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sed of 70 species belonging to five groups, including 
lactic acid bacteria, photosynthetic bacteria, actinomy-
cetes, yeast-like fungi and mycelial fungi (Va l a r i n i  et 
al. 2003). The application of EM has a beneficial effect 
on soil structure and quality (H u s s a i n  et al. 1999; 
K h a l i q  et al. 2006). According to D a l y  and S t e w a r t 
(1999), the use of effective microorganisms is not an al-
ternative to traditional agricultural practices aimed at in-
creasing crop productivity, but rather a complementary 
option. O l a n y a  and L a r k i n  (2006) demonstrated that 
EM was less effective than chemicals in disease control. 
In Poland the microbial preparation EMTM is registered 
as a soil improver to be used in ecological agriculture 
(Certificate of Conformity No. Z/13/PR-20001/03/BP). 
The preparation has been approved as safe for the envi-
ronment and to human health (Certificate issued by the 
National Institute of Hygiene No. PZH/HT-1448/2002).

The aim of this study was to determine the im-
pact of effective microorganisms (EM), applied to soil, 
as seed dressing or as foliar spray, on quantitative and 
qualitative changes in fungal populations colonizing the 
soil environment of pea grown in a conventional tillage 
system. 

MATERIALS  AND  METHODS
The study was conducted during the years 2003 

- 2005 at the Experimental Station in Tomaszkowo near 
Olsztyn, on plots of the Department of Phytopathology 
and Entomology, University of Warmia and Mazury in 
Olsztyn. An exact field experiment was established on 
brown soil developed from silt (2003) of quality class 
IVa and good rye-potato complex, medium silty loam 
of quality class IVa and rye-potato complex (2004), and 
light loam of quality class IIIb and complex 4 (2005). 

S u mm a r y
A field experiment was performed during the years 2003

2005. An influence of EM (Effective Microorganisms) on the 
composition and number of fungi isolated from soil was found 
in the experiment. A total of 18111 fungal cultures were isolated 
from the roots of pea at flowering stage. The highest amount and 
the lowest diversity of fungi were obtained from rhizosphere of 
pea treated with pesticides (3257 colonies). The greatest diversi
ty of fungi was found in the case of rhizosphere and rhizoplane, 
where EM was used in soil with the supplement of pesticides. 
The greatest amount and diversity of fungi were found from the 
plant roots of the control object. During the flowering stage, the 
fungi most frequently isolated from soil belonged to the genus 
Penicillium (40.78% of all isolates) and Fusarium (33.37% of all 
isolates). 
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INTRODUCTION
The zone that surrounds the roots of plants and 

germinating seeds, inhabited by populations of soil mi-
croorganisms characterized by a great abundance of 
species, is referred to as the rhizosphere (Morgan et 
al. 2005). The populations of rhizosphere microorgani-
sms contribute to the stability and productivity of both 
agricultural systems and those functioning under natural 
conditions. The efficiency of the above systems can be 
improved by increasing the microbial diversity of soil 
ecosystems, positively affecting the overall health and 
productivity of crops. The effectiveness of biological 
control in plant protection and microbial agents used 
as biofertilizers can be enhanced by combining vario-
us specific antagonists (Davelos et al. 2004). Effective 
Microorganisms (EM) is a microbial inoculant compri-
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Winter triticale was grown as forecrop in 2003 and 2005, 
and spring barley in 2004. The experiment was laid out 
in a randomized split-plot design in four replications. 
The plot surface area was 16 m2. The experimental fac-
tor was the method of EM application:

1. control treatment (no effective microorganisms 
or crop protection chemicals),

2. chemical control (T seed dressing, fungicide 
Rovral Flo 250 SC, insecticide Owadofos 540 EC, her-
bicide Basagran 480 SL),

3. soil application of EM combined with chemi-
cal control,

4. seed dressing with EM combined with chemi-
cal control,

5. plant spraying with EM combined with chemi-
cal control,

6. soil application of EM combined with seed 
dressing and plant spraying with EM.

Prior to soil application, the biopreparation EM 
was proliferated as recommended by the manufacturer 
(Greenland). A 0.1% solution of effective microorgani-
sms (1 l water: 1 cm3 EM: 1 g saccharose) was stored 
in a dark place at about 20°C for 14 days. Seeds were 
dressed with effective microorganisms wet, for 30 min., 
using a previously prepared 0.2% solution of EM (ap-
plied at a dose of 200 l·ha-1). Prior to pea sowing, the 
fungal populations inhabiting the soil were analyzed by 
a plate method modified by M a ń k a  (1974). The fungal 
communities were isolated from the rhizosphere, rhizo-
plane and the roots of pea plants using the washings me-
thod developed by M a ń k a  (1974). A microbiological 
analysis was performed at the full blooming stage.

RESULTS
Prior to pea sowing, 196 fungal cultures repre-

senting 40 species and non-spore-forming cultures were 
isolated from the soil (Tab. 1). Among the isolated fungi, 
the dominant group comprised potential antagonists of 
plant pathogens (48%), including members of the gene-
ra Penicillium (21% of all isolates), Gliocladium (13%) 
and Mucorales (9%). Potentially pathogenic fungi, i.e. 
such species as Cylindrocarpon destructans, Botrytis ci-
nerea, Rhizoctonia solani and Fusarium sp., accounted 
for 14% of all isolates. Half of them (7% of all isolates) 
were members of the genus Fusarium. The species F. 
dimerum, F. oxysporum and F. solani were isolated most 
frequently.

11 328 cultures of mycelial fungi (Tab. 2) were 
isolated from the rhizosphere of pea at the flowering 
stage. The most numerous fungal communities, cha-
racterized by the lowest species diversity, were isolated 
from chemically protected plots (3 257 fungal cultures 
belonging to 36 species). The highest species diversity 
(53 species) was observed in the plots where soil ap-
plication of EM was combined with chemical control. 

The control plots were colonized by fungal populations 
of the smallest size. The rhizosphere was dominated by 
antagonists (63% of all isolates), of which 41% were 
members of the genus Penicillium. Pathogenic fungi 
constituted 33% of all isolates in this zone. The domi-
nant genus was Fusarium (32%), including F. oxyspo-
rum – 18.75% and F. equiseti – 10.07%. Pathogenic 
fungi were most common (50.16%) in the experimental 
variant in which seeds were dressed with effective mi-
croorganisms. Antagonists were isolated most seldom in 
this variant (44.96%). They dominated in the soil appli-
cation of EM x chemical control treatment (72.86%). 

5601 cultures of mycelial fungi (Tab. 2) were iso-
lated from the rhizoplane of pea at the flowering stage. 
The largest communities were isolated from the experi-
mental variant in which EM was applied without chemi-
cal control (1834 isolates). The highest species diversity 
(49 species) was observed in the case of soil application 
of effective microorganisms combined with chemical 
control. The fewest isolates (527) were obtained from 
the control treatment, and the lowest species diversity 
(38 species) was recorded in the chemically protected 
treatment. Antagonistic fungi dominated in the rhizopla-
ne of pea (69.1%). Members of the genus Penicillium 
were isolated most frequently (45.3%). Pathogenic fun-
gi accounted for 28.8% of all isolates in this zone, with 
a distinct domination of Fusarium oxysporum (20.42%). 
The largest communities of potentially pathogenic fungi 
(51.54%) were isolated from the plots where seeds were 
dressed with EM. Almost half of them (44.18%) were an-
tagonistic fungi. Pea plants in the control treatment were 
also colonized by numerous fungal pathogens (42.69%), 
of which 54.27% were antagonists. Antagonistic fungi 
dominated in the experimental variants in which soil or 
foliar application of EM was combined with chemical 
control (76.77% and 76.15%, respectively).

Fewer mycelial fungi were isolated from the ro-
ots of pea plants – 1 183 colonies (Tab. 2). The largest 
and characterized by the greatest species abundance 
communities of mycelial fungi were isolated from the 
control treatment (246 isolates representing 36 spe-
cies). The fewest fungal colonies (155 cultures) were 
obtained from the variant where foliar application of 
EM was combined with chemical control. The lowest 
species diversity (28 species) was observed in the plots 
protected with effective microorganisms without che-
mical control. The root-colonizing populations were 
dominated by pathogenic fungi (62%) of all isolates), 
including the species Fusarium oxysporum (41.59%), 
Phoma madicaginis var. pinodella (6.85%) and Fusa-
rium solani (5.83%). Antagonists constituted 32% of all 
fungi isolated from the roots of pea plants. The largest 
population of potentially pathogenic fungi was recorded 
in the case of soil application of effective microorga-
nisms (75.32%). The percentage of antagonistic fungi 
was the lowest in this treatment (18.35%). The fewest 
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pathogenic fungi (48.45%) were isolated from the roots 
of chemically-protected pea plants, with a high contri-
bution of antagonists (49.48%).

DISCUSSION
Chemical control in crop protection contributes to 

the selection of soil fungi, often followed by the disappe-
arance of entire groups of soil microbes that perform an 
important role in ecosystems (R ó ż a ń s k i  1992). Plant 
roots secrete a variety of organic substances, including 
amino acids, carbohydrates and organic acids, which 
affect the microorganisms colonizing the root system. 
These compounds increase the size of microbial popula-
tions and enhance their microbiological activity (B o e r 
et al. 2005). In the present study, fungal species consi-
dered pathogenic – Cylindrocarpon destructans, Botry-
tis cinerea and Rhizoctonia solani, as well as Fusarium 
sp. and Pythium sp. (S e i f e r t  et al. 2003, Fournier et 
al. 2003, O y a r z u n  et al. 1998), were most frequently 
isolated from the roots of pea plants and their proportion 
decreased along with a growing distance from the root 
system. Fusarium oxysporum, responsible for Fusarium 
wilt of pea, was the most often isolated species. F r a -
v e l  et al. (2003) reported that this fungus occurs in a 
non-pathogenic form, so it may be used for biological 
disease control. Members of the genus Penicillium can 
be found in all types of soil in considerable numbers. 
According to S e r e d y n  (1988), these are antagonists 
of pathogenic fungi. Our study also showed that fungi 
of this genus are common in the soil environment. The 
percentage of antagonists of the genera Gliocladium and 
Trichoderma (S i n g h  et al. 2006), commonly used for 
biological crop protection, was much lower among all 
the soil-isolated fungi. These fungi belong to essential 
soil microbes living in the rhizosphere and in the epider-
mis of many plant species (J a n s e n  and L u m s d e n , 
1999). Members of the order Mucorales are frequently 
isolated from the soil. Due to their fast growth rate, in-
tensive sporulation and the ability to use simple carbon 
sources, these fungi are considered antagonistic (B o e r 
et al. 2005). In the present experiment, members of the 
order Mucorales were isolated in relatively high num-
bers and showed great species diversity, which indicates 
their mass occurrence in the soil environment.

Large-scale experiments with the use of biologi-
cal crop protection methods are often difficult to con-
duct since under such conditions the effects of biolo-
gical control agents are unpredictable and hardly noti-
ceable (M a t h r e  et al. 1999). C i c c i l l o  et al. (2002) 
found that the application of some inoculants containing 
antagonistic microorganisms caused disturbances in the 
microbiological equilibrium in the soil, followed by 
plant growth inhibition. Our field trials revealed that the 
applied EM inoculant modified fungal populations in 
the soil environment of pea. The effect of the tested pre-

paration on the populations of soil fungi varied widely 
in particular soil zones. K o z d r ó j  et al. (2004) demon-
strated that changes taking place in the composition of 
rhizosphere-dwelling microbes are caused by the appli-
cation of biological control agents, but are also directly 
related to the development stage of plants. 

CONCLUSIONS
1. The application of the EM soil improver affec-

ted the population size and qualitative composition of 
fungi colonizing the soil environment of pea.

2. The highest population size of fungi was 
recorded in the experimental variant in which effec-
tive microorganisms were applied without chemical 
crop protection, while the lowest in the control tre-
atment.

3. Saprotrophic fungi were most common in the 
rhizosphere, their percentage was lower in the rhizopla-
ne and the lowest on the roots of pea plants.

4. The use of the EM soil improver had a slight 
impact on the occurrence of potentially pathogenic fun-
gi on the roots of pea plants.
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Grzyby zasiedlające środowisko glebowe przed 
siewem i po zbiorze grochu siewnego

(Pisum sativum L.) po zastosowaniu szczepionki 
mikrobiologicznej EM 1TM

S t r e s z c z e n i e
Badania polowe prowadzono w latach 2003-2005.

W badaniach stwierdzono wpływ szczepionki mikrobio-
logicznej EM 1 na zróżnicowanie składu gatunkowego 
i liczebność poznanych zbiorowisk grzybów. Ze śro-
dowiska glebowego w fazie kwitnienia grochu wyizo-
lowano ogółem 18111 kolonii grzybów strzępkowych. 
Najliczniejsze zbiorowisko grzybów uzyskano z ryzos-
fery grochu kombinacji chronionej chemicznie (3257 
kolonii), przy czym zbiorowiska te charakteryzowały 
się najmniejszą różnorodnością. Największą różno-
rodność gatunkową badanych zbiorowisk stwierdzono 
w przypadku ryzosfery i ryzoplany kombinacji, gdzie 
EM stosowano doglebowo w połączeniu z ochroną che-
miczną. Największą różnorodność, a także liczebność 
grzybów wyizolowanych z korzeni roślin zanotowano 
w kombinacji kontrolnej. Ze środowiska glebowego 
grochu w fazie kwitnienia izolowano najczęściej grzyby 
z rodzaju Penicillium, które stanowiły 40,78% izolatów 
grzybowych oraz z rodzaju Fusarium (32,37%).
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