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ABSTRACT

The aim of the study was to determine if azoxystrobin and metconazole used for the control of wheat FHB
at half, full, and quarter more the recommended dose rate may affect in differentiated way on the occurrence
of Fusarium spp. and their ability to mycotoxin production in harvested grain, in wheat ears artificially inocu-
lated with two DON-producing isolates of F. culmorum. Macroscopic evaluation showed high incidence of
fusariosis. Plant health in the plots where the heads were artificially inoculated and fungicide was not applied
was similar to the protected ones. Only increasing the dose metconazole resulted in a stronger reduction of
fusariosis. The advantageous effect of azoxystrobin was not observed. Mycological analysis of harvested
grain showed the presence of a number of F. culmorum, but from samples sprayed with metconazole it was
isolated in smaller quantities. Also F. avenaceum, F. graminearum, F. poae and F. tricinctum were isolated.
Molecular analysis showed the presence of F. culmorum in all samples of harvested grain. Also genes from
Tri cluster were identified, involved in the synthesis of type-A and type-B trichothecenes - especially DON
and 3Ac-DON. Chromatography revealed the presence of small quantities of mycotoxins. In all samples DON
and 3Ac-DON were predominant. In general, F. culmorum isolate, which caused weaker symptoms of FHB
and was less numerously isolated from grain that the other one, produced smaller amounts of mycotoxins.
Samples protected with azoxystrobin contain the largest quantities of DON. Effect of different doses of fungi-
cides on the number of mycotoxins was not clearly established.

Key words: Fusarium, mycotoxins, fungicides, azoxystrobin, metconazole

INTRODUCTION

Fusarium head blight (FHB) is one of the most significant problems af-
fecting wheat (Triticum aestivum L.) due reduction of both crop yields and
grain quality. It is associated with a decrease of grain number per ear, 1000-
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grain weight and grain weight per ear (Chelkowski et al. 2000). Occurrence
of Fusarium species effects unfavorably on grain quality, especially in the
case of mycotoxin contamination. Due to the ability of several Fusarium
species to produce trichothecene such as deoxynivalenol (DON) and its de-
rivatives, nivalenol (NIV), T-2 toxin and also zearalenone (ZEA) (D’Mello
and MacDonald 1997, Magan et al. 2002, Schollenberger et al. 2006) the
use of grain contaminated by these fungi is harmful to humans and live-
stock (Bottalico 1998, Hussein and Brasel 2001). In order to reduce Fusa-
rium spp. fungicide treatment is applied. The literature data show that the
fungicide applying does not guarantee getting rid of the pathogens and,
sometimes, can increase the concentration of mycotoxins (Simpson et al.
2001, Magan et al. 2002, Pirgozliev et al. 2002). Fusarium culmorum is
a common pathogen of wheat and other small cereal grains involved in the
etiology of FHB (Parry et al. 1995). In addition, F. culmorum can produce
various mycotoxins mentioned above (Bakan ef al. 2001, Bottalico and Per-
rone 2002, Logrieco et al. 2003, Waalwijk et al. 2003).

The study started in 2009 were undertaken to determine (i) if fungicides
used for the control of winter wheat head fusariosis at different dose rates
may affect in differentiated way on the occurrence of Fusarium spp. and (ii)
their ability to mycotoxin production in harvested grain, in wheat ears arti-
ficially inoculated with F. culmorum.

MATERIAL AND METHODS

Fungicide-treated grain (tebuconazole, Raxil, Bayer CropScience) of
winter wheat was sown at experimental plots (1.3x6.0m) in Lisewo Malbor-
skie (Zutawy Region, Pomorskie Province, Poland), where natural moisture
conditions are advantageous for such studies. Heads of wheat on selected
plots were treated with metconazole (Caramba 60 SL, BASF) and azox-
ystrobin (Amistar 250 SC, Syngenta Crop Protection) at half, full, and quar-
ter more the manufacturer’s recommended dose rate at the head emergence
complete stage (ZGS-59; Zadoks et al. 1974). Then, at the stage of half of
flowered florets (ZGS-65), heads were artificially inoculated with conidia
of two different isolates of DON-producing F. culmorum (Fc24 and Fc32),
originated from winter wheat (Table 1). Conidia of F. culmorum were pro-
duced from cultures grown on sucrose nutrient agar (SNA), incubated under
darkness at 23°C for 20 days.

Conidial suspensions (10°-x ml') were obtained for each isolate by
washing conidia from sporulating mycelium using sterile water. Inoculation
was carried out by spraying the conidial suspension using a pressure atom-
izer at arate of 300 1-x ha™'. Before inoculation plants were sprayed with
water. To create conditions favorable for infection by the pathogens, fields
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immediately after inoculation were covered with nonwoven, which was
sprayed with water over the next five days and then removed.

Visual fusariosis assessment was made at early dough stage (ZGS-83) on
20 heads x 4 replications using a 0-6° scale - from 0 (healthy heads) to 6(>
50% of head surface infected). The level of infestation was transformed to
a disease index (DI in %) according to Townsend's and Heuberger's for-
mula (Wenzel 1948). The obtained data were analysed statistically by
ANOVA and a Tukey test used to compare means.

At harvest all grain was collected separately from each plot. The mass of
1000 grain was weight. Mycological analysis of harvested grain was made
on PDA (Difco, USA). Grain (four harvested 100 grain samples from each
combination) was disinfected in 1% NaOCI for 2 minutes, washed three
times in sterile water, dried on sterile blotting paper and put onto Petri
dishes with medium. After 7 days of incubation in the dark at 23°C, the
pieces of culture were placed in test tubes with PDA. After an appropriate
time fungi were identified according to mycological keys.

A 14 g representative sample of grain from each plot was milled in cof-
fee grinder and DNA was extracted from 10 g of the milled material. DNA
was isolated according to f Edwards et al. (2001). PCR reactions were car-
ried out with specific primers and amplification conditions described in
publications. To identify F. culmorum FcOl1F/FcOlR (Nicholson et al.
1998) were used, for the 77i5 gene: HATriF/ HATriR (Edwards et al.
2001); for DON chemotype determination: MinusTri7F/ MinusTri7F
(Chandler ef al. 2003); to identify DON derivatives (3Ac-DON and 15AC-
DON) respectively: Tri303F/ Tri303R and Tri315F/Tri315R (Jennings ef al.
2004); for genes specific for type-A and type-B trichothocene-producing
species respectively: T4F1506/T4EndR2 and Tri4BF/Tri4BR (Nicholson et
al. 2004). As controls F. culmorum — Fc, obtained from UMCS, Lublin, Po-
land (NCBI DQ453700, CBS 120098) and F. langsethiae - Fl, own isolate
of our Department (GenBank, EU088404) were used. Depending on the
purpose of analysis they were positive or negative control. Amplification
products were separated by electrophoresis on 1.4% agarose gels with TBE
running buffer and stained with ethidium bromide. A molecular marker of
100 bp (EURx, Poland) was used. The results were scanned into a computer
imaging file with a gel documentation system (VILBER LOURMAT)
equipped with a digital camera.

Grain samples from the field trial were analyzed for type-B trichothe-
cenes: DON and derivatives (3Ac-DON, 15Ac-DON), NIV and FUS-X con-
tent by GC-MS in Department of Chemistry, in Poznan University of Life
Sciences, Poland using gas chromatograph (Hewlett Packard 6890) coupled
with mass detector (Hewlett Packard 5972 A) and equipped with a capillary
column (HP-5MS, 0,25mm x 30 m) according to Perkowski et al. (2003).
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RESULTS AND DISCUSSION

Table 1
Details of field experiment, mean head infection [DI in %], weight of 1000 grains [WTG in g]
and mycotoxin concentration in harvested grain [mg/kg]

Fungicide applied, dose rate, Head

Plot . . . . 3Ac-  15Ac-

o Combination  F. culmoruronclsloaltzil::; used for in- ntlif;:;- WTG DON DON  DON NIV
1 Al Fc24 azoxystrobin %5, Fc 24 71.9 35.6 0235 0.008 0.000 0.007
2 Al Fc24 azoxystrobin 1, Fc 24 72.3 36.8 0.577 0.011 0.001 0.006
3 AlY,Fc24 azoxystrobin 1 Y4, Fc 24 77.1 356 0.198 0.006 0.000 0.000
4 C,Fc24 Control: no fungicide, Fc 24 77.1 40.2 0.251 0.005 0.000 0.000
5 MY, Fc24 metconazole %5, Fc 24 76.5 382 0414 0.014 0.001 0.003
6 Ml, Fc24 metconazole 1, Fc 24 71.5 41.0 0.242 0.006 0.000 0.005
7 M1%, Fc24  metconazole 1 %4, Fc 24 59.4 354 0269 0.007 0.000 0.005
8§ CO-1 Control 0-1: no fungicide, no Fc 6.7 38.2 0.044 0.001 0.000 0.002
9 Al Fe32 azoxystrobin %5, Fc 32 79.6 38.6  0.706 0.026 0.001 0.008

10 Al, Fc32 azoxystrobin 1, Fc 32 77.7 40.6 0436 0.015 0.001 0.005

11 Al%, Fc32  azoxystrobin 1 %, Fc 32 81.5 348 0.611 0.022 0.001 0.003

12 C,Fc32 Control: no fungicide, Fc 32 70.4 350 0399 0.015 0.001 0.003

13 MY, Fc32 metconazole 2, Fc 32 78.5 33.6  0.402 0.017 0.000 0.003

14 M1, Fc32 metconazole 1, Fc 32 79.6 324 0456 0.018 0.000 0.003

15 MI1%,Fc32  metconazole 1 Y4, Fc 32 73.5 33.6 0387 0.013 0.000 0.003

16 CO0-2 Control 0-2: no fungicide, no Fc 9.8 36.0 0.126 0.002 0.000 0.003

Macroscopic evaluation showed high incidence of head fusariosis - Dis-
ease Index was over 70%. The level of disease at the plots where the heads
were artificially inoculated and fungicides were not applied was similar to
the protected ones. Mean DI for plots with azoxystrobin was 76.7 while for
metconazol 73.1. Only increasing the dose of metconazole compared to the
recommended rate resulted in a significantly stronger reduction of fusario-
sis (DI=59.4) (Table 1). It is consistent with the results of Pirgozliev ef al.
(2002) and Edwards et al. (2001) who noted that metconazole demonstrated
high activity against F. culmorum, reducing significantly the severity of
FHB. However our study did not revealed clear effect of this preparation.
Similarly, Simpson ez al. (2001), studying different fungicides including
azoxystrobin, showed that none of the fungicide treatments gave
a significant reduction of the visual symptoms. Here, significantly the low-
est infection was noted at Control 0 (DI=8.2). The advantageous effect
of azoxystrobin on head health was not observed here. However, Cromey et
al. (2001), Siranidou and Buchenauer (2001) and Pirgozliev et al. (2002)
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showed that applications of azoxystrobin reduced FHB severity, while
Simpson et al. (2001) and Edwards et al. (2001) noticed that treatment with
azoxystrobin did not control F. culmorum. The effect of azoxystrobin on
growth of Fusarium species was very low also in vitro test (Millenborn et
al. 2008, not published our own studies 2009).

Weight of the thousand grains was variable and ranged from 32.4 g (M1,
Fc32) to 41.0 g (M1, Fc24). There was no clear relation between this pa-

rameter and the severity of head fusariosis (Table 1).

Table 2
Grain infection with fungi [%]

Fungus/Plot number 1 2 3 4 5 6 7 8 9 10

—_
—_

12 13 14 15 16

F.avenaceum 1 o o0 o0 o 2 2 2 1 0 0 1 4 0 0 2
F.culmorum 80 69 71 68 64 59 58 25 90 80 92 84 79 88 67 23
F.equiseti 0 0 0 1 o o0 o0 o o o0 o o0 o0 o0 0 o0
F.graminearum o o0 o0 o0 o0 o 1 1 o 3 0 2 0 O 1 1
F.poae 2 1 2 1 4 1 1 9 1 o o0 2 0 0 1 11
F.solani o o0 o o0 o o0 o0 o o o o0 O 0 o0 o0 1
F.sporotrichioides o o o0 o0 o o0 o o o0 o o o o0 o0 o0 1
F.tricinctum 1 1 1 2 o0 1 o0 4 4 0 0 1 2 0 0 3
A.alternata 11 21 25 16 22 29 25 44 14 15 S 6 13 11 15 42
Ar. phaeospermum 0 1 0 0 0 1 0 3 0 1 o 2 0 0 0 3
B.cinerea 0 0 0 1 2 0 1 2 0 1 1 0o 0 0 O 1
C.herbarum o 1 2 o0 o0 o0 o0 2 o0 1 3 0 0 0 1 2
E.nigrum 6 10 4 13 10 11 9 12 s 4 7 7 7 5 15 20
Penicillium spp. o o o s o o0 1 2 o0 O O o0 1 2 o0 O
Tr. viride o o o o o0 o0 o0 1 O O O o o o0 o0 o0

Non sporulating fungi o 0 o0 1 1 o o0 o o0 0 o0 1 0 0 1 1

Total 101 104 105 108 103 104 98 107 115 105 108 106 106 106 101 111

Mycological analysis of harvested grain (Table 2) showed that artificial in-
oculation led to a greater predominance of F. culmorum over the others species.
Fusarium culmorum was less numerously isolated from grain inoculated with
Fc 24 (mean % of infected grain - 67) compared to Fc32 (83%). This species
was isolated in smaller quantities from samples sprayed with metconazole
(mean % of infected grain - 69.2) compared with azoxystrobin (80.3%). This
coincides with results of fusariosis evaluation of head and inhibitory effect of
metconazole (Pirgozliev et al. 2002). Fusarium avenaceum, F. graminearum
and F. poae were found not numerously and in not all samples. According Parry
et al. (1995), Nicholson et al. (2004) they are often associated with FHB in
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cooler regions, such as northern Europe. Fusarium equiseti and F. sporotri-
chioides isolated occasionally are the common species present in the temperate
regions of northwest Europe (Chelkowski er al. 1989, Langseth et al. 1999).
Fusarium poae was isolated mainly from Control 0, where inoculation with
F. culmorum was not applied. Among saprotrophic species, commonly isolated
from wheat kernels, A. alternata (Kosiak et al. 2004, Zhang et al. 2007) and E.
nigrum (Grabarkiewicz-Szczesna et al. 1989) were noted most frequently.
Negative correlation was observed between them and F. culmorum, especially
in the case of azoxystrobin. Azoxystrobin was shown to be effective against
saprotrophic fungi found on the wheat heads (Bertelsen ez al. 1999) while being
less effective against F. culmorum (Faure and Declercq 1999). Liggit et al.
(1997) suggest that the application of fungicides which have significant activity
against saprotrophic species, may lead to greater colonization of wheat ears by
the F. culmorum, due to the removal of antagonistic saprotrophs.
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Fig. 1. Agarose gel of PCR assay with primers FcO1F/FcO1R. Marker 100bp (M), samples
from plots (1-16), positive control (Fc), negative control (F1), blank control (0)

Fig. 2. Agarose gel of PCR assay with primers HATriF/ HATriR. Marker 100bp (M), samples
from plots (1-16), positive control (Fc), blank control (0)
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Fig. 3. Agarose gel of PCR assay with primers T4F1506/T4EndR2. Marker 100bp (M), samples
from plots (1-16), negative control (Fc), positive control (F1), blank control (0)

Molecular analysis (SCAR-PCR) of harvested grain showed incidence of F.
culmorum and Tri5 gene in all samples (Fig. 1, 2). This allowed the assumption
that all samples may contain toxins, because 7ri5 gene is present in all known
species of Fusarium are able to produce trichothecenes (Nicholson et al. 2004).
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Also genes from 77i cluster were identified, involved in the synthesis of type-A
and B trichothecenes - especially deoxynivalenol and its derivatives. Products
(bands) characteristic for type-A trichotecenes were very weak and identified in
not all samples, unlike the products specific to type-B trichothecenes (Fig 3, 4).
This follows from the fact that in the samples were identified very few fungi
that are able to produce A-type trichotecenes, which include F. poae, F. equiseti
and F. sporotrichioides (Chelkowski ef al. 1989, Morrison et al. 2002,
Halstensen et al. 2006). Among the identified species predominated F. cul-
morum, known producer of deoxynivalenol (Okubara et al. 2002, Bottalico and
Perrone 2002), which, according to Pestka (2007), is usually isolated mycotoxin
from the trichothecenes. Genes responsible for producing DON and 3-Ac DON
were detected in all samples (Fig 5, 6). Genes encoding 15Ac-DON were also
identified in all samples, but band intensity was very weak (Fig. 7), suggesting
a small number of copies of these genes. This was confirmed during the GC-
MS, where a very small amount of this derivative was extracted.
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Fig. 4. Agarose gel of PCR assay with primers Tri4BF/Tri4BR. Marker 100bp (M), samples
from plots (1-16), positive control (Fc), negative control (F1), blank control (0)
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Fig. 5. Agarose gel of PCR assay with primers MinusTri7F/ MinusTri7F. Marker 100bp (M), samples
from plots (1-16), positive control (Fc), negative control (Fl), blank control (0)
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Fig. 6. Agarose gel of PCR assay with primers Tri303F/ Tri303R. Marker 100bp (M), samples
from plots (1-16), positive control (Fc), negative control (F1), blank control (0)

Chromatographic analysis (GC-MS) confirmed molecular results and revealed the
incidence of trichothecenes and predominance of DON and 3Ac-DON in all samples
(Table 1) This is consistent with the results of Arseniuk and Géral (2005) and Per-
kowski et al. (1995) who found that in Europe, 3AC-DON clearly prevails. There
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were differences in mycotoxin production among samples inoculated with different
isolates of F. culmorum and treated with the same fungicides. In the case of isolate
Fc32 applying of half and quarter more the recommended dose of azoxystrobin in-
creased the content of DON compared with the control, while in the case Fc24 effect
was the opposite. In general, Fc 32, which caused stronger symptoms of FHB and
was more numerously isolated from grain that Fc24, produced higher amounts of my-
cotoxins.

Fig. 7. Agarose gel of PCR assay with primers Tri3 15F/Tri315R. Marker 100bp (M), samples
from plots (1-16), negative controls (Fc and F1), blank control (0)

Also Menniti et al. (2003) and Haidukowski ez al. (2004) noted positive
correlation of disease severity with DON level. Samples protected with
azoxystrobin contained more of DON (mean concentration — 0.46 mg/kg)
than samples protected with metconazole (0.36), controls inoculated with F.
culmorum (0.33) and control 0 (0.08). Literature data, concerned this issue,
are confused. Pirgozliev ef al. (2003) noted that applications of azox-
ystrobin might have a direct effect on DON production, through imparting
a stress factor on F. culmorum, inducing the pathogen to produce more my-
cotoxin. Simpson et al. (2001) also associated applications of azoxystrobin
with increased DON concentrations in harvested wheat grain. Opposite re-
sult were observed by Siranidou and Buchenauer (2001). They showed that
applications of azoxystrobin reduced FHB severity and that DON concen-
tration was similar to that in unsprayed controls. Pirgozliev et al. (2002)
showed that azoxystrobin reduced DON compared to unsprayed controls,
but, as in this study, its effectiveness was less than that of metconazole.
Also Blandino and Reyneri (2009) have shown that triazoles, which include
metconazole, in contrast to the strobilurin (azoxystrobin with the head), sig-
nificantly reduces the amount of DON in wheat grain. Different 15Ac-DON
and NIV were found in trace amounts (Table 1) and FUS-X was not identi-
fied. Effect of different doses of fungicides on the number of mycotoxins
was not clearly established. The use of fungicides, in most cases did not
result in reduction of DON in comparison to the non treated samples inocu-
lated with F. culmorum. It was noted, however, some trends: decreasing
doses, in some cases (e.g. A's, Fc32), increases the amount of mycotoxins
produced. The mechanisms by which the fungicides stimulate toxin produc-
tion in Fusarium spp. are not known. It may be assumed that in the pres-
ence of sub-lethal concentrations of certain fungicides the fungal strains
respond to this stress by increased production of secondary metabolites in-
cluding mycotoxins, as a possible mechanism (Ramirez et al. 2004)
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