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Abstract

VANOVA M., TVARUZEK L., HRABALOVA 11. (2001): Reaction of winter wheat varieties to Fusarium graminearum and
F. culmorum in field infection trials and the efficacy of fungicides. Plant Protect. Sci., 37: 66-73.

Fifteen winter wheat varieties were tested for their reaction to Fusarium culmorum and F. graminearum in the ear in 1996, 1998
and 1999. To ensure a sufficient level of infection in the field the varieties were artificially inoculated with spores of the two
species at a ratio of 1:1, The infection was evaluated using a 10-score scale at three times: first at the milk stage (BBCH 71-75),
i.e. about 14 days after inoculation; two further readings were taken at 7-day intervals. The data were used to calculate the average
infection for each variety at each reading, and were statistically evaluated. The parameter “area under disease progress curve”
(AUDPC) was also calculated. Significant differences between varieties were found in all investigated years. On the average of the
3 years, the variety Ebi showed the lowest infection. Other varieties with significantly low infection were Estica and Atlet. The
variety with the highest infection was Bruneta, followed by Samanta, Saskia and Samara. The degree of infection was considerably
influenced by weather conditions in the year. A lower infection was observed in 1996 when rainfall in the period from 1* to 2602
June was below normal, while rainfalls in 1998 and 1999 were higher in this period. The efficacy of fungicides was assessed in the
highly susceptible variety Bruneta. All tested preparations significantly decreased the degree of infection in comparison with the
untreated control. In 1998 the efficacy of fungicides was rather low (from 15.51 to 37.55%), while in 1999 it was higher (from

36.74 to 58.20%). In both years the preparation Folicur BT was most efficacious.
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Fusarium graminearum and F. culmorum cause seri-
ous damage to grains in winter wheat ears. Fusarium
graminearum Schwabe (teleomorph Gibberella zeae [Sch-
wein.] Petch) is typical of areas with warmer climatic con-
ditions where corn and rice are produced, while £
culmorum (W.G. Smith) Sacc. (unknown teleomorph) is
characteristic of colder areas where several small-grain
cereals are produced (HOMDORK et al. 2000a).

The level of ear infection is influenced by various fac-
tors that determine the progress of the disease; if these
factors coincide, the weight of an infected ear can be re-
duced by as much as 50% in extreme cases (SUTY 1996).
As reported by DILL-MACKY and JONES (1997), the yield
reductions in 1993-1996 were 33, 18 and 5%, respectively,
in the conditions of Minnesota. HOMDORK ez al. (2000a)
gave yield reductions by 24.2-45% for conditions in Eu-
rope and in experiments.
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Besides yield losses, the value of the grain is dimin-
ished by mycotoxins produced by some fungi of the ge-
nus Fusarium. In the phytosanitary-toxicological aspect
greatest attention has been paid to deoxynivalenol (DON)
(OBST et al. 1997; SUNDHEIM et al. 1997); other tricho-
thecenes have also been studied.

Their incidence is usually higher in more humid areas or
in years with rainy weather from the beginning of anthe-
sis to harvest. OBST et al. (1997) consider the time be-
tween 50% of ears started heading (GS 55) and end of
anthesis (GS 69) as most suitable for successful infection,
provided that the average temperature is higher than 18°C
for 24 h and precipitation exceeds 5 mm.

The cropping system is another risk factor: an impor-
tant roles are played by the forecrop, soil tillage and vari-
etal resistance (DILL-MACKY & JONES 1997). GROTH et
al. (1999) stated that besides high resistance of the host
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variety, the only effective protection was a tillage method
that would bury organic matter residues and thus poten-
tial sources of inoculum. The highest incidence of fu-
saria, and consequently the highest content of deoxyni-
valenol, were reported by OBST ez al. (1997) after corn as
a forecrop.

SUTY and MAULER-MACHNIK (1996) presented results
of a study on perithecium formation on corn straw. Perith-
ecia were produced on 50% of corn residues on the ground
surface. The proportion of ripe perithecia was 41% in May,
increasing to 86% in June. Higher temperatures and hu-
mid weather favoured perithecium formation and the re-
lease of ascospores from ripe perithecia. KHONGA and
SUTTON (1988) did not find any perithecium formation on
plowed-in corn straw, and the level of infected ears on
winter wheat decreased from 27% (without plowing) to
7% (after plowing-in).

Disease incidence is influenced by the amount of re-
leased ascospores, weather conditions at heading time
and varietal resistance (SUTTON 1982).

Treatments with fungicides are considered as partly ef-
fective measures even if applied at the optimal time.

Under conditions in the Czech Republic, the incidence
of Fusarium head blight on winter wheat has been related
to weather conditions during anthesis and to the level of
variety susceptibility.

The risk of a higher incidence of the disease will conse-
quently increase with an increasing proportion of cereals
(mainly winter wheat and corn) in a crop rotation, and by
reduced soil tillage.

In risky areas it is advisable to benefit from different
varietal resistance and partial fungicidal efficacy.

This paper presents results of 3-year field trials that
were conducted to study the reaction of 15 winter wheat
varieties after artificial inoculation, and the efficacy of
fungicide applications on susceptible varieties.

MATERIAL AND METHODS

Testing the reaction of varieties

Nwr

Field trials were performed on plots of the Kroméfiz
Agricultural Research Institute, Ltd., in 1996, 1998 and
1999 (235 m above sea level, average annual temperature
8.7°C, average annual precipitation 599 mm). Pea for grain
was the forecrop in all experimental years, and the fertilizer
schedule was: 300 kg NPK/ha (15:15:15) in the fall before
sowing and 50 kg N pure nutrients per ha in the growing
season in form of ammonium-calcium saltpeter.

Each variety was sown in three replicates into plots
1 m in size using a microplot seeder.

To achieve sufficient disease severity every year, the
trials were artificially inoculated with spores of Fusarium
graminearum and F. culmorum. Their ratio in the inocu-
lum was 1:1 (MESTERHAZY 1978). After the pathogenici-

ty of fungal isolates had been checked, they were cul-
tured on solid nutrient media (sterile wheat grain) and
kept under NUV light for 3—4 following sporulation stim-
ulation. Then the substrate was dried and stored for
3 months.

Conidial concentration of each species in the inoculum
was adjusted under a microscope to 1 million conidia per
ml suspension of each species and put into plot at 30 ml
on 1 m* by spraying.

Inoculation with spore suspension was carried out at
the beginning of anthesis in a variety when about 50% of
its spikelets had extruded anthers.

Disease grade was assessed visually on a six-score scale:

Grade % of ear diseased

0 0
1 10
2 25
3 50
4 75
a 100

The assessment was carried out three times: the first at
the milk stage (BBCH 71-75), i.e. about 14 d after inocula-
tion; two more scorings followed at 7-day intervals.

Ten ears of each variety were assessed in three replica-
tions. The values were used to calculate an average dis-
ease grade for each variety at each date of assessment;
these data were used to determine the “area under dis-
ease progress curve — AUDPC” (SHANER & FINNEY 1997)
by the formula:

AUDPC =sum ((x; +x,)/2) x T,
where:x, — % disease at i-th assessment
x,,, — % discase at j-+1-th assessment
T, — number of days between assessments
For individual years the varieties were arranged in as-
cending order by increasing total AUDPC,
Statistical data processing was based on analysis of vari-

ance; differences were compared by Tukey's test (P =0.05).

Evaluation of fungicidal efficacy

The variety Bruneta was used for these trials in 1998
and 1999; it had been selected in trials of the preceding
year as a variety susceptible to Fusarium head blight, Af-
ter a cereal (winter wheat) as forecrop the trial was sown
on 2™ October and 14" October 1998. NPK fertilizer was
applied in the fall (15:15:15, at a dose of 300 kg/ha), fol-
lowed by additional fertilizing with ammonium-calcium
saltpeter (30 kg N pure nutrients per ha) and DAM (50 kg
N pure nutrients per ha) during the growing season. To
prevent infection with other pathogens all plots were treat-
ed with a single dose of the mixture Bavistin + Atlas at a
dose of 300 g + 0.2 I/ha (carbendazim 500 g/kg + quino-
xyfen 500 g/1) to control Tapesia yallundae (syn. Pseudo-
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cercosporella herpotrichoides) and powdery mildew (Blu-
meria graminis syn. Erysiphe graminis). Amistar (azox-
ystrobin 250 g/1) at a dose of 0.5 1/ha was applied to control
leaf rust of wheat (Puccinia recondita) and Septoria sp.

Fungicides were applied at the beginning of anthesis
(BBCH 61-64); artificial inoculation with a suspension of
conidia of Fusarium was carried out 24 h later in the same
way as in the variety trials. An identical method was used
for disease rating and for statistical evaluation.
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Fig. 1. Mean temperatures from 26™ May to 20" June in 1996,
1998 and 1999

Fungicides used to control Fusarium head blight:

- Active Content Dose applied
Fugies ingredient of a.i. per ha
Falcon spiroxamine 250 g/ 061

tebuconazole 167 g/l
triadimenol 43 g/l
Folicur BT  tebuconazole 125g/1 0.751;1.01
triadimefon 100 g/l
Tilt 250EC  propiconazole 250 g/l 0.51
Caramba metconazole 60g/l 0.8-1.01
=8- Normal
24 1 s orm
=X~ 1996
22 A
=4 1098
20 4 - 1999
18 A
16 A
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12 A
10 4 : : : ‘ :
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Fig. 2. Precipitation means from 26 May to 20" June in 1996,
1998 and 1999

Table 1. Assessment of the reaction of winter wheat varieties to Fusarium culmorum and F. graminearum infection of ears — year

1996 (date of inoculation: 13- 5" June1996; DC: 61)

) Percent disease Significance
bt 1** assessment 2" asscssment 3™ assessment AUDEG ©.1)
Brea 0 0 10 35 A
Ebi 0 10 25 157.5 B
Athlet 10 10 25 192.5 c
Estica 10 10 25 192.5 ¢
Siria 10 10 25 192.5 C
Versailles 10 10 25 192.5 €
Sarka 0 25 25 262.5 D
Ritmo 10 10 50 280 E
Tlona 10 25 50 385 F
Alka 10 50 50 560 G
Astella 10 50 75 647.5 H
Bruneta 10 50 75 647.5 H
Samanta 10 50 75 647.5 H
Saskia 10 50 75 647.5 H
Samara 10 75 100 910 I

It assessment: day 14 after inoculation; 274 ggsessment: day 21 after inoculation; 3¢ assessment: day 28 after inoculation
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RESULTS in 1997, but were destroyed by floods and heavy rains
and, therefore, could not be included in the overall as-

The reaction of 15 winter wheat varieties was studied in sessment.

the years 1996, 1998 and 1999. The tests were also planted

Table 2. Assessment of the reaction of winter wheat varicties to Fusarium culmorum and F. graminearum infection of ears — year
1998 (date of inoculation: 5" June1998; DC: 61)

Percent disease

Variety pm == = AUDPC Signifigance
I* assessment 2" assessment 3" assessment (0.1)

Ebi 10 25 25 322:5 A
Estica 0 25 50 387.5 B
Athlet 10 50 50 610 G
Alka 10 50 75 710 D
Astella 10 50 75 710 D
Brea 10 50 75 710 D
Ilona 10 50 75 710 D
Bruneta 25 50 75 762.5 E
Siria 25 50 75 762.5 E
Sarka 25 50 75 762.5 E
Ritmo 10 50 100 810 E
Saskia 25 75 75 950 G
Samara 50 75 75 1037.5 H
Versailles 50 75 75 1037.5 H
Samanta 25 75 100 1050 I

1%t assessment: day 14 after inoculation; 2" assessment: day; 21 after inoculation; 3™ assessment: day 28 after inoculation

Table 3. Assessment of the reaction of winter wheat varieties to Fusarium culmorum and F. graminearum infection of ears year
1999 (date of inoculation: 3™ June1999; DC: 61)

Variety Percent disease AUDPC Significance
1% assessment 2™ assessment 3™ assessment 4™ assessment 0.1)

Ebi 0 S 10 10 1375 A
Athlet 0 5 17.5 173 208.75 B
Estica 0 10 175 25 273075 C
Ritmo 0 17.5 25 50 461.25 D
Alka 10 175 175 50 462.5 E
Samara 10 17.5 25 3.5 473.75 F
Siria 0 10 37.5 50 478.75 G
Ilona I7.5 175 25 50 548.75 H
Brea 10 25 3.5 62.5 693.75 1
Versailles 10 25 50 62.5 775 I
Sarka 10 25 50 75 812.5 K
Astella 25 375 373 62.5 875 L
Samanta 10 37.5 50 62.5 881.25 M
Saskia 10 37.5 50 62.5 881.25 M
Bruneta 25 62.5 75 87.5 1406.25 N

1% assessment: day 12 after inoculation; 2" assessment: day 22 after inoculation; 3™ assessment: day 29 after inoculation; 4%

assessment: day 35 after inoculation
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Table 4. Statistical evaluation of the reaction of winter wheat varieties, 1996-1999 and means

Variety e b Mean Sgaitipes
1996 1998 1999 o.n
Brea 0 0 10 35 A
Ebi 157.5 3225 1375 205.83 A
Estica 192.5 387.5 273.75 284.58 A B
Athlet 192.5 610 208.75 337.08 ABC
Siria 192.5 762.5 478.75 477.92 ABCD
Brea 35 710 693.75 479.58 ABCD
it 280 810 461.25 517.08 ABCDE
T 385 710 548.75 547.92 ABCDE
Alka 560 710 462.5 5775 ABCDE
Sérka 262.5 762.5 812.5 612.5 ABCDE
Versailles 192.5 1037.5 775 668.33 B CDE
Astella 647.5 710 875 744.17 CDE
Samara 910 1037.5 473.75 807.08 DE
Saskia 647.5 950 881.25 826.25 DE
Samsnta 647.5 1050 881.25 859.58 DE
Bruneta 647.5 762.5 1406.25 938.75 E

Table 5. Significance of differences in AUDPC for the factor: years 1996, 1998, 1999

Year Mean square Significance (0.1)
1 -1996 396.66 A
3-1999 624.66 B
2-1998 755.50 B

Table 6. Analysis of variance for the relationship of Fusarium progress AUDPC in winter wheat to the year and variety

Variability source Degrees of freedom Mean square F Significance
Year 2 494 656.81 12.844 nE
Varieties 14 142 371.79 3.697 ¥
Residnal 28 38 513.874

Total 44

**gignificance at 0.01; *significance at 0.05

Table 7. Efficacy of fungicide applications to control Fusarium head blight in the variety Bruneta in 1998 (fungicide application:
4 June 1998; date of inoculation: 5" June 1998; DC : 61)

Treatment Dose per ha Fusarium head blight scoring Percent efficacy Significance (0.1)
Control 2.45 A

Falcon 0.6 2.07 15.51 B
Folicur BT 0.75 1.83 25.31 C

Tilt 0.5 i 27.76 D
Caramba 12 1.66 32.24 E
Caramba 0.8 1.53 3755 F
Folicur BT 1 1.53 37.55 E
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Table 8. Efficacy of fungicide applications to control Fusarium head blight in the variety Bruneta in 1999 (fungicide application:

2+ June 1998; date of inoculation: 3" June 1998; DC: 61-65)

Treatment Dose per ha Fusarium head blight scoring Percent efficacy Significance (0.1)
Control 2.23 A

Control 2.08 A

Caramba L2 1.36 36.74 B

Caramba 0.8 1.25 41.86 G

Falcon 460 EC 0.6 1.02 325 D

Tilt 250 EC 0.5 1 53.48 B
Folicur BT 225 EC 1 0.98 54.4 R
Folicur BT 225 EC 075 0.9 58.2 G

Disease severity was lowest in 1996, while in 1998 and
1999 it was statistically significant higher. The difference
between 1998 and 1999 was not statistically significant.
As identical isolates of both fusaria and identical spore
concentrations for inoculation were used in these trials,
differences in severity could be caused by different tem-
perature and moisture conditions after inoculation.

Figs. 1 and 2 show precipitation and temperatures from
1% to 20™ June; the year 1996 had below normal precipita-
tion in this period, while in 1998 and 1999 it was higher.
The temperature sum for 1996 was higher than those for
1998 and 1995. The data demonstrate obvious effects of
weather conditions and the fact that the excessive precip-
itation in 1998 did not further increase disease severity
statistically significant.

Differences between the varieties were statistically sig-
nificant in all experimental years (Tables 1-3). The 3-year
mean shows that disease grade was lowest in the variety
Ebi (Table 4). The varieties Estica and Athlet also had
significantly lower disease grades. These three varieties
are later ones, their anthesis is delayed by 3-5 days. All
other varieties showed statistically significant higher dis-
ease grades. The highest disease grade was observed in
the variety Bruneta, preceded by Samanta and Saskia.
These three are part of a collection of earlier varieties.

Fungicidal efficacy was evaluated in the highly sus-
ceptible variety Bruneta by a scale described in the Meth-
od section. Using this method, all fungicides statistically
significant reduced the disease severity in comparison
with the untreated control. Differences between the fun-
gicides were also statistically significant except for Car-
amba (0.8 1) and Folicur BT (1.0 1) in 1998. Total percent
efficacy was low in 1998, ranging from 15.51 to 37.55%; in
1999 it was higher, between 36.74 and 58.2%. Folicur BT
had the highest efficacy in both experimental years: by a
dose of 1 1/ha in 1998, by one of 0.75 I/ha in 1999,

DISCUSSION

To assess the reaction of winter wheat varieties to Fusar-
ium head blight, the method of artificially induced infec-

tion under field conditions has routinely been used until
now (GROTH et al. 1999). If this is accompanied by sprin-
kler irrigation, reproducibility of the results may be en-
hanced. But disease intensity is variable without irrigation,
so that in some years the reaction cannot be assessed at
all due to a low disease grade which blurs the differences
between the genotypes. The authors cited above state
that neither is it possible to assess lodged stands where
conditions for infection of ears near the ground surface
are more propitious and the ears are thus exposed to high-
er infection pressure than those in stands without lodg-
ing.

The year 1997 was excluded from our experimental re-
sults because heavy rains caused severe lodging. There
was a significant difference between the year 1996 on the
one hand and the years 1998 and 1999 on the other, and
disease severity was sufficiently high in all 3 years to
allow evaluation of differences between the varieties.

The source of infection can be another reason for vari-
ability. Natural presence of fusaria in the ear is a result of
asexual conidia or sexually produced ascospores on the
surface of plant debris (DILL-MACKY & JONES 2000). An
inoculum in form of a mixture of mycelial and conidial frag-
ments cultivated under laboratory conditions is used for
most field tests. The spore concentration is so high and
spraying so homogeneous which makes it very unlikely
that such natural inoculum will have an influence on the
level of infection.

Differences in level of infection on varieties were sig-
nificant when data on the particular years were statistical-
ly processed while taking into account the potential effects
of a year. Yet more important is the statistical processing
of 3-year means which was possible due to sufficiently
high disease severity in all 3 years. This method of data
processing and result evaluation demonstrated the ex-
plicitly lowest disease grade in the variety Ebi and the
highest in Bruneta. But the differences between Ebi and
the next eight varieties were not statistically significant.
Neither was the difference between Bruneta and the nine
varieties before it statistically significant. Consequently,
the bulk of the tested varieties do not differ in reaction
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from each other very much; the only variety with a lower
disease grade is Ebi for all experimental years. In world
collections, Chinese materials are considered as impor-
tant sources of resistance (GROTH et al. 1999).

Fungicide applications are another important protec-
tive measure. Attention is currently focused on this mea-
sure because the chances of using resistant varieties are
small and ascospores produced on plant debris are an
important infection source (SUTY & MAULER-MACHNIK
1996). Corn for grain and silage is a source of infection for
subsequent winter wheat (DILL-MACKY & JONES 2000)
as well as spring barley.

MATTHIES and BUCHENAUER (2000) evaluated the ef-
ficacy of the active ingredients tebuconazole (150 g/l in
Folicur) and prochloraz (320 g/l in Sportak) in separate
applications or in a mixture of both fungicides to control
artificial infection of winter wheat at the GS 65 stage. In-
fection intensity was reduced by both fungicides in com-
parison with the untreated control. Fungicide applications
within a short time after inoculation (2 days) were most
efficient, Folicur reduced infection intensity by 56% and
Sportak 41%. Treatments 8 days before infection and
9 days after infection showed lower efficiency.

In the present (rials the fungicides were applied 1 day
before inoculation, their efficacy was higher in 1999 than
in 1998, Efficacies of 58.2% and 54.4% were achieved in
1999 by applications of Folicur BT at doses of 0.75 and
1 I/ha, but it was only 37.55% in 1998 with a dose of 1 I/ha.
These variations can likely be explained by the lower con-
tent of tebuconazole in Folicur BT than in the Folicur used
by MATTHIES and BUCHENAUER (2000).

HOMDORK et al. (2000a) reported fungicidal efficiency
to be related to time, frequency of applications and fungi-
cide dose while tebuconazole is considered as a highly
efficient ingredient (PARRY et al. 1995). Nevertheless,
yields increased after tebuconazole applied to control
fusaria very differently (in a range of 31 to 80%). MIELKE
and MEYER (1990) also found tebuconazole to be the most
efficient fungicide, even though they failed to achieve
complete suppression of infection.

Fusarium head blight in winter wheat largely decreases
crop yield and quality. Lower quality is ascribed mainly to
mycotoxin production. Toxins can be produced on infect-
ed grains during storage under favourable conditions, so
their content is not only determined by field conditions
(HOMDORK et al. 2000b).

The results of these trials indicate that the susceptibil-
ity of varieties grown in this country, favourable condi-
tions for infection under field conditions, the high
percentage of cereals in crop rotations and the increasing
use of minimized soil tillage make it necessary to be con-
cerned with Fusarium head blight. Consequently, not only
yield losses but also mycotoxin content should be moni-
tored.
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Souhrn

VANOVA M., TVARUZEK L., HRABALOVA H. (2001): Reakee odriid p§enice ozimé via&i Fusarium graminearuma F. culmorum
v polnich infek&nich pokusech a uéinnost fungicidi. Plant Protect. Sci., 37: 66-73.

V letech 1996, 1998 a 1999 byl hodnocen soubor 15 odriid p3enice ozimé na odolnost k Fusarium culmorum a Fusarium
graminearum v klase. Pro zaji3téni kaZdoro&niho dostatedného stupné napadeni v polnich pokusech byly uméle infikovany
sporami Fusarium graminearum a F, culmorum (pomér v inokulu 1 : 1). Hodnoceni napadeni bylo provadéno modifikovanou
desetibodovou stupnici. Hodnoceni bylo provadéno tfikrat — poprvé v mlééné zralosti (BBCH 71-75) tj. asi 14 dnil po inokulaci,
dalsi dvé hodnoceni byla provedena v sedmidennich intervalech na 10 klasech ve tfech opakovanich. Ze ziskanych udaji bylo
vypodteno primérné napadeni kazdé odriidy v kazdém terminu. Tato data slouZila k vypod&tu parametru plochy pod kiivkou
vyvoje choroby AUDPC. Statistické zpracovani bylo provedeno analyzou variance. Pro porovnani rozdilii byl pouZit Tukey
test. Byly zjistény priikazné rozdily mezi odriidami ve viech sledovanych letech. V priméru tfi sledovanych let byla nejméné
napadenou odriidou Ebi, nasledovaly pritkkazné méné napadené odriidy Estica a Athlet. Naopak nejvice napadenou odriidou byla
Bruneta a pfed ni se umistily odriidy Samanta, Saskia a Samara. Vyrazny vliv na celkovy stupei napadeni mél pribéh pocasi
v daném roce. Mensi napadeni bylo v roce 1996, kdy obdobi od 1. do 20. ervna bylo srazkové podnormdlni, zatimco roky 1998
a 1999 byly v tomto obdobi srazkové bohatsi. Uginnost aplikace fungicidii byla hodnocena u vysoce nachylné odridy Bruneta.
VSechny zkouSené piipravky vykazaly pritkazné sniZeni stupné napadeni ve srovnani s neoSetfenou kontrolou. V obou zkouse-
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nych letech vykazoval nejvyssi i€innost pfipravek Folicur BT. V roce 1998 bylo procento i¢innosti niZi (od 15,51 do 37,55 %).

v

V roce 1999 byla uéinnost aplikovanych fungicidii vy§si (od 36,74 do 58,2 %).
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