
Fungi isolated from the rhizosphere of spring cruciferous plants

BARBARA MAJCHRZAK1, ADAM OKORSKI2 and BOGUSŁAW CHODOROWSKI1

1Department of Phytopathology and Entomology, University of Warmia and Mazury 
Prawocheńskiego 17, PL-10-722 Olsztyn 

2Department of Diagnostics and Plant Pathophysiology 
University of Warmia and Mazury, Plac Łódzki 6, PL-10-727 Olsztyn,  adam.okorski@uwm.edu.pl

Majchrzak B., Okorski A., Chodorowski B.: Fungi isolated from the rhizosphere of spring 
cruciferous plants. Acta Mycol. 43 (2): 181–191, 2008. 

Fungal communities isolated from the rhizosphere of spring cruciferous plants were 
analysed in the study. It was found that the rhizosphere of crucifers was colonized primarily 
by fungi of the order Mucorales and of the genus Fusarium. Members of the genus Fusarium 
dominated in the rhizoplane. The roots of cruciferous plants secrete glucosinolates – 
secondary metabolites known for their antifungal properties, thus affecting the communities 
of soil-dwelling fungi. 
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INTRODUCTION

The soil provides habitat for both phytopathogenic and saprotrophic microor-
ganisms, including bacteria, actinomycetes and fungi (Patkowska 1998). The rhizo-
sphere, i.e. the zone that surrounds the roots of plants, plays a particularly important 
role due to its specific biological properties. It is teeming with a wide variety of 
microbes (Morgan et al. 2005), which can be divided into plant growth-promoting 
rhizobacteria (PGPR), deleterious rhizosphere microorganisms (DRMO) and neu-
tral microorganisms – having no impact on plant growth (Sturz, Christie 2003). Un-
der natural conditions, in undisturbed soil, the groups of beneficial and harmful mi-
croorganisms remain in the state of dynamic equilibrium. PGPR contribute to yield 
increment, usually resulting from higher nutrient availability and suppression of the 
growth and activity of deleterious microorganisms. DRMO compete with PGPR for 
food, thus negatively affecting crop development (Kurek, Kobus 1990). Due to their 
antagonist potential, soil microorganisms are able to colonize suitable niches. The 
antagonistic mechanisms include antibiosis, competition and mycoparasitism (hy-
perparasitism) (Sturz, Christie 2003). Many pathogens develop in the after-harvest 
residues of forecrops, so the type of forecrop may have a significant influence on the 
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yield of successive crops (Bojarczuk, Bojarczuk 1988). Crucifers and legumes play a 
positive role in crop rotation because they improve the chemical, physical and bio-
logical properties of the soil (Majchrzak et al. 2002). Members of the family Brassi-
caceae are among the best forecrops, because they leave in the soil large amounts 
of after-harvest residues rich in glucosinolates and other secondary metabolites 
(Oleszek 1997). Moreover, they exert a positive effect on the health of successive 
crops (Majchrzak et al. 2004; Majchrzak et al. 2005). 

The objective of this study was to determine the species composition of fungi 
isolated from the rhizosphere of selected cruciferous plants. 

MATERIALS AND METHODS

The study was conducted during the years 1999-2001 at the Production-Experi-
mental Station in Bałcyny near Ostróda (NE Poland), on the experimental plots of 
the Department of Plant Production, University of Warmia and Mazury in Olsztyn. 
The experiment was established on gray-brown podsolic soil developed from light 
silty clay, of quality class III a, of good wheat complex (1999 and 2000) or very good 
rye complex (2001). Crucifers were grown after spring wheat in 1999 and 2000, and 
after winter rapeseed in 2001. Mineral fertilizers (NPK) were applied at the follow-
ing rates: 60-100 : 40-60 : 60-100 kg•ha-1, as recommended by the Institute of Soil 
Science and Plant Cultivation. The field trial was performed in a randomized block 
design, in three replications. The experimental factors were as follows:

factor I  – cruciferous plants
spring oilseed rape (•	 Brassica napus f. annua) – cv. Margo,
white mustard (•	 Sinapis alba) – cv. Heter,
Chinese mustard•	  (Brassica juncea var. sareptana) – cv. Małopolska,
radish (•	 Raphanus sativus var. oleifera) – cv. Pegletta,
false flax (•	 Camelina sativa) – cv. Borowska,
Spanish colewort (•	 Crambe abyssinica)- cv. Borowski
factor II – years of the study
No fungicides were applied. Fungi were isolated from the rhizosphere, rhizo-

plane and roots of crops as described by Mańka (1974). The quantitative and quali-
tative composition of fungal communities was determined at full blooming (BBCH 
65-69).

RESULTS

A total of 2 929 fungal colonies belonging to 99 species and non-spore form-
ing fungi were isolated from the rhizosphere of spring cruciferous plants over the 
three-year experimental period (Tab.1). Members of the order Mucorales dominated 
among them (48.96% of all colonies).  Representatives of the genus Rhizopus were 
isolated most frequently (15.94%). Fungi of the genus Penicillium were also abun-
dant (12.43%). Antagonistic species, including the order Mucorales and the genera 
Gliocladium, Penicillium and Trichoderma, accounted for 66.58% of all isolates. The 
proportion of pathogens in the rhizosphere was 11.33%, and the predominant role 
was played by species of the genus Fusarium (8.77%), primarily F. solani, F. oxyspo-
rum and F. equiseti.
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The most diverse fungal community, composed of 637 colonies representing 
44 species, was isolated from the rhizosphere of spring rape (Tab. 1). Mucorales 
(46.10%), Fusarium (16.5%), Penicillium (7.85%) and Gliocladium (6.12%) domi-
nated among them. The fewest fungi (339 isolates belonging to 36 species) were 
detected in the rhizosphere of false flax.  The most abundant among them were: 
Mucorales – 57.8%, Acremonium – 9.44% and Fusarium – 6.49%. Fungi of the genus 
Fusarium were isolated least frequently from the rhizosphere of Spanish colewort 
(3.81%). The genus Penicillium (270 isolates – 46.80%) dominated in the rhizo-
sphere of this crop. The rhizospheres of white mustard, Spanish colewort and radish 
were characterized by the lowest species diversity (35 fungal species each).

A total of 568 fungal colonies belonging to 80 species and non-spore forming fun-
gi were isolated from the rhizoplane of spring cruciferous plants during the experi-
mental period (Tab. 2). The most diverse fungal community, comprising 134 colonies 
representing 34 species, was isolated from the rhizosphere of spring rape.  Members 
of the genera Fusarium (32.84%) and Acremonium (21.64%) as well as of the order 
Mucorales (5.69%) dominated among them.  The fewest fungi were isolated from 
the rhizoplane of Spanish colewort (73 isolates).  This community, composed of only 
24 species, was found to be the least diverse.  The rhizoplane of this crop was mostly 
colonized by Gliocladium spp. (21.90%), Aspergillus fumigatus (15.10%) and Peni-
cillium spp. (15.10%). Representatives of the genus Fusarium constituted the least 
numerous group in the rhizoplane of Spanish colewort (6 isolates – 8.22%).

DISCUSSION

Research results show that plants of the genus Brassicaceae grown as forecrops 
or ploughed in as green manure have a beneficial effect on the health of field crops 
(Majtahedi et al. 1991). The roots of crucifers secrete glucosinolates, which affect 
the soil microflora and help to control the occurrence of phytopathogens (Bones, 
Rossiter 1996; Kierkegaard, Sarwar 1998). Decomposition of the tissues of Brassi-
caceae as well as the production of glucosinolates followed by their hydrolysis lead to 
the formation of isothiocyanates (ITCs) – volatile substances considered to be bio-
fumigants (Sarwar et al. 1998). According to Snapp et al. (2007) and Charron and 
Sam (1999), growing plants of the genus Brassicaceae as forecrops and leaving their 
remainders in the field inhibits the growth of such soil pathogens as Rhizoctonia 
solani and Pythium ultimum. Marwar and Lodha (2002) demonstrated that plants of 
the family Brassicaceae limited the occurrence of Fusarium oxysporum f. sp cumini. 

In the present study fungi of the genus Fusarium were not abundant in the rhizo-
sphere of crucifers. Their population was considerably greater in the rhizoplane. 
The soil environment of particular cruciferous plants was colonized by members of 
this genus to a different degree.  Fusarium colonies were isolated most frequently 
from the rhizosphere and rhizoplane of spring oilseed rape, and least frequently 
from the rhizosphere and rhizoplane of Spanish colewort and false flax. Ishimoto et 
al. (2000) reported that fungi of the genus Fusarium isolated from the roots of cruci-
fers showed high tolerance to glucosinolates, which may suggest that they acquired 
resistance to this group of substances through adaptation. 

In the current experiment the rhizosphere of the Cruciferae was colonized by 
numerous representatives of the order Mucorales, dominated by members of the 
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genus Rhizopus.  Ishimoto et al. (2000) confirmed the predominant role of the genus 
Rhizopus in the rhizosphere of cruciferous plants. According to these authors, fungi 
of the genus Rhizopus showed significantly higher tolerance for glucosinolates than 
fungi of the genus Fusarium.

CONCLUSIONS

1. The largest and the most diverse fungal community was isolated from the soil 
environment of spring oilseed rape. 

2. The fungal populations that colonized the rhizosphere and rhizoplane of Spa
nish colewort and false flax were found to be the smallest.

3. Members of the order Mucorales dominated in the soil environment of cruci-
ferous plants.

4. Fungi of the genus Fusarium were isolated least frequently from the soil en-
vironment of Spanish colewort and most frequently from the soil environment of 
spring oilseed rape.
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Grzyby ryzosferowe jarych roślin kapustnych

S t r e s z c z e n i e

W badaniach poddano analizie zbiorowiska grzybów ryzosferowych jarych roślin kapu
stnych. Ryzosferę roślin kapustnych zasiedlały przede wszystkim grzyby z rzędu Mucorales 
i rodzaju Fusarium. W ryzoplanie roślin znacznie częściej występowali przedstawiciele rodzaju 
Fusarium. Korzenie rośliny kapustnych wydzielają do gleby glukozynolany, wtórne metabolity 
o właściwościach antygrzybowych, w ten sposób być może wpływają na zbiorowiska grzybów 
zasiedlających środowisko glebowe roślin.
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