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Abstract

Polymerase chain reaction (PCR) for the detection of various Fusarium species
and Microdochium nivale subspecies were compared with conventional mycological
analysis using a natural infection of winter wheat growing in different production
systems: organic, integrated, conventional and monoculture. During three vegeta-
tion seasons the leaf sheaths and ears were analysed and species-specific PCR anal-
ysis was used to detect the presence of F. avenaceum, F. culmorum, F. graminearum, F.
poae, M. nivale var. nivale and M. nivale var. majus. Both diagnostic techniques indi-
cated a high incidence of F. avenaceum and F. poae in plants of all production sys-
tems. Unlike to conventional mycological analysis PCR analysis was able to detect
the fungi at very early stage of plant growth, before the visual disease symptoms
occurrence.
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Introduction

Several Fusarium spp. or Microdochium nivale Samuels & Hallett have been associ-
ated with seedling blight, root and foot rots and ear blight of small grain cereals
(Fusarium... 1981). Brown lesions caused by Fusarium spp. or M. nivale on stem base
can, as well as weakening the shoots, be the principal source of inoculum for ear
blight, which can reduce grain yield and quality. When ear blight is caused by
Fusarium spp., the harvested grain may be contaminated with mycotoxins, whilst M.
nivale although not toxigenic, can decrease the viability of the grain if it is used as
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seed (Hewett 1983). Parry et al. (1995) highlighted that up to 17 Fusarium species
have been associated with ear blight but F. graminearum Schwabe, F. avenaceum (Fr.)
Sacc., F. poae (Peck) Wollenw. and M. nivale were most common. The same species
have been also associated with root and foot rots (Parry 1990). Information on the
causes of stem symptoms might therefore provide the basis of a risk assessment to
determine the need for late fungicide applications to control ear blight. The identifi-
cation of the disease symptoms on shoot bases is difficult, particularly in the early
stages of plant development. Isolation of the pathogens employs the use of nutrient
agar to culture pathogens and it requires long time to identify species level. Molecu-
lar-based techniques, such as polymerase chain reaction (PCR), can reduce the time
needed for diagnosis of plant diseases when compared with classical isolation. Diag-
nostic assays based on the polymerase chain reaction have been developed for sev-
eral Fusarium species pathogenic on cereals (Doohan et al. 1998, Nicholson et al.
1996, 1998, Nicholson and Parry 1996, Parry and Nicholson 1996).

The aim of the studies was to determine and estimate the occurrence of
Fusarium pathogenic fungi on winter wheat growing in different production sys-
tems using molecular (PCR) technique in comparison with mycological analysis.
The possibility of this method use for early detection of analyzed fungi was also es-
timated.

Material and methods

Field experiment pattern

The object of the researches carried out over the years 2001-2003 was
long-term field experiment established in 1994 on grey brown podsolic soil, classi-
fied as good wheat complex or very good rye complex and located in the Experi-
mental Station at Osiny, which belongs to the Institute of Soil Science and Plant
Cultivation at Pulawy. The research material was winter wheat cultivars ‘Kobra’
and ‘Roma’ cultivated under integrated, conventional and organic farming sys-
tems, and monoculture. In above-mentioned systems crop sequences were ap-
plied: in organic - potatoes, spring barley + clovers and grasses, clover and grasses,
clover and grasses, winter wheat; in conventional — winter wheat, spring barley,
winter rape; in integrated — potatoes, spring barley, faba bean, winter wheat.

Isolation of pathogenic fungi

Plant health was determined at the following growth stages of wheat: spring
tillering (GS 24, Zadoks et al. 1974) and milk maturity (GS 70-75). Each time 50
randomly chosen plants from four different areas within each field representing
separate production system were analyzed. The plants with diseases symptoms on
the leaf sheaths, culm bases and ears were taken for mycological analysis. Six
pieces of these organs from each plant after superficial disinfection were placed on
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mineral agar in 90-mm Petri dishes and after two-three days of incubation at 24°C
transfers from colonies were made to PDA slants. Isolation and identification of
fungi followed the method given by Solarska et al. (2003).

Molecular diagnosis

From each plot representing separate production system, 30 plants were taken at
random and next the analyzed parts of plants were separated for PCR analysis. The
presence of F. avenaceum, F. culmorum (W.G. Smith) Sacc., F. graminearum, F. poae, M.
nivale var. nivale Samuels & Hallett and M. nivale var. majus Samuels & Hallett was
studied in leaf sheaths and ears, which were taken at spring tillering stage (GS 24)
and milk maturity stage (GS 70-75), respectively. For PCR analysis species-specific
primers were used according to the literature (Doohan et al. 1998, Nicholson et al.
1996, 1998, Nicholson and Parry 1996, Parry and Nicholson 1996).

Plant samples were freeze-dried and ground to a fine powder. DNA was ex-
tracted according to the CTAB method described by Nicholson et al. (1996). Am-
plification reactions were carried out in volumes of 50 pul containing 100 ng of DNA
isolated from plant material. The remaining components of PCR were according to
Nicholson et al. (1996). Positive control containing fungal DNA and negative con-
trol with no DNA template were included in all PCR tests. The programme used to
amplify fungal DNA from studied plant samples varied depending on the specific
primers (Doohan et al. 1998, Nicholson and Parry 1996).

After PCR 10 pl of amplification products were analysed by electrophoresis in
1.5% agarose gel containing ethidium bromide as a stain.

Results

Fusarium species associated with foot rot of winter wheat

In each vegetation season and in all treatments, there were plants with necrosis
on the leaf sheaths and on lower internodes of stems in the stage of milk ripening.
In samples taken early in the season before stem elongation, when decision to ap-
ply fungicides to control eyespot is made, diseases on the leaf sheaths were often
difficult to identify. The mycological analysis showed that in 2001 Fusarium species
were not isolated from leaf sheaths but in 2002 F. poae was isolated from these
plant parts of ‘Roma’ cultivar growing in monoculture. In the spring 2003 F.
avenaceum was isolated from plants of both cultivars growing in monoculture and
sporadically F. graminearum also from monoculture (Table 1). In the summer 2001
F. avenaceum was numerously isolated from the lower internodes of stems of both
cultivars plants in all production systems. Fusarium graminearum was also fre-
quently isolated but mainly from plants of ‘Roma’ cultivar in conventional produc-
tion system and from plants of ‘Kobra’ cultivar in integrated production system.
The species was isolated sporadically from plants of organic production systems
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and monoculture. The symptoms on lower internodes of stems of plants growing
in integrated production systems were also caused by F. culmorum and F. poae. In the
summer 2002 disease caused by F. avenaceum, F. culmorum and F. graminearum oc-
curred on wheat plants in integrated and conventional production systems and in
monoculture. Microdochium nivale was also involved in disease complex in inte-
grated system. In season 2003 F. avenaceum was numerously isolated from base of
stems of diseases plants of both cultivars growing in all production systems.
Fusarium poae was isolated only from plants of ‘Kobra’ cultivar growing in inte-
grated and conventional systems and F. graminearum only from plants of ‘Roma’
cultivar in monoculture (Table 1).

In the early spring F. poae was identified using PCR assays in DNA isolated from
plants of both cultivars growing in all production systems in all three years of stud-
ies (Table 2, Phot. 1). Fusarium avenaceum was detected using this method in plants
of both cultivars in all production systems but only in 2002 and 2003 (Phot. 2).
Microdochium nivale var. nivale was also in the spring detected by using this method
in plants of integrated and conventional systems and in monoculture in 2002 and
in organic and integrated systems and in monoculture in 2003 and M. nivale var.
majus was detected by this method in plants of almost all systems except organic
production system in 2002 and conventional production system in 2003. Fusarium
graminearum was detected using this method only in plants of ‘Kobra’ cultivar in or-
ganic system in early spring 2001. Fusarium culmorum was not detected by PCR in
the time (Table 2).

Fusarium species associated with ear blight of winter wheat

The mycological analysis showed that F. avenaceum, F. graminearum and F. poae
numerously occurred in ears but mainly in 2001. In remaining seasons these fungi
were isolated from ears rarely and not in each year. Moreover, F. culmorum was also
isolated from ears but only in 2001 and from plants growing in integrated produc-
tion system and in monoculture (Table 1). Fusarium avenaceum was also detected
using PCR assays in ears of plants of both cultivars growing in integrated system in
2001, in all treatments in 2002 and in integrated and conventional systems and in
monoculture in 2003 (Phot. 2). Fusarium poae was detected in ears using this
method in each year and in all production systems except organic production sys-
tem in 2003 (Phot. 1). Fusarium graminearum was detected in ears by PCR only in
plants of conventional production system in 2001. Microdochium nivale var. nivale
was detected in ears of ‘Kobra’ cultivar plants in integrated system of production
and in monoculture only in 2002. Fusarium culmorum and M. nivale var. majus were
not detected by PCR in ears (Table 2).
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leaf sheath ear

MIPC1 2 3 4 5 6 7 8 9 10 11 1213 1415 16 NC

220bp —>

Phot. 1. Detection of Fusarium poae by PCR in winter wheat cultivated in different production
systems in 2003. Lanes 1, 9 — cv. ‘Kobra’, monoculture, 2, 10 — cv. ‘Kobra’, integrated system,
3, 11 - cv. ‘Kobra’, organic system, 4, 12 — cv. ‘Kobra’, conventional system, 5, 13 — cv. ‘Roma’,
monoculture, 6, 14 — cv. ‘Roma’, integrated system, 7, 15 — cv. ‘Roma’, organic system, 8, 16 —
cv. ‘Roma’, conventional system, M1 — size marker pUC19/Mspl, PC - positive control, NC —

negative control (photo by M. Grudzinska)

leaf sheath ear

M2PC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 NC

920bp —»

Phot. 2. Detection of Fusarium avenaceum by PCR in winter wheat cultivated in different
production systems in 2003. Lanes 1, 9 — cv. ‘Kobra’, monoculture, 2, 10 — cv. ‘Kobra’,
integrated system, 3, 11 — cv. ‘Kobra’, organic system, 4, 12 — cv. ‘Kobra’, conventional system,
5, 13 - cv. ‘Roma’, monoculture, 6, 14 — cv. ‘Roma’, integrated system, 7, 15 — cv. ‘Roma’,
organic system, 8, 16 — cv. ‘Roma’, conventional system, M2 — size marker Gene Ruler 100 bp
DNA Ladder Plus, PC - positive control, NC - negative control (photo by M. Grudzinska)

Discussion

Identification of Fusarium species based on cultural and morphological features
is often complicated and confusing, even for expert taxonomists, because often the
same species was identified as other species by different Fusarium taxonomists
(Yoder and Christianson 1997). The mis-identification of species is due to paucity
and plasticity of the characters used, loss of cultural viability and degeneration of
the cultures (O’Donnell 2000). In the study disease assay based on cultural and
morphological features made before GS 31 often did not agree with the pathogen
diagnoses using PCR. The symptoms on plants intended for mycological analysis
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were indistinct, had variable appearances and occurred in different combinations
with other stem-base diseases, i.e. eyespot and sharp eyespot. Poor correlation be-
tween visual assessment and PCR diagnosis of brown foot rot pathogens at early
growth stages was also found previously on wheat (Turner et al. 1999, 2002). In
the study isolations of Fusarium species from diseased plants were possible only in
the case of distinct symptoms on plants in early growth stages, i.e. in monoculture
in 2002 and in organic system of production and in monoculture in 2003. PCR de-
tected Fusarium species presymptomatically in the period. Disease assessment
based on mycological method using isolation and microscopic identification made
in the summer on stem bases often agreed with pathogen diagnosis of ears using
PCR. Fusarium avenaceum and F. poae were most frequently detected in this time in
plants using both methods. But in many cases PCR revealed the presence of both
species in several ear samples from which no F. poae and F. avenaceum were detected
by conventional isolation. Disease assays based on PCR made at the early growth
stage and in the summer on the ears were similar in conventional method of pro-
duction during all three years of studies. The results indicate that there is the pos-
sibility of forecasting of ear blight fusariosis menace of winter wheat based on
spring PCR tests in conventional production system.

Only in one vegetation season Fusarium species were not detected by these
methods in wheat ears of both studied cultivars growing in organic production sys-
tem in spite of detection of the pathogens at early growth stages. Microdochium
nivale vars nivale and majus were also brown foot rot pathogens of wheat detected in
plants mainly at early growth stages in each year by PCR and only in one year by
conventional method but in the summer. PCR results revealed that the most in-
fected samples by this species involved var. nivale in contrast with results obtained
by Doohan et al. (1998). The reliability and specifity of the PCR method provide a
promising tool for the identification of Fusarium species and M. nivale.

Conclusions

1. The use of very sensitive, reliable molecular diagnostic method for
identification of fungi causing diseases of winter wheat enables to detect these
pathogens before the occurrence of disease symptoms, i.e. in the tillering stage
of winter wheat.

2. Consequently, the use of PCR technique enables the application of the
rational protection measures consisting of a proper choice of pesticides, their
doses and timing, in dependence on the occurrence of specific pathogens.

The obtained results indicate also that there is the possibility of forecasting of
Fusarium ear blight menace on the ground of spring PCR tests, however weather
and other environmental conditions which are likely to influence the development
of the disease should also be taken under consideration.
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