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Abstract

Wheat root infestation by pathogenic fungi in particular systems (organic, inte-
grated, conventional and monoculture) was different and depended on growth
stage. In both stages pathogens of wheat roots were represented mainly by Fusa-
rium species. Their number in organic and conventional system was similar. Mono-
culture conditions were not favourable for growth of these fungi. Results
suggested that the organic cultivation may favour the growth of Gliocladium species
in soil and because of their antagonistic properties they could play some role in
limiting development of fungal pathogens.
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Introduction

Wheat and barley are highly susceptible species to diseases caused by patho-
genic fungi. Pathogens invading roots and other plant organs yet in emergence
phase and forming of seedlings may be a cause of serious yield loss of cereals. In
traditional system of plant production, called as conventional, such problems are
solved with chemical control (seed treatment and spraying with fungicides). It
must be mentioned that production focused on obtaining high yield, may cause
negative, from the microbiological point of view, results by leading to disadvanta-
geous changes in specific composition of microorganisms (Dormanns-Simon and
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Ceglarska-Hódi 1995, Stolze et al. 2000). There is continuous and strong interest
of consumers in so-called organic food, and the tendency to change the way of ce-
real cultivation, from conventional to organic or integrated is observed. There are
attempts to use such systems to make a phytosanitary status of plants better, due
to beneficial relationships between microorganisms. This is one of the most im-
portant rule of non-chemical control of disease (Knudsen et al. 1995, Teich 1994)
used in organic system, that makes better conditions for growth of numerous
saprotrophic species, which may compete with pathogens and limit their develop-
ment. Such conditions may be obtained mainly by proper agronomic practices –
crop rotation and organic fertilization (Altieri 1999, Swaminathan 2004). Unfortu-
nately, popular information on phytopathological aspect of health of plants grown
in organic system usually is not based on scientific data.

The aim of a study was to determine an effect of different systems of cultivation
on healthiness of roots of winter wheat, and formation and structure of wheat root
fungi communities.

Materials and methods

The object of studies conducted in Osiny in 1999–2002 on fields owned by In-
stitute of Soil Science and Plant Cultivation in Puławy were roots of winter wheat
cv. ‘Roma’ cultivated in organic, integrated, conventional systems and monocul-
ture. Weather conditions during experiments presents Table 1.

Evaluation of root health was carried out during shooting phase and milk matu-
rity stage with a six-degree (0–5°) scale where 0° meant healthy roots and 5° – roots
completely rotten, more than 70% of infected root area.
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Table 1
Weather conditions during experiments, Puławy

Month
Temperature (°C) Rainfall (mm)

1998/99 1999/2000 2000/01 2001/02 1998/99 1999/2000 2000/01 2001/02

I 0.2 –1.8 –0.4 –1.1 15.3 22.0 32.6 26.3

II –1.3 2.2 –0.7 3.5 41.2 31.8 24.4 47.3
III 4.4 3.3 2.7 4.6 17.0 64.8 41.9 39.7
IV 9.8 11.9 8.8 8.9 96.6 48.7 88.9 13.0
V 12.2 15.1 14.9 17.6 38.4 59.2 15.3 10.1

VI 18.5 17.4 15.5 18.0 147.7 29.7 58.4 88.4
VII 20.4 17.0 21.0 21.6 51.2 173.9 139.5 78.8

VIII 17.8 18.0 19.3 20.5 45.1 62.4 84.4 26.3
IX 13.1 15.0 11.7 12.4 36.3 28.7 60.8 122.6
X 7.6 8.1 11.1 10.8 47.5 39.2 12.4 30.2

XI –1.7 1.5 6.6 2.2 31.6 42.2 32.7 33.4
XII –3.0 0.3 1.5 –5.2 19.9 20.7 44.6 12.0



Infection degrees were transformed into “disease index” (DI) according to for-
mula of Townsend and Heuberger (Wenzel 1948), and obtained results were sta-
tistically analysed with Tuckey’s test.

For mycological analysis roots cut into 5 mm long inocula were washed in run-
ning tap water for 45 min and then 3 × 10 min in sterile water put onto PDA in
Petri dishes and incubated for 10 days at 23°C. Fungi were identified according to
Gilman (1957), Domsch and Gams (1972), Kwaśna et al. (1991).

Results

Root infestation in shooting phase was relatively highly differentiated in partic-
ular years of investigations (Table 2). There were no significant differences in root
health between organic (DI = 1.7%), integrated (DI = 1.9%) and conventional
system (DI = 2.4%) in 1999. Roots of plants from monoculture were infested to
the greatest extent (1999 – 25.0%, 2002 – 39.8%). Analysis of mean from all years
showed no significant differences in root health between organic and integrated
system. In both of them roots were the healthiest while diseased the most in
monoculture.

In milk maturity stage in all years the significant highest root infestation was in
monoculture (DI 50.4–67.0%, Table 3). Health of roots in other systems was, how-
ever, differentiated and depended on particular year of investigations. In 1999–2001
root infestation was significantly the lowest in conventional system (DI, what was
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Table 2
Root infestation (DI) depending on cultivation system in shooting phase, Osiny (%)

System 1999 2000 2001 2002 Mean 1999–2002

Organic 1.7 b 2.9 a 1.6 c 5.6 c 3.0 c

Integrated 1.9 b 2.8 ab 3.5 b 5.3 c 3.4 c

Conventional 2.4 b 2.3 ab 3.8 b 8.2 b 4.2 b

Monoculture 25.0 a 2.1 b 19.8 a 39.8 a 21.7 a

Values in the same column followed by diferent letters are significantly different.

Table 3
Root infestation (DI) depending on cultivation system in milk maturity stage, Osiny

(%)

System 1999 2000 2001 2002 Mean 1999–2002

Organic 12.0 b 23.2 c 7.0 b 21.2 bc 15.9 b

Integrated 8.8 c 33.0 b 3.0 c 16.2 c 15.2 b

Conventional 6.0 d 10.2 d 3.0 c 26.0 b 11.3 c

Monoculture 50.4 a 61.2 a 67.0 a 59.2 a 59.4 a



also confirmed in the case of mean DI – 11.3%). It must be also indicated that root
infestation in organic system was on the same level as in integrated one.

In shooting phase during four years of research 93 colonies from organic sys-
tem, 121 from integrated, 123 from conventional, and 99 from monoculture were
obtained (Table 4). Main casual agents of symptoms on roots were Fusarium spe-
cies. On the average they represented 26.9% of fungi from roots in organic system,
33.0% in integrated, 24.4% in conventional and 18.0% in monoculture. During the
whole period of investigations the main pathogenic species were F. avenaceum and
F. solani, what was also confirmed in the case of the average (respectively 11.8%,
14.0%, 9.8% and 2.0% for F. avenaceum and 3.2%, 10.7%, 9.8% and 3.0% for F.
solani in particular systems). There were no pathogenic Fusaria on roots of plants
cultivated in monoculture in three years (1999, 2000 and 2001). They were iso-
lated in relatively high intensity (25.0%) only in 2002. As far as non-pathogenic
Fusarium species is concerned, results varied each year (with the exception for year
2000, when no isolates were obtained) and there was no distinct relationship ob-
served between the number of isolates and particular system. On the average, the
highest number of all Fusarium species was noted in integrated system (33.0%) as
well as in 1999, 2001 and 2002. Saprotrophic species were represented mainly by
Penicillium spp., and their average number was lowering in organic system (5.4%)
in comparison with conventional (10.6%). This tendency was also observed in
three years of study: 1999, 2001 and 2002. Antagonistic species (Table 5) were
represented by genus Gliocladium and Trichoderma species. They were isolated most
often in monoculture (19.1%) and organic system (18.3%).

During milk maturity stage 130 colonies of fungi were isolated from organic
system, 136 from integrated one, 117 from conventional and 133 from monocul-
ture (Table 6). Similarly to previous phase, pathogenic species for wheat roots
were mostly represented by species of genus Fusarium, and among them F.
oxysporum, F. solani and F. avenaceum were the most numerous. The lowest number
of pathogenic Fusaria was noted in monoculture (24.9%). Such situation was also
observed in all years, with the exception for year 2000. These species were pre-
dominant, depending on year, in organic or conventional system, what was also
confirmed in the case of the average (respectively 38.5% and 39.2%). Generally,
the number of Penicillium spp. and Aspergillus niger (total Eurotiales, Table 7), con-
trary to previous term of isolation was lower. It concerns both particular years of
isolation and average calculated for the whole period of investigations. The total
number of antagonistic species of genera Gliocladium and Trichoderma did not de-
pend on particular system and highly varied each year.
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Discussion

Root infestation in particular systems was differentiated and depended mainly
on growth stage. Mycological analysis showed that main causal agents of disease
symptoms in all systems were fungi of genus Fusarium, among which F. avenaceum,
F. culmorum, F. solani and F. poae dominated. These pathogens importance is re-
ported by many authors, who claim that they are, besides fungi causing take-all of
cereals, one of the main causes of wheat diseases (Wakuliński and Chełkowski
1993, Pląskowska 1997, Lemańczyk 2001).

In spite of the lowest infestation of roots during shooting phase in organic and
integrated system, more isolates of Fusarium spp. were obtained from these two
systems. Such results suggest that chemical treatment of sowing material, what is
very common in this cultivation system, is only partially effective, especially in the
case of fungi of genus Fusarium (Amein 1988). Kuś and Mróz (2000) and
Łukanowski et al. (2001) and also Solarska et al. (2003) report about higher inten-
sity of Fusarium spp. occurrence in integrated system in comparison to organic one.
Kurakov and Kostina (2001) observed that these fungi colonize roots earlier than
saprotrophic species like Trichoderma spp., Gliocladium spp. or Penicillium spp.
Knudsen et al. (1999) concluded that high activity of soils cultivated under organic
and integrated conditions is not always connected with the ability of limiting of
growth of disease causing agents. It should be indicated here that in integrated sys-
tem wheat was grown after field bean. Research of Mikołajska and Majchrzak
(1996) showed significant effect of field bean cultivation on increased number of
Fusarium spp. isolated from its roots and soil.

Increase of analyzed mean number of Fusarium spp. calculated for four years of
research, was observed in the next growing stage, independently on cultivation
system. Majchrzak (1985) and Pląskowska (1997) obtained similar results. This
phenomenon may appear from higher susceptibility of matured plant tissues on in-
fection by Fusarium spp. which is especially observed in the end of growing season.
These fungi also have higher temperature demands (Doohan et al. 2003). Root se-
cretions and decayed plant remains may significantly affect not only growth of
saprotrophic microorganisms, but also stimulate activity of pathogenic fungi. Be-
sides, what is commonly known, fungi of genus Fusarium may saprotrophically ex-
ist in soil, survive unfavourable conditions as chlamydospores and development on
roots of their non-typical hosts. These fungi as polyphagous are not related to spe-
cific host plants (Wagner 1995, Pląskowska 1997). Lemańczyk (2001) reports that
cereals and leguminous plants are favourable for increase of Fusarium infection po-
tential in soil. Because of high tolerance of this genus for environmental conditions
as well as considerable pathogenicity variation of particular isolates (Mańka M.
1989), they are known as serious infection factors.

In both analyzed growth stages the highest infection was observed in the case of
roots of plants cultivated in monoculture, but the number of Fusarium spp. isolates
in this system was lower in comparison with the other ones. Such situation could
be caused by other pathogenic species, which did not grow on the medium used in
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this study. Probably high root infestation in monoculture was caused by Gaeuman-
nomyces graminis, because its typical symptoms in this system were often observed
during macroscopic root health evaluation. This species is very difficult to isolate
because of slow growth and overgrowing by other pathogens or saprotrophic spe-
cies such as Trichoderma, Mucor, Penicillium and Aspergillus (Bateman et al. 1997,
Bateman and Kwaśna 1999). In this study isolation was conducted on PDA me-
dium, pH 5.5, what could make worse conditions for growth of G. graminis.

More isolates of saprotrophic fungi of genus Gliocladium were obtained in both
growth stages from roots sampled in organic system. This phenomenon is very ad-
vantageous because of strong antagonistic properties of these fungi against patho-
genic species by limiting their growth and vitality (Tu 1980, Lumsden and Locke
1989, Łacicowa and Pięta 1996). The use of these relationships as alternative plant
protection method may be of particular importance in organic plant production.

Apart from species mentioned above also other fungi common in soil environ-
ment were isolated. They were classified as: Alternaria, Aspergillus, Aureobasidium,
Cladosporium, Epicoccum, Mucor, Penicillium, Gliocladium, Rhizopus, Trichoderma. Many
authors (Domsch and Gams 1972, Majchrzak 1985, Mikołajska and Majchrzak
1996, Pląskowska 1997) claim that they are regular components of soils under cul-
tivation independently on crop species.

In the case of Penicillium spp. lower number of isolates was obtained in organic
system in comparison with other ones. The opposite results were reported by
Hansen et al. (2001), who observed more conidia of this genus in soil under or-
ganic cultivation. This genus is considered as antagonistic towards pathogens
causing cereal stem diseases, however from the other point of view, these fungi
may produce toxic secondary metabolites inhibiting seed germination and seed-
ling growth (Hasan 1999) and dangerous for people and animals (Frisvad and
Samson 1991).

Conclusions

1. Fungi from genus Fusarium dominated among pathogenic species iso-
lated in all systems. Their number in organic and conventional system was simi-
lar. Monoculture conditions were not favourable for growth of these fungi. This
may indicate the state of equilibrium between species of Fusarium, saprotrophic
fungi, and possibly Gaeumannomyces graminis, as the infection symptoms caused
by this pathogen on analyzed roots were noted more frequently than in other
cultivation systems.

2. It is suggested that the organic cultivation may favour the growth of
Gliocladium species in soil and because of their antagonistic properties they
could play some role in limiting development of fungal pathogens.
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Streszczenie

ZDROWOTNOŚĆ KORZENI PSZENICY OZIMEJ
I ZASIEDLAJĄCE JE GRZYBY W LATACH 1999–2002

W ZALEŻNOŚCI OD SYSTEMU UPRAWY

Porażenie korzeni pszenicy w poszczególnych systemach uprawy (ekologicz-
nym, integrowanym, konwencjonalnym i monokulturze) było zróżnicowane i zale-
żało od fazy rozwojowej. Wśród patogenów dominowały głównie gatunki rodzaju
Fusarium. Ich liczebność kształtowała się na podobnym poziomie w systemie ekolo-
gicznym i konwencjonalnym. Monokultura nie sprzyjała rozwojowi tych grzybów.
Uzyskane wyniki wskazują, że uprawa ekologiczna może sprzyjać występowaniu w
glebie antagonistycznych gatunków rodzaju Gliocladium odgrywających pewną rolę
w ograniczaniu rozwoju grzybów patogenicznych.
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