72 hours of 
incubation at 28oC formed on this medium large, moist 

colonies. All colonies turned dark brown after 5-7 days of 
incubation indicating that they belonged to A. chroococ-
cum [8, 9]. However, we did not aim at isolation and exact 
identification of these bacteria, and for this reason no spe-
cies name of Azotobacter is used throughout this paper. 
Analyses of basic soil properties were done by standard 
methods at the certified Central Chemical Laboratory of 

Table 1. Some physical and chemical properties of the tested soils and their colonisation with Azotobacter spp. in the year 2000.
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the Institute of Soil Science and Plant Cultivation (IUNG) 
in Puławy. The soil samples were provided by Regional 
Agriculture Advisory Centres (ODR) or by IUNG Agri-
culture Experimental Stations (RZD) shown in Table 1.

Results and Discussion

We detected various populations of Azotobacter spp. 
in 16 out of 31 different Polish soils examined in the year 
2000 (Table 1). Thus, the percentage of soils with Azo-
tobacter (51,6%) found in our studies was only slightly 
higher than that (50%) reported by Ziemięcka [1]. When 
present, numbers of these bacteria varied widely, from 
several cells (soils No. 17 and 31) to almost 10,000 cells 
(cfu) in soil No. 25. However, the extreme numbers were 
rare and in the majority of the soils with Azotobacter spp. 
populations of these bacteria varied within the range of 
about 100 to 1,000 cfu g-1 (Table 1). It is interesting to 
note that even though Ziemięcka used different method-
ology (liquid media) to detect and assess the most prob-
able numbers (MPN) of Azotobacter spp., her estimates 
of soil populations of these bacteria were very similar to 
those presented in our work. For example, only in one 
soil was the MPN of Azotobacter spp. assessed as being 
“higher than 1,000 cells”, while in other soils examined 
by Ziemięcka populations of these bacteria (when present) 
were most often placed within the range of 100-1,000 cells 
g-1. Numbers of Azotobacter spp. reported by Zawiślak [3] 
also rarely exceeded 1,000 cfu per 1 g of soil. 

Our work was not aimed at the detailed and exact 
comparison of the obtained results with those published 
by Ziemięcka [1]. This was impossible for several rea-
sons. For example, besides the above-mentioned dif-
ferences in the methods used to count populations of 
Azotobacter spp., we could not analyse the same soils as 
Ziemięcka because their exact locations were not given 
by the author. Having these restrictions in mind, compari-
son of our results with those described by Ziemięcka [1] 
seemed to us interesting and justified, particularly with re-
spect to the percentage of soils colonised by Azotobacter 
spp. at the first two decades of the 20th century and over 
80 years later. This comparison indicates that intensifica-
tion of agricultural practices during the course of the past 
century did not significantly change the colonisation of 
Polish soils by the studied bacteria. Detailed discussion 
on changes in Polish agriculture taking place during the 
course of the 20th century, and on the effects of these 
changes on soil quality, is beyond the scope and volume 

of this paper. However, the use of mineral fertilisers and 
its effect on soil chemical properties, particularly soil pH, 
deserves short consideration in relation to Azotobacter.  It 
has been well documented in long-term field experiments 
that mineral N fertilisers may cause substantial acidifica-
tion of soil, particularly when these fertilises are used in 
high doses without liming [11, 12, 13]. Since Azotobacter 
is very sensitive to soil acidity [1-9] one could expect that 
intensification of the use of mineral N fertilisers might 
cause acidification of agricultural lands and thus reduce 
soil populations of Azotobacter spp.  Condensed descrip-
tion of changes in Polish agriculture, including the use of 
mineral fertilisers, in the 19th and 20th centuries, is given 
by Krasowicz [14]. For example, application of mineral 
N increased in Poland (on average) from less than 5 kg N 
ha-1 in the 1940s to about 70 kg N in the 1980s [14]. How-
ever, data presented by Lipiński [15] prove that acidifica-
tion of Polish soils did not occur in the period between 
1955 and 1999. On the contrary, a slight improvement of 
this property of Polish soils could be seen in that period. 
For example, the area of acidic soils (pH < 5.5) decreased 
from 58% in the decade 1955-64 to 55% in the period of 
1994-99, and simultaneously, the area of soils having pH 
> 6.5 increased from 17% to 19% in the respective periods 
[15]. Thus, these data seem to correspond with a slightly 
higher percentage of soils colonised by Azotobacter spp. 
found in our studies as compared to that presented by 
Ziemięcka [1]. 

In order to study interactions between the occurrence 
of Azotobacter spp. in the tested soils and their properties 
we calculated correlation coefficients between some ba-
sic physical and chemical characteristics (shown in Table 
1) of the soils and the numbers of the bacteria detected 
(Table 2). When all soils were included in the calcula-
tions no significant correlation was found between the 
analysed factors. However, when soil No. 25 intensively 
colonised by Azotobacter spp. was excluded from the 
calculations, numbers of these bacteria in the rest of the 
soils were highly (P = 0.01) correlated with soil pH (both 
measured in H2O and KCl) and with total N content, and 
to a lower extent with organic C content in the soils (P = 
0.05). It is not known why soil No. 25 contained the high-
est numbers of Azotobacter spp. The tested properties of 
this soil were within the range of characteristics presented 
for other soils harbouring markedly lower populations of 
Azotobacter spp. (Table 1). Soil No. 25 was the only one 
on which red clover was grown at the time of the collec-
tion of the samples. Strzelczyk [16] has shown that some 

% org. C % total N Soil fraction
<0.02 mm pH(H2O) pH(KCl)

All soils tested 0.095 0.152 0.293 0.149 0.195

Excluding soil No. 25 0.372* 0.584** 0.235 0.621** 0.646**

*, **Significant at P = 0.05 and P = 0.01, respectively

Table 2. Correlation coefficients between numbers of cfu of Azotobacter spp. in the tested soils and their physical and chemical properties. 
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crops, e.g. radish and legumes, stimulate proliferation of 
Azotobacter spp. in their rhizosphere. On the other hand, 
Ziemięcka [1] also analysed two soils on which red clover 
was grown but no Azotobacter was detected in those soils. 
More research is needed on the effects of different crops 
and soil edaphic factors on populations of Azotobacter in 
the soil environment.  

High correlation coefficients between reaction (pH) of 
the tested soils and the occurrence of Azotobacter spp. in 
soils confirm the well-known sensitivity of these bacteria 
to low soil pH [1, 2, 4, 5, 7], indicating that soil reac-
tion is the main factor controlling colonisation of soils 
by these bacteria.  In our study, bacteria from the genus 
Azotobacter were not detected in soils having pH(KCl) 
below 6.0. Similar results for Polish soils were reported 
by Zawiślak [3] and Szember et al. [6], and for soils in 
other countries by Geinley [2] and Mahmoud et al. [4]. 
Significant correlation between numbers of Azotobacter 
spp. and the contents of organic C and total N in the ex-
amined soils (Table 2) indicates that soil fertility is also 
an important factor influencing colonisation of soils by 
Azotobacter. 
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