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Aim. To estimate the impact of in vivo secretions of water plantain (Alisma plantago-aquatica) on the popula-
tions of pathogenic bacteria Erysipelothrix rhusiopathiae. Methods. The plants were isolated from their natural 
conditions, the roots were washed from the substrate residues and cultivated in laboratory conditions for 10 days 
to heal the damage. Then the water was changed; seven days later the selected samples were sterilized using 
 lters with 0.2 m pore diameter. The dilution of water plantain root diffusates in the experimental samples was 

1:10–1:10,000. The initial density of E. rhusiopathiae bacteria populations was the same for both experimental 
and control samples. The estimation of the results was conducted 48 hours later. Results. When the dilution of 
root diffusates was 1:10, the density of erysipelothrixes in the experimental samples was 11.26 times higher than 
that of the control, on average, the dilution of 1:100  6.16 times higher, 1:1000 – 3.22 times higher, 1:10,000 – 
1.81 times higher, respectively. Conclusions. The plants of A. plantago-aquatica species are capable of affecting 
the populations of E. rhusiopathiae pathogenic bacteria via the secretion of biologically active substances into the 
environment. The consequences of this interaction are positive for the abovementioned bacteria, which is demon-
strated by the increase in the density of their populations in the experiment compared to the control. The intensity 
of the stimulating effect on the populations of E. rhusiopathiae in the root diffusates of A. plantago-aquatica is re-
ciprocally dependent on the degree of their dilution. The investigated impact of water plantain on erysipelothrixes 
should be related to the topical type of biocenotic connections, the formation of which between the test species in 
the ecosystems might promote maintaining the potential of natural focus of rabies.

Keywords: Alisma plantago-aquatica, in vivo secretions, Erysipelothrix rhusiopathiae, population density, 
topical type of connections.

INTRODUCTION
The capability of causal agents of some human and 

animal diseases, so called sapronoses, to exist both in 
natural and changed ecosystems has been proven in a 
number of scienti  c articles [1 3]. The speci  city of 
these pathogenic microorganisms is their circulation in 
the biocenoses, the duration of existence, the density of 
populations and other properties of causal agents are of 
great epidemiological and epizootic relevance and are 
considerably determined by their interaction with other 
living components of ecosystems.

Plants are known for their signi  cant role in the ter-
raneous and aquatic biocenoses as they create the con-

ditions for the existence of many living organisms [4], 
including pathogenic ones. The scienti  c literature 
contains the data about the impact of plants on such 
pathogenic microorganisms as Yersinia, vibrions, Sal-
monella, Leptospira, etc. [5 12].

Our study of the ecology of Erysipelothrix rhusio-
pathiae bacteria (Migula, 1900) – rabies agents [13] – 
did not reveal any articles published, describing the 
speci  cities of the interaction of these microorgan-
isms and plants. Taking this fact into consideration the 
current work was aimed at the study and characteriza-
tion of the impact speci  cities of the most wide-spread 
aquatic and coastal species of plants on the populations 
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of E. rhusiopathiae pathogenic bacteria. The results 
of the study of these interactions with some plant spe-
cies have already been published [14 17]. At the same 
time, there is a number of rather wide-spread species of 
higher plants, the impact of which on the rabies agent 
has not been studied yet. One of these plants is water 
plantain (Alisma plantago-aquatica L. 1753) [18] – a 
perennial plant, growing on watersides, marshy mead-
ows, grassy and sedge marshes in the whole territory of 
Ukraine [19].

MATERIALS AND METHODS
Pure cultures of erysipelothrixes were obtained from 

the collection of the Institute of Veterinary Medicine 
NAAS. E. rhusiopathiae bacteria ( -2  strain) 
were cultivated on the brain heart infusion broth (AES 
Chemunex, France) at 36.7 ± 0.3º  for 48 h.

The samples of water plantain were selected in their 
typical habitat, dug round and extracted together with 
the balk of soil, containing short and massive roots of the 
plant. In laboratory conditions the soil was washed out 
with the water  ow until complete baring of the root sys-
tem. During the extraction, transportation and washing-
out of soil these plants have got some damage, through 
which the substances, not secreted by the plant in natural 
conditions, may penetrate the aqueous solution. To heal 
the damage, the plant roots were placed into pure glass 
containers,  lled with water from the water supply sys-
tem, which was settled for two days. Ten days later the 
container was emptied and re-  lled with fresh water. To 
prevent reoccurring damage the plants were not taken 

out and their position was not changed. The water level 
was maintained constantly, compensating its loss from 
evaporation and transpiration.

The root diffusates of A. plantago-aquatica were ob-
tained by the method, described by Hrodzyns’kyy [20]. 
Seven days later the water samples for biotesting were 
selected from the containers where the plants were lo-
cated in the conditions, similar to natural  uctuations 
of temperature and lighting. The experiments using 
pure cultures of microorganisms require the steriliza-
tion of the root diffusate solutions of water plantain. To 
prevent the dissolution and change of substances, aque-
ous solutions of the secretions of the investigated plant 
species were sterilized by vacuum  ltration through the 
bacterial  lters with the pore diameter of 0.2 m.

The impact of in vivo secretions of water plantain on 
the populations of E. rhusiopathiae pathogenic bacteria 
was studied in several dilutions, which were 10 times dif-
ferent from each other, namely, 1:10, 1:100, 1:1000 and 
1:10,000. The abovementioned dilutions of plant secre-
tions were obtained by the addition of the sterilized water 
from the water supply system and 0.1 cm3 of the bacte-
rial culture of E. rhusiopathiae. The samples, containing 
similar ratios of water and bacterial culture, were used as 
a control. The initial density of the erysipelothrixes in the 
test and control samples was the same, as the samples for 
inoculation were selected from the same vial.

Both test and control samples were kept at the tem-
perature of 20.0 ± 2.0 ° . The samples were selected 
48 h later; a number of consecutive dilutions were pre-

The impact of root diffusates of A. plantago-aquatica on the density of populations of E. rhusiopathiae bacteria ( *  0.001)

No. of experiment

Density of E. rhusiopathiae populations, millions of cells/cm3

Experiment (dilution of secretions)
Control

1:10 1:100 1:1000 1:10 000

1
2
3
4
5
6

29.90
30.20
29.70
32.30
31.70
32.00
30.97

17.20
16.70
17.10
16.50
16.90
17.30
16.95

9.30
8.40
9.00
8.80
8.50
9.20
8.87

5.30
4.80
5.00
5.20
4.70
4.90
4.98

2.30
2.50
3.10
2.40
3.20
3.00
2.75

For dilution 1:10
For dilution 1:100
For dilution 1:1000
For dilution 1:10000

t = 51.56
t = 63.50
t = 24.41
t = 10.93

tcr = 4.59
tcr = 4.59
tcr = 4.59
tcr = 4.59

Note. M – arithmetic mean; t – Student’s coef  cient; tcr= critical value of the t index;  – probability degree.
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pared therefrom, and sown in 0.1 cm3 in Petri dishes on 
the surface of nutrient agar (AES Chemunex, France) to 
determine the density of erysipelothrixes. Petri dishes 
with the inoculations were cultivated in the thermostat 
for 72 h at 36.7 ± 0.3 ° . The number of colonies was 
calculated under the MBS-10 binocular microscope. 
The estimation of the mean number of living bacteria in 
the test and control samples per 1.0 cm3 was performed 
using the mathematical methods. 

RESULTS AND DISCUSSION 
The capability of water plantain to affect the popula-

tions of E. rhusiopathiae pathogenic bacteria (in vitro) 
is vividly demonstrated by the results of the experi-
ments (Table). 

It is noteworthy that the density indices for erysipelo-
thrixes in all the test samples were higher than those for 
the control. The probability of the differences, revealed 
in the density of cells, was proven by the statistical 
analysis. Therefore, it is possible to state that the root 
diffusates of water plantain in the investigated range of 
dilutions have stimulating impact on the populations of 
E. rhusiopathiae pathogenic bacteria.

It should also be noted that the difference between the 
density of cells in the test and control samples decreases 
with the increase in the dilution of solutions with plant 
secretions. For instance, when the dilution of root dif-
fusates was 1:10, the density of erysipelothrixes in the 
experimental samples was 11.26 times higher than that 
of the control, on average, the dilution of 1:100  6.16 
times higher, 1:1000 – 3.22 times higher, 1:10,000 – 1.81 
times higher, respectively. The determination of the 
correlation degree between the value of the dilution in-
dex of root diffusates of water plantain and the density 
of E. rhusiopathiae bacteria cells demonstrated the in-
verse relationship of medium distinctiveness between 
them (correlation coef  cient r = 0.67). In our opinion, 
the detected effect may be explained as follows. Dur-
ing the vegetation period water plantain plants actively 
secrete a complex of biologically active substances 
(BAS) through their roots into the environment (wa-
ter); the mentioned substances have stimulating effect 
on the populations of E. rhusiopathiae bacteria, lead-
ing to the increase in the density of the latter. In the 
experiment conditions the maximal content of BAS, 
secreted by the plant, was registered in the samples 
with 1:10 ratio of the plant secretion dilution. We also 
noted the highest stimulating effect on the populations 
of the studied microorganism strain in the samples with 
this dilution index. The increase in the index of dilution 
resulted in the decrease in BAS concentration of water 

plantain which was demonstrated by the decrease in the 
positive impact on E. rhusiopathiae populations.

The data, obtained by us about the stimulating ef-
fect of water plantain secretions on the populations of 
E. rhusiopathiae pathogenic bacteria, testify to the fact 
that there may be bene  cial conditions for the existence 
of erysipelothrixes in the habitat of this plant species in 
fresh waters and in coastal areas. The relationship, de-
tected between the species, is related to the category of 
the topical type of biocenotic relations, as the presence 
of an A. plantago-aquatica plant is favorable for the 
conditions of existence of E. rhusiopathiae bacteria, 
and the latter react to this impact by the density change 
in their populations.

CONCLUSIONS
The plants of A. plantago-aquatica species are ca-

pable of affecting the populations of E. rhusiopathiae 
pathogenic bacteria via the secretion of biologically ac-
tive substances into the environment. The consequenc-
es of this interaction are positive for the abovemen-
tioned bacteria, which is demonstrated by the increase 
in the density of their populations in the experiment 
compared to the control. The intensity of the stimulat-
ing effect on the populations of E. rhusiopathiae in the 
root diffusates of A. plantago-aquatica is reciprocally 
dependent on the degree of their dilution. The inves-
tigated impact of water plantain on erysipelothrixes 
should be related to the topical type of biocenotic con-
nections, the formation of which between the test spe-
cies in the ecosystems might promote maintaining the 
potential of natural focus of rabies.

The limited amount of the data on the existence con-
ditions of the agents of natural focal diseases, in par-
ticular, E. rhusiopathiae bacteria, as well as their great 
epidemiological and epizootic relevance presuppose 
the signi  cance of further study of their ecologic rela-
tions with different components of biocenoses.
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