
Introduction

Beans belong to the important plants cultivated in
southeastern Poland. Because of favorable soil and climat-
ic conditions, the bean cultivation is concentrated mainly in
the Lublin region, where infrequent crop rotation is con-
ductive to pathogen accumulation in the soil. Earlier
research [1, 2] showed that plants of this crop were infect-
ed by Botrytis cinerea Pers., Rhizoctonia solani Kühn,
Sclerotinia sclerotiorum (Lib.) de Bary and Fusarium spp.
These fungi infected the bean plants at each growth stage,
causing necrosis of the underground and aboveground

parts, as well as damping-off and tracheomycosis that
reduces the size and quality of the yield [2]. The chemical
method based on the application of fungicides mainly for
seed dressing has so far been a commonly used method for
protecting the bean plants from soil-borne pathogens.
Increasing knowledge about the consequences for the envi-
ronment and the possibilities of crop contamination result-
ing from the use of chemicals point to the need of partial or
complete introduction of a non-chemical method of plant
protection [1, 2].

Soil – being a natural environment for different
microorganisms – constitutes their proper ecological niche
where a number of biotic and abiotic factors interact. Soil
microorganisms, closely connected with the life of plants,
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stimulate or inhibit their growth and development [3]. The
greatest biological activity is characteristic of the rhizos-
phere soil [4-7].

Microorganbial communities in the cultivated environ-
ment are very important, since they affect the health and,
consequently, yield of plants [6, 8, 9]. The biological con-
trol of different plant species from pathogenic factors con-
sists, for example, in replacing pesticides with bioprepara-
tions based on antagonistic microorganisms, and plant
extracts or organic compounds [10-15]. In recent years
much attention has been paid to the protective effect of such
biopreparations as Polyversum, Biochikol 020 PC or
Biosept 33 SL.

Polyversum, based on Pythium oligandrum oospores,
Biochikol 020 PC, whose active substance is chitosan, and
Biosept 33 SL, containing 33% of grapefruit extract, may
affect microorganism communities in the soil; they interact
with fungal pathogens and they induce plants resistance to
certain plant pathogens [10-16]. That is the reason why in
practice it is recommended to replace pesticides with these
biopreparations used for the dressing of bulbs, onions and
seeds, as well as spraying the plants [14, 17, 18].

The compounds contained in grapefruit extract such as
7-geranoxycumarine, triclosan or benzetonine chloride can
inhibit the development of bacteria and fungi [19, 20]. The
studies by Orlikowski [12] on the mechanism of the effect
of grapefruit extract on Phytophthora cryptogea showed
that it limited the growth of mycelium, inhibited the forma-
tion of zoosporangia and germination of this pathogen’s
zoospores. Besides, grapefruit extract introduced to peat
substrate inhibited the growth of mycelium, the formation
of conidial spores and chlamydospores of Fusarium oxys-
porum f. sp. dianthi, thereby reducing the number of prop-
agation units of this fungus in the medium [14]. The stud-
ies conducted by Orlikowski and Skrzypczak [14] on pro-
tection of tulips from Botrytis tulipae also confirmed the
direct effect of this product on the pathogen, since it inhib-
ited the formation of mycelial filaments and conidial spores
of B. tulipae.

On the other hand, the effect of Pythium oligandrum on
pathogens is differentiated. As stated by Benhamou et al.
[21], it is mycoparasitism consisting of a direct contact
between a pathogenic species and P. oligandrum, as a result
of which destructive changes occur in the host’s filaments.
Another kind of effect is antibiosis, which leads to dying
out of filaments, despite the lack of a direct contact between
the pathogen and the antagonist [21]. Besides, P. oligan-
drum colonizes the root zone of plants, in this way protect-
ing it from infection by pathogenic fungi [22].

Chitosan contained in Biochikol 020 PC induces plant
resistance and protects them from infection by viruses, bac-
teria and fungi [10, 23]. Besides, this bio-product is used as
a dressing for papilionaceous plants, or as foliar application
inhibited the development of pathogens [15, 18].

In literature there is no information concerning the
effect of biopreparations on the composition of microor-
ganisms in the soil environment and plant yield. Hence, the
purpose of the present study was to determine the effect of
Pythium oligandrum, chitosan and grapefruit extract on

plant yield and on fungal and bacterial microorganisms
community in the non-rhizosphere and rhizosphere soil of
common bean growing under threat from soil-borne plant
pathogens. 

Material and Methods

Field Experiment

Field studies were conducted at the Experimental Farm
of Czesławice near Nałęczów in the years 2005-06 on a
field of a three-year-long monoculture of common bean.

The experiment was set up in a random blocks scheme
with four replications (plot areas – 3.75m2), on grey-brown
podsolic soil belonging to the second soil suitability complex
(good wheat complex). 100 bean seeds were sown on each
plot in four rows. The spacing between the rows was 30cm,
and the seeds were sown 10cm apart. 

The object of the studies was non-rhizosphere and rhi-
zosphere soil of common bean of ‘Narew’ cv. The experi-
ment was established in the first 10 days of May, according
to the method described earlier by Patkowska [9]. Before
sowing, the seeds were dressed with the following bio-
preparations: 2.5% Biochikol 020 PC (containing 1.88% of
active substance), 0.2% Biosept 33 SL (33% grapefruit
extract), Polyversum (containing 106 oospores of Pythium
oligandrum per 1g), applying 1g of the preparation x 100g-1

seeds. Besides, Zaprawa Oxafun T was used (active sub-
stance: carboxine 37.5% + tiuram 37.5%) in the quantity of
1g x 100g-1 seeds. The seeds that were not dressed consti-
tuted the control object. Each combination included 4 plots,
where 100 seeds were sown on each. The second treatment
was carried out at the beginning of anthesis of common
bean. It consisted of spraying the aboveground part of the
plants with the same preparations that were used for seed
dressing, i.e. 2.5% Biochikol 020 PC, 0.2% Biosept 33 SL
and 0.1% Polyversum. In the case of the combination with
Zaprawa Oxafun T, the plants were sprayed with 0.1%
fungicide Bravo Plus 500 SC (a.s. chlorotalonile 50%).

Assessment of Bean Yield

After the plants were picked and dried, the yield of
Phaseolus vulgaris growing in particular experimental
combinations was established and expressed as grams of
the dry weight of seeds from a plot.

Analysis of Microbial Community

Eight weeks after sowing, non-rhizosphere and rhizos-
phere soil samples were taken from particular experimental
combinations and laboratory microbiological analysis was
conducted, according to the method described by
Patkowska [9] and Martyniuk et al. [24]. The manner of soil
sampling was in accordance with the method described by
Martyniuk et al. [24]. Four plants  were dug out as a whole
from each plot of particular experimental combinations (i.e.
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16 plants from each combination). The soil directly adjoin-
ing the bean roots (i.e. the rhizosphere soil) was shaken off
into sterile Petri dishes. Four soil samples taken from a
depth of 5-10cm from four different interrows of a given
plot (i.e. from 16 places for each experimental combina-
tion) made up the non-rhizosphere soil. In sterile laborato-
ry conditions the soil samples from the same experimental
combination were mixed, then weighed in quantities of 10g
and prepared for further analyses (4 repetitions for each
experimental combination).

Soil solutions from 10g of soil with dilutions from 10-1

to 10-7 were prepared in laboratory conditions from particu-
lar soil samples. The total number of bacteria was estab-
lished on Nutrient Agar medium using the solutions of 10-5,
10-6, and 10-7. In the case of Bacillus spp. bacteria, Tryptic
Soy Agar medium and the dilutions of 10-4, 10-5, 10-6 were
used, whereas Pseudomonas Agar F medium and the dilu-
tions of 10-2, 10-3, 10-4 were used for Pseudomonas spp. The
total number of fungi in each soil sample was established
on Martin’s medium [25] using the dilutions of 10-2, 10-3,
and 10-4. The population of bacteria and fungi colonies was
calculated per 1 g of soil dry weight.

The obtained isolates of fungi Gliocladium spp.,
Penicillium spp. and Trichoderma spp. (all isolates) and
bacteria Bacillus spp. and Pseudomonas spp. (500 isolates
each) served to determine their antagonistic effects toward
the following fungi: Alternaria alternata, Botrytis cinerea,
Fusarium culmorum, Fusarium oxysporum, Fusarium
solani, Rhizoctonia solani, and Sclerotinia sclerotiorum
(unpublished results of pathogenicity tests). The mutual
effect of those microorganisms was determined according
to the methods described by Martyniuk et al. [24] and
Mańka and Mańka [26]. They considered the degree of
growth inhibition of the colonies of plant pathogens and the
size of the inhibition zone with common growth of those
microorganisms. Laboratory tests made it possible to find
the number of isolates of antagonistic bacteria and fungi
occurring in non-rhizosphere and rhizosphere soil of the
studied plant cultivated in particular experimental combi-
nations.

Information referring to air temperature and precipita-
tion in the area of the studies (Czesławice) was analyzed
according to data from the Department of Agrometeorology
of the University of Life Science in Lublin.

Results concerning the yield and population of microor-
ganisms occurring in the soil under common bean were sta-
tistically analyzed using variance analysis. The significance
of differences between the means was established using
Tukey’s confidence intervals [27]. Statistical calculations
were carried out using the Statistica program, version 7.1.

Results

Results of the laboratory microbiological analysis of the
rhizosphere soil of common bean showed that the total pop-
ulation of bacteria in 1g of the soil dry weigh ranged from
1.33 x 106 to 4.01 x 106 cfu, and the smallest number of total
bacteria  was found in the control combination (Table 1).
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The most Bacillus spp. occurred in the rhizosphere of com-
mon bean after the application of Polyversum (mean 1.89 x
106 cfu), while the most Pseudomonas spp. were observed
in the combination with Biochikol 020 PC or Biosept 33 SL
(respectively, on average, 0.95 x 106 and 0.86 x 106 cfu).
The total population of fungi in 1g of the rhizosphere soil
of common bean growing in combinations with Biosept 33
SL or Biochikol 020 PC was the smallest (on average, 9.68
x 103 and 12.70 x 103 cfu, respectively). Slightly more fungi
occurred in the rhizosphere of common bean after the appli-
cation of Polyversum or Zaprawa Oxafun T + Bravo Plus
500 SC, and the most in the control combination (23.03 x
103 cfu) (Table 1).

In the non-rhizosphere soil of common bean the popu-
lation of the studied microorganisms was slightly smaller
than in the rhizosphere of this plant (Table 2). However, in
particular experimental combinations the studies found a
similar relation in the populations of the examined bacteria
and fungi as in the rhizosphere of Phaseolus vulgaris.  The
total population of bacteria in 1g of dry weight of the non-
rhizosphere soil ranged, on average, from 0.66 x 106 to 2.85
x 106 cfu. The most total bacteria occurred in 1g of dry
weight of the non-rhizosphere soil after the use of Biosept
33 SL. The most Pseudomonas spp. was found in the non-
rhizosphere soil of common bean after the application of
Biochikol 020 PC or Biosept 33 SL (respectively, 0.63 x 106

and 0.61 x 106 cfu·g-1 DW of soil, on average). The most
Bacillus spp., on average, occurred in the combination after
Polyversum applying, whereas the least in the control. The
total population of fungi in the non-rhizosphere soil in par-
ticular studied years ranged from 5.78 x 103 to 22.84 x 103

cfu·g-1 DW of soil (depending on the experimental combi-
nation). The least fungi in 1g of non-rhizosphere soil was
observed after using Biosept 33 SL, and the most in the
control combination (Table 2).

Totally, 815 isolates of fungi frequently occurring in the
soil were obtained from the rhizosphere of the common
bean and they belonged to 15 genera. The most frequently
isolated fungi belonged to the genera of Alternaria,
Fusarium, Rhizoctonia, Sclerotinia and  Gliocladium,
Penicillium and Trichoderma. Fusarium spp. proved to be
the dominating one (Fig. 1). This genus was represented by
F. culmorum, F. oxysporum and F. solani. Among the sapro-
phytic fungi, Cladosporium spp., Epicoccum spp., Mucor
spp. and Rhizopus spp. were isolated, but the dominating
ones were Gliocladium spp., Penicillium spp. and
Trichoderma spp. (Fig. 2). Such species as G. fimbriatum
and G. roseum occurred within Gliocladium, while genus
Trichodemra was represented by T. aureoviride and T.
harzianum. The proportion of Alternaria alternata,
Fusarium spp., Rhizoctonia solani and Sclerotinia sclero-
tiorum was the lowest in the rhizosphere of common bean
after the application of Biosept 33 SL, and it was 6.6%,
17.3%, 3.3% and 1%, respectively (Fig. 1). The highest
proportion of Fusarium spp. was found in the control com-
bination (41.7%). The proportion of Gliocladium spp.,
Penicillium spp. and Trichoderma spp. was higher in the
rhizosphere of common bean in the combinations with bio-
preparations than in the combination with Zaprawa
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Oxafun T + Bravo Plus 500 SC or in the control (Fig. 2).
The highest proportion of Gliocladium spp. was observed
in the rhizopshere after the application of Biosept 33 SL or
Polyversum (respectively, 18.2% and 12.7%). The propor-
tion of Trichoderma spp. was the highest in the rhizosphere
of common bean after the introduction of Biochikol 020 PC
into the environment (16.1%), slightly lower in the combi-
nations with Polyversum (11.1%) or Biosept 33 SL
(11.6%), and the lowest in the combination with Zaprawa
Oxafun T + Bravo Plus 500 SC or in the control (respec-
tively, 2.2% and 2.8%) (Fig. 2).

The qualitative composition of fungi isolated from the
non-rhizosphere soil of common bean cultivated in particu-
lar experimental combinations was close to the qualitative
composition of fungi obtained from the rhizosphere of the
studied plant. Totally, 490 isolates of fungi belonging to 14
genera and frequently occurring in the soil were obtained
from the non-rhizopshere soil. Among the fungi considered
to be pathogenic, Fusarium spp. most frequently occurred
in the non-rhizosphere soil of particular experimental com-
binations (Fig. 3). The proportion of fungi of this genus was
the highest in the control and it constituted 45.1%, whereas

the smallest was found in the combination with Biosept 33
SL (19.4%) (Fig. 3). The proportion of Alternaria alterna-
ta, Rhizoctonia solani and Sclerotinia sclerotiorum in the
non-rhizosphere soil was the highest in the control, and it
was 11.5%, 15.4% and 6.0%, respectively (Fig. 3). The pro-
portion of saprophytic fungi from genera Gliocladium,
Penicillium and Trichoderma was the lowest after the appli-
cation of Zaprawa Oxafun T + Bravo Plus 500 SC, and it
was 1.0%, 8.6% and 1.5%, respectively (Fig. 4). The gen-
era of saprophytic fungi mentioned above were obtained
much more frequently from the non-rhizopshere soil in the
combinations with the studied biopreparations as compared
to the control or after the use of fungicides.

As a result of laboratory tests, 174 total bacteria isolates
(Bacillus spp. and Pseudomonas spp.) and 189 fungi iso-
lates (Gliocladium spp., Penicillium spp. and Trichoderma
spp.) were obtained, which had an antagonistic effect on the
tested pathogenic fungi (Table 3). The greatest number of
antagonistic bacteria and fungi was obtained from the rhi-
zopshere of common bean after the introduction of bio-
preparations Biochikol 020 PC or Biosept 33 SL, while the
smallest number after dressing the seeds with Zaprawa
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Fig. 1. Participation of pathogenic fungi isolated from the rhi-
zosphere of common bean (mean from the years 2005-06).
A.a. - Alternaria alternata, F.spp. - Total Fusarium spp., F.ox. -
Fusarium oxysporum, F.s. - Fusarium solani, R.s. - Rhizoctonia
solani, S.s. - Sclerotinia sclerotiorum

Fig. 2. Participation of saprophytic fungi isolated from the rhi-
zosphere of common bean (mean from the years 2005-06).
G.spp. - Gliocladium spp., P.spp. - Penicillium spp., T.spp. -
Trichoderma spp., other - other saprotrophic fungi

Fig. 3. Participation of pathogenic fungi isolated from the non-
rhizospheric soil (mean from the years 2005-06).
A.a. - Alternaria alternata, F.spp. - Total Fusarium spp., F.ox. -
Fusarium oxysporum, F.s. - Fusarium solani, R.s. - Rhizoctonia
solani, S.s. - Sclerotinia sclerotiorum

Fig. 4. Participation of saprophytic fungi isolated from the non-
rhizospheric soil (mean from the years 2005-06).
G.spp. - Gliocladium spp., P.spp. - Penicillium spp., T.spp. -
Trichoderma spp., other - other saprophytic fungi

%
%

%%



Oxafun T and spraying the plants with Bravo Plus 500 SC
fungicide and from the control combination (Table 3).

Laboratory tests showed that the non-rhizopshere soil of
particular experimental combinations contained about
twice less antagonistic bacteria and fungi than in the rhi-
zopshere of the studied plant (Table 4). Totally, 84 isolates
of antagonistic Bacillus spp. and Pseudomonas spp. and 89
isolates of antagonistic Gliocladium spp., Penicillium spp
and Trichoderma spp. were obtained from all experimental
combinations. The smallest amount of antagonistic bacteria
and fungi occurred in the non-rhizopshere soil after the
application of Zaprawa Oxafun T + Bravo Plus 500 SC and
in the control. The greatest amount of the studied antago-
nistic microorganisms was obtained after introducing bio-

preparations Biochikol 020 PC or Biosept 33 SL into the
environment (Table 4).

After common bean harvesting, the seed yield from par-
ticular experimental combinations was established (Fig. 5).
In particular years of studies yields ranged from 424g to
952g from a plot. The highest yield was gathered after the
application of Biosept 33 SL (on average 894g from a plot).
A positive effect on seed yield was also found out after using
other biopreparations (Polyversum and Biochikol 020 PC)
and fungicides (Zaprawa Oxafun T and Bravo Plus 500 SC).
The smallest amount of seeds was obtained from plants
growing in the control (mean 460g from a plot) (Fig. 5).

Weather conditions, apart from the soil microorgan-
isms, had an effect on common bean yields. May and June
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Antagonistic bacteria and fungi
Treatment / Number of isolates

Polyversum Biochikol 020 PC Biosept 33 SL Zaprawa Oxafun T Control

Bacillus spp. 18 31 22 9 4

Pseudomonas spp. 19 33 27 7 4

Total bacteria 37 64 49 16 8

Gliocladium fimbriatum
Gilman et Abbott

8 15 12 3 1

Gliocladium roseum (Link) Bainier 8 12 10 - 4

Penicillium spp. 11 13 16 2 7

Trichoderma aureoviride Rifai 6 15 8 3 -

Trichoderma harzianum Rifai 8 14 6 1 6

Total fungi 41 69 52 9 18

Total 78 133 101 25 26

Table 3. The number of antagonistic bacteria and fungi in the rhizosphere of common bean (mean from 2005-06).

Antagonistic bacteria and fungi
Treatment / Number of isolates

Polyversum Biochikol 020 PC Biosept 33 SL Zaprawa Oxafun T Control

Bacillus spp. 7 15 12 4 2

Pseudomonas spp. 10 16 13 3 2

Total bacteria 17 31 25 7 4

Gliocladium fimbriatum
Gilman et Abbott

4 7 5 2 1

Gliocladium roseum (Link) Bainier 3 4 4 - 2

Penicillium spp. 5 7 9 1 3

Trichoderma aureoviride Rifai 3 6 5 1 -

Trichoderma harzianum Rifai 5 6 4 - 2

Total fungi 20 30 27 4 8

Total 37 61 52 11 12

Table 4. The number of antagonistic bacteria and fungi in the non-rhizosphere soil  (mean from 2005-06).



of 2006 were especially favourable to the seed germination
and seedling growth. At that time the air temperature was
equal to, or even 0.5ºC higher, than the means of long-term
period (Table 5). Humidity conditions in May 2006 were
also conducive to seed germination, since the amount of
precipitation was similar to the mean of the long-term peri-
od. On the other hand, May of 2005 was especially wet, and
the amount of precipitation exceeded the norm of many
years by 141%. In July 2005 and 2006, i.e. at anthesis,  the
air temperature was higher than the long-term period’
means by 2ºC and 3.3ºC, and the amount of precipitation in
those months was lower than the norm. During seed har-
vest, air temperature was higher than the means of long-
term period and the amount of precipitation was consider-
ably lower than the norm (Table 5).

Discussion

The present studies showed that biopreparations
(Polyversum, Biochikol 020 PC and Biosept 33 SL) used
for seed dressing and spraying of Phaseolus vulgaris plants
had a positive effect on the communities of bacteria and
fungi in the soil under the cultivation of this plant. The
number of cfu of the studied microorganisms in the non-rhi-
zosphere soil was slightly lower than in the rhizosphere.

Biochikol 020 PC and Biosept 33 SL increased the number
of cfu of bacteria Bacillus spp. and Pseudomonas spp. and
decreased the population of soil-borne fungi.

A similar relation in the formation of rhizosphere
microorganism communities was found after introducing
the enumerated preparations into the soybean cultivation
environment [9]. Besides, a smaller population of fungi in
the soil after the application of biopreparations could have
been caused by the composition of the root exudates of the
studied plant. This fact also finds explanation in numerous
items of literature concerning the role of compounds exu-
dated by the roots of different cultivated plants [8, 28, 29].
Besides, it can be supposed that the biopreparations intro-
duced into the soil had a positive effect on the composition
of microorganism communities in the rhizosphere of
Phaseolus vulgaris since – as reported by Myśków [30] –
proper proportions occur between the populations of
microorganisms in the soil. The development of fungi is
weakened by the numerous occurrences of bacteria, and
vice versa.

The qualitative composition of fungi isolated from the
non-rhizosphere soil of common bean cultivated in particu-
lar experimental combinations was close to the qualitative
composition of fungi obtained from the rhizosphere of the
studied plant. Different species were isolated within the
fungi and they belonged to the following genera: Altenaria,
Fusarium, Rhizoctonia, Sclerotinia and Gliocladium,
Penicillium and Trichoderma. A similar effect of the bio-
preparations used in the experiment on the formation of
qualitative composition in the rhizosphere of other papil-
ionaceous plants was established in earlier studies [9, 23].
Besides, the obtained results confirmed the information on
the protective effect of biopreparations against soil-borne
plant pathogens [10, 12-14, 15, 23]. Their effectiveness
results from the direct effect of active substances contained
in those preparations on pathogenic microorganisms. As
reported by Benhamou et al. [21], the effect of P. oligan-
drum on pathogens is mycoparasitism consisting of direct
contact between the pathogenic species and P. oligandrum,
which results in destructive changes in the host’s hypha.
Chitosan present in Biochikol 020 PC – as resistance elici-
tor – enhances the activity of genes through contact with a
plant, and these genes mobilize the formation of biochemi-
cal compounds of fungistatic and fungicidal effect [31]. 
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Months

Mean from the period 1963-92 2005 2006

Mean temp.
(ºC)

Precipitation total
(mm)

Mean temp.
(ºC)

Precipitation total
(mm)

Mean temp.
(ºC)

Precipitation total
(mm)

May 13.3 60.9 13.0 146.9 13.3 68.1

June 16.4 78.3 15.6 48.0 16.9 23.2

July 17.8 77.9 19.8 55.8 21.1 26.6

August 17.3 69.3 17.0 46.2 17.4 202.5

September 13.1 56.0 14.7 23.1 15.1 10.1

Table 5. Meteorological data for May–September of 2005 and 2006 in comparison to the mean from the period 1963-92.

Fig. 5. Yield of common bean seeds in g on the plot in 2005-06.
1 - Polyversum,  2 - Biochikol 020 PC,  3 - Biosept 33 SL, 
4 - Zaprawa Oxafun T + Bravo Plus 500 SC,  5 - Control

LSD=86.5 LSD=45.8 LSD=72.3

2005 2006 mean from the years 2005-06
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On the other hand, grapefruit extract – through endogenous
flavonoids – inhibited mycelium growth, the formation of
conidial spores and chlamydospores of F. oxysporum f. sp.
dianthi and the formation of zoosporangium and the germi-
nation of zoospores of Phytophthora cryptogea [12, 14].

The most antagonistic bacteria and fungi were obtained
after introducing Biochikol 020 PC or Biosept 33 SL bio-
preparations. The smallest number of antagonists were
found in the soil after dressing the bean seeds with Zaprawa
Oxafun T and spraying the plants with Bravo Plus 500 SC
fungicide and in the control combination. It can be sup-
posed that numerous occurrences of antagonists can reduce
the growth and development of plant pathogens. This fact is
confirmed by abundant information in the literature [3, 7,
15, 32-34].

Biopreparations used in the present studies must have
formed the populations of antagonistic bacteria and fungi,
which could develop under the effect of root exudates of
common bean. As reported by Pięta and Patkowska [29],
exudates of papilionaceous and cereal plants stimulate the
activity of antagonistic microorganisms (Bacillus spp.,
Pseudomonas spp., Gliocladium spp., Penicillium spp., and
Trichoderma spp.). High acidic aminoacid and sugar con-
tent in root exudates stimulate the development of plant
pathogens. On the other hand, alkaline aminoacids, aromat-
ic aminoacids, hemicellulose and cellulose have a negative
effect on the growth and development of pathogenic fungi,
which results in increased populations of antagonistic
microorganisms [29, 35].

The applied biopreparations (Polyversum, Biochikol
020 PC and Biosept 33 SL) and fungicides (Zaprawa
Oxafun T and Bravo Plus 500 SC) had a positive effect on
Pheseolus vulgaris yield. Studies conducted by Borkowski
et al. [10] and Patkowska et al. [23], for example, also
proved the inhibiting effect of the tested biopreparations on
plant pathogens and, consequently, the positive effect on
the yield of different plants.

Conclusions

1. The use of biopreparations in the cultivation of
Phaseolus vulgaris had a positive effect on the forma-
tion of bacteria and fungi communities in the rhizos-
phere of this plant.

2. The number of cfu of the studied microorganisms in the
non-rhizosphere soil was slightly smaller than in the
rhizosphere of this plant.

3. Biochikol 020 PC and Biosept 33 SL increased the
number of cfu of bacteria Bacillus spp. and
Pseudomonas spp. and they caused a decrease in the
number of cfu of soil-borne fungi.

4. The most antagonistic bacteria (Bacillus spp. and
Pseudomonas spp.) and fungi (Gliocladium spp.,
Penicillium spp. and Trichoderma spp.) were obtained
from the soil after introducing Biochikol 020 PC or
Biosept 33 SL biopreparations, and the least after dress-
ing the bean seeds with Zaprawa Oxafun T and spray-
ing the plants with Bravo Plus 500 SC fungicide and
from the control combination.

5. The applied biopreparations and fungicides had a posi-
tive effect on Phaseolus vulgaris yield.

Acknowledgements

The studies were financed by the Ministry of Science
and Informatization within grant No. 3 PO6 034 25

References

1. PATKOWSKA E., PIĘTA D., PASTUCHA A. Diseases threat-
ening plants of runner bean (Phaseolus coccineus L.) cultivat-
ed in South-East Poland. Latvian J. Agron. 7, 140, 2004.

2. PIĘTA D., PATKOWSKA E., PASTUCHA A. Antagonistic
microorganisms and chitosan in bean (Phaseolus vulgaris
L.) protection from diseases. Ann. UMCS, Sect. EEE Hortic.
XII, 109, 2003.

3. BARABASZ W. Microorganisms as indicators of soil health-
iness. Mat. of the Second National Conference on “Biological
methods of estimating the state of the natural environment”,
Paradyż, AR Szczecin 2004, pp. 84. 2004 [In Polish].

4. BADURA L. Do we know all conditions of the microorgan-
isms’ functions in land eco-systems. Prob. Biolog. Sci. 53,
3-4, 373, 2004 [In Polish].

5. DIAZ DE VILLEGAS M.E., VILLA P., FRIAS A.
Evaluation of the siderophores production by Pseudomonas
aeruginosa PSS. Revista Latinoamericana de Microbiologia
44, 3-4, 112, 2002.  

6. LEWOSZ J. Using antagonistic microorganisms towards
plant pathogens in plant protection. Mat. from XLII Session
of the Scientific Session of IOR, Poznań, pp. 35, 2002 [In
Polish].

7. LILIEROTH E., BAATH E., MARIASSON I., LUDBORG
T. Root exudation and rhizosphere bacterial abudance of
barley (Hordeum vulgare L.) in relation to nitrogen fertiliza-
tion and root growth. Plant Soil 127, 81, 1990.

8. PATKOWSKA E. The role of rhizosphere antagonistic
microorganisms in limiting the infection of underground
parts of spring wheat. EJPAU, Hort. 5(2), 2002.
http://www.ejpau.media.pl/series/volume5/issue2/horticulture/
art-04.html. 

9. PATKOWSKA E. The effect of biopreparations on the for-
mation of rhizosphere microorganism populations of soy-
bean (Glycine max (L.) Merrill). Acta Sci. Pol., Hortorum
Cultus 4(2), 89, 2005.

10. BORKOWSKI J., FELCZYŃSKA A., STEPOWSKI J.
Effect of different compounds Biochikol 020 PC, calcium
nitrate, Tytanit and Pomonit on the healthiness and the yield
of chinese cabbage. Progress on Chemistry and Application
of Chitin and Its Derivatives M. Jaworska (ed.). Polish
Chitin Society, Łódź. Monograph. XI, 201, 2006.

11. LE FLOCH G., REY P., BENIZRI E., BENHAMOU N.,
TIRILLY Y., FLOCH G. Impact of  auxin-compounds pro-
duced by the antagonistic fungus Pythium oligandrum or the
minor pathogen Pythium group F on plant growth. Plant and
Soil 257 (2), 459, 2003.

12. ORLIKOWSKI L.B. Effect of grapefruit extract on devel-
opment of Phytophthora cryptogea and control of foot rot of
gerbera. J. Plant Prot. Res. 41, 288, 2001. 

13. ORLIKOWSKI L.B., JAWORSKA-MAROSZ A. Infulence
of Pythium oliandrum on population of Fusarium oxyspo-
rum f. sp. dianthi and development of Fusarium wilt of car-
nation. Plant Protect. Sci. 38, (Special Issue 1), 209, 2002.

262 Patkowska E.



14. ORLIKOWSKI L.B., SKRZYPCZAK CZ. Biocides in the
control of soil-borne and leaf pathogens. Hortic. Veget.
Grow. 22, 426, 2003.

15. PATKOWSKA E. The use of bioreparations in the control of
soybean endangered by pathogenic soil-borne fungi. EJPAU,
Hort. 9 (1), 2006. http://www.ejpau.media.pl/volume9/
ssue1/art.-19.html 

16. WOJDYŁA A. T., ORLIKOWSKI L. B., NIEKRASZEWICZ
A., STRUSZCZYK H. Chitosan in the control of
Sphaerotheca pannosa var. rosea and Peronospora sparsa on
roses and Myrothecium roridum on diffenbachia. VII Conf.
18-19 March, sec. Biol. Control Plant Dis. Polish Phytopath.
Soc. 151, Skierniewice, 1997.

17. MAZUR S., SZCZEPONEK A., NAWROCKI J.
Effectiveness of chitosan applications in the control of
some pathogens on cultivated plants. Progress on
Chemistry and Application of Chitin and Its Derivatives. H.
Struszczyk (ed.). Polish Chitin Society, Łódź. Monograph.
IX, 93, 2003.

18. PATKOWSKA E. The effect of biopreparations on the
healthiness of soybean      cultivated in a growth chamber
experiment. EJPAU, Hort., 8(4), 2005. 
http://www.ejpau.media.pl/volume8/issue4/art-08.html. 

19. ANGIONI A., CABRAS P., HALLEWIN G., PIRISI F. M.,
SCHIRRA M. Synthesis and inhibitory activity of 7-gera-
noxycoumarin against Penicillium species in Citrus fruit.
Phytochem. 47, 1521, 1998.

20. WOEDTKE T., SCHLUTER B., PFLEGEL P., LINDEQ-
UIST U., JULICH W.D. Aspects of the antimicrobial effica-
cy of grapefruit seed extract and its selection to preservative
substances contained. Pharmazie 54, 452, 1999.

21. BENHAMOU N., REY P., PICARD K., TIRILLY Y.
Ultrastructural and cytochemical aspects of the interaction
between the mycoparasite Pythium oliandrum and soilborne
plant pathogens. Phytopathology 89, 506, 1999.

22. VESELY D., KOCOVA L. Pythium oligandrum as the bio-
logical control agent the preparation of Polyversum. Bull.
Pol. Acad. Sci., Biol. Sci. 49, 209, 2001.

23. PATKOWSKA E., PIĘTA D., PASTUCHA A. The effect of
Biochikol 020 PC on microorganism communities in the
rhizosphere of Fabaceae plants. Progress on Chemistry and
Application of Chitin and Its Derivatives. M. Jaworska (ed.).
Polish Chitin Society, Łódź. Monograph.  XI, 171, 2006.

24. MARTYNIUK S., MASIAK D., STACHYRA A.,
MYŚKÓW W. Populations of the root zone microorganisms
of various grasses and their antagonism towards
Gaeumannomyces graminis var. tritici. Pam. Puł. Pr. IUNG
98, 139, 1991 [In Polish].

25. MARTIN J. P. Use of acid, rose bengal and streptomycin in
the plate method for estimating soil fungi. Soil Sci. 38, 215,
1950.

26. MAŃKA K., MAŃKA M. A new method for evaluating
interaction between soil inhibiting fungi and plant pathogen.
Bull. OILB/SROP, XV, 73, 1992.

27. OKTABA W. Methods of mathematical statistics in experi-
mentation. PWN, Warszawa 1987 [In Polish].

28. FUNCK-JENSEN D., HOCKENHULL J. Root exudation,
rhizosphere microorganisms and disease control.
Växtshyddsnotiser  48 (3-4), 49, 1984.

29. PIĘTA D., PATKOWSKA E. The effect of root exudates of
different cultivated plants on the composition of bacteria and
fungi with particular regard to soil-borne pathogenic fungi.
Acta Agrobot. 54, (1), 93, 2001 [In Polish]. 

30. MYŚKÓW W. The relation between the soil biological
activity and its fertility and productivity. Biological methods
of raising the fertility and productivity of soils. Mat. Szkol.,
Puławy, pp. 51-53, 1989 [In Polish].

31. POSPIESZNY H. Certain aspects of using chitosan in plant
protection. Prog. Plant Prot. 37, (1), 306, 1997 [In Polish].

32. BACON C. W., HINTON D. M. Endophytic and Biological
Control of Bacillus mojavensis and Related Species. Biol.
Control 23, (3), 274, 2002.

33. CHITARRA G. S., BREEUWER P., NOUT M. J. R., VAN
AELST A. C., RANBOUTS F. M., ABEE T. An antifungal
compound produced by Bacillus subtilis YM 10-20 inhibits
germination of Penicillium roquefortii conidiospores. J.
Appl. Microbiol. 94, 159, 2003.

34. SANIEWSKA A., ORLIKOWSKI L.B., SOBICZEWSKI P.
Effectiveness of Bacillus sp. in the control of Phytophthora
cryptogea Pethybr. et Laff. M. Mańka (ed.), Environmental
biotic factors in integrated plant disease control, Polish
Phytopathol. Soc., Poznań, pp. 479-184, 1995.

35. BENDING G. D., LINCOLN S. D. Inhibition of soil nitri-
fying bacterial communities and their activities by glucosi-
nolate hydrolisis products. Soil Biol. Biochem. 32, 1261,
2000.

Effect of Bio-Products on Bean Yield... 263


