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ABSTRACT: The objective of the laboratory 
experiment was to study the resistance to lead 
ions of bacteria isolated from soil with various 
level of contamination with this element. Lead 
(II) acetate trihydrate was applied to the soil 
(sandy loam) in two doses so that the total con-
tent of lead corresponded to weak (250 mg kg–1) 
and strong (5000 mg kg–1) contamination of soil 
with lead. From each of the soil (control, weakly 
and strongly contaminated soil) bacterial isolates 
were obtained and several dozen of them were 
randomly chosen for the experiment. The iso-
lates were severally point wise cultured in three 
repetitions onto microbiological medium con-
taminated with lead (1000 mg dm–3) and on the 
same control medium. The diameter of grown 
“twin” colonies in both cultures were compared. 
For each isolate separately the resistance index 
(RI) was described as a ratio of bacterial cul-
tures diameter of the soil isolate cultured on the 
contaminated medium to the diameter of  the 
same isolate cultured on the control medium. 
On the basis of the various RI results, the bac-
teria were divided into four resistance groups 
(RG) of approximate resistance index: I group, 
RI = 0 – entirely sensitive bacteria (no growth 
on the contaminated medium); II group 0 <RI 
≤0.5 – very sensitive bacteria (colony diameter 
on contaminated medium is smaller or equal to 
half of the control bacteria colony diameter); III 
group, 0.5 <RI <1 – moderately sensitive bacteria 
(the colony diameter on contaminated medium 

is bigger than a half of the diameter of the con-
trol colony); IV group, RI≥ 1 – resistant bacteria 
(the growth of bacteria on the contaminated me-
dium is the same or bigger than on the control 
medium). The aim of this 150 days lasted experi-
ment was the verification of the hypothesis of 
different lead resistance depending on bacteria 
origin. It was assumed that bacteria from lead 
contaminated soil should be more resistant to 
this metal when applied again to the microbi-
ological medium contaminated with lead than 
bacteria from control medium. The results of the 
experiment partly prove this hypothesis. Three 
main conclusions appeared: 1) Control soil, with 
natural lead content (19 mg kg–1) had variety 
of groups of bacteria regarding lead resistance. 
It was also noticed that the time of the experi-
ment (since the beginning) in control soil had 
the least influence on the quantity in particular 
resistance groups. 2) Only in the strongly con-
taminated  soil (5000 mg kg–1) the sensitive bac-
teria (I RG) were entirely eliminated, contami-
nated soil with quantity corresponding to weak 
contamination (250 mg kg–1) did not give such 
an effect. 3) The lack of strains of entirely sen-
sitive bacteria (I RG) in strongly contaminated 
soil was observed only after 100 days of the ex-
periment, the observations suggest the slow pace 
of succession. Replacing sensitive bacteria with 
more resistant forms lasted about 4 months. 
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Microorganisms’ adaptation to heavy 
metals is a well-known phenomenon, espe-
cially with reference to particular bacterial 
strains (Vecchio  et al. 1998, Roane 1999, 
Spain and Alm 2003, Joynt  et al. 2006). 
However, the number of existing data con-
cerning the influence of the heavy metals 
on soil microorganisms in relation to their 
whole community, taxonomical group or 
soil metabolism potential seems to be still 
insufficient. Bacterial defensive mechanisms 
against lead as heavy metal are various and 
they constitute the specific characteristic of 
given strain. There are the mechanisms con-
nected with functioning of siderophores, pas-
sive adsorption of lead on bacterial cells com-
ponents of walls and capsules, secretion of 
organic acids and hydrogen sulphide, which 
reacting with lead ions precipitates it in the 
form of insoluble sulphides and carbonates 
(Johnson 1998, Roane 1999). This knowl-
edge, however, does not bring the informa-
tion about the evolution of adaptive abilities 
of the whole community of the soil micro-
organisms. The current interest in the influ-
ence of lead ions on soil bacteria is rather due 
to its negative aspect. There are many works 
concerning the negative influence of lead on 
microorganisms and their activity (Johnson 
1998, Przybulewska et al. 2003, Wysz-
kowska and Kucharski  2003, Nguyen-
Viet  et al. 2007, Z eng et al. 2007). There 
are also experiments carried out on the lead 
influence on enzymatic activity of bacteria 
used in soil or water bioremediation from or-
ganic pollution (Joynt  et al. 2006, Badani 
et al. 2007). Many researches are focused on 
the use of alive and dead bacterial biomass as 
an absorbent of heavy metals (including lead) 
from industrial and mine wastes (Nelson et 
al. 1995, Vecchio et al. 1998, Gong et al. 
2005). In the present experiment a simple 
microbiological parameter was developed 
and used. It was called resistance index (RI), 
which shows susceptibility to lead of each 
analysed strain as well as the whole group of 
bacteria (median RI). The aim of the experi-
ment was to determine the resistance of soil 
bacteria on lead contamination and indicate 
whether the bacteria from more contaminat-
ed soil are more resistant to lead added to the 
solid culture medium than the bacteria from 
uncontaminated soil.

The soil used for analyses was taken 
from humus level (0–10 cm) of a cultivable 
field. The soil had mechanical composition 
of sandy loam (58% loam fraction, 25% dust 
fraction and 17% fluming parts), pH

H2O
 = 

6.5 and of organic substance content =1.5%. 
The natural lead content in the soil was 19 
mg·kg–1. The soil was dried and in order to 
remove skeletal parts and mechanical impu-
rities was passed through a sieve of 2 mm 
mesh diameter. The soil maximum water ca-
pacity was determined and it was kept at the 
state of 50% of the capacity through all the 
experiment. Lead (II) acetate trihydrate solu-
tion was applied to the soil in two doses, so 
that the total content of lead corresponded
with weak (250 mg kg–1) and strong (5000
mg kg–1) soil contamination with lead (Ka-
bata-Pendias  et al. 1993). The research 
material was incubated at the temperature of 
20ºC in three repetitions. Using the method 
of surface inoculation of soil dilution sev-
eral dozen of bacterial isolates were isolated 
(from the control, weakly and strongly con-
taminated soil) and from each soil forty were 
randomly chosen for the experiment (the 
cultures were cultured on medium: enriched 
agar – MPA, supplement by Biocorp). The 
five-day colonies (from MPA medium) were 
inoculated (transferred) into contaminated
medium (MPA) with lead (1000 mg dm–3) 
and on control medium (MPA without con-
tamination) and cultured. Three repetitions 
were applied. After five days of incubation 
at the temperature of 25°C “twin” colonies 
were obtained (the first one cultured with the 
lead addition and the second one cultured on 
the control medium), both coming from the 
same source, that is, from the “mother” col-
ony. This methodology of bacteria isolation 
was used in terms of 1st, 50th, 100th, 150th day, 
each time isolating new isolates from the soil. 
For each isolate separately the resistance in-
dex (RI) was determined as a ratio of bacterial 
cultures diameter of the soil isolate cultured 
on the medium contaminated with Pb+2 to the 
diameter of the same isolate cultured on the 
control medium. In case of irregular shape of 
bacteria colonies the diameter was measured 
in four dimensions and the result was given 
as a mean value of those four values. The 
mean resistance index (RI) is related to all the 
bacteria isolated from particular soil. On the 
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basis of various RI results the bacteria were 
divided into four resistance groups (RG):

I group, RI = 0 – entirely sensitive bacteria 
(no growth on the contaminated medium); 

II group, 0 <RI ≤0.5 – very sensitive bac-
teria (colony diameter on contaminated me-
dium is smaller or equal to half of the control 
bacteria colony diameter); 

III group, 0.5 <RI <1 – moderately sen-
sitive bacteria (the colony diameter on con-
taminated medium is bigger than a half of the 
diameter of the control colony); 

IV group, RI≥ 1 – resistant bacteria (the 
growth of bacteria on the contaminated me-
dium is the same or bigger than on the con-
trol medium). 

The Duncan’s multiple range test at 
the significance level of 0.05 was employed 
(STATSOFT, INC. 2007) to assess statistically 
significant differences in resistance of bacte-
ria originated from soils with different level 
of contamination.

The resistance on heavy metals ions could 
be defined as the ability of organism to grow 
and function in presence of analysed metal 
(Hastrup et al. 2005). In present experiment 

the resistance of  several hundred bacterial 
isolates was examined on the basis of their 
growth abilities in conditions of lead contam-
ination. Only in soil strongly contaminated 
with lead (5000 mg kg–1) there was the suc-
cession of resistant microorganisms. At first, 
bacteria from not contaminated (control) soil 
and contaminated one showed similar lead 
resistance in microbiological medium, but 
in time in soil strongly contaminated with 
lead (5000 mg kg–1) the resistant forms clearly 
started to dominate (Fig. 1). Only essential 
differences in bacterial resistance to lead ions 
occurred mainly at the final stage of the ex-
periment (100th and 150th day). At that time 
among the bacteria isolated from strongly 
contaminated soil the completely resistant 
bacteria (IV RG) comprised on average 25% 
of all bacteria, whilst in control and weakly 
contaminated soil about 7.5% (Fig. 2). Similar 
conclusions refer to the experiments, which 
authors, examining the influence of lead on 
microorganisms, observed the total increase 
of microbial biomass or the amount of bac-
terial enzymes in soil (Przybulewska et al. 
2003, Z eng et al. 2007). The rapid growth of 

Fig. 1. Resistance index (RI) of whole bacteria community to lead: (the ratio of colony diameter of soil 
isolate cultured on lead-contaminated medium to colony diameter of the same isolates cultured on con-
trol medium). Bacteria were isolated from control, weakly (250 mg kg–1) and strongly (5000 mg kg–1) 
lead-contaminated soils. The same letters above columns mean the lack of essential statistical differ-
ences at α = 0.05 according to Duncan’s test.
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number of microorganisms and the increase 
of intensity of bacterial enzymes excretion 
could be caused by a sudden inflow of nutri-
ent matter from dead susceptible cells, form-
ing the nourishment for resistant bacteria, 
and in consequence, new, in qualitative and 
quantitative terms, microbial system emerges. 
If even low number of resistant bacteria are 
present in soil then the decrease of the total 
number of microorganisms in usually tempo-
rary. After some time susceptible bacteria are 
replaced by resistant ones (Fer is  et al. 2004, 
Joynt  et al. 2006). However, through selec-
tion of susceptible bacteria the soil environ-
ment becomes less diverse. Resistant bacteria 
do not always have such versatile hydrolytic 
abilities and this, in consequence, has a nega-
tive influence on the whole environment 
(Nowak et al. 2004, Z eng et al. 2007). Un-
equivocal opinion of researchers on the influ-
ence of lead on bacteria concerns high doses 
of this metal. Many experiments proved that 
the increased concentration of lead in soil 
(from several hundred mg of lead in 1 kg soil) 
has an inhibiting effect on microorganisms 
growth and is the cause of qualitative and 
quantitative changes in contents of microbial 
biocenosis of soil. In such situation the func-
tioning of even resistant microorganisms un-
dergoes restrictions (Roane 1999, Nowak 
et al. 2004, Nguyen-Viet  et al. 2007, Z eng 
et al. 2007).

Generally, it can be assumed that in all 
three soils during each period of experiment 
the bacteria from the group III, that is of mod-
erate sensitivity on lead (30–80 % of all iso-
lated strains) were dominating, and the num-
ber of bacterial isolates classified into other 
resistance groups differed in time between 
several and a dozen or so per cent (Fig. 2A, 
B, C). The entirely sensitive bacteria (I RG) 
and resistant ones (IV RG ) are represented 
by the lowest number and in both cases the 
average participation of bacteria from those 
groups was less than several per cent (Fig. 2A, 
B, C). The soil contamination with lead ions 
did not seriously differentiate the resistance 
of bacteria population as moderately resistant 
isolates were always present in the biggest 
number and the smallest number of those ex-
tremely reacting on the lead presence in soil. 
Despite those general tendencies the results 
of Duncan’s test showed statistically signifi-

Fig. 2. Percentage participation of bacteria in 
particular resistance groups (RG). The value of 
resistance index (RI) decides upon the affinity 
of bacteria to one of the four resistance groups 
(RG): I Group, RI = 0 – entirely sensitive bacte-
ria; II Group, 0 <RI ≤0.5 – very sensitive bacteria; 
III Group, 0.5 <RI <1 – moderately sensitive bac-
teria; IV Group, RI≥ 1 – resistant bacteria.
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cant differences, especially visible in two last 
analyses, when the average resistance index 
(RI) of bacteria isolated from strongly con-
taminated soil was the highest and amounted 
to 0.97 and 0.9, respectively. Moderately re-
sistant and completely resistant bacteria com-
prised together almost 100% of total bacteria 
and at that time in control soil the average RI 
amounted to 0.7 and 0.6, respectively (Fig. 1). 
Bacterial isolates obtained from control soil 
were characterised by higher moderate re-
sistance to lead on microbiological base. In 
first two terms these bacteria (from III RG) 
constituted 45%, and in two following terms 
almost 70% of the total bacteria. Besides the 
first term, when very sensitive bacteria com-
prised only several per cent, the number of 
bacterial isolates belonging to this group (II 
RG) was relatively constant, on average 25% 
of the total number of bacterial isolates. Simi-
larly the number of bacterial isolates belong-
ing to I and IV groups (completely sensitive 
and resistant) was at relatively constant level. 
Even though completely sensitive bacteria 
constituted almost 30% in the first term of 
experiment and 10% in next term, this value 
was constant thereafter. Beginning from 50th 
day of experiment the number of entirely re-
sistant bacteria was decreasing and the num-
ber finally reduced to 3% (Fig. 2A). The ma-
jority of bacteria originating form soil weakly 
contaminated with lead were characterised 
by a moderate susceptibility to this metal in 
microbiological base. In the first term of the 
experiment these bacteria (III RG), similarly 
to completely sensitive bacteria (I RG) com-
prised approximately 30% of the total bac-
teria, however, with time the participation 
of the third group rapidly increased up to 
more than 70%. The reaction of entirely sen-
sitive bacteria (I RG) was quite the opposite 
and their number decreased systematically 
reaching approximately 3%. Very susceptible 
strains (II RG) were represented by a not very 
numerous group with participation estimat-
ed for a dozen or so. The number of entirely 
resistant bacteria was low (several per cent), 
except the last term, when they constituted 
almost 30% of all isolated bacteria (Fig. 2B). 
As well as in other soils, in soil strongly con-
taminated with lead the domination of bacte-
rial isolates moderately sensitive to lead (III 
RG) was observed. The number of bacterial 

isolates of this group increased systematically, 
beginning with 40% and ending with 80% of 
the total number of bacteria. The strains with 
different resistance range did not exceed 30%. 
Completely and very sensitive bacteria (I and 
II RG) were diminishing in time, finally to 
complete absence of completely susceptible 
bacteria (I RG), when the number of bacterial 
isolates entirely resistant to lead (IV RG) was 
twice bigger in the second term of examina-
tion than in the first. This effect was linked to 
systematical elimination of bacteria entirely 
and very susceptible to lead (I and II RG) and 
growth of entirely resistant bacteria (IV RG) 
(Fig. 2C). 
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