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Abstract

Hupkec K., MucHoVA D. (2010): Influence of temperature and species origin on Fusarium spp. and Micro-
dochium nivale pathogenicity to wheat seedlings. Plant Protect. Sci., 46: 59-65.

The influence of temperature and species origin on the in vitro growth rate and pathogenicity of Fusarium and
Microdochium nivale (E. avenaceum, F. culmorum, F. graminearum, F. poae, and M. nivale) to wheat seedlings
was examined. The mycelial growth of Fusarium avenaceum, F. culmorum, F. graminearum, and F. poae was the
fastest at 25°C, and of M. nivale at 15°C. The isolates of F. culmorum, F. graminearum and F. poae originating from
mountain regions grew significantly faster at 15°C than those from flatland regions. The isolates from flatland
regions grew significantly faster at 25°C than those from mountain regions. FE culmorum and F graminearum
were the most pathogenic species to the root development. The retardation of wheat grain germination caused
by the tested species was assessed in descending order: F culmorum, F. graminearum, M. nivale, F. avenaceum,
F poae. The biomass growth retardation at 15°C was assessed in descending order: F culmorum, F. graminearum,
M. nivale, F. avenaceum, E. poae; at 25°C as follows: F. graminearum, F. culmorum, F. avenaceum, M. nivale,
F. poae. The isolates of M. nivale and F. poae originating from mountain regions were significantly more patho-
genic than those from flatland regions. The results suggest that there exist different temperature ecotypes and

pathotypes of Fusarium species and Microdochium nivale across the territory of the Slovak Republic.
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Fusarium diseases of wheat (seedling blight, foot
rot, scab and Fusarium head blight — FHB) are caused
by a number of species, mostly by E graminearum,
FE culmorum, F. avenaceum, F. poae and M. nivale
(SuTTON 1982; SROBAROVA & EGED 1992; HUDEC
& RoHACIK 2003). F graminearum predominates
in North America and in Southern Europe, while
E culmorum and M. nivale predominate in cooler
climates in Europe (PARRY et al. 1995). Most cul-
tivars of barley and wheat are susceptible to these
pathogens and resistance to scab is race non-specific
(MESTERHAZY et al. 1999). FHB in wheat results in
quality and economic losses for the grain industry.
Along with the reduced yield of kernels, economic
losses arise from the accumulation of mycotoxins

which can make infected kernels unfit for human
and animal consumption and feeding. The milling
and baking quality is also altered when grains are
contaminated by Fusarium infection and mycotoxins
(WoNG et al. 1995).

Factors such as temperature, humidity and other
environmental factors have a great importance
for the incidence and severity of certain Fusarium
species (VIGIER et al. 1997). These factors are also
important in mycotoxicosis epidemiology, because
the production of mycotoxins by the different spe-
cies is differentially affected by some environmental
factors such as temperature (D1 MENNA ef al. 1991;
JIMENEZA et al. 1996). Infested seed may be partly
responsible for the Fusarium disease spreading. A
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number of studies have examined the effects of FHB
on seed germination and subsequent stand establish-
ment (GILBERT & TEKAUZ 1995; WONG et al. 1995).
Leaving Fusarium-damaged kernels on the soil at
harvest can provide a primary source of inoculum
for the development of seedling blight and other
forms of wheat fusariosis (PARRY et al. 1995).

Host range and climatic factors influence the
growth, survival, spreading and hence the inci-
dence of Fusarium species and the crop damage.
The influence of origin and climatic factors on
Fusarium diseases is complicated by the fact that
Fusarium species are able to cause the diseases
individually or in complex. There are some re-
ports on how the Fusarium species differentially
respond to different environmental variations,
mostly temperature, isolate origin and humidity
(CONRATH et al. 2002).

The aim of this paper was the analysis of Fusarium
spp. and Microdochium nivale isolates (originating
from different locations of the Slovak Republic)
focused on their in vitro growth, sensitivity to
cultivation temperature, and their pathogenicity
to wheat seedlings.

MATERIALS AND METHODS

Fusarium isolate collection. Twenty isolates of
Fusarium culmorum, E. graminearum, F. avena-
ceum, F. poae and Microdochium nivale were col-
lected in different locations of Slovakia: Zeliezovce,
Sladkovi¢ovo, Bucany, Nitra, Viglas-Pstrusa, Maly
Sari$ (Figure 1). The chosen species are most
frequently isolated from wheat spikes in Europe
(BorTALICO & PERRONE 2002). The locations are
characterised in Table 1. All strains were isolated
from wheat seedlings. The monospore isolates
were subcultured (incubated at 20°C under 12/12

photoperiods, 4000 Lux, none UV light) and stored
on potato-dextrose agar (PDA).

Estimation of in vitro growth rate. The tempera-
ture sensitivity was assessed by analysing the in vitro
growth rate on PDA at 15°C and 25°C. The PDA
plates were inoculated with mycelia plugs (7 mm in
diameter), separated from the margin of 5-days old
culture. Five Petri dishes (diameter 9 cm) of each
isolate were incubated in conditions described above.
The diameter of colonies was measured 5 days after
inoculation and used to calculate the isolate growth
rate (mm/day). The isolates were divided into two
groups according to growth rate. Group A involved
isolates with lower and average growth rate (average
growth rate for E avenaceum: 15°C — 2.3 mm/day,
25°C —-3.8 mm/day; E culmorum: 15°C — 5.6 mm/day,
25°C - 12.8 mm/day; F. graminearum: 15°C
— 4.2 mm/day, 25°C - 10.2 mm/day; M. nivale:
15°C - 9.4 mm/day, 25°C — 5.1 mm/day; E poae:
15°C - 7.2 mm/day, 25°C - 10.2 mm/day), Group B
involved isolates with growth rate higher than the
mean calculated from growth rates of all tested
isolates (BRENNAN et al. 2003).

Pathogenicity test. The test was carried out
on wheat kernels (fraction above 2.5 mm) of cul-
tivar Brea (germinative capacity 99.50%). The
kernels were surface sterilised by shaking in 1%
NaOCIl solution for 2 minutes. Next the seeds
were rinsed in redistilled water and air dried. The
same amount of PDA (30 ml) was dosed in each
“testing” Petri dish (TPD). For the inoculation of
TPD (diameter 9 cm) 5-days-old cultures of each
isolate were used (20 isolates of each species and
location in 5 replications). The mycelium-agar
plugs (7 mm diameter) separated from the mar-
gin of the inoculation subcultures were used for
inoculation. TPD were incubated under the condi-
tions described above. Isolates were ready for the
pathogenicity test when their mycelium overgrown
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Table 1. Characterisation of sampled locations

Locality Altitude (m) Average year rainfall rate (mm)  Average year temperature (°C)
Sladkovic¢ovo* 122 497.2 10.46

Zeliezovce* 137 588 9.4

Bucany* 165 570 9.4

Nitra* 180 539 10.2

Maly Sarig** 295 599.3 7.86
Vigla§-Pstrusa** 375 640 7.9

*plain regions; **mountains regions

the whole surface of the agar plate. Consequently
10 surface-sterilised wheat kernels were placed on
the mycelium surface in TPD. The kernels were
lightly pressed to contact with agar (moisture for
germination) by pressing down the aerial mycelium.
The TPD with kernels were incubated 10 days at
15°C and 25°C. Control variants were prepared in
the same way, but without mycelium inoculation.
The average number of infected roots was counted
and presented as percentage of infected roots. The
number of germinated and ungerminated kernels
was expressed as germination retardation (%). The
overgrown biomass was measured on the tenth
day and expressed as average weight of separated
kernels, roots and sprouts and calculated as bio-
mass growth retardation (BRENNAN et al. 2003).
The obtained results were tested by analysis of
variance, Tukey’s test, P = 0.05.

RESULTS

Influence of temperature and origin
on growth rate

Irrespective of the origin, the growth of Fusarium
avenaceum, F. culmorum, F. graminearum, and
F poae was the fastest at 25°C, of M. nivale at 15°C
(Table 2). E graminearum and F. poae showed very
similar growth rates at 25°C, but at 15°C E poae
grew faster than F. graminearum. Of all the tested
species, F. avenaceum was the slowest-growing
species at both temperatures.

In the E avenaceum and M. nivale isolates, there
were not any significant differences between the
growth rates of isolates of different origin. The F. cul-
morum, F, graminearum, and F. poae isolates originat-
ing from mountain regions (MR) grew significantly

faster at 15°C than those from flatland regions (FR).
At the temperature of 25°C, the FR isolates grew
significantly faster than those from MR.

Pathogenicity of isolates to wheat seedlings

The in vitro test was used to examine the effect
of Fusarium and M. nivale isolates on the germina-
tion, root development and coleoptile and biomass
growth of wheat seedlings (Figure 2).

F culmorum and F. graminearum were the most
pathogenic to the root development at both culti-
vation temperatures, while M. nivale, F. poae and
F. avenaceum were less pathogenic. The patho-
genicity to germination retardation was assessed
in descending order: F. culmorum, E. graminearum,
M. nivale, F. avenaceum, E. poae. There is a great
variability in biomass growth retardation at both
cultivation temperatures. The species pathogenicity
at 15°C was assessed in descending order: F. cul-
morum, F. graminearum, M. nivale, F. avenaceum,
E poae; at 25°C as follows: E graminearum, F. cul-
morum, F. avenaceum, M. nivale, and F poae.

The effect of Fusarium spp. and M. nivale in-
oculation on evaluated parameters (percentage
of infected roots, germination retardation, and
biomass growth retardation) was analysed with
respect to the origin of the isolates. There were
no significant differences in the pathogenicity of
FE avenaceum and E graminearum isolates from
different localities. Higher pathogenicity at 25°C
than at 15°C was determined.

The same pathogenicity to roots was assessed
at both temperatures in F. culmorum isolates.
Higher pathogenicity to germination retardation
and biomass growth retardation was found out at
15°C in all isolates of E culmorum.
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Table 2. In vitro growth rate of Fusarium spp. and Microdochium nivale isolates

Locality origin

Number of isolates per GRG at

Species of isolates 15°C 25°C

A B A B
Sladkovi¢ovo 113 9 132 72

Bucany 10? 102 8? 122
Flgvé”_“cze;‘ﬁ /day Maly Sarig 9 11° 10° 10°
#25°C ~3.8 mm/day ;igl'aé—Pstruéa ja Ea 1: lfa
itra 2 a 2 a
Zeliezovce 9? 112 10° 10°
Sladkovicovo 15° 52 7 13>
Bucany 13b 72 82 12°
flgt‘é’”_";”:mm/da Maly Sari3 g0 16" 15" 5°
#95eC — 1.2.8 mm/dz Viglas-Pstrusa 6° 14° 16° 42
' Nitra 12° 8? 7? 13P
Zeliezovce 13b 72 6° 14>
Sladkovi¢ovo 14° 6° 72 13°
Bucany 12° 82 82 12°
f‘éf ?:"iizegzz/da Maly Saris 11° 9 14 6°
— 1'0.2 mm/ dzy Vigla§-Pstrusa 7 13° 92 11°
Nitra 13b 7 82 12°
Zeliezovce 14° 6 72 13°
Slddkovic¢ovo 8 122 11° 9?
Bucany 9? 112 8? 122
]V1[5 f’é”‘_’lfnm/day Maly Saris 10° 10° 110 9
*25°C — mm/day Viglas-Pstrusa 92 11° 8 122
Nitra 7 132 9 112
Zeliezovce 62 142 112 9?2
Sladkovi¢ovo 16° 42 72 13P
Bucany 13b 7 62 14°
Fllg"é’e_ mmiday Maly Sari 52 15 13 72
%25°C — 10.2 mm/day Eigl’aé-Pstruéa 1 :b 14° 1zb 2;

itra 7 2 14

Zeliezovce 14° 6 72 13°

GRG — Growth Rate Group; A — isolates with lower and average growth rate; B — isolates with higher growth rate than

average, *average growth rate of species isolates at the described temperature; differences between values (within spe-

cies-localities groups) designated by the same letter are not significant (analysis of variance, Tukey’s test, P = 0.05)

The MR isolates of M. nivale and F. poae were
significantly more pathogenic than FR isolates.
The pathogenicity of all isolates was higher at
15°C than at 25°C, except the roots which were
more damaged at 25°C. All M. nivale isolates were

more pathogenic than those of E poae.

62

The results suggest that the species and origin of
isolates were the most significant factors affecting
pathogenicity and that they had significant effects at
both temperatures. There could be many relation-
ships which might exist between the in vitro growth
rate and pathogenicity of the species isolates.



Plant Protect. Sci. Vol. 46, 2010, No. 2: 59-65

(a) 50 -
(%) 40 4

30 A

20 A

10 A

0 4

PIR-15°C PIR-25°C GR-15°C GR-25°C BGR-15°C BGR-25°C

(b) 120
7 a a aa a aaaa
a a a aaaaaa aaa a g aaa aa a a

PIR-15°C PIR-25°C GR-15°C GR-25°C BGR-15°C BGR-25°C
(©) 150 -
(%) agaaaga agaaga a a a, aa
100 - adag“a aa,a a,
00 abbab bb a a
a
50 -
0 -
PIR-15°C PIR-25°C GR-15°C GR-25°C BGR-15°C BGR-25°C
(d) 120 - a, g, aa.,a
(%)100 { a2a” da”®

80 -~
60 -~
40 A
20 A
0 -

PIR-15°C PIR-25°C GR-15°C GR-25°C BGR-15°C BGR-25°C

(e) 25 -
(%)

15 1

10 4

PIR-15°C PIR-25°C GR-15°C GR-25°C BGR-15°C BGR-25°C

@sladkovicovo MNitra [OBudany [Zeliezovce M Viglas-Pstrusa [ Maly Saris

PIR - percentage of infected roots; GR — germination retardation; BGR — biomass growth retardation
differences between values designated by the same letter are not significant (analysis of variance, Tukey’s test, P = 0.05)

Figure 2. Effect of temperature on the pathogenicity of F avenaceum (a), E culmorum (b), F. graminearum (c),
M. nivale (d), and E poae (e) isolates
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DISCUSSION

This experiment was conducted to determine
the influence of temperature on the pathogenicity
of Fusarium and Microdochium isolate collection
under in vitro conditions. A similar method for
the in vitro growth and pathogenicity measure-
ment was used previously (MESTERHAZY 1984;
CLEAR & PATRICK 2000; BRENNAN et al. 2003).
The test of Fusarium graminearum pathogenicity
to wheat seedlings can be used for the prediction
of head blight development via seedling test, for
other Fusarium species the relationship between
the in vitro test and FHB has not been known yet
(MESTERHAZY 1984).

The results of the growth rates of tested Fusarium and
Microdochium species are in agreement with results
obtained by other authors (GERLACH & NIRENBERG
1982; BRENNAN et al. 2003). The growth rates of F cul-
morum, F. graminearum, F. poae, and F. avenaceum are
higher at 25°C than at 15°C. Similar results were re-
ported by some authors (PETTIT et al. 1996; CAMPBELL
& L1ps 1998; BRENNAN et al. 2003) who found out that
the optimal temperature for F culmorum, E graminea-
rum and E avenaceum was between 20°C and 25°C,
while M. nivale grew better at temperatures lower
than 20°C. In general, M. nivale and F. culmorum are
known as species that able to grow at low temperatures
(P1TT & HOCKING 1997; DOOHAN et al. 2003).

The pathogenicity test highlighted the variation
among species and isolates in germination, root
development and biomass growth retardation at
different temperatures. The highest pathogenicity
of tested species to seedling roots was recorded in
E culmorum, F. graminearum and M. nivale at both
temperature and the lowest in F avenaceum and
F poae. These results are in contrast with the results
of Ponchet (PONCHET 1966), who reported that
M. nivale in a glasshouse study was non-pathogenic
to seedlings above 16°C. Our results correspond
with BRENNAN et al. (2003), who reported the high-
est pathogenicity of M. nivale to wheat seedlings
at lower temperatures. The analysis of presented
results shows that the species and origin factors
were the most important contribution to the vari-
ation observed in both in vitro growth rates and
seedling pathogenicity of M. nivale and F. poae.
This conclusion is in agreement with previously
reported results showing that different Fusarium
species varied in their growth and pathogenicity
(BRENNAN et al. 2003). The test also showed the
variation of F culmorum and E poae isolates in the
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growth rate due to their origin. The MR isolates grew
significantly faster at lower temperatures and were
significantly more pathogenic in germination and
biomass growth retardation than the FR isolates.
The differences in growth rate and pathogenicity
are probably influenced by specific weather condi-
tions in the study sites and consecutive adaptation
of isolates to different conditions (BoTTALICO &
PERRONE 2002; DOOHAN et al. 2003). According to
results it seems that the isolates probably formed
ecotypes (PETTIT et al. 1996). Similar results were
obtained by BRENNAN et al. (2003), who reported
growth rate variability in the European Fusarium
species collection. He recognized that the isolates
originating from some regions were not able to
cause the same infection levels in different agr-
oecological conditions, except possible adaptation
and regaining the former pathogenicity. Otherwise,
the variability of species and isolates indicates that
the pathogen-host interaction is highly complex
(DooOHAN et al. 2003) due to the existence of indi-
rect (WALKER et al. 2001) and direct relationship
between in vitro growth and in vivo pathogenicity
(BAI & SHANER 1996). There is a consensus that
the true host specificity does not exist in Fusarium
species, but variation in aggressiveness among
their isolates has been documented (MIEDANER &
SCHILLING 1996; MIEDANER et al. 2004). It follows
from this analysis that the species and origin of
isolates were the most significant factors affecting
the pathogenicity of Fusarium and M. nivale isolates
and had significant effects at both temperatures.
There could be many relationships which might exist
between the in vitro growth rate and pathogenicity
of the species isolates.

The present study highlighted the importance
of isolate origin and incubation temperature as
important factors for the growth and seedling
pathogenicity of selected species. The results sug-
gest that not only within Europe (BRENNAN et al.
2003) but also within the countries the temperature
ecotypes of Fusarium spp. Microdochium nivale
may exist. This knowledge could be interesting
for specialised breeding programmes in different
agroecological conditions in the future.
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