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SUTRUMPINIMU SARASAS

15ADON - 15- acetil-deoksinivalenolis

3ADON - 3-acetil-deoksinivalenolis

BBCH - augimo tarpsniy skalé

BSA — galvijy serumo albuminas (bovine serum albumin)
ddH,O — sterilus distiliuotas vanduo

DNR - deoksiribo nukleono riigstis

DON - deoksinivalenolis

ES — Europos sajunga

Frx— FiSerio faktinis kriterijus

FGRK - Fusarium graminearum riisiy kompleksas

FMM — neagarizuota minimali Fusarium terpé

LAMMC - Lietuvos agrariniy ir miSky moksly centras
MA — morky agaras

MIK — Minimali inhibuojanti koncentracija

NaCl — Natrio chloridas

NaOCI — Natrio hipochloritas

NIV — Nivalenolis

NK — neigiama kontrolé

NS — patikimy skirtumy 0,05 ir 0,01 tikimybés lygiu néra
PDA — bulviy dekstrozés agaro terpé (angl. Potato dextrose agar)
PGR — polimerazés grandininé reakcija

qTL PGR - tikrojo laiko polimerazés grandininé reakcija
SNA - specializuota mitybos terpé (vok. Spezieller Nahrstoffarmer Agar)
SSR — mikrosatelity sekos (angl. simple sequance repeats)
TRI — trichotecenai

UV — ultravioletiniai spinduliai

VF — varpy fuzarioze

VU GMF — Vilniaus universiteto Gamtos moksly fakultetas
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WA — vandens agaras
ZEN — zearalenonas
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INTRODUCTION

Plant diseases are the result of the plant — host interaction, pathogen virulence and
environment conditions. The etiology of the disease is determined by the meteorological
conditions as well as human activities: use of fungicides, cultivation technique, distribution
of plant reproductive material, sowing methods and other factors. The impacts of a changing
climate contribute to the high yield losses caused by the diseases (Parikka et al., 2012a).

Fungi of the Fusarium genus are the most economically important phytopathogens in
crops worldwide (McMullen et al., 1997; Bottalico, Perrone, 2002). They cause harmful
cereal disease - fusarium head blight (FHB) which reduces crop yield and quality, thereby
contaminating grains with mycotoxins which are hazardous to human and animal health
(Bottalico, Perrone, 2002; Surai, Mezes, 2005).

Certain fungi of the Fusarium genus and Microdochium nivale can cause FHB
(Bottalico, Perrone, 2002; Yli-Mattila, 2010). In previous years, the species of Fusarium
poae, F. avenaceum and F. culmorum dominated in cooler regions of the world, while
F. graminearum - in the warmer ones (Bottalico, Perrone, 2002). The Central European
region, major part of North America and Asia were designated as the area of the distribution
of F. graminearum approximately up to year 2000 (Yli-Mattila, 2010). Subsequently, the
rapid spreading of F. graminearum is observed in the Northern Europe — Holland, England
(Waalwijk et al., 2003; Nicholson et al., 2003), Norway (Yli-Mattila, 2011), Sweden
(Fredlund et al. 2008), Finland (Yli-Mattila et al., 2008, 2009; Parikka et al., 2012a; b),
Denmark (Nielsen et al., 2011 ), Estonia, Latvia (Suproniené et al., 2010b) and Poland
(Stepien et al., 2008). In Lithuania, the spread of F. graminearum has been established in
recent years (Sakalauskas et al., 2014). The spreading of F. graminearum is associated with
the use of glyphosate, reduced tillage (Fernandez et al., 2005), but most of all with
environmental conditions and global warming (Parikka et al., 2012a, b).

F. graminearum, which is associated with FHB, belongs to a F. graminearum species
complex consisting of at least 16 different phylogenetic species (O'Donnell et al., 2000,
2004, 2008; Starkey et al. 2007; Yli-Mattila et al., 2009). The main mycotoxins produced by
F. graminearum and other closely related species such as F. culmorum, F. cerealis and
F. pseudograminearum are the group B trichothecenes (TRI) - deoxynivalenol (DON) and
nivalenol (NIV) (Jennings et al., 2004; O'Donnell et al. 2000; Ward et al., 2008). DON is
the most common mycotoxin in cereals in Europe, including Lithuania (Bottalico, Perrone,
2002; Mankeviciené et al. 2007a, 2011). Maximum levels of DON in unprocessed cereals
and their products are defined in the EU Commission regulations. NIV level is not limited,
but studies show that its level of toxicity is similar to that of DON (Eriksen et al., 1998).
Depending on the production of the group B TRI, F. graminearum isolates can be divided
into two chemotypes: NIV or DON. DON chemotype is further divided into isolates
producing 3-acetyl-deoxynivalenol (3ADON) and 15-acetyl-deoxynivalenol (15SADON).
Among the F. graminearum isolates, the ISADON chemotype is dominating in the United
Kingdom (Jennings et al., 2004a, b), Austria (Adler et al., 2002), Germany (Talas et al.,
2011), China (Yli-Mattila et al. 2010). The advantage of 3ADON has been established in



Finland (Jestoi et al., 2004a, b; 2008), Norway (Langseth et al., 1999) and Northwest Russia
(Yli-Mattila et al., 2010).

TRI producers chemotyping studies have not been performed in Lithuania until now.
There was no data available on the production of NIV in cereals. Fungi of genus Fusarium
and mycotoxin studies in Lithuanian cereal production were carried out for about 10 years.
Recently, a pronounced spread of F. graminearum species which was accompanied by an
increase in concentrations of DON and ZEN toxins in grains, especially in spring cereals
was observed. In a large part of the wheat DON contents exceeded the permitted limits
(Mankeviciené et al., 2011, 2014; Suproniené et al., 2012b). The use of classical methods
for the identification of Fusarium species was quite limited seeking to differentiate very
closely, for example, the species of F. graminearum complex, and, moreover, did not allow
to distinct the different chemotype of the same species. Chemotyping allow to assess the
toxicity of trichothecene isolates, the structure of outdoor populations. With regard to similar
researches in the neighboring countries, chemotyping allow to predict changes in Fusarium
fungi populations in more detail rather than only species level, and at the same time to
provide potential qualitative and quantitative changes in grain yields. As the isolates of
different chemotype exhibited diverse metabolic activity and pathogenicity, the
identification of predominant chemotypes would allow more effective use of crop protection
measures and prevention of grain contamination with mycotoxins.

Hypothesis. The assessment of the spread, pathogenicity and resistance to fungicides
of F. graminearum strains associated with the group B trichothecene production will reveal
the toxicological potential of this fungus and allow for more efficient pathogen control in
wheat.

The aim of the research was to determine the distribution of fusarium head blight
causing pathogen - F. graminearum and the structure of F. graminearum chemotypes in the
wheat grown in Lithuania, as well as assess the pathogenicity, morphological and phenotypic
characteristics and sensitivity of different strains of F. graminearum chemotypes to
fungicides.

Main tasks:

1. To assess the significance of F. graminearum fungi in the complexe of fusarium
head blight causal agents - the group B trichothecene producers according to their prevalence
in wheat grains.

2. lIdentify the F. graminearum chemotypes, assess their prevalence and distribution
in wheat grains.

3. Assess the structure of F. graminearum chemotypes in spring wheat fields located
in different places of Lithuania.

4. Assess the pathogenicity of different F. graminearum chemotype isolates to wheat,
the morphological and phenotypic characteristics and sensitivity to fungicides in vitro.

5. Investigate the efficiency of chemical and biological preparations against
F. graminearum induced fusarium head blight in wheat.
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Statements for defence:

1. At the beginning of this decade greatly widespread pathogen F. graminearum is
the main fusarium head blight causal agent among the group B trichothecene producers in
wheat grown in Lithuania.

2. The structure of the F. graminearum chemotypes associated with the production
of the group B trichothecenes in the wheat grown in Lithuania is typical to Central and
Northern Europe, but the distribution of F. graminearum strains of 15-acetyl-deoxynivalenol
and 3-acetyl-deoxynivalenol chemotypes in separate field populations is probably related to
microclimatic conditions of a certain field.

3. Pathogenicity of F. graminearum isolates to winter and spring wheat varied
depending on the individual aggressiveness of the isolate and the wheat genotype, but did
not depend on the F. graminearum chemotype.

4. Different F. graminearum chemotype strains differed in the sensitivity to
metconazole, tebuconazole and prothioconazole in vitro.

Scientific novelty. This study has shown that recently widely spread F. graminearum
is one of the main causative agent of fusarium head blight in spring and winter wheat as well
as trichothecene producer in Lithuania. The structure of F. graminearum chemotypes in
wheat grown in Lithuania is typical to that of Central and Northern Europe with
predominantly 15ADON producers compared to 3ADON and NIV ones. By assessing the
structure of the chemotypes in the separate field populations, the distribution of 15SADON
and 3ADON has been found to be due to the microclimatic conditions of a certain field.
There were no clear differences in the pathogenicity, morphological signs and metabolism
of different F. graminearum chemotypes, but their differed in susceptibility to metconazole,
tebuconazole and prothioconazole in vitro.

Practical value of work. Compared with the previous years, the performed studies
revealed the changes in the structure of fusarium head blight pathogens in Lithuania. It has
been established that in recent years, the F. graminearum fungi, i.e. harmful producers of
group B trichotecenes dominated in the wheat grown in our country. The data on
F. graminearum chemotypes, their distribution in grains and field populations and the
susceptibility to fungicides could be used to optimize the protection of the wheat from
fusarium head blight as well as increase the quality of grain.

Approval of work. The main results have been presented and approved at the Nordic
Baltic Fusarium seminar 494, Riga, Latvia; International 60" Conference of Physics and
Natural Sciences ,,Open Readings 2017, Vilnius.; International 59" Conference of Physics
and Natural Sciences ,,Open Readings 2016, Vilnius.; Scientific-Practical Conference
“Jaunimas siekia pazangos 2015” (Young people seek progress’ 2015), Akademija, Kauno
raj.; Symposium ,,Power of fungi and mycotoxins in health and disease 2015, Sibenik,
Croatia; XVIII™ International Plant Protection Congress, Berlin, Germany; Nordic Baltic
Fusarium seminar 478, 2014, Helsinki, Finland; International Symposium of the XIX Baltic
Mycologists and Lichenologists 2014, Skede, Latvia; 3rd Young Scientists Conference
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»Jaunieji mokslininkai zemeés tkio pazangai“ (Young Scientists for the Progress of
Agriculture), 2014, Vilnius.

Publications. Two scientific publications have been published on the topic of the
dissertation: one publication, referenced and cited in the Clarivate Analytics Web of Science
database, and one peer-reviewed periodical. There are also 6 summaries in scientific
conferences.

Content and volume of dissertation. The doctoral dissertation is written in the
Lithuanian language. It consists of 120 pages, 20 tables, 17 figures. A total of 163
referencees have been used. The dissertation contains introduction, literature reveiew,
materials and methods, results and discussions, summary, conclusions, references, list of
publications.

MATERIALS AND METHODS

Experiment characteristics: The experiments have been caried out in 2014-2017.
Laboratory analysis has been caried out at the Laboratory of Microbiology and at the
Laboratoty of the Department of Plant Pathology and Protection (PPP) of the Institute of
Agriculture, Lithuanian Research Centre for Agriculture and Forestry. Field experiments
have been conducted on the experimental fields of PPP Department.

Collection of grain samples. Grain samples have been collected according to the
rules of International Seed Testing Association (2014). 148 grain samples of spring and
winter wheat have been collected from 49 commercial farms located in 12 different districts
of Lithuania in the years 2013 and 2014 (Fig. 1). In each district, the samples have been
taken on the average from three farms; and from 3-5 different fields of each farm.
Approximately 1 kg of grain has been taken immediately after thrashing. Laboratory samples
(about 100 g) were stored at -20 °C till performance of analysis.

Collection of wheat heads. Wheat heads for the F. graminearum population analysis
have been collected from different fields of spring wheat in 2014 and 2015: 4 fields were
located in Alytus, Kretinga, Mazeikiai and Vilkaviskis districts, 3 — in Kédainiai district, and
2, next to each other, in Sakiai district (Fig. 1). From each field, 60 heads with clear
symptoms of FHB were randomly collected, taking 20 heads at the beginning, in the middle
and at the end of every field. Collected samples were stored at -20 °C temperature, till
performance of analysis.

Fusarium spp. infection level in grain. 120 grains from each sample where sterilised
for 1 min in 1.0% NaOCI solution, then rinsed 3 times with sterile water, drained on sterile
filter paper and placed to a Petri plate (10 grains per plate) on a PDA medium containing
Triton-X (0.8 ml / L). Fusarium spp. damaged grains (%) have been assessed after 7—14
days incubation at the temperature of 25 + 2 °C (Mathur, Kongsdal, 2003)
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® - Collection of grain samples
in2013

O - Collection of grain samples
in 2014

O - Collection of spring wheat
heads in 2014 and 2015

Fig. 1. The sampling points for spring and winter wheat grains in 2013 and 2014 year,
and the sampling points for spring wheat heads in 2014 and 2015 year, in Lithuania

F. graminearum isolation from heads. Isolation of F. graminearum from FHB
infected heads was performed according to Talas et al. (2011) methodology.

Fusarium fungi morphological identification. Monocultures have been purified
according to the methods described by Leslie, Summerell (2006), and grown on PDA and
SNA at 25+ 2 °C for 10-30 days until the formation of macroconidia. Species were identified
by Nelson et al. (1983) and Leslie, Summerell (2006). F. graminearum isolates have been
selected for further molecular studies.

Grain homogenization before DNA extraction. 10 grams of grain from each sample
were homogenised using a Retsch mill M 301 (Retsch GmbH, Germany). The grain powders
were stored in plastic bags in the freezer (-20 °C) till extraction of DNA.

DNA extraction from pure F. graminearum cultures and grain. The DNA was
extracted from a flour sample or fresh mycelium of 0.1 g using a commercial DNA
Purification Kit (Thermo Fisher Scientific Baltics, Lithuania). The DNA extraction
procedure was performed according to the manufacturer's instructions. The DNA was stored
at +4 °C in the fridge for a short time, and at -20 °C in the freezer for longer time.

DNA quality control. The DNA quality was verified by the biophotometer and
electrophoresis in 1.0% of agarose gel.

Real time PCR conditions. The reaction was carried out on the 96-well microplate
(MicroAmp Fast Optical 96-Well Reaction Plate) using a commercial reaction mixture with
SybrGreen (Power SYBR ® Green PCR Master Mix, Applied Biosystems, JAV), in a
thermocycler 7900HT Sequence Detection system (Applied Biosystems, JAV). Reaction
volume 12.5 pl: 6,25 pl Power SYBR ® Green PCR Master Mix; Using 300 nM primers
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(Table 1 - depending on the target), 0.4 pg/pl bovine serum albumin — BSA (Thermo Fisher
Scientific, Lithuania); 2,4 pul ddH>O; 2.5 pul the DNA of the test sample. Cycling protocol:
2 min 50 °C; 10 min 95 °C; (15 °C, 95 °C; 1 min 62 °C) repeated for 40 cycles.

Table 1. Primers EF 1o used to Real Time PCR

Target Primer name Sequence (5°-3°) Reference
F. graminearum FgramB379 fwd CCATTCCCTGGGCGCT Nicolaisen
FgramB411 rev CCTATTGACAGGTGGTTAGTGACTGG ~ ctal., 2009

34DON 3ADONfwd  AACATGATCGGTGAGGTATCGA
F. graminearum 3ADONrev CCATGGCGCTGGGAGTT
15ADON 15SADONfwd  GTTTCGATATTCATTGGAAAGCTAC

Nielsen et
F. graminearum 15ADONrev =~ CAAATAAGTATCGTCTGAAATTGGAAA al., 2012

NIV NIVfwd GCCCATATTCGCGACAATGT

F. graminearum NIVrev GGCGAACTGATGAGTAACAAAACC

Plant Horlfwd TCTCTGGGTTTGAGGGTGAC Nicolaisen
Hor2rev GGCCCTTGTACCAGTCAAGGT etal., 2009

Quantitative assessment of F. graminearum and different chemotype strains
DNA in grain samples. F. graminearum species and potential 15SADON, 3ADON and NIV
producers were quantified in wheat grain samples by quantitative real-time PCR (qPCR).
Ten-fold dilution series of pure F. graminearum (verified by real-time PCR) and F.
graminearum strains identified as potential producers of 15ADON (strain A18.10), 3ADON
(strain D40.1.1) and NIV (strain G108) DNA have been used for standard curves. A plant
assay was performed according to Nicolaisen et al. (2009) and the values given as the
amount of fungal DNA per amount of plant DNA.

Morphological characteristics of different F. graminearum chemotype strains.
The isolates were grown on PDA, SNA and carrot agar at 15 °C, 20 °C and 25 °C
temperatures. Each day the diameter of the colonies was measured. On the sixth day of
growth, the length and width of 30 conidia of each isolate were measured on a SNA medium
at 25 °C in the dark (Leslie and Summerell, 2006). After 10 days of growth on the PDA, the
color of the colonies was assessed from the top and the bottom.

Phenotypic characteristics of different F. graminearum chemotype strains. The
ability of F. graminearum isolates of different chemoptype to absorb various carbon and
nitrogen sources has been studied. Two isolates of 3ADON chemotype A (strain 18.10) and
B (45.4.1), 15ADON chemotype isolate D (40.1.1) and one NIV chemotype G (108) isolate
were used in the experiment. For phenotyping of islotates, Biolog Phenotype Microarray 96-
well microplates PM1, PM2A (both with different sources of carbon) and PM3B (with
different nitrogen sources) were used. The procedure was carried out in accordance with the
protocol recommended by the Biolog manufacturer.
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F. graminearum colonies were grown for 7 days on a PDA medium, then a mycelium
with conidia was washed from the plates and a 62% of absorbance inoculum was prepared
in Biolog IF-F inoculum fluid. 50 pl of the resulting suspension was transferred to a 20 ml
IF-F - aqueous solution (4:1) and inoculated (100 pl per well) into phenotyping microplates.
The solution for PM3B microplate was further supplemented by 0.6 ml of 32 M glucose and
1.6 ml of aqueous 1 M phosphate and sulfate solutions, correspondingly reducing the volume
of pure water in them. The inoculated microplates were incubated for 5 days at 26 °C and
scanned by Biolog MicroLOG microplate reader at 590nm wave length. The results have
been rated by using “ +/~" system where “+” denoted the ability of an isolate to catabolyse
a particular source and “—” denoted inability.

Pathogenicity of different F. graminearum chemotype strains to wheat. Seven F.
graminearum strains were used in pathogenicity tests: three of 3ADON (18.10, 26.10.3,
45.4.1), three of 15ADON (29.8.2, 32.7, 40.1.1) and one of NIV (108). Pathogenicity tests
have been performed on different varieties of spring and winter wheat using a detached leaf
assay (Kumar et al., 2011) in vitro and wheat head inoculation test in the field conditions
(Haidukowski et al., 2005). Both experiments have been repeated twice.

Preparation of inoculum. F. graminearum isolates for the inoculum have been grown
on an SNA medium at 25 + 2 °C for 7 days. The concentration of spores was assessed in the
hemocytometer chamber. The working concentration for the in vitro test was prepared as
1.0 x 10° spores ml™.

Detached leaf assay was performed on four winter wheat varieties, i.e. on SW
Magnifik, Skagen, Kovas DS, Famulus and five spring wheat varieties, namely Hamlet,
Tybalt, Vanek, Diskett and Triso. The plants were grown in a greenhouse for 5 weeks until
development of three leaves (BBCH 13). Second- and third-leaf segments of 4 cm long from
the middle part of the leaf have been used for pathogenicity studies. Four leaflets were put
per Petri plate on 0.5% water agar supplemented with 10 mg 1! of kinetin. The leaflets at the
middle were damaged using the pipette tip and inoculated with 5 pl of spore suspensions to
different strains of F. graminearum chemotype or ddH,O in the control treatment. The length
and diameter of necrotic area was measured daily up to 3 days (Kumar et al., 2011).
Inoculated leaflets were incubated at room temperature.

Spring wheat varieties Diskett and Tybalt were selected for field experiment. Heads
were inoculated with the spore suspensions of different F. graminearum chemotypes
(concentration 0.6 x 10*) on the same day to avoid the difference in meteorological
conditions. The pathogenicity of F. graminearum for spring wheat was estimated according
to the incidence and severity of FHB, grain infection level and grain yield.

Sensitivity of F. graminearum 3ADON, 1SADON and NIV chemotype strains to
fungicides in vitro. There has been examined the sensitivity of seven F. graminearum
strains, namely, three of 3ADON (18.10, 26.10.3, 45.4.1), three of 15SADON (29.8.2, 32.7,
40.1.1), and one NIV (108) chemotype to tebuconazole, metconazole, and protioconazole
that were the triazole fungicide active substances used for FHB control. The study used 96-
well microplates (300 pl volume wells) and non-agarized minimal Fusarium medium
(FMM) (Leslie et al., 2006). The FMM medium was supplemented by the fungicides with
the maximum concentration of 1 UM and reduced by double dilutions to 1/512 uM. The
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fungicides were dissolved and diluted by 96% ethanol, at the concentration equal to 4% of
the total volume of the medium in all the dilutions. The study used 2 negative controls: 100%
FMM medium and 96% FMM medium — 4% ethanol solution. The layout of the study
options on the microplate was shown in Figure 2. The minimum inhibitory concentration
(MIC) of the selected fungicides inhibiting the growth of F. graminearum was assessed.

NK NK NK 1/64 1/64 1/64 1/16 1/16 1/16 1/4 1/4 1/4
uM uM uM uM uM uM uM uM uM

NK+Et NK+Et NK+Et 1/128 1/128 1/128 1/32  1/32  1/32  1/8 1/8 1/8
uM uM uM uM uM uM uM uM uM

1 1 1 1/256 1256 1/256 1/64 1/64 1/64 1/16 1/16 1/16
uM uM uM uM uM uM uM uM uM uM uM uM

1/2 1/2 1/2 1/512 1/512 1/512 1/128 1/128 1/128 1/32  1/32  1/32
uM uM uM uM uM uM uM uM uM uM uM uM

1/4 1/4 1/4 1 1 1 1/256 1/256 1/256 1/64 1/64 1/64
uM uM M uM uM uM uM uM uM uM uM uM

1/8 1/8 1/8 1/2 172 172 1/512  1/512  1/512 1/128 1/128 1/128
uM uM M uM uM uM uM M uM uM uM uM
/16  1/16  1/16 1/4 1/4 1/4 1 1 1 1/256 1256 1/256
uM uM uM uM uM uM uM uM uM uM uM uM
/32 1/32  1/32  1/8 1/8 1/8 1/2 1/2 ) /512 1/512 1/512
uM uM uM uM uM uM uM uM uM uM uM uM

Metconazole Prothioconazole Tubeconazole

NK — negative control; NK+Et —negative control with 4% ethanol

Fig. 2. The location of the study options in a 96-well microplate is to detect the
minimum concentration of metconazole, protioconazole and tebuconazole inhibiting growth
of F. graminearum.

Prior to experiment, F. graminearum isolates were cultured on agarized SNA medium
for 7 days at 25 °C. Inoculates were prepared by washing the fungus mycelium with the
spore mass from the plate by a sterile FMM medium. The concentrations were measured
using the turbidimeter and unified up to 70% of absorbance. The resulting inoculates were
poured into microplates by 25 ul in each well and then filled up with 100 pl pure FMM
medium, FMM and ethanol or FMM and ethanol a solution with fungicides dissolved
therein. All three options of the study were examined in 3 replicates. Inoculated microplates
incubated at 25 °C for 10 days, followed by visual MIC determination.

Influence of chemical and biological preparations against F. graminearum in
vivo. F. graminearum susceptibility to fungicidal and potential biological control means was
determined under the conditions of artificially caused FHB infection in winter and fungicides
in the in vitro experiment. The artificial infection was carried out in winter spring wheats on
the experimental fields of the Institute of Agriculture of the LAMMC in the summer of 2015
and 2016. For artificial infection, the 3ADON chemotype F. graminearum isolate 26.10.3
was used, which was one of the most susceptible to wheat variety 'SW Magnifik' and spring
wheat varieties 'Diskett' and 'Tybalt'. F. graminearum 26.10.3 susceptibility was investigated
for the fungicide Juventus (BASF, active substance metconazole, 90 g I'') and for the
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metabolites of B. subtilis bacteria strains MBK-a3 and MBK-r4 in the tryptic soy broth
medium, retrived from the microorganism collection of the Faculty of Natural Sciences,
Vilnius University. The impact of B. subtilis bacterial strains MBK-a3 and MBK-r4 against
17 Fusarium strains was established in previous studies (Sakalauskas et al., 2014).

Field experiment conditions. Each of the metconazole (90 gl'') and cell-free
supernatants from the selected bacterial strains were applied in water volume of 400 L ha-
!, Bacterial supernatants were diluted 1:2 (v/v) for 400 L ha™'. Spraying was carried out
during wheat anthesis using a high pressure bicycle sprayer. The pressure was equal to 3
bars; a flat fan nozzle was used and the propellant was compressed by N». Inoculation with
F. graminearum spore suspension, at 40 ml per m? (600 ml per plot), took place during 24
hours of fungicide application using the same bicycle sprayer. Both inoculation and
treatment by the test products were performed in the evening, at the wind-free conditions at
relative humidity exceeding 75% (Haidukowski et al., 2005). The efficiency of the test
products against FHB and F. graminearum influence on grain yield parameters were
assessed by comparing the artificially inoculated untreated plots (untreated control). The
concentration of F. graminearum spores in the suspension for winter wheat was 0.6 x 10*
spores ml"! and for spring wheat — 1.0 x 10* spores ml™'.

FHB incidence and severity were assessed at the late milk growth stage (BBCH 77)
according to the scale proposed by Engle et al. (2003). 100 heads per plot were randomly
selected and examined. Grain yields in t ha! were adjusted to 15% moisture content.
Moisture (%) of harvested grain, protein (%), gluten (%) and starch (%) contents and
sedimentation value were determined using an Infratec 1241 whole grain analyser (Foss,
Denmark), and thousand grain weight (TGW) was calculated with a Condator grain counter
(Hoffman Manufacturing, Germany). The percentage of Fusarium-damaged grains was
assessed by weighing the visually shrivelled and/or discoloured grains according EU
standard EN 15587:2008+A1:2013. The percentage of F. graminearum-infected grain was
detected by plating the surface-sterilised wheat grain onto PDA (Merck, Germany) and
subsequent visual and microscopic analysis of morphological features of mycelial
growthaccording to Leslie et al. (2006) was carried out.

Meteorological conditions. Meteorological conditions were described basing on the
data from the LHTM Dotnuva Meteorological Station, registered at the Academy (Kedainiai
district) in 2015 and 2016. Both years, the weather conditions were unfavorable for the
spread of FHB. Comparing the two years, the weather conditions in 2016 were less favorable
for the spread of FHB than in 2015.

Data analysis. The data of the research has been processed using a dispersion analysis
method. Calculations of average and standard deviations for the statistical analysis were
carried out by using the MS Excel program. The minimum significant difference R05 was
calculated using the ANOVA program (Tarakanovas, Raudonius 2003).
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RESULTS AND DISCUSSION

Presence of trichotecene producing Fusarium spp. in wheat grains. In this study,
the predominant trichothecene (TRI) producing Fusarium species were identified and
quantified in wheat grains grown in Lithuania. In 2013 and 2014, the Fusarium fungi
infected on the average 43.0% of spring and 16.1% of winter wheat grain. These findings
coincide with Suproniene et al. (2010a) studies, where Fusarium infection was aslo detected
higher in spring cereal grain (on average 44.5% in 2005 and 19.4% in 2006) than in winter
cereal grain (on average 9.5% in 2005 and 8.4% in 2006).

Of the species capable of producing DON, 3ADON, 15ADON and NIV,
F. graminearum, F. culmorum and F. poae were detected (Table 2). F. graminearum was
dominant in spring wheat (found in 13.7% of grain, F. poae in 8.2% and F. culmorum in
0.4%), and F'. poae slightly dominated in winter wheat (2.9% of grain, F' graminearum 2.2%,
F. culmorum 0.2%). According to data of literature sources, TRI are synthesized by the
F. graminearum species complex and other closely related species such as F. culmorum,
F. cerealis and F. pseudograminearum (O'Donnell et al., 2000, 2004; Bennett, Klich, 2003;
Goswami, Kistler, 2004; Starkey et al. , 2007; Yazar et al., 2008). NIV in grains could also
be produced by F. poae (Bottalico, Perrone, 2002; Yli-Mattila, 2010).

Table 2. Presence of Fusarium species in spring and winter wheat grain harvested
in Lithuania in 2013 and 2014 years

The number of grains damaged by Fusarium, %

Fusarium F. F. F. F. F. Other
Spp. graminearum culmorum poae  sporotrichioides avenaceum Fusarium

Spring wheat, 2013, No. of samples = 64

Mean 45.3 12.3 0.2 4.3 3.2 18.1 9.8
Sx 34 1,6 0.1 0.7 0.4 1.7 1.8
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Max 96.7 49.2 1.7 25.8 10 60 112,5
Spring wheat, 2014, No. of samples = 64
Mean 40.7 15.0 0.5 12.0 5.1 10.2 1.6
Sx 3.6 2.9 0.1 2.4 1.0 1.5 0.5
Min 2.5 0.0 0.0 0.0 0.0 0.8 0.0
Max 100.0 95.0 5.8 79.2 42.5 50.0 18.3
Winter wheat, 2013, No. of samples = 64
Mean 234 2.6 0.2 3.9 3.1 13.1 34
Sx 6.4 0.6 0.1 0.9 1.4 4.3 1.0
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Max 90.0 6.7 2.0 13.3 20.0 60.7 10.8
Winter wheat, 2014, No. of samples = 64
Mean 8.7 1.8 0.1 1.8 0.6 3.7 0.5
Sx 2.7 1.0 0.1 1.4 0.4 1.8 0.4
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Max 39.2 8.3 0.8 14.2 3.3 19.2 3.4
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Higher amounts of F. graminearum DNA in both wheat grain was found in 2013,
compare to 2014. In 2013, the amount of F. graminearum DNA in spring wheat grain was
7.4 times higher (102.2 pg ng'!) than in winter wheat grain (13.9 pg ng'!), while in the year
2014 - only 3.2 times higher (Table 3).

These study showed that in 2013 and 2014 F. graminearum was one of the main
species among the B group TRI producers in Lithuania grown wheat. Foreign studies also
show that F. graminearum is the most common species worldwide (Schilling et al., 1996;
Ward et al., 2008; Boutigny et al., 2011; Yli-Mattila et al., 2017). Meanwhile, studies carried
out in 2005 and 2006 in Lithuania showed that F. poae was dominant TRI producing
Fusarium species and F. graminearum DNA was not completely detected in the 36
comercial varieties tested (Suproniene et al., 2010a).

Table 3. F. graminearum DNA quantity in spring and winter wheat grains harvested
in Lithuania in 2013 and 2014 years

F. graminearum DNA (pg) per plant DNA (ug)

Indicators 2013 2014
Spring wheat Mean 102.2 23.0
Sd 21.6 53
Min 0.0 0.0
Max 1068.6 182.5
No. of samples investigated 64 50
No. of positive samples 63 49
Winter wheat Mean 13.9 7.2
Sd 43 4.0
Min 0.1 0.01
Max 54.6 58.8
No. of samples investigated 15 15
No. of positive samples 15 15

F. graminearum chemotypes, their prevalence and distribution in spring and
winter wheat grains. Chemotyping results showed that among the pure F. graminearum
cultures 73.3% of isolates were potential producers of 15SADON, 26.7% — of 3ADON, and
1.0% — of NIV (Table 4). Comparing this data with the studies carried out in Northern
Europe, it was obvious that the chemotype distribution in Lithuania grown wheat was more
similar to the results of research carried out in Germany where the 15ADON producers also
prevailed and a very small proportion of NIV producers was detected (Talas et al., 2011).
Studies in Britain showed a much higher proportion of NIV producers (25%), but 15SADON
again was the dominant chemotype (Jennings et al., 2004a, b).

The assessment of TRI chemotype producers in a homogenized grains revealed a
somewhat different picture than in pure F. graminerum cultures: the frequency of detection
of 3ADON was found to be as high (69.8%) as of ISADON (78.3%) (Table 5).
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The essential difference between these two studies was the higher detection frequency
of the 3ADON chemotype. This chemotype in Europe, both in pure cultures and in grains,
was relatively low and was more frequent in South-East Asia and the eastern part of North
America (Becher et al., 2013).

Table 4. F. graminearum 15ADON, 3ADON and NIV chemotype identification in pure
cultures by using real time PCR

Ct meaning Positive samples, %
F. graminearum 15ADON 3ADON NIV
<29 99.0 64.8 20.0 1.0
30-37 1.0 6.7 5.7 0.0
38-40 0.0 1.9 1.1 0.0
Negative samples, % 0.0 26.7 73.3 99.0

Table 5. DNA quantity (pg fungal DNA/ug plant DNA) of 3ADON, 15ADON and NIV
chemotype in spring and winter wheat grain harvested in Lithuania in 2013 and 2014

Indicators 2013 year 2014 year
15 3 ADON NIV 15 3 ADON NIV
ADON ADON
Spring wheat Mean 97.1 4174.7 4.9 14.5 405.9 0.0
Sd 43.9 1265.6 3.1 6.5 113.7 0.0
Min 0.0 0.0 0.0 0.0 0.0 0.0
Max 2090.4  62862.8 177.5 283.2 3059.4 0.0
No. of samples investigated 64 64 64 50 50 50
No. of positive samples 55 59 4 36 35 0
Winter wheat Mean 0.6 359.0 33.3 0.7 190.7 0.0
Sd 0.3 209.4 333 0.5 94.9 0.0
Min 0.0 0.0 0.0 0.0 0.0 0.0
Max 4.6 3146.2 4999 7.5 1234.6 0.0
No. of samples investigated 15 15 15 15 15 15
No. of positive samples 9 8 1 6 10 0

Structure of F. graminearum chemotypes in the fields of spring wheat located in
different places of Lithuania. F. graminearum was isolated from FHB infected spring
wheat heads, collected in 2014 and 2015 at different fields of Lithuania. The potential
producers of 15SADON made up on the average 70%, 3ADON producers — 30%, and NIV
producers have not been found (Fig. 3). The structure of the F. graminearum chemotypes,
varied not only between the research year and different districts, but also between the fields
in the same districh and adjacent fields.
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m 15ADON = 15ADON
m3ADON 3ADON
n=158 n=191

Fig. 3. Distribution of F. graminearum 15ADON and 3ADON chemotypes in spring
wheat in 2014 and 2015 year. n - number of isolates tested

Morphological and phenotypic features of F. graminearum isolates of different
chemotype. The morphological characteristics of the F. graminearum isolates: colony
structure, color, growth rate and size of the conidia indicated that there was no link between
the fungal chemotype and the morphological features it was similar to the result of research
carried out of Liu et al. (2017), whose found that the morphological characteristics of the
3ADON, 15ADON and NIV chemotypes were not significantly different. In our study, the
color and structure of mycelium in different chemotapes isolates did not differ.
F.graminearum mycelium color varied from pale orange to yellow, and from red brown to
orange which probably varies depending on the pH of the medium (Leslie and Summerell,
2006). In this study, there has been also found that the F. graminearum chemotype had not
affected the metabolic activity (the ability to absorb different carbon and nitrogen sources)
of the fungus.

Sensitivity of F. graminearum chemotype strains to fungicides in vitro. In these
studies, the sensitivity of seven F. graminearum strains (three — 3ADON, three — ISADON,
one — NIV) to fungicides (tebuconazole, metconazole, prothioconazole) in vitro was
determined. All fungicidal active substances are used against FHB. However, in recent years,
the world has come to the conclusion that the efficacy of tebuconazole in the fields against
FHB is inadequate (McMullen et al., 2012).

F. graminearum 3ADON, 15ADON and NIV chemotype isolates susceptibility to
metconazole, prothioconazole, and tebuconazole in vitro studies showed that all the seven
studied F. graminearum isolates were susceptible to used fungicide, however, mostly
sensitive they were to metconazole impact (average minimum inhibitory concentration
(MIC) of 0.03 uM), and most resistant they were to tebuconazole (average MIC of 0.14 pM)
(Fig. 4 A). Susceptibility to prothioconazole was medium (average MIC of 0.1 uM). The
studied isolates differed according to susceptibility to different fungicides, but in all cases
the same susceptibility trend remained — the MIC of metconazole in all the F. graminearum
strains was the lowest, while that of tebuconazole was the highest. On the average, to inhibit
the growth of 15ADON chemotype isolates the increased concentration of active substances
was required rather than for 3ADON chemotype isolates (Fig. 4 B).
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Fig. 4. Minimum inhibitory concentration (MIC: A - of different fungicide inhibiting
F. graminearum mycelium growth; B - of fungicides for different F. graminearum chemotype

strains

*Different letters indicate the significant differences between the treatments (P<0.05)

Pathogenicity of F. graminearum 3ADON, 1SADON and NIV chemotype strains
to different varieties of winter and spring wheat in vitro. The results of detached leaf asay
showed that the development of necrosis spots on leaves was essentially dependent on the
wheat genotype (Table 6).

Table 6. Influence of spring wheat genotypes on leaf damages caused by
F. graminearum infection

Diameter of necrotic area, mm

Variety 24 hours after 48 hours after 72 hours after
inoculation inoculation inoculation
Hamlet 52 e 100 d 11.5 «cd
Tybalt 3.8 bc 80 b 10.3  bcd
Vanek 4.8 cde 9.6 d 11.8 d
Diskett 24 a 6.5 a 84 a
Triso 34 ab 80 b 99 b

Different letters indicate the significant differences between the treatments (P <0.05)

Singificant differences appeared among individual F. graminearum strains, but there
was no differences observed between the pathogenicity of different chemotypes (Table 7).
In both winter and spring wheat, the smallest necrotic area was detected on the leaves
induced with the 3ADON 26.10.1 strain, while exceptionally large spots were formed by the
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I5ADON strain 40.1.1. Liu et al. (2017) found that there was no significant difference
between the aggressiveness of F. graminearum 3ADON and 15ADON chemotype strains to
wheat, but the pathogenicity of the studied NIV chemotype was significantly lower.

Table 7. Influence of F. graminearum chemotype strains on winter wheat leaf damage

Diameter of necrotic area, mm

24 hours after 48 hours after 72 hours after
Chemotype Strain inoculation inoculation inoculation
18.10 7.6 bed 138 b 16.5 bed
45.4.1 7.5 bed 14.5 bed 16.9 bced
3ADON 26.10.3 49 a 112 a 13.6 a
40.1.1 84 d 16.3 d 182 d
32.7 7.3 bed 14.7 bed 17.3  bed
ISADON  29.8.2 7.9 bed 138 b 162 b
NIV 108 69 b 14.5 bced 17.1 bed

Different letters indicate the significant differences between the treatments (P<0.05)

Pathogenicity of F. graminearum 3ADON, 1SADON and NIV chemotype strains
to different varieties of spring wheat in vivo. The results of the in vivo study showed that
all F. graminearum strains, irrespective of the chemotype, increased the incidence and
severity of FHB, visually observed amount of Fusarium-damaged grains and
F. graminearum infection level in the grains and had a negative impact on the weight of
1000 grains of Diskett variety (Table 8). However, the differences were more pronounced
among isolates rather than among chemotypes. Von der Ohe‘s et al., 2010, studies found
that F. graminearum isolates of 3ADON chemotype posed a higher risk to food safety, but
the average aggressiveness and DON production of Canadian F. graminearum isolates
with 3ADON and 15ADON chemotypes in field-grown spring wheat were similar.

Efficiency of chemical and biological control measures against artificially
induced fusarium head blight in wheat. The study showed that fungicide metconazole
significantly reduced the incidence and severity of FHB and the amount of Fusarium-
damaged grain (%) in winter and spring wheat (Table 9, Table 10). Bacillus sp. MBK-a3
strain showed the potential in reducing the F. graminearum induced FHB incidence and
severity in spring wheat variety Diskett. MBK-r4 showed only the capability to reduce
F. graminearum infection in harvested grain, as there was less Fusarium-damaged grain of
spring wheat variety Diskett and winter wheat variety Magnific compare to control.
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Table 8. Severity of Fusarium head blight (FHB) and 1000 grain weight of spring
wheat inoculated at anthesis with different F. graminearum chemotype strains in 2015 year

FHB severity, % 1000 grain weight, g
Treatment Diskett Tybalt Diskett Tybalt
Control Not infected 0,5a 0.4a 39,5¢ 44.4 abc
A (18.10) 23.5 bed 6.7b 374 a 454 c
3ADON B (45.4.1) 26.1 cd 13.1d 37.0 a 44.1 abc
C (26.10.3) 22.2 bed 159d 373 a 43.6 abc
D (40.1.1) 25.1cd 7.8b 365a 44.6 abc
ISADON  E (32.7) 19.9 bed 7.7b 37.5 abe 44.1 abc
F (29.8.2) 26.2d 69b 37.8 abc 43.0a
NIV G (108) 15.6b 7.1b 38.0 abc 45.0 be

Different letters indicate the significant differences between the treatments (p<0.05)

Table 9. Influence of fungicide metconazole and B. subtilis strains to fusarium head
blight (FHB) incidence and severity (%), Fusarium-damaged and F. graminearum-infected
grain (%) of spring wheat variety Diskett.

Treatments FHB incidente, % FHB severity, %  Fusarium-damaged  F. graminearum-

grain, % infected grain, %
2015 2016 Avg 2015 2016 Avg 2015 2016 Avg 2015 2016 Avg
Control 487 395 441 28.0 81 180 1.5 124 7.0 36.0 76.0 56.0

Metconazole 257 27.3 26.5** 7.6 4.1 58% 02 7. 3.6%* 8.7 51.3 30.0%*
MBK-a3 41.0 343 37.6* 232 63 14.8* 09 102 5.5** 28.7 723 50.5

MBK-r4 433 365 399 244 80 162 1.6 89 5.2** 327 83.0 57.8
Avg 39.7 34.4* 37.0 208 6.6** 13.7 1.0 98 53 26.5 70.6** 48.6

Fpake. year n.s. sk Hk Hk

Fuki. options sk sk ok *ok

F/akf. year x % o - s,

options

* - statistically significant differences P<0.05, ** - statistically significant differences
P<0.01, n.s. — statistically unreliable

The antifungal activity of MBK-a3 and MBK-r4 cultures against F. graminaerium has
been shown in previous work in vitro (Sakalauskas et al., 2014). However, the general
findings of this study showed that Bacillus sp. bacterial strains MBK-a3 and MBK-r4 can
not be used for biocontrol of F. graminearum in vivo, although the effect of bacterial agents
has been positive but is generally statistically insensitive, therefore, it is necessary to look
for more effective strains. The potential of Bacillus sp. strains in successful biocontrol
against Fussarium strains has also been demonstrated by the following research works

24



(Marten et al., 2000; Cavaglieri et al., 2005; Sun et al., 2011; Yuan et al., 2012; Prashar et

al., 2013;)

Table 10. Fusarium head blight (FHB) incidence and severity (%) in the winter wheat
crop ‘SW Magnifik’ at the end of maturity (BBCH 77), Fusarium-damaged and F.
graminearum-infected grain (%) after harvest

Fusarium-damaged

F. graminearum-infected

Research FHB incidente, % FHB severity, % orain, % rain, %

options 2015 2016  Avg. 20152016 Avg. 2015 2016 Avg. 2015 2016  Avg.
Control® 321 1985 259 88 18 53 077 254 17 188 358 273
Metconazole 26.5 93  17.9%% 41 03 22% 037 082 0.6% 3.0 35 3.3%x
MBK-a3 325 215 270 978 18 58 078 257 17 143 245  19.4%*
MBK-14 323 183 253 90 12 51 074 259 17 113 195  154%*
Avg. 30.8 17.2%* 7.9 1.2%* 0.7 2.1%* 1.8 20.8%*

Fﬁlkt. year LX) ek skok sk

Frare. options w% *k *k Hk
g;zg;))’;iarx n.s. n.s. o *

“- control - protection measures not used;
* - statistically reliable differences P<0.05, ** - statistically significant differences
P<0.01, n.s. - statistically unreliable

CONCLUSIONS

In 2013 and 2014, Fusarium fungi infected on the average 43.0% of spring
and 16.1% of winter wheat grain. Of potential producers of DON, 3ADON,
15SADON and NIV in the grain there was idnetified F. graminearum,
F. culmorum and F. poae species. In spring wheat, F. graminearum
prevailed — detected on the average in 13.7%, in winter wheat was second
species — detected in 2.2% of grains. In 2013, the amount of F. graminearum
DNA in spring wheat grain was 7.4 times higher (102.2 pg ng™') than in winter
wheat grain (13.9 pg ng™!), while in the year 2014 the figure made up only 3.2
times.

The chemotype study showed that 73% of the F. graminearum isolates found
in spring wheat grain were potential producers of 15ADON, 26% of 3ADON,
and only 1% of NIV. The quantitative estimation of chemotype producers in
homogenized grain using the qTL PCR method showed that the frequency of
detection of 3ADON (69.8%) was as high as that of 15ADON (78.3%). In the
spring wheat fields located in different places of Lithuania, the structure of the
population of F. graminearum varied not only among the different regions and
years of research, but also among the areas and adjacent fields. The potential
producers of I5ADON made up on the average 66%, 3ADON producers -
34%, and NIV producers were not detected.
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3. The results of morphological (colony structure, color, growth rate and size of
conidia) and phenotypic characteristics of the F. graminearum isolates (the
ability to absorb different carbon and nitrogen sources) indicated that there
was no clear relationship among the morphological features of the fungus,
metabolism and the chemotype

4. The study of the pathogenicity of F. graminearum 3ADON, 15ADON and
NIV chemotype strains to winter and spring wheat revealed that all the
investigated isolates initiated the syptoms of disease, however, the differences
were more pronounced among different isolates rather than among the
chemotypes. In vitro testing of the development of necrotic spots on the leaves
essentially depended on the winter and spring wheat genotype. In in vivo
studies, a higher visually visible amount of Fusarium-damaged grain and
F. graminearum infection level in grain was found in the infected spring wheat
grains than that of non-infected. F. graminearum had a negative impact on the
grain weight of the spring wheat variety Diskett in particular in the fields
inoculated by the isolates of 3ADON chemotype

5. The in vitro study of the sensitivity of F. graninearum 3ADON, 15ADON and
NIV chemotype strains to metconazole, protioconazole and tebuconazole
showed that the lowest minimum inhibitory concentration (0.03 uM) was due
to the use of metconazole, and the highest (0.14 uM) was due to that of
tebuconazole active substances. The active substances of prothioconazole had
a minimum inhibitory concentration of 0.1 uM. To inhibit the growth of the
15ADON isolates, a higher concentration of active substances was required
rather than for the 3ADON chemotyple isolates.

6. The incidence and severity of fusarium head blight, and the amount of
Fusarium-damaged grain (%) in spring wheat was significantly reduced by the
fungicide metconazole used for protection. The impact of the Bacillus sp.
strains was positive, however, in general, it was statistically insignificant, and
thus, it is not recommended to use for wheat protection against fusarium head
blight.
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IVADAS

Augaly ligos yra sgveikos tarp augalo Seimininko, jo atsparumo, patogeno
virulentiSkumo bei aplinkos salygy rezultatas. Ligos etiologijg lemia meteorologinés
salygos, zmogaus veikla: fungicidy naudojimas, auginimo agrotechnika, dauginamoji
medziaga, séjos biidai ir kiti faktoriai. Kintan¢io klimato poveikis prisideda prie ligy
sukeliamy dideliy derliaus nuostoliy (Parikka ir kt., 2012a). Fusarium genties grybai
ekonominiu poziliriu yra bene patys svarbiausi fitopatogenai javuose visame pasaulyje
(McMullen ir kt., 1997; Bottalico, Perrone, 2002). Jie sukelia zalingg javy liga — varpy
fuzarioze (VF), pasaknio ligas, kurios mazina javy derliy ir kokybe, uzterSia griidus Zmoniy
ir gyviiny sveikatai pavojingais mikotoksinais (Bottalico, Perrone, 2002; Surai, Mezes,
2005).

Varpy fuzariozg gali sukelti kai kurie Fusarium genties ir Microdochium nivale grybai
(Bottalico, Perrone, 2002; Yli-Mattila, 2010). Ankstesniais metais Fusarium poae,
F. avenaceum ir F. culmorum riiSys vyravo vésesniuose pasaulio regionuose, o F. graminearum
— Siltesniuose (Bottalico, Perrone, 2002). Mazdaug iki 2000-yjy F. graminearum is$plitimo
arealu dar buvo jvardijama centriné Europa, didZioji dalis Siaurés Amerikos ir Azija (Yli-
Mattila, 2010). Ta¢iau véliau jau stebimas gana spartus §io grybo iSplitimas Siauringje
Europoje — Olandijoje, Anglijoje (Waalwijk ir kt., 2003; Nicholson ir kt., 2003); Norvegijoje
(Yli-Mattila, 2011), Svedijoje (Fredlund ir kt., 2008), Suomijoje (Yli-Mattila ir kt., 2008,
2009; Parikka ir kt., 2012a; b), Danijoje (Nielsen ir kt., 2011), Estijoje, Latvijoje (Suproniené
ir kt., 2010b) ir Lenkijoje (Stepien ir kt., 2008). Lietuvoje Sio grybo iSplitimas patebétas
pastaraisiais metais (Sakalauskas ir kt., 2014). F. graminearum isplitimas siejamas su glifosato
naudojimu, minimaliu Zemés dirbimu (Fernandez ir kt., 2005), taCiau labiausiai su gamtinémis
salygomis ir klimato atSilimu (Parikka ir kt., 2012a, b).

Su varpy fuzarioze siejama F. graminearum priklauso F. graminearum risiy
kompleksui, kurj sudaro maziausiai 16 filogenetiskai skirtingy riisiy (O‘Donnell ir kt., 2000,
2004, 2008; Starkey ir kt. 2007; Yli-Mattila ir kt., 2009). Pagrindiniai mikotoksinai, kuriuos
gamina F. graminearum rtuSiy kompleksas ir kitos artimai susij¢ riiSys tokios kaip
F. culmorum, F. cerealis ir F. pseudograminearum yra B grupés trichotecenai (TRI) —
deoksinivalenolis (DON) ir nivalenolis (NIV) (Jennings ir kt., 2004, O‘Donnell ir kt., 2000,
Ward ir kt., 2008). DON dazniausias mikotoksinas javy griiduose Europoje, tame tarpe ir
Lietuvoje (Bottalico, Perrone, 2002; Mankevi¢iené¢ ir kt., 2007a, 2011). DON Ileistini
didziausi kiekiai neperdirbtuose javy griiduose ir jy produktuose yra apibrézti ES komisijos
reglamentuose. NIV kiekiai néra apriboti, taCiau tyrimai rodo, kad jo toksisSkumo lygis
panasus kaip DON (Eriksen ir kt., 1998).

Priklausomai nuo gaminamo B grupés TRI, F. graminearum izoliatai gali buti skiriami
i du chemotipus: NIV ir DON. DON chemotipai i$skirti dar j izoliatus gaminancius 3-acetil-
deoksinivalenolj (3ADON) ir 15-acetil-deoksinivalenolj (15SADON). F. graminearum izoliaty
tarpe 15ADON chemotipas vyrauja Jungtingje Karalyst¢je (Jennings ir kt., 2004a, b),
Austrijoje (Adler ir kt., 2002),Vokietijoje (Talas ir kt., 2011), Kinijoje (Yli-Mattila ir kt.,
2010), 3ADON pranasumas nustatytas Suomijoje (Jestoi ir kt. 2004a, b; 2008), Norvegijoje
(Langseth ir kt., 1999) ir Siaurés vakary Rusijoje (Yli-Mattila ir kt., 2010).
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Lietuvoje TRI producenty chemotipavimo tyrimai néra daryti. Neaptikta duomeny ir
apie NIV produkcija gruduose. Fusarium gryby ir mikotoksiny tyrimai Salies grudy
produkcijoje atlickami apie 10 mety. Pastaraisiais metais pastébétas rySkus F. graminearum
rusies iSplitimas, kuris lydimas DON ir ZEN toksiny koncentracijy padidéjimu gruduose,
ypaé vasariniuose javuose. Nemazoje dalyje kvie¢iy DON tarSa virSija leidziamas normas
(Mankeviciené ir kt. 2011, 2014; Suproniené ir kt. 2012b). Fusarium rusiy identifikavimui
daugiausia naudoti klasikiniai metodai, kurie yra gana riboti norint atskirti labai artimas,
pavyzdziui, F. graminearum komplekso rasis, be to jie neleidzia atskirti tos pacios riiSies
skirtingy chemotipy. Chemotipavimas leidzia jvertinti TRI gaminanciy izoliaty
toksigeniSkuma, lauko populiacijy struktiira, ir, atsizvelgiant j aplinkiniuose krastuose
atliktus panasSius tyrimus, prognozuoti pasikeitimus Fusarium gryby populiacijose detaliau
nei raSies lygmenyje, tuo paciu prognozuoti galimus kokybinius ir kiekybinius gridy
derliaus poky¢ius. Kadangi skirtingy chemotipy izoliatai pasizymi nevienodu metaboliniu
aktyvumu ir patogeniSkumu, vyraujanc¢iy chemotipiniy grupiy nustatymas leisty efektyviau
naudoti augaly apsaugos priemones ir apsaugoti gridus nuo mikotoksiny tarsos.

Darbo hipotezé. Su B grupés trichoteceny biosinteze siejamy F. graminearum
chemotipy kamieny iSplitimo, patogeniskumo ir atsparumo fungicidams jvertinimas atskleis
Sio grybo toksinj potencialg ir sudarys sglygas efektyvesnei patogeno kontrolei kvieciuose.

Tyrimy tikslas. IStirti javy varpy fuzarioze sukeliancio F. graminearum patogeno
iSplitima ir su B grupés trichoteceny biosinteze siejamy F. graminearum chemotipy struktiira
Lietuvoje uzaugintuose kvieciuose, jvertinti skirtingy F. graminearum chemotipy kamieny
patogeniSkuma kvieCiams, morfologinius ir fenotipinius pozymius bei jautruma
fungicidams.

Tyrimy uzZdaviniai:

1. Nustatyti F. graminearum gryby reik§me varpy fuzariozés sukéléjy — B grupés
trichoteceny producenty, komplekse, pagal iSplitimg kvie¢iy griiduose.

2. Identifikuoti F. graminearum chemotipus, jvertinti jy paplitimg ir pasiskirstyma
kvie¢iy griiduose.

3. Nustatyti F. graminearum chemotipy struktiira, skirtingose Lietuvos vietose
iSsidésciusiuose vasariniy kvieciy laukuose.

4. Nustatyti skirtingy F. graminearum chemotipy izoliaty patogeniskuma kvie¢iams,
morfologinius ir fenotipinius pozymius bei jautrumga fungicidams in vitro.

5. Istirti cheminiy ir biologiniy preparaty veiksmingumg prie§ F. graminearum
inicijuotg varpy fuzarioze kvieciuose.

Ginamieji teiginiai:

1. Sio desimtmegio pradzioje smarkiai iSplites F. graminearum patogenas yra
vyraujantis javy varpy fuzariozés sukél¢jas B grupés trichoteceny producenty tarpe
Lietuvoje uzaugintuose kvieciuose.
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2. Su B grupés trichoteceny gamyba siejamy F. graminearum chemotipy struktiira
Lietuvoje uZaugintuose kvietiuose yra budinga Vidurio ir Siaurés Europai, ta¢iau
15-acetil-deoksinivalenolio ir 3-acetil-deoksinivalenolio F. graminearum chemotipy
kamieny pasiskirstymas atskirose lauko populiacijose galimai yra susij¢s su konkreciame
lauke susiklos¢iusiomis mikroklimatinémis sglygomis.

3. F. graminearum izoliaty patogeniSkumas zieminiams ir vasariniams kvieciams
kinta priklausomai nuo individualaus izoliato agresyvumo ir kvieCiy genotipo, bet
nepriklauso nuo F. graminearum chemotipo.

4. Skirtingy F. graminearum chemotipy kamienai skiriasi pagal jautruma
metkonazolui, tebukonazolui ir protiokonazolui in vitro.

Mokslinio darbo naujumas. Siais tyrimais nustatyta, kad pastaraisiais metais
F. graminearum yra vienas i$ pagrindiniy vasariniy ir zieminiy kvieCiy varpy fuzariozés
sukelgjy ir trichoteceny producenty Lietuvoje. F. graminearum chemotipy struktiira
Lietuvoje uZzaugintuose kviediuose yra budinga Vidurio ir Siaurés Europai, kur vyrauja
I5ADON producentai, lyginant su 3ADON ir NIV producentais. Jvertinus chemotipy
struktiirg atskirose lauko populiacijose, nustatyta, kad 15SADON ir 3ADON pasiskirstymas
galimai yra susijes su konkreciame lauke susiklos¢iusiomis mikroklimatinémis sglygomis.
Aiskiy skirtumy tarp skirtingy F. graminearum chemotipy kamieny patogeniskumo,
morfologiniy pozymiy ir metabolizmo nenustatyta, taciau pastebétas skirtingas jy jautrumas
metkonazolui, tebukonazolui ir protiokonazolui in vitro.

Praktiné darbo reik§mé. Atlikti tyrimai atskleidé varpy fuzariozés sukeéléjy
struktiiros pokycius Lietuvoje, lyginant su ankstesniais metais. Nustatyta, kad pastaruoju
metu misy Salyje auginamuose kvieCiuose vyrauja Zzalingi B grupés trichoteceny
producentai — F. graminearum rusies grybai. Gautus duomenis apie F. graminearum
chemotipus, jy pasiskirstyma griduose ir lauko populiacijose bei jautruma fungicidams,
galima bus panaudoti optimizuojant kvieCiy apsauga nuo varpy fuzariozés, tuo paciu
gerinant gridy kokybe.

Tyrimy rezultaty aprobavimas. Pagrindiniai disertacijos teiginiai pristatyti: Siaurés
Baltijos Saliy Fusarium seminare (Nordic Baltic Fusarium seminar 494), Riga, Latvia;
Tarptautingje 60-tojoje fizikos ir gamtos moksly konferencijoje ,,Open Readings 2017%,
Vilnius.; Tarptautingje 59-tojoje fizikos ir gamtos moksly konferencijoje ,,Open Readings
2016%., Vilnius; Mokslin¢je-praktinéje konferencijoje “Jaunimas siekia pazangos 20157,
2015, Akademija, Kauno raj.; Simpoziume ,,Power of fungi and mycotoxins in health and
disease 2015“, Sibenikas, Kroatia; XVIII Tarptautiniame augaly apsaugos kongrese,
Berlynas, Vokietija; Siaurés Baltijos $aliy Fusarium seminare (Nordic Baltic Fusarium
seminar 478) 2014, Helsinkis, Suomija; Tarptautinis XIX Baltijos mikology ir lichenology
simpoziumas 2014, Skede, Latvija; III Jaunyjy mokslininky konferencijoje ,,Jaunieji
mokslininkai Zemés tkio pazangai®, 2014, Vilnius.
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Publikacijos. Disertacijos tema paskelbtos dvi mokslinés publikacijos: viena
leidinyje, referuojamame ir turinfiame citavimo indeksg duomeny bazéje ,,Clarivate
Analytics Web of Science®, viena recenzuojamame periodiniame leidinyje. Taip pat 6
santraukos moksliniy konferencijy leidiniuose.

Disertacijos apimtis ir struktioira. Disertacijg sudaro santrauka, santrumpy sarasas,
jvadas, literatiiros analizé, tyrimy metodai ir sglygos, rezultatai ir jy aptarimas, iSvados,
naudotos literatiiros sarasas, paskelbty publikacijy sarasas, publikacijy atspaudai, priedai,
padéka, gyvenimo apraSymas,. Disertacijos apimtis 120 puslapiy. Teksta iliustruoja 20
lenteliy ir 17 paveiksly. Literattiros sarase yra 163 $altiniai.
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1. LITERATUROS ANALIZE

1.1. Varpy fuzariozé ir F. graminearum gryby reikSmée Sios ligos pasireiSkimui ir
mikotoksiny produkcijai kvieciuose, infekcijos salygos

Fusarium yra laikoma viena i§ labiausiai paplitusiy ir svarbiausiy aplinkai gryby
genciy. Tai — kosmopoliting ir labai jvairialypé saprofitiniy, fitopatogeniniy ir toksigeniniy
gryby grupé, sutinkama beveik visose pasaulio ekosistemose (Nelson ir kt., 1994; Schmale
I ir Bergstrom, 2003). Taciau kai kuriy Fusarium rusiy egzistavimas ir jvairové apsiriboja
tik tam tikru regionu ar klimato sglygomis (Leslie, Summerell, 2006). Kaip fitopatogenai,
Sie grybai gali pazeisti augalus visuose vystymosi etapuose, nuo séklos iki subrendimo
(Moretti, 2009). D¢l Fusarium gryby sukeltos zalingos kvieciy, mieziy, kvietrugiy, rugiy ir
avizy ligos — varpy fuzariozés (VF), patiriami dideli griidy derliaus ir kokybés nuostoliai
(Eckard ir kt., 2011). VF pazeisti griidai gali biiti mazesnio svorio, pakitusios baltymy ir
angliavandeniy sudéties, uzterSti gryby antriniais metabolitais — mikotoksinais, naudojant
séklai jie gali nedygti arba dygimo energija gali biiti sumaZzéjusi (Bottalico ir Perrone, 2002;
Argyris ir kt., 2003; Surai, Mezes, 2005). Grudy kokybé ypa¢ nukencia kai jie uzterSiami
mikotoksinais, kurie daro neigiama poveiki zmonéms ir gyviinams, jie sukelia ligas ir
didelius ekonominius nuostolius (Zain, 2011). Tai didelé¢ problema visame pasaulyje, nes
mikotoksinais uzterSiami tiek pasarai, tieck maisto produktai (Zain, 2011; Mayer, 2008).
Aflatoksinai, ochratoksinai, trichotecenai, zearalenonas, fumonizinai ir skalsiy alkoloidai
daro didziausig neigiamg jtaka Zzemés tikio ekonomikai (Zain, 2011). Mikotoksiny problema
dazniau pasireiskia vietovése, kuriose vyrauja Siltas ir drégnas klimatas, palankus
toksigeniniy gryby plitimui, taciau su ja susiduriama ir vidutinio klimato zonoje (Bennett ir
Klich, 2003). VF sukeliantys Fusarium genties grybai daugiausia siejami su trichoteceny
(TRI) ir zearalenono (ZEN) produkcija griiduose (Bottalico, Perrone, 2002). Lietuvos
salygomis uzauginti gridai dazniausiai biina uzterSti trichotecenais — deoksinivalenoliu
(DON) ir T-2 toksinu bei ZEN (Mankevi¢ien¢ ir kt., 2011; Suproniené ir kt., 2012 b).
Europoje auginamy javy griiduose dazniausiai aptinkami DON ir ZEN (Bottalico, Perrone,
2002).

Varpy fuzariozés infekcijos vystymasis ir mikotoksiny susidarymas priklauso nuo
daugelio ekologiniy veiksniy: aplinkos temperattiros, oro drégnumo, krituliy kiekio, oro
uzterStumo, substrato sudéties, gryby toksiSkumo lygio, mikrofloros kiekio. Fuzariozés
infekcijos plitimui jtakos turi ir nematodai, pazeidziantys augalus (Rohacik ir Hudec, 2007).
Meteorologinés salygos yra pagrindinis veiksnys lemiantis Fusarium gryby iSplitimg bei
mikotoksiny gamyba (Schaafsma ir kt., 2001; Doohan ir kt., 2003; Rohacik, Hudec, 2005;
Ramizer ir kt., 2006). Temperatiira, kurioje liga plinta yra nuo 16 iki 30 °C Silumos, o
sporoms sudygti pakanka 12 valandy drégno periodo, todél naktimis susidaranti gausi rasa
kartais gali Sias salygas uztikrinti (Schaafsma ir kt., 2001; Schmale III ir Bergstrom, 2003).
Taciau optimaliios salygos VF plisti susidaro javy Zydéjimo ir brendimo metu vyraujant 22—
27 °C temperatiirai ir lietingiems orams, kai didesné nei 80 proc. santykiné oro drégmé
iSsilaiko 48—72 h ir ilgiau, o paséliuose laikosi pastovi drégmé. Vésesniu oru liga iSplinta,
jei ilgai laikosi didelé santykiné oro drégmé. Palankiomis ligai plisti salygomis uzkrato
pozymiai iSrySkéja per tris dienas, o javy derlius gali biiti sugadintas per kelias savaites.
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Epidemijos metu vizualis ligos simptomai pasirodo labai greitai (Schmale III ir Bergstrom,
2003). Grybo sporos didesniu atstumu plinta véjuotu ir lietingu oru (Parry ir kt., 1995;
McMullen ir kt., 1997; Schmale III ir Bergstrom, 2003). Lietaus lasy pagalba Fusarium
askosporos ir konidijos nuo infekuoty augaly liekany, javy pasaknio ar kity Zemiau esanciy
augalo daliy patenka ant varpy (Pereyra ir Dill-Macky, 2008; Vanagiené ir Baskys, 2009;
Mourelos ir kt., 2014; Pagnussatt ir kt., 2014). Augalai uzsikreCia keliais etapais, kurie
dazniausiai vyksta vienu metu: infekcijos patekimas ant augalo pavirSiaus; spory dygimas;
ligos sukeléjo jsiskverbimas j augalo audinius; parazitinés tarpusavio sgveikos tarp patogeno
ir augalo $eimininko atsiradimas (Surkus ir Gauril&ikiené, 2002). Kai varpy Zydéjimo metu
vyrauja sausesni orai ir uzsikrésti sglygos maziau palankios, j ZydinCig varpa patekes
Fusarium uzkratas gali kurj laika iSsilaikyti ir varputes uzkrésti vélesniais javy brendimo
tarpsniais, kai tik susidaro tam palankios salygos. Derliaus praradimus dazniausiai lemia
ankstyva infekcija, vélesné gali biiti ir be aiskiai matomy pozymiy, taciau dalis griidy vis
tiek bus pazeisti Fusarium gryby. Tai gali turéti neigiamos jtakos gridy kokybei (Yli-
Mattila, 2011). Sios ligos plitima lemia daug veiksniy, tadiau svarbiausias yra
meteorologinés salygos. Krituliai javy zydéjimo tarpsniu yra kritinis veiksnys Fusarium
genties grybams plisti. 5 mm ir daugiau krituliy per dieng i§ esmés padidina epidemijos
rizika, ypac¢ kai oro temperatiira yra apie 25 laipsnius pagal Celcijy. Esant aukStesnei oro
temperatiirai, ligos poZzymiai vystosi dar greiCiau (Schmale ir Bergstrom, 2003;
Mankeviciené ir kt., 2007b).

Meteorologinés salygos turi tiesioging jtakg griidy drégniui derliaus nuémimo,
transportavimo bei saugojimo metu, taip pat mikroskopiniy gryby produkuojamiems
toksinams susikaupti. Mikotoksiny produkcija labai priklauso ir nuo daugelio ekologiniy
veiksniy (aplinkos temperatiiros, drégnio, substrato sudéties, gryby toksiskumo,
konkurencinés mikrofloros, mikrobinés tarpusavio saveikos, kenkéjy bei mechaninio
pazeidimo derliaus nuémimo ir saugojimo metu (Loiveke ir kt., 2004; Lugauskas ir kt., 2004;
Dabkevicius ir kt., 2005; Lugauskas ir kt., 2007; Mankeviciené ir kt., 2007a).

Fuzariozg sukelianciais patogenais uzkréstos séklos ir dirvoje esancios augaly
liekanos jvardijamos pirminiu VF infekcijos Saltiniu (Pereyra ir Dill-Macky, 2008).
Dirvozemyje Fusarium genties grybai iSsilaiko gana ilgai (Webster ir Weber, 2007). Tokia
galimybé susidaro dél grybo gyvenimo ir iSgyvenimo ypatumy: aktyvios vegetacijos,
saprotrofinio mitybos biido bei Iasteliy strukttiry jvairovés (Lugauskas ir kt., 2004; Webster
ir Weber, 2007). Taciau pats dirvozemis néra laikomas ligos sukéléjy infekcijos Saltiniu, nes
grybo infekcinés struktiiros dazniausiai aptinkamos augalinése liekanose (Landschoot ir kt.,
2011).

Maziausiai 18 skirtingy Fusarium rusiy ir rusiy kompleksy gali sukelti varpy
fuzarioz¢. Labiausiai paplite varpy fuzariozés sukél¢jai pasaulyje priklauso Fusarium
graminearum 1usiy kompleksui (FGRK), kurj sudaro per 16 riisiy, identifikuoty naudojant
skirtingy lokusy sekoskaitos metodg (O’Donnell ir kt., 2004, 2008; Yli-Mattila ir kt., 2009).
Atskiros FGRK rusys skiriasi pagal TRI chenotipg ir agresyvuma bei paskirstyma
regionuose. F. graminearum laikoma labiausiai paplitusia FGRK r@i$imi visame pasaulyje
(Schilling ir kt., 1996; Ward ir kt., 2008; Boutigny ir kt., 2011; Yli-Mattila ir kt., 2017), tuo
tarpu F. asiaticum dazniau aptinkama Azijoje (Shen ir kt., 2012; Zhang ir kt., 2012).
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Pagrindiniais varpy fuzariozés sukéléjais Europoje jvardijami F. graminearum,
F. avenaceum ir F. culmorum risiy grybai, taCiau F. poae, F. sporotrichioides,
F. langsethiae ir keletas kity rtsiy taip pat aptinkami VF paZeistose varpose ir griiduose
(Bottalico ir Perrone, 2002; Kosiak ir kt., 2003). Pastaraisiais deSimtmeciais pastebéta, kad
VF sukéléjy struktiira smarkiai keiciasi, kartais pokytis iSrySkéja net per vieng augimo
sezong (Waalwijk ir kt., 2003). Ankstesniais metais F. poae, F. avenaceum ir F. culmorum
rusiy grybai vyravo vésesniuose pasaulio regionuose, o F. graminearum — Siltesniuose
(Bottalico ir Perrone, 2002). Taciau jau daugiau nei deSimtmetis stebimas F. graminearum
iSplitimas $iaurinéje Europoje - Olandijoje, Anglijoje (Waalwijk ir kt., 2003; Nicholson ir
kt., 2003), Norvegijoje (Yli-Mattila, 2011), Svedijoje (Fredlund ir kt., 2008), Suomijoje
(Yli-Mattila ir kt., 2008; Parikka ir kt., 2012a), Danijoje (Nielsen ir kt., 2011), Estijoje,
Latvijoje (Supronien¢ ir kt., 2010 a) ir Lenkijoje (Stepien ir kt., 2008). Lietuvoje $io grybo
smarkus iSplitimas pastebétas per pastaruosius penkerius metus (Sakalauskas ir kt., 2014).
F. graminearum iplitimas ] Siauresnius regionus siejamas su Zemeés dirbimo minimizavimu,
glifosato naudojimu (Fernandez et al. 2005, 2007), tadiau labiausiai su gamtinémis
salygomis ir klimato at$ilimu (Parikka ir kt., 2012a; b). Sie VF sukéléjy struktiiros poky¢iai
i8kélé naujy ekologiniy ir ekonominiy problemy susijusiy su padidintu griidy produkcijos
uzterStumu mikotoksinu DON ir sékly kokybés pablogéjimu (Bottalico, Perrone, 2002;
Kosiak ir kt., 2003; Kazan ir kt. 2012; Mankevi¢iené ir kt., 2014). F. graminearum yra
vienas svarbiausiy VF sukéléjy, kuris jtakoja griidy uZterStuma mikotoksinais didZiojoje
dalyje Europos, JAV, Kanadoje, Azijoje (Jennings ir kt., 2004 a, b; Zeller ir kt., 2004; Ward
ir kt., 2008; Talas ir kt., 2011; Yli-Mattila ir kt., 2017). Sios rasies grybai neigiamai veikia
augalo-Seimininko sé¢kly dygimg ir augalo vystymasi. ISskiriami toksinai pazeidzia, o
micelio fragmentai uzkems$a vandens indus, mazina vandens absorbcijg ir medZziagy
transportavimg. Sie fiziologiniai pakitimai neigiamai veikia augalo augimg bei biomasés
kaupimg (Lugauskas ir kt., 2002; Brazauskien¢ ir Semaskiené, 2006; Webster ir Weber,
2007; Yli-Mattila ir kt., 2017).

1.2. F. graminearum patogenezé kvieciy varpose

1.2.1. Infekcinés struktiiros, varpy paZeidimo etapai ir salygos, fuzariozés
poZymiai

Varpy fuzariozg sukeliantis grybas F. graminearum Ziemoja su griudais ir dirvoje
augaly lickanose bei ant javy Sakny bei pasaknio (Parry ir kt., 1995). F. graminearum plinta
askosporomis ir konidijomis. Varpy fuzarioze kvieciai apsikre¢ia zydédami (Dabkevicius ir
Brazauskien¢, 2007; Mourelos ir kt., 2014; Pagnussatt ir kt., 2014; Vanagiené ir Baskys,
2009). Vasaros metu javams zydint, askosporos ir konidijos nuo augaly liekany véjo pagalba
ir su lietaus purslais Zydéjimo metu patenka ant varpy ir jas apkrecia. Grybo Gibberella zeae
askosporos islekia i§ augaly liekanose eanCiy subrendusiy periteciy. Véjas pakelia
aksosporas ir gali nunesti dideliais atstumais. Gibberella zeae grybas yra lytiné grybo
F. graminearum stadija ir formuoja peritecius lauko sglygomis (Bai ir Shaner, 1994;
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Schmale III ir Bergstrom, 2003; DabkeviCius ir Brazauskiené, 2007). F. graminearum
grybui plisti susidaro palankios sglygos, kai po javy iSplaukéjimo vyrauja drégni orai
(santykiné oro drégmé yra daugiau nei 75 %), kadangi varpy fuzariozés uzkrata nuo pasaknio
ant varpy pernesa lietus (Mourelos ir kt., 2014; Pagnussatt ir kt., 2014; Brazauskiené ir
Semaskiené, 2006). Patogenas patenka ant varpazvyniy, i§ varpazvyniy grybiena perauga j
varpos stagarélj ir j grudus. Vir§ pazeisto varpos stagarélio, varpa iSbala. Sergancios varpos
vietomis arba iStisai padengiamos rausva grybiena.

Patogeno sukelta varpy fuzariozés infekcija pasireiskia pirmine ir antrine infekcijomis
javuose. Anksti jvykus pirminei infekcijai, ant lauke pasirodziusiy ligoty varpy gali
formuotis konidijos, jas oro srovés iSnesioja ir apkrecia sveikas varpas — tai antriné infekcija.
Si infekcija svarbi tuo atveju, kai augaly Zzydéjimas yra netolygus, istestas, formuojasi
Salutiniai Gigliai, kurie Zydi véliau (Dabkevicius, Brazauskiené, 2007). Pazeista kvie¢iy varpa
ar jos dalis pabala. Pirmieji varpy fuzariozés poZymiai pasimato gana greitai po Zydéjimo,
pieninés brandos tarpsniu arba vaskinés brandos pradzioje (Schmale III ir Bergstrom, 2003).
Pirmiausia ant varpazvyniy atsiranda vandeningy rusvy démiy. Kai grybas kolonizuoja
varpazvynius, dél ankstyvos audiniy zuties jie pabala (Vanagiené ir Baskys, 2009). Sveikieji
varpazvyniai ant tos pacios varpos iSlieka sveikos zalios spalvos. Gali biiti pazeisti vos tik
keli varpazvyniai, arba visa varpa (McMullen ir kt., 2012; Schmale III ir Bergstrom, 2003).
Nuo varpazvyniy, véliau grybas plinta | varpos stagarélj, ji pazeidzia, tokiy biidu
uzkirsdamas kelig maisto medziagoms patekti j vir§ pazeisto stagarélio esancig varpos dalj.
Stagarélis prisijungimo vietoje patamséja. Varpos dalis vir§ pazeisto stagerélio pabgla ir
zusta (Parry et al., 1995; McMullen et al., 1997) Vir§ pazeidimo varpa biina dazniausiai
tuScia arba susiformave Fusarium gryby pazeisti griidai biina mazi, baltos, rausvos spalvos
ir susirauksléje. Del tusciy varpy prarandama dalis derliaus, pazeisty griidy kokybé
suprastéja. Laiko tarpas, kai ligos pazeistos varpos gerai pastebimos yra neilgas, nes pradéjus
bresti javams, ligos simptomai pasislepia (Ma ir kt. 2013; Supronien¢ ir kt., 2012b; Schmale
I ir Bergstrom, 2003). Tuomet, d¢l uzsitgsusiy drégny ory pavyksta atpazinti tik stipriai
varpy fuzariozés pazeistas varpas, nes jos biina apsitraukusios rausvos, oranzinés arba baltos
spalvos Fusarium gryby spory mase, kuri susitelkusi palei varpazvynius arba varputése
(Parry et al., 1995; McMullen et al., 1997; Schmale III ir Bergstrom, 2003). Taciau, kuomet
orai vyrauja sausi tokiy pozymiy neaptinkama. O kuomet orai iSlieka $ilti ir drégni, sezono
pabaigoje galima pamatyti ant varpy susiformavusius juodus taSkelius — peritecius
(perithecia) (Dufault ir kt., 2006; Manstretta ir Ross, 2016; Trail ir kt., 2017). Ankstesniais
metais tokie pozymiai buvo pastebimi Siltesnio klimato Salyse, tac¢iau 2016 metais jau buvo
aptinkti ir Lietuvoje, tais metais oras laikési Siltas ir drégnas ilgg laika ir derliaus nuémimas
vélavo (Jonaviciene ir kt., 2017; Manstretta ir Ross, 2016; Trail ir kt., 2017).

Varpy fuzariozés pazeisty mieziy varpazvyniai biina Sviesiai rudos spalvos. Taciau
mieziuose varpy fuzariozés pozymiai néra tokie rySkis, nes liga dazniausiai iSrySkéja ant
atskiry gridy. Tik protrukio metais liga gali apimti trecdalj, pus¢ ar net daugiau varpos
(Schmale III ir Bergstrom, 2003).

F.graminearum micelio spalva kinta nuo S$viesiai oranzinés iki geltonos ir nuo
raudonai rudos iki oranzinés spalvos, kuri varijuoja priklausomai nuo terpés pH (Leslie ir
Summerell, 2006). Makrokonidijos verpstés pjautuvo formos, labai mazai islenktos, vienodo
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storio per visa ilgj, su ryskia kojele (Nelson ir kt., 1983; Spokauskien¢, 1989; Leslie ir
Summerell, 2006). Formuoja chlamidosporas ir sprodochijuose — spory mase, taciau neturi
mikrokonidijy. Lytiné stadija — Gibberella zeae Schewin (Petch) (Nelson ir kt., 1983; Leslie
ir Summerell, 2006). Pagal morfologinius Fusarium gryby pozymius negalima nustatyti ar
jis gali gaminti toksing ar ne (Murphy ir kt., 2006).

1.2.2. Patogeniskumo veiksniai, susije su trichoteceny biosinteze, F.graminearum
chemotipai ir jy identifikavimas, veiksniai jtakojantys F.graminearum chemotipy
struktiira lauko populiacijoje

Svarbiausi Fusarium gaminami mikotoksinai yra trichotecenai (TRI) ir zearelenonas
(ZEN) (Bottalico ir Perrone, 2002, Yli—Mattila, 2010). Pagal chemine funkcija, TRI gali biiti
skiriami j dvi grupes: A tipo — T-2 / HT-2 toksinai, diacetoksicirpenolis (DAS),
monoacetoksiscirpenolj (MAS) ir kt, ir B tipo — deoksivalenolis (DON, arba vadinamas
vomitoksinu)) ir nivalenolis (NIV) bei jy mono- ir di-acetilinto darinius (Bottalico, 1998,
Yli-Mattila, 2010). DON yra dazniausiai paplites ir analizuojamas pasaulyje ir Lietuvoje
Fusarium mikotoksinas. DON aptinkamas visame pasaulyje javy griiduose, ir siejamas su
varpy fuzarioze (Lemmens ir kt., 2004; Heier ir kt., 2005; Bartkiené ir kt., 2008;
Mankeviciené, 2010; Suproniené ir kt., 2012 b; Ma ir kt., 2013). DON ir jo metabolitai
3-acetil deoksinivalenolis (3ADON), 15-acetil deoksinivalenolis (15ADON) ir nivalenolis
(NIV) yra svarbiausi B tipo trichotecenai (TRI), aptinkami varpy fuzariozés pazeistuose javy
griiduose. Literatiros duomenimis, $ios grupés toksinus sintetina F. graminearum riisiy
kompleksas ir kitos artimai susijusios ruSys — F. culmorum, F. cerealis ir
F. pseudograminearum. Griiduose NIV taip pat gali gaminti F. poae riiSies grybai (Jennings
ir kt., 2004a, O‘Donnell ir kt., 2000, Ward ir kt., 2008).

TRI vaidina svarby vaidmenj gryby patogenezéje kaip virulentiSkumo veiksniai.
VirulentiSkumas, taip pat vadinama agresyvumu, yra santykinis patogeno gebéjimas
kolonizuoti ir padaryti zalg augalams. Agresyvumas yra kiekybinis ir sglygojamas keliy
geny. DON yra vienas i§ veiksniy, turin€iy jtakos agresyvumui (Baig ir kt., 2002; Foroud ir
Eudes, 2009). DON dazniausiai sintetinamas dviejy svarbiausiy javy ligy sukéléjy, tai
F. graminearum Schwabe ir F. culmorum Sacc (Yazar, Omurtag, 2008; Wegulo, 2012).

Trichotecenai yra sintetinami per kompleksinj biosinteziy kelig ir yra uzkoduoti
trichoteceny (77i) geny. Fusarium grybai gali produkuoti skirtingy raGsiy toksinus
pagrindiniame 77l klasteryje, kuris apima du pagrindinius reguliuojancius genus (TRI6 ir
TRI10) ir dauguma biosintezés fermenty reikalingy trichoteceny gamybai (Pasquali ir
Migheli, 2014).

F. graminearum gryby isplitimas tiek Lietuvoje, tiek kaimyninése ir Skandinavijos
Salyse lydimas ir mikotoksiny deoksinivalenolio (DON) bei zearalenono (ZEN)
koncentracijy padidéjimu griiduose, daznai virSijanciy ES reglamentuose nustatytas leistinas
ribas (Suproniene ir kt., 2012 b; Hofgaard ir kt., 2012; Parikka ir kt., 2012b).

Fusarium graminearum rusies izoliatai priklausomai nuo sintetinamo TRI yra
skiriami j du tipus:: chemotipas I — izoliatai gaminantys deoksivalenolj (DON); chemotipas
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I — izoliatai gaminantys nivalenolj (NIV) ir/arba 4-acetilvalenolj (4-ANIV). I (DON)
chemotipas gali buti papildomai suskaidytas j du chemotipus: IA — izolioatai gaminantys
3-acetyldeoksivalenolj (3-ADON) ir IB — izoliatai gaminantys 15-acetyldeoksivalenolj (15-
ADON) (Bottalico, 1998, Yli-Mattila, 2010).

TRI yra sintetinami sudétingais biosintezés budais. Ir jie yra koduojami 7ri geny.
Dauguma 77i geny yra klasteriuose, kurie yra vadinami 77i grupe. DON gamyba nulemia
pagrindiniai 77i grupés genai — Tril3 ir Tri7. Funkcionalts 7713 ir Tri7 genai nulemia NIV
chemotipa. O nefunkcionaltis 77i13 ir Tri7 nulems vieng i§ DON chemotipy. NIV sintezés
metu Sie genai yra atsakingi uz oksigenacijos ir acetilinimo procesa, deguonj C-4 padétyje
(Liddell, 2003; Alexander ir kt., 2011).

Skirtinguose regionuose vyrauja skirtingy chemotipy Fusarium graminearum
(Jennings ir kt. 2004b; Guo ir kt. 2008; Puri ir Zhong 2010; Pasquali ir kt., 2016; Yli-Mattila
ir kt., 2017).

Paprastai NIV yra laikomas labiau toksisku Zzmonéms bei gyviinams nei DON (Ryu ir
kt., 1988). Taciau DON yra labiau fitotoksiskas nei NIV (Ueno ir kt., 1985; Foroud ir Eudes,
2009). Didelé DON ir 3-ADON koncentracija slopina kvieciy augima ir yra toksiskesni, nei
T-2 toksinas, HT-2 toksinas ir NIV (Eudes ir kt., 2001). Sie toksinai laikomi virulentiskumo
veiksniais ir yra susij¢ su patogeny agresyvumu (Eudes ir kt., 2001; Baig ir kt., 2002; Foroud
ir Eudes, 2009)

Mikotoksiny sintezé susijusi su mikromicety gebéjimu adaptuotis prie jvairiy aplinkos
salygy ir mitybiniy substraty (Chelkowski, 1991).

Chemotipavimas padeda jvertinti TRI gaminanciy gryby toksigeniskuma, lauko
populiacijy struktiirg ir, atsizvelgiant j aplinkiniuose kraStuose atliktus panaSius tyrimus,
prognozuoti pasikeitmus Fusarium gryby populiacijose detaliau negu rusies lygmenyje,
kartu prognozuoti biisimo derliaus kokybe ir kiekybe. UZsienyje atlikti tyrimai rodo, kad
3ADON chemotipo F. graminearum izoliatai yra fitotoksiskesni, patogeniskesni, agresyviau
pazeidzia kvieciy daigelius ir intensyviau gamina DON negu 15ADON izoliatai. Be to,
3ADON chemotipo, F. graminearum izoliatai grei¢iau auga, anksCiau suformuoja plitimui
skirtas struktiiras — konidijas ir pradeda gaminti mikotoksinus. Tai leidzia manyti, kad jie
yra pavojingesni tiek augalams, tiek Zmoniy ir gyviiny sveikatai (Ward ir kt. 2008; Von der
Ohe ir kt., 2010).

Fusarium rusiy identifikavimui naudojami klasikiniai mikrobiologiniai metodai yra
gana riboti, norint atskirti labai artimas, pavyzdziui, F. graminearum komplekso rusis ir
visiSskai netinka norint atskirti tos pacios risies skirtingy chemotipy izoliatus. Be to,
Fusarium rusiy identifikavimas tradiciniais morfologiniais metodais atima daug laiko ir yra
ne visada tikslus, nes be tiriamy objekty gausu ir kity mikroorganizmy, kurie apsunkina
Fusarium izoliaty iS§skyrimg ir iSgryninima. Pasaulyje jau du deSimtmecius augaly patogeny
vertinimui, taikomas molekulinis tikrojo laiko polimerazés grandininés reakcijos metodas
(TL PGR) (Hogg ir kt., 2007). Dél ypatingo jautrumo ir specifiSkumo Sis diagnostikos
metodas efektyvus jau ankstyvosiose augaly ligy pasireiskimo stadijose (McCourtney ir kt.,
2003). Fusarium genties gryby ir B grupés TRI chemotipy producenty kokybiniam ir
kiekybiniam jvertinimui §is metodas taip pat pradedamas taikyti vis placiau (Yli-Mattila ir
kt., 2008, 2011; Suproniené ir kt., 2010 a; Nielsen ir kt., 2011; Talas ir kt., 2011).
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F. graminearum ir F. culmorum izoliaty tarpe 15ADON chemotipas vyrauja
Jungtinéje Karalysteje (Jennings ir kt., 2004a, b), Austrijoje (Adler ir kt., 2002), Vokietijoje
(Talas ir kt., 2011), Kinijoje (Yli-Mattila ir kt., 2010), 3ADON persvara pavieniais atvejais
nustatyta Suomijoje (Jestoi ir kt., 2004, 2008), Norvegijoje (Langseth ir kt., 1999) ir Siaurés
vakary Rusijoje (Yli-Mattila ir kt., 2010). Duomeny apie TRI chemotipy pasiskirstyma,
morfologinius, fiziologinius skirtumus, patogeniS$kuma, agresyvumg ir kitas savybes yra
labai nedaug. Kanadoje Ward ir kt. (2008) nustaté, kad F. graminearum 3ADON chemotipo
populiacijos atstovai formavo daugiau ir didesniy konidijy, produkavo daugiau DON bei
pasizyméjo greitesniu micelio augimu nei 15ADON chemotipo populiacijos atstovai.
Paskiausi tyrimai Norvegijoje parodé, kad vidutiniais duomenimis 3ADON chemotipo
izoliatai pasizyméjo greitesniu augimu, taciau 15SADON chemotipo izoliatai — didesniu
agresyvumu kvieciams (Aamot ir kt., 2015). Yli-Mattila (2010) tyrimy duomenimis skirtingy
TRI chemotipy pasiskirstymas labiausiai priklauso nuo geografinés padéties. Danijoje atlikti
tyrimai rodo, kad chemotipy pasiskirstymas gali skirtis skirtingose javy rusyse: kvieciy ir
kvietrugiy F. graminearum populiacijose vyravo 15ADON producentai, mieziy F.
graminearum populiacijoje nustatyti visi trys chemotipai (Nielsen ir kt., 2012). Taciau
koreliaciné analiz¢ parodé, kad NIV producentai kvieCiuose ir kvietrugiuose koreliavo su F.
culmorum biomase ir NIV mikotoksinu. Tuo tarpu mieziuose NIV producentai koreliavo su F.
graminearum, taciau NIV mikotoksinas koreliavo tik su F. poae, kas rodo, kad §i rasis gali
biti pagrindinis NIV mikotoksino producentas mieziuose. Atlikus daugiau panasiy tyrimuy,
atsirasty daugiau galimybiy interpretuoti tokius priestaringus duomenis.

1.3. Cheminé ir biologiné F. graminearum infekcijos prevencija

Varpy fuzariozés plitima yra ganétinai sudétinga numatyti ir kontroliuoti, todé¢l reikia
pasitelkti ne vieng apsaugos priemong, kad biity efektyvu (Paul ir kt., 2008; Willyerd ir kt.,
2011; McMullen ir kt., 2012). Planuojant apsaugos ir prevencines priemones, svarbu yra
atsizvelgti | kelis veiksnius, tokius kaip oro temperatiira ir drégnumas kvieciy zydéjimo
metu. Optimalu ligai neplisti, kai iSsilaiko Zemesné temperatiira, bei sausi orai. Tuomet
zymiai maziau iSplinta VF. Taip pat yra svarbu vykdyti tinkamg séjomaing. Pasirinkus
tinkamg sé¢jomaing — sumazéja ligos plitimas (Dill-Macky ir Jones, 2000; Schaafsma ir kt.,
2005). Taikyti optimaly zemés dirbima, todél, kad VF uzkratas lieka lauke ant augaly likuciy
dirvozemio pavirSiuje, taipogi gali likti ir ant pikzoliy (Schmale III ir Bergstrom, 2003;
Landschoot ir kt., 2011; Pereyra and Dill-Macky, 2008; Reis ir Carmona, 2013.). Véjas
uzkratg gali atnesti ir i§ aplinkiniy lauky (Maldonado-Ramirez ir kt., 2005; Schmale ir kt.,
2006). VF iSplitimag Zenkliai sumazina ir fungicidy pasirinkimas ir panaudojimas optimaliu
laiku. Dél to, kad fungicidai nevisada biina efektyviis, naudojant VF kontrolei (McMullen ir
kt., 2012) yra daug démesio skiriama biologinei kontrolei, kuri yra naudojama kaip
papildoma strategija varpy fuzariozés prevencijai (Schmale III; ir Bergstrom, 2003;
Palazzini ir kt., 2017). Fungicidy poveikis Fusarium genties grybams priklauso nuo
panaudotos veikliosios medziagos, purskimo laiko ir normos, varpy fuzarioze sukélusiy
Fusarium gryby rusinés sudéties, taip pat nuo atskiry mety meteorologiniy salygy
(Fernandez ir kt., 2005; Ioos ir kt., 2005; Gauril¢ikiené ir kt., 2011). Atskirais atvejais
fungicidy poveikis biina labai mazas arba jo nebiina (Bayer ir kt., 2006; Gauril¢ikiené ir kt.,
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2011). Fungicidai, skirti VF kontrolei, sumazina ligos intensyvuma, taip pat ir DON kiekj
griilduose (Palazzini, 2017). Triazolo pagrindu pagaminti fungicidai (metkonozolas,
protiokonazolas, tebukonazolas) yra veiksmingi arba i§ dalies veiksmingi, kuomet
naudojami javy zydéjimo metu (Paul ir kt., 2008; Willyerd ir kt., 2011; McMullen ir kt.,
2012). VF kontrolé, naudojant fungicidus yra sudétinga tuo, kad reikia juos naudoti
konkreciu laiku — varpy zydéjimo metu, o taip pat dél to, kad tinkamy VF kontrolei fungicidy
pasirinkimas yra ribotas. Optimalu fungicidus naudoti ankstyvojo varpy zydéjimo metu
(Rossi ir kt., 2001; Paul ir kt., 2008; Parikka ir kt., 2012a; Palazzini ir kt., 2017).

Taigi, norint pasiekti gery apsaugos rezultaty optimalu rinktis kelis kontrolés metodus
tuo paciu metu. Tinkamas biologiniy bei cheminiy priemoniy naudojimas gali pagerinti
grudy kokybe ir padidinti derlinguma. Todé¢l tarptautiné praktika sutelké démesj i biologines
sekly apdorojimo priemones (Galvez ir kt., 2007; Zotta ir kt., 2009). Sie produktai pasizymi
antigrybinémis savybémis pries VF sukeéléjus (Digaitiene ir kt, 2012). Biologiniai preparatai,
turintys atimikrobines savybes yra perspektyviis ir gali biiti pritaikomi Zemdirbystéje. Vieni
svarbiausiy junginiy, kurie Siandien naudojami siekiant gauti saugius augaly apsaugos
produktus — bakterijy iSskiriami bakteriocinai. Lietuvoje tokios bakteriocinus gaminancios
bakterijos, iSskirtios i§ ruginiy raugy, pasiZzyméjo antigrybinémis savybémis ir pries
F. culmorum, F. poae ir kitus javy séklose aptinkamus grybus (Digaitiene ir kt, 2012).

Ankstesniuose tyrimuose tirta biologiné F. graminearum kontrolé naudojant
Microsphaeropsis sp. (Bujold ir kt., 2001), Cryptococcus nodaensis OH182.9,
Cryptococcus sp. OH 71.4, Cryptococcus sp. OH 181.1 (Khan ir kt., 2004), Bacillus subtilis
IB (Wang ir kt., 2007) preparatus suteiké vilties. Kai kuriuose tyrimuose s¢kmingai buvo
pasiekta F. graminearum biokontrolé zydéjimo metu, kur buvo panaudoti preparatai su
Siomis bakterijomis: B. subtilis RC 218 ir Brevibacillus sp. RC 263 (Palazzini ir kt., 2016),
Cryptococcus flavescens OH 182.9 (NRRL Y-30216) (Schisler ir kt., 2014), B. subtilis SG6
(Zhao ir kt., 2014). Taip pat buvo jvertintas biokontroliuojamy $tamy naudojimas paséliuose
Fusarium gryby rusies kontrolei, su Siom bakterijom: Clonostachys rosea (Luongo et al.,
2005), Pseudomonas fluorescens MKB 158, P. fluorescens MKB 249, P. frederiksbergensis
202 (Khan ir Doohan, 2009), C. rosea 016, C. rosea 1457 (Palazzini ir kt., 2013), C. rosea
ACM941 (Xue ir kt., 2014).

Manoma, kad antimikrobinémis savybémis pasizyminciy biopreparaty gamybos
technologijy kiirimas ir pritaikymas bty perspektyvus ekologinés Zemdirbystés praktikoje.

Duomeny apie fungicidy ir kity apsaugos priemoniy efektyvuma pries skirtingy TRI
chemotipy producentus neaptikta. Tokia informacija biity ypac reikSminga kuriant apsaugos
sistema pries tikslinius varpy fuzariozés sukeléjus.

Mokslininkai susitelke iesko atspariy veisliy. Tiikstanciai veisliy buvo dirbtinu bidu
uzkrésti F. graminearum. Tafiau visiSkai atspariy varpy fuzariozei javy veisliy kol kas
neiSvesta (Schmale III ir Bergstrom, 2003). Yra isskirti penki veisliy atsparumo VF tipai
(Mesterhazy 1995): I tipas — veislé yra atspari pirminei infekcijai (Schroeder ir Christensen,
1963); II tipas — yra atspari pirminés infekcijos plitimui nuo pirminés infekcijos vietos
(Pettersson ir Aberg, 2003); III tipas — atspari grido (branduolio) infekcijai (Mesterhazy,
1995): IV tipas — tolerantiSka infekcijai (Schroeder ir Christensen, 1963); V tipas -—
atsparumas mikotoksiny kaupimui (Schmale III ir Bergstrom, 2003).
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2. TYRIMU METODALI IR SALYGOS

Tyrimy vieta:

Laboratorinés analizés atliktos Lietuvos agrariniy ir miSky moksly centro filialo
Zemdirbystés instituto Atviros prieigos Zemés ir misky jungtiniy tyrimy centro
Mikrobiologijos laboratorijoje bei Augaly patologijos ir apsaugos skyriaus laboratorijoje.

Lauko eksperimentai vykdyti Augaly patologijos ir apsaugos skyriaus séjomainose.

Tyrimai vykdyti: 2014-2017 m.

2.1. Ekspediciniai tyrimai
2.1.1. Gridy méginiy surinkimas F. graminearum gryby isplitimo tyrimams

Gridy éminiai (pradiniai) imti pagal Tarptautinés sékly tyrimo asociacijos (angl.
International Seed Testing Association — ISTA, 2014) taisykles. I§ 12 skirtingy Lietuvos
rajony 49 komerciniy tikiy 2013 ir 2014 m. surinkti 148 vasariniy ir Zieminiy kvieciy gridy
méginiai (1 pav.). Kiekviename rajone méginiai imti vidutiniskai i$ trijy iikiy, kiekviename
tkyje i8 3-5 skirtingy lauky. IS kiekvieno lauko paimta apytiksliai po 1 kg griidy i$ karto po
nukiilimo. Laboratoriniai méginiai (apie 100 g) iki analiziy atlikimo saugoti -20 °C
temperatiiroje.

2.1.2. Kviec¢iy varpy surinkimas grybo F. graminearum populiacijos tyrimams

Kvie¢iy varpos F. graminearum populiacijos tyrimams rinktos 2014 ir 2015 m. i$
skirtingai vienas nuo kito nutolusiy vasariniy kvie¢iy lauky: 4 laukai iSsidéste po vieng
Mazeikiy, Kretingos, Vilkaviskio ir Alytaus rajonuose, 3 — Kédainiy rajono ribose (Krakése,
Berzuose ir Azuolai¢iuose) ir 2 Sakiy rajone vienas 3alia kito (1 pav.). I§ kiekvieno lauko
atsitiktine tvarka surinkta po 60 varpy su aiskiais varpy fuzariozés pozymiais, paimant po
20 varpy i8 lauko pradzios, vidurio ir galo. Varpos surinktos pieninés brandos pabaigoje —
vaskinés brandos pradzioje, kuomet varpy fuzariozés pazeidimai matomi geriausiai, |
popierinius maiselius. Ant kiekvieno maiselio uzraSyta informacija apie meéginj: data,

saugoti -20 °C temperatiiroje.

42



# Gridy surinkimas 2013
<+ Griidu surinkimas 2014

© “arpy surinkimas
2014-2015

® - Collection of cereal samples in 2013 year
O - Collection of cereal samples in 2014 year
O - Collection of spring wheat heads in 2014 and 201 5year

1 pav. Vasariniy ir zieminiy kvieciy grady méginiy surinkimo vietos pazymétos rombais,
vasariniy kvie¢iy varpy surinkimo rajonai pazyméti ziedais.
Fig. 1. The sampling points for spring and winter wheat grains in 2013 and 2014 year,
and the sampling points for spring wheat heads in 2014 and 2015 year, in Lithuania.

2.2. Labarotariniai tyrimai

2.2.1. Trichotecenus produkuojanéiy Fusarium grybu identifikavimas ir
iSplitimo jvertinimas griiduose klasikiniais mikrobiologiniais metodais

Fusarium spp. iSplitimo griiduose jvertinimas agarizuoty terpiy metodu. Tirta po
120 griidy i$ kiekvieno méginio. Grudai pries analiz¢ 3 min sterilizuoti 1,0 % NaOCl tirpale,
3 kartus skalauti steriliame vandenyje; nusausinti ant sterilaus filtrinio popieriaus ir iSdélioti
Petri 1ékstelése (po 10 gridy kiekvienoje) ant bulviy dekstroizés agaro (PDA) terpés su
Triton-X priedu (0,8 ml/L). Fusarium gryby pazeisty grudy skai¢ius (%) vertintas po 7—14
pary inkubavimo termostate 25+2 °C temperattroje (Mathur, Kongsdal, 2003).
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Fusarium grybuy morfologinis identifikavimas. Monokultiiros iSgrynintos pagal
Leslie, Summerell (2006) apraSytus metodus ir augintos ant bulviy dekstroizés agaro (PDA)
ir specializuota mitybos terpe (vok. Spezieller Nihrstoffarmer Agar — SNA, Nirenberg,
1990) 2542 °C temperatiiroje 10-30 d. iki makrokonidijy suformavimo. RaSys
identifikuotos remiantis Nelson ir kt. (1983) ir Leslie, Summerell (2006) apibiidintojais.
Tolimesniems molekuliniams tyrimams atrinkti potencialtis trichoteceny producentai —
F. graminearum izoliatai.

2.2.2. Trichotecenus produkuojanciy Fusarium gryby identifikavimas ir kiekybinis
ivertinimas griiduose qTL PGR metodu

Griidy homogenizavimas prie§ DNR iSskyrima. Griidai homogenizuoti naudojant
Retsch M 301 (Retsch GmbH, Vokietija) maliing. Darbo eiga: Po 10 g kiekvieno grudy
méginio supilta ] uzsukamus nertidijancio plieno indelius, kartu su dviem 7 mm skersmens
plieniniais Sratais. Uzsukus dangtelius indeliai $aldyti 5 min skystame azote. [§¢émus i§ azoto
nedelsiant jtvirtinti maliino specialiuose laikikliuose ir 4 min purtyti 30 aps. per min greiciu.
Susmulkinti iki milty méginiai plastikiniuose maiSeliuose saugoti Saldiklyje (-20 °C) iki
DNR isskyrimo.

DNR isskyrimas i§ griidy. DNR isskirta i§ 0,1 g milty méginio, naudojant komercinj
rinkinj ,,DNA Purification Kit“ (Thermo Fisher Scientific Baltics, Lietuva). DNR iskyrimo
procediira atlikta remiantis gamintojy instrukcijomis. Darbo eiga: 200 pl méginio sumaiSyta
su 400 pl lizavimo tirpalo (Lysis Solution), 2 ul Rnazés (RNase 10 mg/ml) ir inkubuota 10 min
65 °C temperaturoje. Ipilta 600 ul chloroformo, mégintuvéliai pavartyti 3—5 kartus ir
centrifuguota 2 min. Pipetés pagalba virSutinis suspensijos sluoksnis perkeltas j Svarius
megintuvélius, jpilta po 800 pl nusodinimo tirpalo (Precipitation Solution); 1-2 min maiSyta
pavartant mégintuvélius kambario temperatiiroje; centrifuguota 2 min; skystis nupiltas. Like
nuosédos istirpintos 100 pl NaCl tirpalo; uzpilta 300 pl Salto etanolio (98 %) ir 10 min
inkubuota Saldiklyje (-20 °C); tada centrifuguota 5 min; etanolis nupiltas. Nuosédos dar viena
kartg praplautos 70 % Saltu etanoliu; nupylus etanolj palikta 1015 min, kad mégintuvéliai
pradzitity ir pilnai i$sigaruoty etanolis. DNR istirpinta 100 pl dejonizuoto H,O. Iki PGR
analizés DNR laikyta Saldytuve (+4 °C), ilgesniam saugojimui — Saldiklyje (-20 °C).

DNR kokybés patikrinimas. DNR kokybé patikrinta biofotometru ir elektroforeze
1,0 % agarozés gelyje.

DNR koncentracijos nustatymas biofotometru: DNR méginys 0,5 ml talpos
mégintuvélyje praskiestas dejonizuotu vandeniu (5 pl tiriamos DNR + 95 ul H,O). Méginys
sumaisytas Vortex purtyklés pagalba. 100 pl paruoSto méginio jpilta j vienkarting kiuvete,
kuri jdéta j specialig anga biofotometre. Prietaisu nustatyta DNR koncentracija 260 nm
bangos ilgyje. PGR reakcijai DNR praskiesta ddH>O, kad jos koncentracija biity apie 20—
50 ng/ul.

Elektroforezés vykdymo eiga: Pagamintas darbinis 1XTAE buferis: 40 ml 50xTAE
buferio atskiesta distiliuotu vandeniu iki 2 litry. Paruostas 1,0 % agarozés gelis: pasvertas
1 g agarozés, subertas ] kolbg ir pilta 100 ml paruosto 1xTAE buferio. Kaitinta mikrobangy
krosneléje kol susidaré skaidrus tirpalas. Geliui pravesus iki 60 °C, jpilta 5 pul RedSafe dazo.
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Gelis supiltas | rémelius, kuriuose jdétos Sukutés. Sustingus geliui, Sukutés atsargiai
iStrauktos. Gelis su rémeliu jdétas j elektroforezés vonele, uzpildyta 0,5xTAE buferiu taip,
kad $is apsemty gelj.

I kiekvieng Sulinélj uznesta po 1 pl tiriamos DNR sumaisSytos lygiomis dalimis su
bromfenolio méliu. | atskirg Sulinélj uznesta 6 pl molekulinés masés zymens. Leidziant
elektros srove per gelj, DNR fragmentai juda nuo katodo link teigiamo poliaus — anodo.
Elektroforezé vykdyta apie 1 val., esant 120 V/cm jtampai.

Gauti fragmentai analizuoti ir fotografuoti UV S§viesoje, naudojant gelio vaizdy
dokumentavimo sistemg LumiBIS. DNR méginiai trumpam saugojimui laikyti +4 °C
temperatiiroje, ilgesniam nei 1 mén. saugojimui — Saldiklyje (-20 °C).

TL PGR vykdymo salygos. Pries ruoSiant reakcijos miSinj, apskaiciuotas kiekvieno
komponento kiekis planuojamam reakcijy skaiciui su 5 proc. rezervu. Reakcija vykdyta 96
Sulinéliy mikroplokstelése (MicroAmp Fast Optical 96-Well Reaction Plate) naudojant
komercinj reakcijos misinj su SybrGreen dazu (Power SYBR ® Green PCR Master Mix,
Applied Biosystems, JAV), termocikleryje 7900HT Sequence Detection system (Applied
Biosystems, JAV). Reakcijos tiiris 12,5 ul: 6,25 ul Power SYBR ® Green PCR Master Mix;
po 300 nM pradmeny (1 lentelé — priklausomai nuo tiriamo objekto); 0.4 pg/ul galvijy
serumo albumino (bovine serum albumin — BSA, Thermo Fisher Scientific, Lictuva); 2,4 ul
ddH,O ir 2,5 ul tiriamo méginio DNR. Genominé DNR isskirta i§ griidy prie§ PGR
praskiesta santykiu 1:20. ] kiekvieng mikroplokstelés Sulinélj supipetuota po 10 ul PGR
misinio. Genominé DNR uznesta pagal i§ anksto pasirengta schemg (2 pav.). Kiekviena
reakcija pakartota du kartus. Standartui naudota ankstesniuose tyrimuose molekuliniais
tyrimo metodais patvirtinto izoliato DNR, neigiamai kontrolei (NK) — paruostas reakcijos
buferis be DNR. PGR temperatiirinis rezimas: 2 min 50 °C; 10 min 95 °C; (15 s 95 °C;
1 min 62 °C) kartota 40 cikly.

Fusarium graminearum DNR kiekybinis jvertinimas griidduose (Nicolaisen ir kt.,
2009; Nielsen ir kt., 2012). Gryby DNR kiekis griidy meéginyje paskaiciuotas i§ Ct reikSmiy
naudojant standartines kreives. Standartinei kreivei naudota TL PGR metodu patvirtinto
F. graminearum, izoliaty DNR bei F. graminearum izoliaty DNR, TL PGR identifikuoty
kaip 15ADON (A18.10), 3ADON (D40.1.1) ir NIV (G108) producentai. Pradiné DNR
koncentracija ~ 20 ng, kreivei nubrézti naudoti 6 taskai, skiedimo santykis 1:10.

Augalo DNR kiekio jvertinimui TL PGR reakcijos atliktos taip pat kaip grybams tik
naudoti Plant EFla pradmenys (1 lentel¢). Standartinei kreivei reikalingas augalo DNR
kiekis ng nustatytas analogiskai kaip F. graminearum tik naudojant i§ sveiky kvieciy lapy
iSskirta DNR.

Turint jvertintg augaly DNR kiekij kiekviename méginyje, F. graminearum duomeny
normalizavimui apskaiciuojamas santykinis dydis iSreikStas F. graminearum DNR pg /
augalo DNR pg.
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1 lentelé. TL PGR naudoti EF 1o pradmenys
Table 1. Primers EF1o used to Real Time PCR

Tyrimo objektas Pradmens Seka (57-3") / Sequence (5°-3) Literatiiros

/ Target pavadinimas / Saltinis /
Primer name Reference

F. graminearum FgramB379 fwd CCATTCCCTGGGCGCT Nicolaisen

FgramB411 rev CCTATTGACAGGTGGTTAGTGACTGG €t al., 2009

34DON 3ADONfwd  AACATGATCGGTGAGGTATCGA
F. graminearum 3ADONrev CCATGGCGCTGGGAGTT

15ADON 15ADONfwd  GTTTCGATATTCATTGGAAAGCTAC Nielsen et
F. graminearum 15ADONrev =~ CAAATAAGTATCGTCTGAAATTGGAAA  al., 2012

NIV NIVfwd GCCCATATTCGCGACAATGT

F. graminearum NJVrev GGCGAACTGATGAGTAACAAAACC

Plant Horlfwd TCTCTGGGTTTGAGGGTGAC Nicolaisen

et al., 2009
1 2 3 4 5 6

A | 1(05) | 9(05) | 17(05) | 4(06) | 12(06) 20(06)
B | 1(05) | 9(05) | 17(05) | 4(06) | 12(06) 20(06)
C | 2(05) | 10(05) | 18(05) | 5(06) | 13(06) gram 1:10
D | 2(05) | 10(05) | 18(05) | 5(06) | 13(06) gram 1:10
E | 3(05) | 11(05) | 19(05) | 6(06) | 14(06) gram 1:10°
F | 3(05) | 11(05) | 19(05) | 6(06) | 14(06) gram 1:10°
G | 4(05) | 12(05) | 20(05) | 7(06) | 15(06) gram 1:10°
H | 4(05) | 12(05) | 20(05) | 7(06) | 15(06) gram 1:10°
I | 5(05) | 13(05) | 21(05) | 8(06) | 16(06) gram 1:10*
J | 5(05) | 13(05) | 21(05) | 8(06) | 16(06) gram 1:10*
K | 6(05) | 14(05) | 1(06) 9(06) | 17(06) gram 1:10°
L | 6(05) | 14(05) | 1(06) 9(06) | 17(06) gram 1:10°
M | 7(05) | 15(05) | 2(06) | 10(06) | 18(06) gram 1:10°
N | 7(05) | 15(05) | 2(06) | 10(06) | 18(06) gram 1:10°
O | 8(05) | 16(05) | 3(06) | 11(06) | 19(06) NK
P | 8(05) | 16(05) | 3(06) | 11(06) | 19(06) NK

2 pav. 96 Sulinéliy mikroplokstelés schema su méginiy iSsidéstymo tvarka TL PGR
Fig. 2. Real-time PCR 96-well microplate scheme with sample location order
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2.2.3. F. graminearum populiacijos tyrimai

F. graminearum iSskyrimas i§ varpuy ir morfologinis identifikavimas.
F. graminearum i$skyrimui atskirta viena varputé i§ varpos su aiskiais fuzariozés poZymiais,
dezinfekuota 10 min. 2 % natrio hipochlorito tirpale, nuskalauta steriliame distiliuotame
vandenyje (ddH>0), 10 min. mirkyta 0,8 % streptomicino tirpale, vél nuskalauta steriliame
distiliuotame vandenyje (ddH,O) (Talas ir kt., 2011). Kiekviena varputé (po vieng) déta j
2,5 cm skersmens Petri 1ekstele su specializuota mitybos terpe (SNA) papildyta 50 mg/l
streptomicino. Lékstelés su grybu uzkréstomis varputémis inkubuotos tamsoje 24 + 2 °C
temperatiroje iki spory masés suformavimo. I§ spory maséje esan¢iy makrokonidijy ddH>O
paruosta konidijy suspensija, kuri praskiesta nuo 100 iki 10000 ir daugiau karty
(priklausomai nuo konidijy koncentracijos suspensijoje, jy turi biiti kuo maziau) ir po 100 pl
dviejy paskutiniy skiedimy suspensijy, naudojant sterilius sklaidytuvus, paskleista j atskiras
9 cm skersmens Petri 1¢ksteles ant vandens agaro (WA) terpés pavirSiaus. Vieng — dvi paras
inkubuota 24 + 2 °C temperatiiroje, po to optiniu mikroskopu aptiktos i§ pavieniy spory
sudygusios Fusarium spp. kolonijos perkeltos j nauja 2,5 cm skersmens Petri 1ékStele su
specializuota mitybos terpe. Po 2-3 dieny augimo keletas agaro fragmenty su miceliu
perkelta j 2 ml Eppendorf tipo mégintuvélius su ddH,O, kurie laikyti +4 °C temperatiiroje
kaip ilgalaikio saugojimo kolekcija (Leslie ir Summerell, 2006). Petri 1ékstelé, kurioje augo
grybas, palikta inkubuotis toliau iki spory susiformavimo. Makrokonidijoms susiformavus,
paruostas prispausto laso preparatas ir pagal konidijy morfologines savybes identifikuota
Fusarium rusis (Leslie ir Summerell, 2006).

F. graminearum DNR iSskyrimas ir identifikavimas TL PGR metodu. Pagal
morfologinius pozymius identifikuoti F. graminearum izoliatai DNR i§skyrimui paimti i$
Eppendorf mégintuveliy kolekcijos, saugomos +4 °C temperatiiroje ir inkubuoti Petri
lekstelése su PDA 7-8 paras 24 + 2 °C temperatiiroje. Grybo micelis (apie 0,1 g) mentelés
pagalba atsargiai nugramdytas nuo terpés pavirSiaus ir homogenizuotas piestelés pagalba
skystame azote, porcelianinéje 1¢ksteléje. DNR iSskyrimo procediira ir PGR vykdymo
salygos analogiskos kaip 2.2.2 skyriuje, tik F. graminearum DNR prie§ PGR reakcijg skiesta
santykiui 1:100 ir nenaudota standartiné kreive, nes atliktas tik kokybinis testas.

F. graminearum izoliaty chemotipy identifikavimas. Molekuliniais metodais
partvirtinty F. graminearum izoliaty chemotipai nustatyti analogiskai kaip 2.2.2 skyriuje, tik
F. graminearum DNR prie§ PGR reakcija skiesta santykiui 1:100 ir nenaudota standartiné
kreivé, nes atliktas tik kokybinis testas.

2.2.4. Skirtinguy F. graminearum chemotipy kamieny kolonijy ir konidijy
morfologiniy poZymiy jvertinimas

TL PGR metodu identifikuoti skirtingy chemotipy F. graminearum izoliatai paimti i$
Eppendorf mégintuvéliy kolekcijos, saugomos +4 °C temperatiiroje ir auginti ant bulviy
dekstrozés agaro, specializuotos mitybos terpés (SNA) ir morky agaro (MA) (Carrot agar —
Leslie ir Summerell, 2006) terpiy 15 °C, 20 °C ir 25 °C temperatiirose. Kiekvienas izoliatas
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augintas 3 pakartojimais (po 3 Petri I¢kSteles), bandymas pakartotas 2 kartus. Kiekvieng
dieng matuotas kolonijy diametras siauriausioje ir pladiausioje vietoje (pirma diena
pamatavus nusibréztos markeriu tiesés, kad visi matavimai buty atlieckami toje pacioje
vietoje) ir apskaiciuotas vidurkis. kolonijy augimo greitis per parg jvertintas apskai¢iuojant
diametro skirtuma tarp dviejy gretutiniy dieny. Po 10 dieny augimo ant PDA jvertinta
kolonijy spalva i§ virSaus ir i§ apa¢ios. Sesta augimo diena ant specializuotos augimo terpés
25 °C temperatiiroje tamsoje iSmatuotas kiekvieno izoliato 30 konidijy ilgis ir plotis (Leslie
ir Summerell, 2006).

2.2.5. Skirtingy F. graminearum chemotipy kamieny fenotipiniy poZymiy jvertinimas

Tirtas F. graminearum skirtingy chemotipy izoliaty gebéjimas jsisavinti jvairius
anglies ir azoto Saltinius. Eksperimente naudoti du 3ADON chemotipo izoliatai A (kamienas
18.10) ir B (45.4.1), 15ADON chemotipo izoliatas D (40.1.1) ir NIV chemotipo izoliatas G
(108). Tyrime naudotos Biolog Phenotype Microarray 96 sulinéliy fenotipavimo
mikroplokstelés PM1, PM2A (abi su skirtingais anglies Saltiniais) ir PM3B (su skirtingais
azoto Saltiniais). Tyrimo eiga atlikta naudojantis mikroploksteliy Biolog gamintojo
rekomenduojamu protokolu.

F. graminearum kolonijos augintos septynias paras ant PDA terpés, tuomet nuo
leksteliy nugramdytas micelis su konidijy mase ir paruoStas 62 % optinio pralaidumo
inokuliatas Biolog IF-F inokuliavimo skystyje. 50 ul gautos suspensijos perkelta j 20ml IF-
F — vandens tirpalo (4:1) ir juo inokuliuotos (po 100 pl j kiekvieng Sulinélj) fenotipavimo
mikroplokstelés. PM3B mikroplokstelei skirtas tirpalas dar papildytas 0,6 ml 32 M gliukozés
ir 1,6 ml 1 M fosfato ir sulfato vandeniniais tirpalais, atitinkamai sumazinant gryno vandens
tir] juose. Inokuliuotos mikroplokstelés inkubuotos 5 paras 26 °C temperatiiroje ir
nuskaitytos Biolog MicroLOG mikroploksteliy skaitytuvu 590 nm bangos ilgyje. Gauti
rezultatai vertinti + - sistema, kur + reiskia izoliato gebéjima jsavinti tam tikrg Saltinj, — ne.

2.2.6. SKkirtingy F. graminearum chemotipy kamieny patogeni§kumas kvie¢iams

Tirtas septyniy F. graminearum grybo kamieny: trys 3ADON (18.10, 26.10.3,45.4.1),
trys 15SADON (29.8.2, 32.7, 40.1.1) ir vienas NIV (108) chemotipy, patogeniskumas
skirtingy veisliy vasariniams ir zieminiams kvieCiams taikant atskirty lapeliy testa in vitro
(angl. ,.detached leaf assay*, Kumar ir kt., 2011) ir varpy krétimo testa kvieciy Zydéjimo
metu in vivo (Haidukowski ir kt., 2005).

Inokuliato paruoSimas. F. graminearum izoliatai inokuliatui auginti ant
specializuotos mitybos terpés (SNA) 25 £+ 2 °C temperatliroje 7 paras. Spory suspensija
ruosta ] léksteles pilant po 10 ml sterilaus distiliuoto vandens (ddH,O) ir grybo micelj
nugramdant nuo terpés pavirSiaus L formos sklaidytuvu. Gauta suspensija perfiltruota per
sterily medvilninj tvarstj. Spory koncentracija jvertinta hemocitometro kameroje. Darbiné
koncentracija in vitro testui paruosta 1x10° spory ml’!, in vivo testui 0,6 x10* spory ml™.
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Lapeliy paruoSimas ir inokuliavimas. Tyrimams pasirinktos keturios Zieminiy —
‘SW Magnifik’, ‘Skagen’, ‘Kovas DS’, ‘Famulus’; ir penkios vasariniy — ‘Hamlet’, ‘Tybalt’,
‘Vanek’, ‘Diskett’, ‘Triso’ kvieCiy veislés. KvieCiy séklos pries pas¢jant 5 min. sterilintos
3 proc. NaOCl tirpale, tris kartus skalautos ddH-O ir paliktos i§dziiiti laminare ant sterilaus
filtravimo popieriaus. [ sterilias Petri 1éksSteles su sudrékintu filtravimo popieriumi iSdéliota
po 20 vnt. sékly. Lékstelés su séklomis inkubuotos kambario temperatiiroje tamsoje vieng
parg. Normaliai sudygusios, fitopatogeny nepazeistos séklos perkeltos | 9x9x13 dydzio
vazonélius uzpildytus autoklavuota zeme. | kiekviena vazonéli séta po 9 vnt. sékly, po 10
vazonéliy kiekvienai veislei. Augalai auginti Silthamyje 5 savaites, 20 °C temperatiiroje,
esant 70 % santykinei drégmei ir dirbtiniam 16 val. per para apSvietimui.

PatogeniSkumo tyrimams naudoti antro ir treCio lapeliy 4 cm ilgio segmentai i$
vidurinés lapo dalies. Kvieciy lapeliai ties viduriu pazeisti pipetés antgalio smaigaliu lengvai
paspaudziant ir iSdéliojami po 4 vnt. | sterilias Petri léksteles su 0,5 proc. vandens agaro
papildyto 10 mg I"! kinetinu. Pazeidimo vietose uZlasinama po 5 pl skirtingy F. graminearum
chemotipy kamieny spory suspensijos. Kiekvienas tyrimo variantas atliktas 3 pakartojimais
(3 lekstelés) (kiekvienam variantui po 12 lapeliy). Tyrimas kartotas 3 kartus. Kontroliniame
variante lapeliai inokuliuoti 5 pul ddH,O. Petri 1ékstelés su uzkréstais lapeliais inkubuotos
kambario temperatiiroje. Nekrozés dydis matuotas 3 paras nuo pazeidimo pasirodymo.
Matuotas nekrotiniy démiy ilgis ir skersmuo (Kumar ir kt., 2011).

Lauko eksperimento vykdymo salygos. Lauko eksperimentui parinktos vasariniy
kvieciy veislés ‘Diskett’ ir ‘Tybalt’. Eksperimentas vykdytas 2015 ir 2016 m. Bandyminiy
laukeliy dydis 1,5 x 1,5 = 2,25 m?. Abiejy veisliy varpos inokuliuotos skirtingy
F. graminearum chemotipy spory suspensijomis (koncentracija 0,6 x10* spory ml ') tg pacig
dieng, kad iSvengti meteorologiniy salygy skirtumo. Krétimo dieng ‘Diskett’ veislé buvo
zydéjimo vidurio (BBCH 65), ‘Tybalt’ zyd¢jimo pradzios (BBCH 63) fenologinéje fazéje.
Kiekvieno paruo$to preparato kiekis skirtas 1 m? buvo 40 ml, 1 laukeliui teko po 90 ml
(Haidukowski ir kt., 2005). Kontroliniu variantu buvo F. graminearum neuzkrésti laukeliai.
Kiekvienas tyrimo variantas pakartotas tris kartus, pakartojimai lauke iSdéstyti atsitiktine
tvarka.

Bandymo schema
Veislés:

1. Diskett

2. Tybalt

Skirtingy chemotipy F. graminearum izoliaty suspensijos augaly krétimui:
K —Kontrolé

A —-3ADON chemotipas (kamienas 18.10)

B — 3ADON chemotipas (kamienas 45.4.1)

C —3ADON chemotipas (kamienas 26.10.3)

D —15ADON chemotipas (kamienas 40.1.1)

E — 15ADON chemotipas (kamienas 32.7)

F — 15ADON chemotipas (kamienas 29.8.2)

G — NIV chemotipas (kamienas 108)

PN RO =
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Laukeliy isdéstymo planas:

1-1(K) 2-2(A) 3-3(B) 4-4(C) 5-5(D) 6-6(E)

7-4(C) 8-7(F) 9-5(D) 10-6(E) 11-8(G) 12-2(A)
13-2(A) 14-8(G) 15-1(K) 16-7(F) 17-3(B) 18-4(C)
19-7(F) 20-3(B) 21-8(G) 22-5(D) 23-1(K) 24-6(E)

F. graminearum patogeniSkumas vasariniams kvie¢iams jvertintas pagal varpy
fuzariozés i$plitimo ir intensyvumo lygj bei griidy derliaus kokybinius rodiklius.

Vertinimo rodikliai. Varpy fuzariozés iSplitimas ir intensyvumas vertintas pieninés
brandos pabaigoje (BBCH77) — vaskinés brandos pradzioje (BBCH 83-85) naudojantis
Engle ir kity (2003) aprasyta skale (3 pav.), kiekviename laukelyje apzitirint po 100 varpy
atsitiktine tvarka (Hollingsworth ir kt., 2006). Derliaus nuémimo metu paimti gridy
méginiai, nustatytas vizualiai matomy fuzariozés pazeisty grudy kiekis (standartas LST EN
15587), 1000 grudy svoris, drégnis ir kokybés parametrai griidy analizatoriumi ,,Infratec®.

0% 1% 5% 9% 14% 14% 24%  25% 35% 35% 50% 66% 69% B89% 100%

) ¥ ! i !
3 pav. Varpy fuzariozés vertinimo skalé (Engle ir kt., 2003)
Fig. 3. Fusarium head blight assessment scale (Engel et al., 2003)
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2.2.7. F. graminearum 3ADON, 1SADON ir NIV chemotipy kamieny jautrumo
fungicidams nustatymas in vitro

Tirtas septyniy F. graminearum grybo kamieny: trys 3ADON (18.10,26.10.3,45.4.1),
trys 15ADON (29.8.2, 32.7, 40.1.1), ir vienas NIV (108) chemotipo, jautrumas javy varpy
fuzariozés kontrolei naudojamoms triazoly grupés fungicidy veikliosioms medziagoms:
tebukonazolui, metkonazolui ir protiokonazolui. Tyrime naudotos 96 Sulinéliy
mikroplokstelés (Sulinélio ttris 300 pl) ir neagarizuota minimali Fusarium terpé (FMM)
(Leslie ir kt., 2006). FMM terp¢ papildyta fungicidais, kuriy didziausia koncentracija buvo
1 uM ir mazinta dvigubais skiedimais iki 1/512 puM. Fungicidai tirpinti ir skiesti 96 %
etanoliu, kurio koncentracija visuose praskiedimuose buvo lygi 4 % nuo viso terpés turio.
Tyrime naudotos 2 neigiamos kontrolés: 100 % FMM terpé ir 96 % FMM terpés — 4 %
etanolio tirpalas. Tyrimo varianty iSsidéstymas mikroploksteléje parodytas 4 pav. Vertinta
minimali . graminearum augimg inhibuojanti pasirinkty fungicidy koncentracija (MIK).

NK NK NK 1/64 1/64 1/64 1/16 1/16 1/16 1/4 1/4 1/4
uM uM uM uM uM uM uM uM uM

NK+Et NK+Et NK+Et|1/128 1/128 1/128 1/32 1/32 1/32 1/8 1/8 1/8
uM uM uM uM uM uM uM uM uM

1 1 1 1/256 1/256 1/256 1/64 1/64 1/64 1/16 1/16 1/16
uM M uM M uM M uM uM M uM uM uM
172 1/2 172 /512 1/512  1/512  1/128 1/128 1/128 1/32  1/32  1/32
uM uM uM uM uM uM uM uM uM uM uM uM
1/4 1/4 1/4 1 1 1 1/256 1/256 1/256 1/64 1/64 1/64
uM uM uM uM uM uM uM uM uM uM uM uM
1/8 1/8 1/8 1/2 172 1/2 /512 1/512 1/512 1/128 1/128 1/128
uM M uM uM uM uM uM uM uM uM uM uM
1716  1/16 1/16 1/4 1/4 1/4 1 1 1 1256 1/256 1/256
uM uM uM uM uM uM uM uM uM uM uM uM
/32 1/32  1/32  1/8 1/8 1/8 1/2 1/2 ¥ /512 1/512 1/512
uM M uM uM uM M uM uM uM uM uM uM
Metkonazolas / Metconazole Protiokonazolas / Prothioconazole

Tebukonazolas / Tubeconazole

NK — neigiama kontrol¢ / negative control; NK+Et — neigiama kontrolé su 4 %
etanolio / negative control with 4% ethanol

4 pav. Tyrimo varianty i$sidéstymas 96 sulinéliy mikroploksteléje — £ graminearum
augimg inhibuojancios minimalios metkonazolo, protiokonazolo ir tebukonazolo
koncentracijos nustatymui.

Fig. 4. The location of the study options in a 96-well microplate is to detect the
minimum concentration of metconazole, protioconazole and tebuconazole inhibiting growth
of F. graminearum.
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F. graminearum izoliatai prie§ eksperimentg auginti ant agarizuotos specializuotos
mitybos terpés (SNA) septynias paras 25 °C temperatiiroje. Inokuliatai ruosti nuplaunant
grybo micelj su spory mase nuo 1éksteliy sterilia FMM terpe. Koncentracijos suvienodintos
iki 70 % optinio tankio matuojant drumstomaciu (turbidimetru). Gauti inokuliatai i$pilstyti
1 mikroploksteles po 25 pl j kiekvieng Sulinélj ir uzpilti po 100 pl grynos FMM terpés, FMM
ir etanolio ar FMM ir etanolio su jame iStirpintais fungicidais tirpalu. Visi tyrimo variantai
istirti 3 pakartojimais.

Inokuliuotos mikroplokstelés inkubuotos 25 °C temperatiiroje 10 pary, tada atliktas
vizualus MIK nustatymas. Bandyme net ir labai neZymus mikromiceto augimas lyginant su
kontrole vertintas kaip teigiamas, fungicidy koncentracijos itaka F. graminearum izoliaty
augimui nematuota, nustatyta tik visiSkai augimg slopinianti koncentracija, (t. y. MIK).

2.3. Cheminiy ir biologiniy preparaty veiksmingumas pries F. graminearum

in vivo

F. graminearum jautrumas fungicidiniam preparatui ir potencialios biologinés
kontrolés priemonéms nustatytas dirbtinai sukeltos zieminiy ir vasariniy kvieciy javy varpy
fuzariozés infekcijos salygomis LAMMC Zemdirbystés instituto bandyminiuose laukuose
2015 ir 2016 m. Dirbtinei infekcijai naudotas 3ADON chemotipo F. graminearum izoliatas
26.10.3, kuris buvo vienas i$ jautriausiy fungicidy poveikiui in vitro eksperimente. Dirbtinis
uzkrétimas atliktas Zieminiy kvieCiy veisléje ‘SW Magnifik’ ir vasariniy kvieciy veislése
‘Diskett’ ir ‘Tybalt’. F. graminearum 26.10.3 jautrumas tirtas fungicidui Juventus (BASF;
veiklioji medziaga metkonazolas, 90g 1) ir VU GMF Mikrobiologijos ir biotechnologijos
katedros mikroorganizmy kolekcijos B. subtilis bakterijy kamieny MBK-a3 ir MBK-14 |
triptono sojy agaro terpe iSskiriamiems metabolitams. B. subtilis bakterijy kamieny MBK-a3
ir MBK-r4 poveikis prie§ F graminearum buvo nustatytas ankstesniuose tyrimuose
(Sakalauskas ir kt., 2014).

Lauko eksperimento vykdymo salygos. Zieminiy kvie¢iy laukeliy dydis 1,5 x 7,5 =
11,25 m?, vasariniy — 1,5 x 10,0 = 15,0 m?. Apsaugos priemonés nuo varpy fuzariozés
panaudotos ‘SW Magnifik’ ir ‘Diskett’ Zydé¢jimo viduryje (BBCH 65), ‘Tybalt’ — zydéjimo
pradzioje (BBCH 63), kvieCiy varpos inokuliuotos F. graminearum spory suspensija pra¢jus
parai nuo apsaugos priemoniy panaudojimo. Fungicido metkonazolo naudota gamintojo
rekomenduojama norma — 1 1 ha!. Kiekvieno paruosto preparato kiekis skirtas 1 m? buvo
40 ml, 1 laukeliui Zieminiuose kieCiuose faktiskai teko po 450 ml, vasariniuose kvieCiuose
po 600 ml. Inokuliato iSpurskimo ir fungicidy panaudojimo salygos pritaikytos pagal
Haidukowski et al., 2005. Kontroliniu variantu buvo F. graminearum uzkrésti ir apsaugos
priemonémis nepurkSti laukeliai. Kiekvienas variantas pakartotas keturis Kkartus,
pakartojimai iSdéstyti atsitiktine tvarka.
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Bandymo schema

Veislés:
1. Diskett
2. Tybalt
3. Magnific

VF apsaugos priemonés:

1. K—Kontrolé

2. J— Metkonazolas

3. Bl — B. subtilis, kamienas MBK-a3
4. B2 — B. subtilis, kamienas MBK-r4

Laukeliy isdestymo planas:

1-1(K) 2-2(7) 3-3(B1) 4-4(B2)
5-3(B1) 6-4(B2) 7-1(K) 8-2(J)
9-4(B2) 10-3(B1) 11-2(J) 12-1(K)
13-2(J) 14-1(K) 15-4(B2) 16-3(B1)

Inokuliato paruoSimas. Inokuliato paruoSimui F. graminearum 26.10.3 kamienas
augintas Petri 1éksStelése ant SNA terpés penkias paras 25 °C temperatiiroje. Po penkiy pary
lekstelés nuplautos ddH»O ir konidijy suspensija perkosta per sterily medvilninj tvarstj tam,
kad biity paSalinti micelio fragmentai. Spory koncentracija suspensijoje nustatyta
hemocitometrinéje kameroje. Koncentracija Zieminiams kvie¢iams buvo 0,6 x 10* spory ml-
!, vasariniams kvie¢iams — 1,0 x 10* spory ml"'. Laukeliui reikalingas inokuliato kiekis
apskaiciuotas kaip ir apsaugos priemonéms — 40 ml 1 m?.

Bakteriniy preparaty paruoSimas. Bakterijy j augimo terpe i$skiriamy metabolity
poveikis VF pasireiskimui jvertintas paruosus belastelinj skystoje terpéje auginty bakterijy
kultiiry supernatantg. Tam MBK-a3 ir MBK-r4 bakterijy kamienai Vilniaus universiteto
Gyvybés moksly institute auginti 22—24 val. iki stacionarios augimo tarpsnio triptono sojy
agaro terpéje orbitinéje purtykléje esant 30 °C temperatiirai ir 130 aps/min purtyklés greiciui.
Uzauginta bakterijy kultiira centrifuguota 15 min 10000 aps/min greiciu, supernatantas
nupiltas ir perfiltruotas pasalinant likusias bakterijy lasteles. Prie§ purskiant gautg bakterijy
supernatantg bakterinis preparatas skiestas santykiu 1:2.

Varpy fuzariozes iSplitimas ir intensyvumas vertintas pieninés brandos pabaigoje
(BBCH77) — vaskinés brandos pradzioje (BBCH 83-85) naudojantis Engle ir kity (2003)
aprasyta skale (3 pav.), kiekviename laukelyje apzitrint po 100 varpy atsitiktine tvarka
(Hollingsworth ir kt., 2006). Derliaus nuémimo metu paimti 2 kg gridy méginiai, nustatytas
vizualiai matomy fuzariozés pazeisty grudy kiekis (standartas LST EN 15587), 1000 griady
svoris, drégnis ir kokybés parametrai griidy analizatoriumi ,,Infratec*.
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2.4. Meteorologinés salygos

Meteorologinés salygos apibiidintos remiantis LHTM Dotnuvos meteorologinémis
stoties duomenimis, registruotais Akademijoje 2015 ir 2016 metais (2 lentelé).

2015 metais vidutiné birzelio ir liepos ménesiy temperattra buvo 0,6-0,7 °C Zemesné
uz viduting daugiamete. O rugpjticio ménesj 2,9 °C aukStesné, nei jprasta. Birzelio ménesj
57,5 % iskrito maziau krituliy, nei jprasta, liepos ménesj 23,5 % maziau, o rugpjitj 92,4 %
maziau.

Vidutiné 2016 mety birzelio ménesio temperatiira buvo 1,8 °C aukstesné uz viduting
daugiametg, liepos ménesio — 0,7 °C aukstesné, o rugpjicio — 0,2 °C aukstesné. Birzelio
menesj 68,9 % iSkrito maziau krituliy, nei jprasta, liepos ménesj — 43,0 % maziau, o
rugpjicio — 50,1 % maziau.

Abiejais metais oro salygos buvo nepalankios VF plitimui. Lyginant abu metus
tarpusavyje, 2016 mety oro saglygos buvo nepalankesnés nei 2015 mety.

2 lentelé. Vidutiné ménesio oro temperatiira ir krituliy kiekis, skirtingais tyrimy
metais

Table 2. Average monthly air temperature and average monthly precipitation in
different years of research

Temperatiira °C / Temprature °C Krituliai mm / Precilitations mm
Meénuo / Vidu.tiné .per Vic.luﬁné' o Da?lgian'letis
Month ménesj/ daugiameté/ Per ménesj / vidurkis /
Average Historic Per month Historic
monthly average average
2015
Birzelis / June 15,1 15,7 26,3 619
Liepa / July 17,1 17,8 57,6 753
lef;ztslts / 19,7 16,8 5,6 734
2016
Birzelis / June 17,5 15,7 19,1 61,5
Liepa / July 18,5 17,8 42,7 74,9
Rugpjutis / 17,0 16,8 36,4 73,0
August

2.5. Tyrimy duomeny statistiné analizé

Tyrimy duomenys apdoroti dispersinés analizés metodu. Statistinei analizei
apskaiciuoti vidurkiai ir standartiniai nuokrypiai skai¢iuoti MS Excel programa. Maziausias
esminis skirtumas Rgs paskai¢iuotas naudojant programa ANOVA (Tarakanovas,
Raudonius, 2003).
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3. TYRIMU REZULTATAI IR APTARIMAS

3.1. Trichotecenus produkuojanciuy Fusarium grybuy iSplitimas Lietuvoje
uZaugintuose vasariniy ir Zieminiy kvieciy griaduose

Sio tyrimo tikslas buvo identifikuoti ir kiekybiskai jvertinti vyraujan¢ias TRI
produkuojanciy Fusarium gryby rusis Lietuvoje uzauginty kvieciy griiduose.

Vidutiniais 2013 ir 2014 mety duomenimis Fusarium grybai buvo labiau iSplite
vasariniy kvie¢iy griduose — 43,0 %, nei Zieminiy — 16,1 % (3 lentel¢).

3 lentelé. Lictuvoje uzauginty zieminiy ir vasariniy kvieCiy gridy uzsikrétimas
Fusarium rusies grybais, 2013 ir 2014 m.

Table 3. Infections in winter and summer wheat grains harvested in Lithuania with
Fusarium species in 2013 and 2014 years

Fusarium gryby pazeisty grudy skaicius, %
The number of grains damaged by Fusarium, %

Fusarium F. F. F. F. F. Kiti / Other
Spp. graminearum culmorum poae sporotrichioides avenaceum  Fusarium

Vasariniai kvieciai., 2013 m., n = 64
Spring wheat, 2013, n = 64

Vid./Avg. 453 12,3 0,2 4,3 3,2 18,1 9,8
Sx 3.4 1,6 0,1 0,7 0,4 1,7 1,8
Min 0 0 0 0 0 0 0
Max 96,7 492 1,7 25,8 10 60 112,5

Vasariniai kvieciai, 2014 m., n = 54
Spring wheat, 2014, n = 54

Vid./Avg. 40,7 15,0 0,5 12,0 5,1 10,2 1,6
Sx 3,6 2,9 0,1 2,4 1,0 1,5 0,5
Min 2,5 0,0 0,0 0,0 0,0 0,8 0,0
Max 100,0 95,0 5,8 79,2 42,5 50,0 18,3

Zieminiai kvie¢iai, 2013 m., n = 15
Winter wheat, 2013., n = 15

Vid/dvg. 23,4 2,6 0,2 3,9 3,1 13,1 3,4
Sx 6,4 0,6 0,1 0,9 1,4 43 1,0
Min 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Max 90,0 6,7 2,0 13,3 20,0 60,7 10,8

Zieminiai kvie¢iai, 2014 m.,n = 15
Winter wheat, 2014, n = 15

Vid./Avg. 8,7 1,8 0,1 1,8 0,6 3,7 0,5
Sx 2,7 1,0 0,1 1,4 0,4 1,8 0,4
Min 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Max 39,2 8.3 0,8 14,2 3.3 19,2 3,4

n — méginiy skaicius / number of samples

F. graminearum vasariniuose kvieciuose pazeidé vidutiniskai 13,7 %, Zieminiuose —
2,2 % gridy. 2013 metais vasariniy kvie€iy griidus daugiausia pazeidé F. avenaceum — vid.

55



18,1 %, ir F. graminearum — vid. 12,3 %, 0 2014 m. F. graminearum —vid. 15,0 %, F. Poae —
vid. 12,0 % ir F. avenaceum — vid. 10,2 %. Zieminiy kvie¢iy griiduose abejais metais vyravo
F. avenaceum: 2013 m. vid. 13,1 %; 2014 m. vid. 3,7 %.

IS B grupés TRI producenty griiduose aptiktos F. graminearum, F. culmorum ir
F. poae risys. Vasariniuose kviecCiuose vyravo F. graminearum — vid. 13,7 %; F. poae —
vid. 8,2 %; F. culmorum — vid. 0,4 %, o Zieminiuose — neZymiai F. poae — vid. 2,9 %;
F. graminearum —vid. 2,2 %, F. culmorum — vid. 0,2 % (3 lentelé).

Taikant qTL-PGR metodg gridy meéginiuose nustatytas F. graminearum DNR kiekis
(iSreikstas pg grybo DNR/ug augalo DNR) (4 lentel¢). Panasts tyrimy rezultatai kaip Sie,
gauti vertinat morfologiniais metodais. 2013 m. kvieCiy griduose aptikti didesni
F. graminearum DNR kiekiai nei 2014 m. 2013 m. F. graminearum DNR kiekiai vasariniy
kvie¢iy gruduose buvo didesni 7,4 karto (102,2 pg ng™') nei Zieminiy kvie€iy griiduose
(13,9 pg ng'), o 2014 m. — 3,2 karto. Nustatyta F. graminearum DRN kiekio ir
F. graminearum pazeisty gridy kiekio nustatyta koreliacija teigiama, patikima, bet silpna —
r=0,294**].

4 lentelé. F. graminearum DNR vidutinis kiekis (pg grybo DNR/pg augalo DNR)
vasariniy ir zieminiy kvie¢iy griduose 2013 ir 2014 m.

Table 4. Quantity of F. graminearum DNA (pg fungy DNA / ug plant DNA) in spring
and winter wheat grains in 2013 and 2014

F. graminearum DNR /DNA (pg) per plant DNR /DNA (ug)

Rodikliai /Indicators 2013 m./2013 2014 m./2014
V. kvieciai/ Vid./Avg 102,2 23,0
Spring wheat  Sd 21,6 5,3
Min 0,0 0,0
Max 1068,6 182,5
n tirty / n investigated 64 50
n teigiamy / n positive 63 49
7. kvie¢iai/ Vid./Avg 13,9 7,2
Winter wheat  Sd 43 4,0
Min 0,1 0,01
Max 54,6 58,8
n tirty / n investigated 15 15
n teigiamy / n positive 15 15

n — meéginiy skaicius / number of samples

Apibendrinimas

Sio tyrimo metu identifikuotos ir kiekybiskai jvertintos vyraujancios trichotecenus
produkuojanciy Fusarium gryby rusys Lietuvoje uzauginty kvieCiy gruduose. 2013 ir
2014 m. Fusarium grybai pazeidé vidutiniskai 43,0 % vasariniy ir 16,1% zieminiy kvieciy
griidy. Sie duomenys sutampa su Suproniene ir kt. (2010a) publikuotais tyrimais, kurie taip
pat parodé, kad Fusarium pazeisty grudy kiekis vasariniy javy griduose buvo gerokai

56



didesnis (vidutiniskai 44,5 % 2005 m. ir 19,4 % 2006 m.) nei Zieminiy javy griduose
(vidutiniskai 9,5 % 2005 m. ir 8,4 % 2006 m.).

Klasikiniais mikrobiologiniais metodais jvertinus bendra Fusarium gryby infekcijos
lygi bei risine sudétj, i$ potencialiy DON, 3ADON, 15ADON ir NIV producenty griiduose
aptiktos F. graminearum, F. culmorum ir F. poae 1ii8ys, tai sutampa su literatiiros Saltiniy
duomenimis, kad Sios grupés toksinus sintetina F. graminearum rusiy kompleksas ir kitos
artimai susij¢ rusys tokios kaip F. culmorum, F. cerealis ir F. pseudograminearum
(O‘Donnell ir kt., 2000, 2004; Bennett, Klich, 2003; Goswami, Kistler, 2004; Starkey ir kt.,
2007; Yazar ir kt., 2008). NIV griiduose taip pat gali gaminti F. poae riiSies grybai
(Bottalico, Perrone, 2002; Yli-Mattila, 2010).

Sio tyrimo metu F. graminearum identifikuotas kaip pagrindinis TRI producentas
kvieciuose. Uzsienio tyréjy atlikti tyrimai taip pat rodo, kad F. graminearum yra labiausiai
paplitusi rasis visame pasaulyje (Schilling ir kt., 1996; Ward ir kt., 2008; Boutigny ir kt.,
2011; Yli-Mattila ir kt., 2017). Tuo tarpu 2005 ir 2006 m. Lietuvoje atlikti tyrimai rodo, kad
36 komeciniy veisliy javy griduose F. poae buvo vyraujanti trichotecenus produkuojanciy
Fusarium riisiy tarpe, o F. graminearum DNR —visiskai neaptikta (Suproniene ir kt., 2010a).

3.2. F. graminearum chemotipai, ju iSplitimas ir pasiskirstymas vasariniy ir Zieminiy
kvieciy griiduose

Priklausomai nuo gaminamo mikotoksino, B tipo TRI producentai skiriami j
chemotipus: NIV ir DON bei jo derivaty — 3-acetildeoksinivalenolio (3ADON) ir
15-acetildioksinivalenolio (15ADON). Chemotipavimas leidzia jvertinti TRI izoliaty
toksigeniSkuma, lauko populiacijy struktiira, prognozuoti pasikeitimus Fusarium spp.
populiacijose detaliau nei riiSies lygmeniu bei numatyti NIV ir DON derivaty susikaupimo
tikimybe griidinéje Zaliavoje.

Siuolaikiniai molekuliniai metodai yra daug efektyvesni ir greitesni tiksliam patogeny
identifikavimui ir chemotipavimui. Naudoti 105 F. graminearum izoliatai chemotipavimo
TL-PGR metodo optimizavimui, ir specifiniai 3ADON, 15ADON ir NIV chemotipy
pradmenys. Dauguma chemotipy identifikuoti iki 29 ciklo slenksCio (Ct) reikSmés
(5 lentele).

5 lentelée. Gyny F. graminearum, 15ADON, 3ADON ir NIV chemotipy kultiry
identifikavimo TL PGR rezultatai

Table 5. F. graminearum 15ADON, 3ADON and NIV chemotype identification in pure
cultures by using real time PCR

Ct reikSmé / Ct meaning Teigiamy méginiy / Positive samples, %
F. graminearum 15ADON 3ADON NIV
<29 99,0 64,8 20,0 1,0
30-37 1,0 6,7 5,7 0,0
38-40 0,0 1,9 1,1 0,0
Neigiamy méginiy / Negative samples, % 0,0 26,7 73,3 99,0
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Chemotipavimo tyrimy metu nustatyta, kad 73,3 % F. graminearum izoliaty yra
potencialiis 15SADON producentai, 26,7 % — 3ADON producentai, ir tik 1,0 % — NIV
producentai.

Jvertinus chemotipy pasiskirstyma priklausomai nuo izoliato kilmés regiono
désningumy nepastebéta (5 pav.).

B 15AD0N
B 3ADON

BNN

5 pav. F. graminearum izoliaty regioninis pasiskirstymas priklausomai nuo
chemotipo. n — tirty méginiy skaicius

Fig 5. Regional distribution of F. graminearum isolates depending on the chemotype.
n - number of samples tested

Gryny F. graminearum kultiiry tarpe 15ADON chemotipas neabejotinai buvo
vyraujantis, taiau TRI chemotipy producenty jvertinimas homogenizuotuose griiduose
atskleid¢ kiek kitokj vaizdg — juose nustatytas 3ADON aptikimo daznis toks pat didelis kaip
ir I5ADON (6 lentelé, 6 pav.).

Didziojoje dalyje vasariniy kvieciy gridy meginiy (89 % — 2013 ir 60 % — 2014) ir
40 % zieminiy kvieCiy grudy méginiy aptikta abiejy — 15SADON ir 3ADON chemotipy
F. graminearum DNR (7 pav.). NIV chemotipo F. graminearum DNR aptikta tik 2013 m.
6—7 % gridy méginiy, kuriuose taip pat buvo aptikta ir kity dviejy chemotipy producenty.
Vien tik ISADON chemotipo producenty aptikimo daznis labai iSsiskyré 2013 m. — Sio
chemotipo DNR aptikta tik 6 % vasariniy, taciau net 40 % zieminiy kvieCiy gridy meéginiy.
2014 m. vasariniy ir zieminiy kvie¢iy griduose 15SADON chemotipo producenty aptikimo
daznis buvo panasus (16 % ir 13 %). Vien tik 3ADON chemotipo F. graminearum DNR
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aptikta 5-8 % vasariniy kvieciy ir 2013 m. Zieminiy kvieCiy gridy méginiy. 2014 m.
3ADON chemotipo DNR aptikimo daznis zieminiy kvieciy griidy meéginiuose sieké 20 %.

6 lentelée. 3ADON, 15ADON ir NIV chemotipy DNR kiekis (pg grybo DNR/ug
augalo DNR) vasariniy ir Zieminiy kvieciy griiduose 2013 ir 2014 m.
Table 6. Qantity of 3ADON, 15ADON and NIV chemotypes DNA (pg fungy DNA/ug
plant DNA) in spring and winter wheat grains in 2013 and 2014
Rodikliai / Indicators 2013 m./ 2013 2014 m./ 2014
15ADON 3 ADON NIV 15ADON 3 ADON NIV

Vas. kvie€iai/  Vid./Avg 97,1 4174,7 4,9 14,5 405,9 0,0

Spring wheat Sd 43,9 1265,6 3,1 6,5 113,7 0,0
Min 0,0 0,0 0,0 0,0 0,0 0,0
Max 20904  62862,8 177,5 2832 3059,4 0,0
n tirty / n investigated 64 64 64 50 50 50
n teigiamy / n positive 55 59 4 36 35 0
Ziem. kvietiai/  Vid./Avg 0,6 359,0 33,3 0,7 190,7 0,0
Winter wheat Sd 0,3 209,4 333 0,5 94,9 0,0
Min 0,0 0,0 0,0 0,0 0,0 0,0
Max 4,6 3146,2  499,9 7,5 12346 0,0
n tirty / n investigated 15 15 15 15 15 15
n teigiamy / n positive 9 8 1 6 10 0

n — méginiy skaicius / number of samples

96,9
Vasariniai kv./Spring wheat (n=64) _ 92,2
e 6,3
S
' Zieminiai kvie¢iai / Winter wheat 533 86,7
(n=15) F ’ 15ADON
78.0 m3ADON
iniai kv./Spri = | ’
- Vasariniai kv./Spring wheat (n=50) 0.0 68,0 a NIV
S
a Zieminiai kvieciai / Winter wheat 73,3
— 60,0
(n=15) 0,0
0 20 40 60 80 100
6 pav. Skirtingy chemotipy F. graminearum DNR aptikimo daznis kvieciy griduose
Fig 6. Detection frequency of diferent chemotypes of F. graminearum DNA in wheat
grains
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1SADON+3ADON 15ADON+3ADON+NIVOnly 15ADON positive Only 3ADON positive ~ Wihout chemotype

B Vasariniai kvie¢iai/Spring wheat 2013, N=64 ™ Vasariniai kvie¢iai/Spring wheat 2014, N=50
Zieminiai kviediai/winer wheat 2013, N=15  ®Zieminiai kvie¢iai/winer wheat 2014, N=15

7 pav. Chemotipy pasiskirstymas vasariniy ir zieminiy kvieciy griidy méginiuose
2013 ir 2014 m. i8reikStas teigiamy méginiy skaiciumi, %

Fig 7. Distribution of chemotypes in spring and winter wheat grain samples in 2013
and 2014, expressed as positive number of samples, %

Koreliaciniai rySiai tarp Fusarium aptikimo daznio bei F. graminearum ir 3ADON,
I5ADON ir NIV chemotipy DNR kiekio ng/pug augalo DNR zieminiy ir vasariniy kviec¢iy
griiduose parodé, kad F. graminearum yra vienas i$ galimy 15ADON ir 3ADON chemotipy
Saltiniy Lietuvoje iSauginty kvieciy griiduose, taciau mazai siejamas su NIV chemotipo
producentais (7 lentelé).

7 lentelé. Koreliaciniai rySiai tarp Fusarium aptikimo daznio bei F. graminearum ir
3ADON, 15ADON ir NIV chemotipy DNR kiekio ng/pug augalo DNR, zieminiy ir vasariniy
kvieciy griiduose, 2013 ir 2014 m.

Table 7. Correlation between Fusarium detection frequency and F. graminearum and
3ADON, 15ADON and N1V chemotype DNA in ng / ug plant DNA in winter and spring wheat
grains, 2013 and 2014 year.

Rodikliai / Indicators Fusarium spp., % F. graminearum 15 ADON 3 ADON
Zieminiai kvie¢iai / Winter wheat, 2013 ir 2014, n=30

F. graminearum 7167

15 ADON 460" 782"

3 ADON 253 585" 158

NIV .106 110 -.035 -.083
Vasariniai kvieciai / Spring wheat, 2013 ir 2014, n=114

F. graminearum 917"

15 ADON 162 373"

3 ADON 764" .826™ .092

NIV 155 155 -.001 101

** zymi statistiSkai patikimg koreliacinj rys$j (p<0,01), * zymi statistiSkai patikima
koreliacinj rysj (p<0,05)

** indicates a statistically significant correlation (p <0.01), * indicates a statistically
significant correlation (p<0.05)
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Apibendrinimas

Chemotipavimo tyrimy metu nustatyta, kad 73,3 % F. graminearum izoliaty yra
potencialiis 15SADON producentai, 26,7 % — 3ADON producentai, ir 1,0 % — NIV
producentai. [vertinus chemotipy pasiskirstyma priklausomai nuo izoliato kilmés regiono
désningumy nepastebéta. Gryny F. graminearum kultiry tarpe 15ADON chemotipas
neabejotinai  buvo vyraujantis, taciau TRI chemotipy producenty jvertinimas
homogenizuotuose gruduose atskleidé kiek kitokj vaizdg — juose nustatytas 3ADON
aptikimo daznis toks pat didelis (69,8 %), kaip ir ISADON (78,3 %).

Lyginant §iuos duomenis su anksciau Siaurinéje Europos dalyje atliktomis didelés
apimties studijomis matyti, kad gryny F. graminearum kultiry chemotipy pasiskirstymas
Lietuvoje panaSesnis ] Vokietijoje atlikty tyrimy rezultatus — dominuoja 15ADON
producentai, labai maza dalis NIV producenty (Talas ir kt., 2011). D. Britanijoje atliktais
tyrimais nustatyta daug didesné NIV producenty dalis (25 %), bet dominuojantis chemotipas
taip pat 15ADON (Jennings ir kt., 2004 a,b). Esminis skirtumas nuo $iy dviejy studijy yra
didesnis 3ADON chemotipo aptikimo daznis — §is chemotipas Europoje tiek gryny kultiiry,
tiek gridy méginiuose aptinkamas gana negausiai ir yra daznesnis Pietry¢iy Azijoje ir
rytinéje Siaurés Amerikos dalyje (Becher ir kt., 2013).

3.3. F. graminearum chemotipy struktiira skirtingose Lietuvos vietose iSsidésciusiuose
vasariniy kvie¢iy laukuose

I$ surinkty 2014 ir 2015 metais varpy F. graminearum isskirtuose izoliatuose (158
izoliatai 2014 m., 191 — 2015 m.) NIV chemotipo producenty neaptikta. Vidutiniais 2014
mety duomenimis 1SADON chemotipo F. graminearum kamieny buvo aptikta 3 kartus
daugiau nei 3ADON chemotipo, o 2015 m. du kartus daugiau nei 3ADON chemotipo (8
pav.). F. graminearum populiacijy struktiira chemotipy atzvilgiu jvairavo ne tik tarp tyrimo
mety ir skirtingy rajony (8 pav.), bet ir vietoviy (9 pav.) bei gretimy lauky (10 pav.).

Lyginant tris laukus Kédainiy rajone — daugiausia aptikta 15 ADON chemotipo
F. graminearum kamieny. 2014 m. chemotipy pasiskirtymas visose vietovése panasus,
tac¢iau 2015 m. F. graminearum chemotipy stuktiira skiriasi,ypa¢ Azuolaiciy lauke (9 pav.).

Kretingos rajone abejais metais 15SADON chemotipo F. graminearum kamieny buvo
aptikta tris kartus daugiau nei 3ADON chemotipo. Tuo tarpu Vilkaviskio rajone 15SADON
chemotipas vyravo nezymiai (8 pav).
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- Kédainiy r. n=70 68,6 _’}H_’
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Sakiq r. n=30 66,7 333
Vilkaviskio r. n=27 29,2 | | | 70,8 |
Vid. 2015, n=191 ! 66,4 ! ! !22 6
0,0 ZOI,O 4OI,O 60I,0 8OI,0 100,0

8 pav. F. graminearum 15ADON ir 3ADON chemotipy kamieny regioninis
pasiskirstymas vasariniy kvieciy paséliuose 2014 ir 2015 m, n — tirty izoliaty skaicius

Fig. 8. F. grainearum 15ADON and 3ADON chemotype strains in spring wheat crops
2014 and 2015 year, n - number of isolates tested

F. graminerum chemotipy struktiira gretimuose paséliuose abejais tyrimy metais

nustatyta gana panaSi: antrame lauke stebimas apie 15 proc. 15ADON chemotipo
pranasumas lyginant su pirmu lauku (10 pav.).
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Krakés, n=18 83,3 16,7
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AZzuolai€iai, n=17 I47,1 I | 52,9 I
0,0 20,0 40,0 60,0 80,0 100,0

9 pav. F. graminearum 15ADON ir 3ADON chemotipy kamieny pasiskirstymas
Kédainiy rajono vasariniy kvieéiy paséliuose 2014 ir 2015 m., n — tirty izoliaty skaiéius

Fig. 9. Distribution of F. graminearum 15ADON and 3ADON chemotype strains in
Kedainiai district in spring wheat fields in 2014 and, n - number of isolates tested

I I I I
Sakiyr. I, n=15 73,3 26,7
<
= .
N ~
Sakiy r. I, n=17 88,2 (11,8
15SADON “3ADON
“ o | | | |
= Sakiyr. L, n=25 64,0 36,0
i .
Sakiy r. II, n=5 80,0
| | | |
0,0 20,0 40,0 60,0 80,0 100,0

10 pav. F. graminearum 15ADON ir 3ADON chemotipy kamieny pasiskirstymas
Sakiy rajono dviejuose gretimuose vasariniy kviediy paséliuose 2014 ir 2015 m., n — tirty

izoliaty skaicius.

Fig. 10. Distribution of F. graminearum 15ADON and 3ADON chemotype strains in
the two neighboring summer wheat crops in Sakiai district in 2014 and 2015 year, n -

number of isolates tested.
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Apibendrinimas

2014 ir 2015 m. tirtuose skirtingose Lietuvos vietose iSsidésCiusiuose vasariniy
kvieciy laukuose nustatéme, kad vidutinisSkai tarp visy i$ varpy iSskirty F. graminearum
izoliaty dominavo 15ADON producentai, kurie sudar¢ vid. 70 %. 3ADON producenty
aptikta beveik 2 kartus maziau — 30 %. NIV producenty neaptikta, panaSiai kaip Vokietijoje,
kur i§ 338 F. graminearum izoliaty aptikti tik keturi NIV produkuojantys izoliatai (Talas ir
kt., 2011). Sie tyrimai patvirtina 2013-2014 metais miisy atlikty tyrimy rezultatus, kurie
aptarti 3.2 skyriuje, kad vasariniuose kvieCiuose dominuoja 15ADON chemotipo
F. graminearum kamienai. Savo tyrimuose pasteb&jome, kad F. graminearum chemotipy
struktiira jvairavo ne tik tarp tyrimo mety ir skirtingy rajony, bet ir vietoviy bei gretimy
lauky. Talas ir kt. (2011) kaip ir mes savo tyrimuose rinko varpy fuzariozés pazeistas varpas
i§ skirtingy Vokietijos vietoviy, taciau jy tyrimy duomenys, priesingai nei miisy, rodo, kad
F. graminearum chemotpy stuktiira buvo gana panasi visose vietovése. F. graminearum
chemotipy struktiiros svyravimai atskirais tyrimy metais iSryskinti Nielsen ir kt. (2012)
atliktuose tyrimuose Danijoje. Jie nustaté, kad visy rasiy javy griduose surinkuose 1957—
2000 metais dominavo 3ADON chemotipas, 0 15ADON producenty dominavimas prasidéjo
po 2000. Jdomu tai, kad 2003—2007 metais surinktuose mieziy, rugiy, kvietrugiy ir avizy
méginiuose 3ADON chemotipas vis dar buvo vyraujantis ir tik kvie¢iy griiduose Siuo
laikotarpiu jau stebimas 15SADON producenty dominavimas. Remiantis literatiiros analize,
tikétina, kad miisy pastebéti skirtumai tarp atskiry vietoviy yra jtakoti ne tik meteorologiniy
salygy, bet ir pirminio infekcijos S$altinio (sékly ir augaliniy liekany uzkréstumo),
agrotecheniniy bei varpy fuzariozés kontrolés priemoniy.

3.4. Skirtingy chemotipy izoliaty morfologiniai ir fenotipiniai poZymiai, jautrumas
fungicidams ir patogeniSkumas kvie¢iams in vitro

3.4.1. Skirtingy chemotipy izoliaty morfologiniai ir fenotipiniai poZymiai

F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny kolonijy morfologiniai
pozymiai (micelio struktiira, kolonijos spalva i§ virSaus ir apacios) vertinti ant PDA terpés (11
pav.) Skirtingy chemotipy izoliaty micelio spalva ir struktiira nesiskyré. Kolonijy augimo
greitis vertintas ant trijy terpiy (bulviy dekstrozés terpés — PDA, specializuotos mitybos
terpés — SNA ir morky agaro terpés — MA) bei trijose skirtingose temperatiirose (15 °C, 20 °C
ir 25 °C). Greiciausiai kolonijos augo ant MA terpés léCiausiai ant SNA (8 lentelé). Kolonijy
augimo greitis didéjo kylant inkubavimo temperatirai. Vidutiniais tyrimy duomenimis
spartesniu augimu iSsiskyré F. graminearum 3ADON chemotipo kamienas B (45.4.1) ir
15ADON chemotipo kamienas F (40.1.1) 25 °C temperatiiroje.
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3ADON

A(18.10)

B(45.4.1)

F40.1.1)

11 pav. F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny kolonijy
morfologiniai pozymiai. Kolonijos augintos ant PDA terpés 25 °C temperatiiroje 7 dienas

Fig. 11. Morphological features of F. graninearum 3ADON, 15ADON and NIV
chemotype strains colonies. Colonies were grown on a PDA medium at 25 °C for 7 days

Makrokonidijy ilgis ir plotis matuotas SeSta diena kolonijose augintose ant
specializuotos mitybos terpés +25 °C tamsoje. llgiausiomis konidijomis pasizyméjo NIV
chemotipo F. graminearum izoliatas G (108.0) bei 15SADON chemotipo izoliatai E (32.7) ir
F (40.1.1) (9 lentelé), storiausiomis - NIV chemotipo izoliatas G (108.0) ir 3ADON
chemotipo izoliatas A (18.10).
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8 lentele. F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny kolonijy
augimo greitis (vidutinis kolonijos skersmens padidéjimas per parg, cm) priklausomai nuo
mitybos terpés ir inkubavimo temperatiiros

Table 8. F. graminearum 3ADON, 15ADON and NIV chemotype strains colonies
growth rate (mean increase in colony diameter per day, cm) depending on nutrient medium
and incubation temperature

Tyrimo PDA SNA MA
\Ilger;?;?clh/ 1 I m ng/ I I I ZL(Z 1 I I ng/
options
15°C
18.10 0,2 0,5 0,4 0,4 0,2 0,2 0,4 0,3 1,0 1,0 | 1,0 | 1,0
§ 454.1 0,5 0,6 0,5 0,5 0,2 0,1 0,1 0,1 1,1 LI | 1,11,
ﬁ 26.10.3 0,6 0,5 0,5 0,5 0,2 0,2 0,2 0,2 1,0 1,0 {09 | 1,0
Z. 29.8.2 0,5 0,5 0,5 0,5 0,2 0,2 0,1 0,2 1,1 LI | 1,21,
8 32.7 0,5 0,4 0,5 0,4 0,1 0,1 0,1 0,1 1,1 LT | 1,1 ] 1,1
E 40.1.1 0,5 0,5 0,6 0,5 0,4 0,2 0,3 0,3 1,1 LI | 1,11,
NIV 108.0 0,7 0,4 0,5 0,5 0,2 0,2 0,2 0,2 1,1 LT | 1,1 ] 1,1
20°C
. 18.10 1,2 1,2 1,2 1,2 0,9 0,8 0,9 0,9 1,9 1,9 {19119
8 454.1 1,1 1,3 1,1 1,2 1,0 1,2 0,9 1,0 1,8 L8 | 1,818
ﬁ 26.10.3 0,8 1,0 0,9 0,9 0,5 0,6 0,5 0,5 1,9 1,8 | L8| 1,8
- 29.8.2 0,8 1,1 0,9 0,9 0,5 0,6 0,5 0,5 1,8 L8 | 1,818
8 32.7 1,0 1,2 1,0 1,1 0,7 1,4 1,0 1,0 2,1 2,1 |2,1]2,1
S| o401 1,1 1,2 1,1 1,1 1,1 1,1 1,2 1,2 2,0 2,6 {2,022
NIV 108.0 0,6 0,8 0,9 0,8 1,0 0,8 1,0 1,0 2,0 2,0 {20120
25°C
- 18.10 1,0 0,5 0,5 0,7 1,4 1,2 1,0 1,2 2,2 22 123122
8 45.4.1 0,9 1,3 1,4 1,2 1,6 2,0 1,1 1,6 1,9 2,0 {20120
ﬁ 26.10.3 0,6 0,9 0,7 0,7 1,5 1,3 1,3 14 2,2 22 122122
Z. 29.8.2 1,3 1,3 0,9 1,2 1,1 1,4 1,0 1,2 2,0 2,0 {20120
8 32.7 1,0 1,1 1,3 1,1 0,9 1,0 0,8 0,9 2,0 2,1 |2,1]2,1
é 40.1.1 1,5 1,3 1,3 1,4 1,3 1,6 1,2 1.4 2,4 2,3 | 34127
NIV 108.0 1,8 1,4 1,4 1,5 0,7 0,7 0,9 0,8 2,7 2,7 | 2,827
Veiksnys A(terpés) / Factor A F=797 78%* P=0,000000
(medium)
Vo Gempenti
Veiksnys C (.izoliatai) / Factor F=10,76+* P=0,000000
C (isolates)
Saveika AxB / Interaction AxB F=19,19** P=0,000000
Saveika AxC / Interaction AxC F=4,18** P=0,000017
Saveika BxC / Interaction BxC F=4,47*%* P=0,000006
Saveika ABC / Interaction ABC F=5,16%* P=0,000000

K zymi statistin] patikimuma (p<0,01)
** denotes statistical reliability (p<0.01)
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Tirtas F. graminearum 3ADON, 15ADON ir NIV chemotipy izoliaty gebéjimas
jsisavinti skirtingus anglies ir azoto Saltinius. Tirti du 3ADON chemotipo izoliatai A
(kamienas 18.10) ir B (45.4.1), 15ADON chemotipo izoliatas D (40.1.1) ir NIV chemotipo
izoliatas G (108). Anglies ir azoto Saltiniais pasirinktos komercinés Biolog Phenotype
Microarray 96 Sulinéliy fenotipavimo mikroplokstelés PM1, PM2A (abi su skirtingais
anglies Saltiniais) ir PM3B (su skirtingais azoto $altiniais).

9 lentelé. F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny
makrokonidijy ilgis ir plotis matuotas 6 dienas ant SNA terpés +25 laipsniy temperatiiroje
tamsoje augintose kolonijose.

Table 9. F. graminearum 3ADON, 15ADON and NIV chemotype strains
macroconidia length and width measured after 6 days on SNA medium at +25 ° C in dark
grown colonies

Tyrimo variantai / Research Konidijy ilgis / Length | Konidijy plotis / Width of
options of conidia conidia
3ADON A 18.10 43,43 5,29*
B45.4.1 40,92%* 4,69*
C26.10.3 39,68%* 4,55%%*
I5SADON | D29.8.2 37,99%* 4,74
E 32.7 45,52%* 4,69*
F40.1.1 46,73%* 5,63%%*
NIV G 108.0 47,92%* 5,23
Vid. / Avg. 43,17 4,98
Fake 12,96%* 8,22%%*
P 0,000000 0,000000

* - statistiSkai patikimi skirtumai p<0,05 tikimybés lygiu, ** - statistiSkai patikimi
skirtumai p<0,01.

* - statistically significant differences p<0.05, ** - statistically significant differences
p=<0.01

Tyrimy rezultatai pateikiami 1 priede. Sio tyrimo metu nustatyta, kad F. graminearum
chemotipas aiSkios jtakos mikromiceto metaboliniam aktyvumui neturi — abu 3ADON
chemotipo kamienai tarpusavyje nebuvo panasesni, nei su 15SADON ir NIV chemotipy
kamienais.
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Apibendrinimas

Misy tyrmuose tirti F. graminearum izoliaty morfologiniai pozymiai: kolonijy
struktiira, spalva, augimo greitis ir konidijy dydis, rodo, kad rys$iy tarp grybo chemotipo ir
morfologiniy poZymiy néra. Liu ir kt. (2017) taip pat nustaté, kad 3ADON, 15ADON ir
NIV chemotipy kamieny morfologiniai pozymiai esmingai nesiskyré. Taciau Norvegijoje
atlikti tyrimai parodé, kad vidutiniais duomenimis 3ADON chemotipo izoliatai pasizyméjo
greitesniu augimu (Aamot ir kt., 2015). Kanadoje atliktuose tyrimuose nustatyta, kad
F. graminearum 3-ADON chemotipo kamienai gausiau sporuliuoja, suformuoja didesnes
makrokonidijas bei pagamina didesnj DON kiekj nei 15-ADON chemotipo kamienai (Ward
ir kt., 2008). Kinijoje pastebéta, kad F. graminearum kompleksui priskiriamos riiSies —
F. asiaticum 3-ADON chemotipo kamienai pakeité NIV chemotipo kamienus ir produkavo
daugiau ir didesniy konidijy bei kolonijos pasizyméjo greitesniu augimu (Zhang ir kt., 2010,
2012). Sie autoriai mané, kad stebimi fenotipiniai skirtumai gali suteikti populiacijoms
pranasuma, didinant iSplitimo arealg ir keiciant populiacijos strukttira.

Tyrimo metu pastebéjome, kad kai kuriy F.graminearum izoliaty micelio spalva Siek
tiek kito nuo Sviesiai oranzinés iki geltonos ir nuo raudonai rudos iki oranzinés, kuri kaip
pastebi Leslie ir Summerell (2006) gali varijuoti priklausomai nuo terpés pH.

F. graminearum maistiniy medziagy metabolizmo apibiitinimas atskleidé potecialius
trichoteceny biosintezés induktorius (Gardiner ir kt., 2009). Nustatyta, kad augaly arginino-
poliamino biosintezés proceso produktai gali turéti jtakos trichoteceno biosintezés
atsiradimui infekcijos metu. Savo tyrime noréjome nustatyti ar pagal skirtingy anglies ir
azoto Saltiniy metabolizmg galima diferencijuoti F. graminearum chemotipus. Taciau
tyrimy metu nustatyta, kad F. graminearum chemotipas jtakos metaboliniam aktyvumui
neturi — pagal skirtingy Saltiniy jsgvinimg abu 3ADON chemotipo kamienai tarpusavyje
nebuvo panasSesni, nei su 15ADON ir NIV chemotipy kamienais. Publikuoty panasiy tyrimy
aptikti nepavyko.

3.4.2. SKkirtingu F. graminearum chemotipuy kamieny jautrumas fungicidams in vitro

In vitro tyrimai parodé, kad visi tirti F. graminearum izoliatai buvo jautriausi
metkonazolo poveikiui, vidutiné minimali inhibuojanti koncentracija (MIK) 0,03 uM,
atspariausi — tebukonazolui, vidutiné MIK 0,14 puM. Jautrumas protiokonazolui buvo
tarpinis, vidutiné MIK 0,1 uM (12 pav.). Tirti izoliatai i$siskyré pagal jautruma atskiriems
fungicidams, bet visais atvejais i§liko ta pati jautrumo tendencija — visy F. graminearum
kamieny metkonazolo MIK buvo maZziausia, tebukonazolo didziausia. Protiokonazolo MIK
4 1§ 7 tyrimo varianty buvo lygi tebukonazolo MIK, viename variante — lygi metkonazolo
MIK, ir dviem atvejais tarpiné tarp metkonazolo ir tebukonazolo.
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0.1 0,082a
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0,136b

0,034a

Metkonazolas Protiokonazolas Tebukonazolas

12 pav. F. graminearum micelio augimg inhibuojanti minimali skirtingy fungicidy
koncentracija (MIK)

Fig. 12. Minimum inhibitory concentration (MIC) of different fungicide inhibiting F.
graminearum mycelium growth

*Skirtingos raidés zymi esminius skirtumus tarp varianty (p<0,01).

*Different letters indicate the essential differences between the variations (p<0.01)

I15ADON chemotipo izoliatai vidutiniSkai buvo atsparesni visiems fungicidams uz
3ADON chemotipo izoliatus. NIV chemotipo F. graminearum 108 kamieno fungicidy MIK
buvo didesnés uz 3ADON ir artimos 15ADON (13 pav.). Atskiry F. graminearum kamieny
MIK nustatymo mikroploksteliy vaizdai pateikti 14 pav. a—g. Raudona linija Zymi kiekvieno
fungicido MIK ribg (pagal 15 pav.).

MIK, uM
0,16
0,14
0,12
0,10
0,08
0,06 0,05a
0,04
0,02
0,00

0,14 b

0,10b

3ADON I5SADON NIV
13 pav. Fungicidy minimali inhibuojanti koncentracija (MIK) skirtingy F. graminearum
chemotipy kamienams

Fig. 13. Minimum inhibitory concentration (MIC) fungicides for different F. graminearum
chemotype strains

*Skirtingos raidés zymi esminius skirtumus tarp varianty (p<0,01).

*Different letters indicate the essential differences between the variations (p<0.01)
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14 a ir b pav. Metkonazolo, protiokonazolo ir tebukonazolo minimali inhibuojanti
koncentracija (MIK) F. graminearum 3ADON chemotipo kamienams 18.10 ir 45.4.1

Fig. 14 a and b. Minimum inhibitory concentration (MIC) of metconazole,
prothioconazole and tebuconazole to F. graminearum 3ADON chemotype strains 18.10 and
45.4.1

14 ¢ ir d pav. Fungicidy MIK F. graminearum kamienams 26.10.3 (3ADON
chemotipas) ir 29.8.2 (15ADON chemotipas)

Fig. 14 ¢ and d. MIC of fungicides to F. graminearum strains 26.10.3 (3ADON
chemotype) and 29.8.2 (15ADON chemotype)

14 e ir f pav. Fungicidy MIK F. graminearum 15SADON chemotipas kamienams 32.7
ir40.1.1

Fig. 14 e and f. MIC of fungicides to F. graminearum 15ADON chemotype strains
32.7 and 40.1.1
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14 g pav. Fungicidy MIK F. graminearum NIV chemotipo kamienui 108
Fig. 14 g. MIC of fungicides to F. graminearum NIV chemotype strain 108

Apibendrinimas

Tebukonazolas, metkonazolas ir protiokonazolas yra naudojami javy apsaugai nuo
varpy fuzariozés. Protiokonazolas pasizymi ypac geru efektyvumu, naudojamas ir Lietuvoje,
ir kaimyninése valstybése — Latvijoje ir Lenkijoje. Pastaraisiais metais pasaulyje atsiranda
nuomoniy, kad tebukonazolo efektyvumas lauko salygomis pries varpy fuzariozés sukéléjus
darosi nepakankamas (McMullen et al., 2012). F. graminearum 3ADON, 15ADON ir NIV
chemotipy kamieny jautrumo metkonazolui, protiokonazolui ir tebukonazolui in vitro
tyrimai parodé, kad visi septyni tirti F. graminearum izoliatai buvo jautriis naudotiems
fungicidams, taiau jautriausi jie buvo metkonazolo poveikiui, vidutiné minimali
inhibuojanti koncentracija (MIK) 0,03 pM, atspariausi — tebukonazolui, vidutiné MIK
0,14 pM. Jautrumas protiokonazolui buvo tarpinis, vidutiné MIK 0,1 pM. Miisy tyrimuose
tirti izoliatai iSsiskyré pagal jautruma skirtingiems fungicidams, bet visais atvejais isliko ta
pati jautrumo tendencija — visy F. graminearum kamieny metkonazolo MIK buvo maziausia,
tebukonazolo didziausia. Ivic ir kt. (2011) tyrimai taip pat parodé, kad metkonazolo MIK
reik§mé buvo maZesné uz tebukonazolo. Siuos tyrimuose efektyviausiai F graminearum
augimg slopino prochlozalas. Vidutiniais duomenimis, 15ADON chemotipo izoliaty
augimui slopinti reikéjo didesnés tirty veikliyjy medziagy koncentracijos nei 3ADON
chemotipo izoliatams. Japonijoje atlikti tyrimai su didesniu izoliaty skai¢iumi nei naudota
milsy tyrimuose parodé, kad metkonazolo MIK reik§més buvo panaSios abiems
F. graminearum ir F. asiaticum ti8ims, o skirtumai tarp 3ADON, 15ADON ir NIV
chemotipy buvo statistiSkai nepatikimi (Tateishi ir kt., 2010).

3.4.3. F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny patogeniSkumas
skirtingy veisliy Zieminiams ir vasariniams kviec¢iams in vitro

F. graminearum skirtingy chemotipy kamieny patogeniSkumas in vitro jvertintas
naudojant atskirty lapeliy testa. Keturiy zieminiy kvieciy veisliy ir penkiy vasariniy kvieciy
veisliy lapeliai inokuliuoti vienu metu. Chlorozés (daugeliu atveju ir nekrozés) démés
(tamsios, ovalios formos vandeningos démés) pasirodé po 24 val. nuo uzkrétimo (15 pav.).
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15 pav. F. graminearum infekcijos pozymiai ant infekuoty kvie¢iy lapy po 24 val. nuo
uzkrétimo

Fig. 15. Symptoms of F. graminearum infection on infected wheat leaves after 24
hours from infection

Visi F. graminearum izoliatai iniciavo nekrozés pazeidimy atsiradimus tirtiems
zieminiy ir vasariniy kvieciy augaly lapeliams. Ant kontroliniy lapeliy — inokuliuoty
vandeniu — nekroz¢ neissivysté. Skirtingy chemotipy patogeniskumas Zieminiams kvieciams
buvo panasus, taciau pastebéti skirtumai tarp ty paciy chemotipy skirtingy izoliaty (16 pav.).
Maziausiu patogeniskumu zieminiams kviec¢iams pasizyméjo 3ADON chemotipo 26.10.3
kamienas, tarp kity izoliaty patogeniSkumo statistiSkai patikimy skirtumy nenustatyta (16
pav., 10 lentelé).
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§ Magnifik Famulus Kovas Skagen
#®3ADON 18.10 E3ADON 45.4.1 A3ADON 26.10.3 X15ADON 40.1.1

16 pav. Skirtingy zieminiy kvie¢iy veisliy atsparumas F. graminearum 3ADON,
I5ADON ir NIV chemotipy kamieny infekcijai. * — statistiskai patikimi skirtumai p<0,05
tikimybés lygiu, ** — statistiSkai patikimi skirtumai p<0,01

Fig. 16. The resistance of different winter wheat varieties to the infection of
F. graminearum 3ADON, 15ADON and NIV chemotype strains. * - statistically significant
differences p<0.05, ** - statistically significant differences p<0.01
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10 lentelé. F. graminearum chemotipy kamieny jtaka zieminiy kvieCiy lapeliy
pazeidimui

Table 10. Influence of F. graminearum chemotype strains on winter wheat leaf
damage

Démiy diametras / Diameter of spots, mm

Chemotipas/ Kamienas / 24 val. po 48 val. po 72 val. po
Chemotype Strain  uzkrétimo/24h  urkrétimo/48h  uzkrétimo/ 72 h
after inoculation after inoculation after inoculation
18.10 7,6 bced 13,8 b 16,5 bced
3ADON 454.1 7,5 bed 14,5 bed 16,9 bced
26.10.3 49 a 11,2 a 13,6 a
40.1.1 84 d 16,3 d 182 d
15ADON 32.7 7,3 bed 14,7 bced 17,3 bced
29.8.2 7,9 bed 13,8 b 16,2 b
NIV 108 6,9 b 14,5 bed 17,1 bcd

Skirtingos raidés Zymi esminius skirtumus tarp varianty (p<0,05).
Different letters indicate the significant differences between the treatments (p<0.05)

Nekrozés démiy plitimas ant zieminiy kvieCiy lapeliy priklausé nuo veislés (11
lentelé). Pragjus 24 val. nuo F. graminearum infekcijos didziausios pazeidimy démés
nustatytos ant zieminiy kvie€iy veislés ‘Famulus’ lapeliy, taciau per kitas dvi dienas
pazeidimai ant Sios veislés lapeliy beveik susilygino su ‘Skagen’ ir ‘Kovas DS’ veisliy.
Atspariausi F. graminearum infekcijai iSliko ‘SW Magnifik’ lapeliai.

11 lentelé. Zieminiy kvieGiy genotipo jtaka F. graminearum infekcijos sukeltiems
pazeidimams

Table 11. Influence of winter wheat genotype on damages caused by F. graminearum
infection

Démiy diametras / Diameter of spots, mm

Veislé / 24 val. po uzkrétimo/ 48 val. po uzkrétimo/ 72 val. po uzkrétimo /
Variety 24 h after inoculation 48 h after inoculation 72 h after inoculation
SW Magnifik 69 a 13,2a 15,5a

Famulus 8,4Db 14,7 ¢ 17,1 be

Kovas DS 7,0 a 13,9 abc 16,4 abc
Skagen 6,6 a 14,7 abc 17,2 ¢

Skirtingos raidés Zymi esminius skirtumus tarp varianty (p<0,05).
Different letters indicate the significant differences between the treatments (p<0.05)

Vasariniuose kvieCiuose pazeidimy démiy skirtumai taip pat iSrySkéjo tarp atskiry
izoliaty, bet ne tarp chemotipy (17 pav., 12 lentelé). Taip pat kaip ir Zieminiuose maziausias
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pazeidimy démes ant lapeliy suformavo 3ADON 26.10.1 kamienas, iskirtinai didziausias
démes suformavo 15ADON kamienas 40.1.1.
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¢3ADON 18.10 B3ADON 454.1 A3ADON 26.10.3 X15ADON 40.1.1
KX15ADON 32.7 ®15ADON 29.8.2 NIV 108

17 pav. Skirtingy vasariniy kvieciy veisliy atsparumas F. graminearum 3ADON,
ISADON ir NIV chemotipy kamieny infekcijai. * ir ** — statistiSkai patikimi skirtumai
p<0,05 ir p<0,01 tikimybés lygiu

Fig. 17. The resistance of different spring wheat varieties to the infection of
F. graminearum 3ADON, 15ADON and NIV chemotype strains. * and ** - statistically
significant differences at p<0,05 and p<0.01

12 lentelé. F. graminearum chemotipy jtaka vasariniy kvieciy lapeliy pazeidimui
Table 12. Influence of F. graminearum chemotype on spring wheat leaf damage

Chemotipas/ Kamienas
Chemotype / Strain

Démiy diametras / Diameter of spots ,mm

24 val. po 48 val. po 72 val. po
uzkrétimo/ 24 h  uzkrétimo /48 h  uzkrétimo/ 72 h

after inoculation  after inoculation  after inoculation

18.10 42 bed 88 ¢ 11,3 od
3ADON 45.4.1 4,1 bed 92 ¢ 11,1 od
26.10.3 0.8 a 41 a 62 a
40.1.1 56 d 11,1 d 130 o
ISADON 327 33 b 74 b 9.3
29.8.2 4,0 bed 83 be 10,3 be
NIV 108 53 bed 9.1 ¢ 11,5 d

Skirtingos raidés zymi esminius skirtumus tarp varianty (p<0,05)
Different letters indicate the significant differences between the tratments (p<0.05)

Tarp vasariniy kvie€iy genotipy atsparumo F. graminearum infekcijai, taip pat
nustatyti statistiSkai patikimi skirtumai. Maziausios (vid. 8,4 mm) pazeidimy démés
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susiformavo ant ‘Diskett’veislés lapeliy, didziausios (11,8 mm) ant ‘Vanek’veislés lapeliy
(13 lentelé).

13 lentelé. Vasariniy kvieCiy genotipo jtaka F. graminearum infekcijos sukeltiems
pazeidimams

Table 13. Influence of spring wheat genotype on damages caused by F. graminearum
infection

Démiy diametras / Diameter of spots, mm
Veislé / 24 val. po uzkrétimo/ 48 val. po uzkrétimo/ 72 val. po uzkrétimo /
Variety 24 h after inoculation 48 h after inoculation 72 h after inoculation

Hamlet 52 e 10,0 d 11,5 «cd
Tybalt 3,8 be 80 b 10,3 bed
Vanek 4,8 cde 9,6 d 11,8 d
Diskett 24 a 6,5 a 84 a
Triso 3,4 ab 80 b 99 b

Skirtingos raidés Zymi esminius skirtumus tarp varianty (p<0,05).
Different letters indicate the significant differences between the treatments (p <0.05)

Apibendrinimas

Atlikus F.  graminearum 3ADON, 15ADON ir NIV chemotipy kamieny
patogeniskumo skirtingy veisliy zieminiams ir vasariniams kviefiams in vitro tyrima
nustatyta, kad nekrozés démiy plitimas ant lapeliy esmingai priklausé nuo Zieminiy ir
vasariniy kvieCiy genotipo. Taciau skirtingy chemotipy patogeniSkumas zieminiams ir
vasariniams kvieCiams pasireiské panasSiai — skirtumai iSrySkéjo tarp atskiry izoliaty, bet ne
tarp chemotipy. Zieminiuose ir vasariniuose kvie¢iuose maziausias pazeidimy démes ant
lapeliy suformavo 3ADON 26.10.1 kamienas, didziausias — ISADON kamienas 40.1.1. Liu
ir kt. 2017 tyrimais nustaté, kad tarp F. graminearum 3ADON ir 15SADON chemotipy
kamieny agresyvumo kvieciams esminiy skirtumy nebuvo, taiau tirto NIV chemotipo
patogeniskumas buvo esmingai mazesnis. Siaurés Amerikoje ir Kanadoje atlikti tyrimai
rodo, kad 3ADON chemotipo F. graminearum izoliatai yra fitotoksiskesni, patogeniskesni
ir agresyviau pazeidzia kviecCiy daigelius ir intensyviau gamina deoksivalenolj negu
ISADON izoliatai (Ward ir kt. 2008; Von der Ohe ir kt., 2010). Paskiausi tyrimai
Norvegijoje parod¢, kad vidutiniais duomenimis 15SADON chemotipo izoliatai — didesniu
agresyvumu kvieCiams nei 3ADON chemotipo (Aamot ir kt., 2015). Kinijoje taip pat
pastebéta, kad F. graminearum kompleksui priskiriamos riisies — F. asiaticum 3-ADON
chemotipo kamienai buvo agresyvesni kvie¢iams nei NIV chemotipo (Zhang ir kt., 2010,
2012).
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3.4.4. F. graminearum 3ADON, 15SADON ir NIV chemotipy kamieny patogeniSkumas
skirtingy veisliy vasariniams kvieciams in vivo

F. graminearum chemotipy patogeniskumas lauko salygomis vertintas vasariniy
kvieciy veislése ‘Diskett’ ir “Tybalt’. Tyrimai parodé, kad tirti F. graminearum izoliatai,
nepriklausomai nuo chemotipo, padidino varpy fuzariozés iSplitimg ir intensyvuma,
vizualiai matomy Fusarium — pazeisty ir F. graminearum — infekuoty gridy kiekj bei turéjo
neigiamos jtakos ‘Diskett’ veislés 1000 grudy masei (14 ir 15 lentelés).

14 lentelé. Varpy fuzariozés (VF) iSplitimas, intensyvumas ir Fusarium — pazeisty
griidy skaicius (%) vasariniuose kviec¢iuose 2015 m.
Table 14. Incidence and severity of Fusarium head blight (FHB) and number of
Fusarium - damaged grains (%) in spring wheat in 2015 year
VF i$plitimas, %/ VF intensyvumas, % VF paZzeisty grudy, % /

Tyrimo variantai / FHB incidente, % | FHB severity, % FHB damaged grain, %
Treatments ‘Diskett’ ‘Tybalt” ‘Diskett” ‘Tybalt’ ‘Diskett’  “Tybalt’
Kontrolef - Nekrest/N' 5 30 1472 05a  04a  00a 0.1 a
Control ot infected
A(18.10) 44,0d 273D 23,5bed 6,7 2,1 be 2,2 bed
3ADON B(454.1) 427cd  38,0cde 26,1cd 13,1d 2,8 be 3,0cd
C(26.10.3) 40,0bcd 46,0e 222bcd 159d 3,1bc 3,1d
D (40.1.1) 41,3cd 32,7bc 25,1cd 7,8b 2,3 bc 2,6 cd
I5SADON  E (32.7) 31,3b 29,3bc 199bed 7,70 2,7 be 2,2 bed
F(29.82) 44,0cd 333bc  26,2d 69b 3,1c 2,8cd
NIV G (108) 340bcd  34,7bc 15,61 7,1b 1,4 abc 1,4b

Skirtingos raidés zymi esminius skirtumus tarp varianty (p<0,05)
Different letters indicate the significant differences between the treatments (p<0.05)

Didesniu agresyvumu VF iSplitime ir intensyvume ‘Tybalt’ veisléje pasizyméjo
3ADON chemotipo kamienai 26.10.3 ir 45.4.1 (15 lentel¢). ‘Diskett’ veisléje esminiy
skirtumy tarp varpy fuzariozés pasireiskimo neisryskéjo, taciau 1000 gridy masg statistiskai
patikimai mazino visi trys 3ADON chemotipo kamienai bei I5SADON kamienas 40.1.1.

Apibendrinimas

F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny patogeniSkumo
kvieciams in vivo tyrimu nustatyta, kad visi F. graminearum izoliatai, nepriklausomai nuo
chemotipo, padidino varpy fuzariozés iSplitimg ir intensyvuma, Fusarium — pazeisty ir
F. graminearum — infekuoty griidy kiekj bei turéjo neigiamos jtakos ‘Diskett’ veislés 1000
griidy masei. Taciau skirtumai labiau iSryskéjo tarp atskiry izoliaty, o ne tarp chemotipy.
Von der Ohe ir kt., 2010 tyrimais nustaté¢, 3ADON chemotipo, F. graminearum izoliatai
kelia didesn¢ rizikg maisto saugai, tac¢iau 3ADON ir 15ADON vidutinis agresyvumas ir
chemotipy gamyba buvo panasiis.
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15 lentelé. Vasariniy kvie¢iy ‘Diskett’ ir ‘Tybalt’ veisliy uzkrétimo 3ADON,
ISADON ir NIV F graminearum chemotipy kamienais jtaka Fusarium spp. ir
F. graminearum infekuoty grudy kiekiui bei 1000 grudy svoriui, 2015 m.

Table 15. Influence of infection of 3ADON, 15ADON and NIV F. graminearum
chemotype strains on spring wheat ‘Diskett’ ir ‘Tybalt’ grain infection with Fusarium spp.
and F. graminearum and 1000 grain weight, in 2015 year

Infekuoty gridy kiekis / Grain infection % 1000 gridy svoris, g /
Fusarium spp. F graminearum 1000 grain weight, g
‘Diskett’ “Tybalt”  ‘Diskett”  ‘Tybalt”  ‘Diskett”  ‘Tybalt’

Tyrimo variantai /
Treatments

Kontrol/ Nekrésta/

Control  Not infected 10,0 a 2,7 a 6,0 a 20a 39,5¢ 44,4 abc

A (18.10) 32,7b 28,0bcd 27,3bc 24,7bcde 374 a 454 c

§ B(454.1) 28,7b 353bed 253bc 333de 37,0a 44,1 abc
ff; C(26.10.3) 353b 31,3bcd 30,0bc 30,7cde 37,3a 43,6 abc
Z D (40.1.1) 38,0c 37,3d 31,3¢ 353e€ 36,5a 44,6 abc
é E (32.7) 240b 31,3bcd 18,7abc 29,33 cde 37,5abc 44,1 abc
= F(2982) 30,7b 21,3b  26,7bc 12,7ab 37,8abc 43,0a

NIV G (108) 24,0b 23,3bcd 20,7bc 16,0 abc 38,0abc 45,0 be
Skirtingos raidés zymi esminius skirtumus tarp varianty (p<0,05)
Different letters indicate the significant differences between the treatments (p<0.05)

3.5. Cheminiy ir biologiniy kontrolés priemoniy efektyvumas prie§ dirbtinai lauko
salygomis inicijuota varpy fuzarioze kvieciuose

Zieminiai ir vasariniai kvieéiai buvo inokuliuoti F.graminearum ir buvo panaudoti
apsaugos produktai: Metkonazolas, B. subtilis kamieny MBK-a3 ir MBK-r4. VF i$plitimas
ir intensyvumas bei Fusarium — pazeisty ir F. graminearum — infekuoty grudy kiekis
statistiSkai patikimai sumazéjo laukeliuose, kuriuose zieminiy ir vasariniy kvieciy apsaugai
nuo varpy fuzariozés naudotas fungicidas metkonazolas (16, 18 ir 19 lentelés).

Bakterinis preparatas MBK-a3 statistiSkai patikimai mazino VF iSplitimg ir
intensyvuma bei Fusarium — pazeisty griidy kiekj vasariniy kviec¢iy ‘Diskett’ veisléje, VF
intensyvuma — vasariniy kvieciy ‘Tybalt’ veisl¢je taip pat F. graminearum — infekuoty
gridy kiekj zieminiy kvieCiy ‘SW Magnifik’ veisléje. Bakterinis preparatas MBK-r4
statistiSkai patikimai mazino tik Fusarium — pazeisty grudy kiekj ‘Diskett’ veisléje ir
F. graminearum — infekuoty griidy kiekj ‘SW Magnifik’ veisléje. Esminj grudy derliaus
padidéjima salygojo tik vasariniy kvieciy paséliuose panaudotas fungicidas metkonazolas
(17 ir 20 lentelés).
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16 lentelé. Varpy fuzariozés (VF) iSplitimas ir intensyvumas (%) Zieminiy kvieciy
veisléje ‘SW Magnifik’ pieninés brandos pabaigoje (BBCH 77) bei Fusarium — pazeisty ir
F. graminearum — infekuoty grudy kiekis (%) po derliaus nuémimo.

Table 16. Fusarium head blight (FHB) incidence and severity (%) in the winter wheat
‘SW Magnifik’ at the end of maturity (BBCH 77), Fusarium-damaged and F. graminearum-
infected grain (%) after harvest

Fusarium-pazeisty  F. graminearum-infekuoty

. VF isplitimas/ VF intensyvumas - ; 2 .

Tyrimo Y 0 T grudy / Fusarium- gridy / F. graminearum-

variantai / FHB incidente, % / FHB severity, % damaged grain, % infected grain, %

Treatments 5015 2016 Y147 20152016 Vi 2015 2016 Y%/ 2015 2016 Vid/
Avg. Avg. Avg. Avg.

Kontrolé/ 351 1985 259 88 18 53 077 254 17 188 358 273

Control ?

Metconazole 26,5 93 17,9%** 4,1 03 22%* 037 0,82 0,6%* 3,0 3,5 3,3%*

MBK-a3 32,5 21,5 27,0 9,78 1,8 5,8 0,78 2,57 1,7 14,3 24,5 19,4%*

MBK-r4 323 183 253 90 12 51 0,74 25 1,7 11,3 19,5 15,4**

Vid. 30,8 17,2** 7,9 1,2%* 0,7 2,1%* 11,8  20,8%*

F mety / F year % ok ok ok

F varianty / F treatment o ok ok o

F mety x varianty / F. s, s, *% *

year X treatment

* — statistiSkai patikimi skirtumai p<0,05 tikimybés lygiu, ** — statistiSkai patikimi
skirtumai p<0,01, n.s. — statistiSkai nepatikima

* - statistically significant differences p<0.05, ** - statistically significant differences
P<0.01, n.s. — statistically unsignificant

17 lentelé. Fungicido metkonazolo ir B. subtilis kamieny MBK-a3 ir MBK-r4 jtaka
zieminiy kvieciy veislés ‘SW Magnifik’ grudy derliui ir 1000 gridy svoriui

Table 17. Influence of fungicide metconazole and B. subtilis strains MBK-a3 and
MBK-r4 to winter wheat crop ‘SW Magnifik’ harvest and to 1000 grains weight

Variantai  / 1000 gridy svoris/ 1000 grain weight, g Griidy derlius / Grain yield, t ha™
Treatment

2015 2016 Vid./ Fvarianty/ F 2015 2016 Vid./ Fvarianty/F

Avg treatment Avg treatment

Kontrol¢/ 36,6 444 40,5 93 61 17
Control
Metconazole 36,6 44,5 40,5 LS. 9,7 6,2 7,9 n.s.
MBK-a3 36,3 458 41,0 9,2 5,9 7,5
MBK-r4 36,3 454 40,8 9,2 5,8 7,5
Vid. / Avg 36,4 45,0%* 9,4 6,0%*
F fakt. F mety X varianty / chtq /F; year ¥t F mety x Variantq/

Fmetu / E}ear ok

Fyearx treatment N.S. Fyearx treatment MN.S.

* — statistiSkai patikimi skirtumai P<0,05 tikimybés lygiu, ** — statistiSkai patikimi
skirtumai P<0.01, n.s. — statistiSkai nepatikima. * - statistically reliable differences P<0.05,
** _ statistically significant differences P<0.01, n.s. — statistically unreliable.
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18 lentelé. Varpy fuzariozés (VF) iSplitimas ir intensyvumas (%) vasariniy kvieciy
veisléje ‘“Tybalt’ pieninés brandos pabaigoje (BBCH 77).

Table 18. Fusarium head blight (FHB) incidence and severity (%) in the spring wheat
crop ‘Tybalt’ at the end of maturity (BBCH 77).

Tyrimo variantai/  VF iSplitimas/ FHB incidente, %

VF intensyvumas/ FHB

Treatments severity, %

2015 2016  Vid./ Avg 2015 2016 Vid./ Avg
Kontrolé / Control 36,7 38,8 37,7 11,3 3,5 7,4
Metconazole 25,3 30,5 27,9*% 3,7 1,9 2,8%%*
MBK-a3 32,0 35,5 33,8 5,9 2,7 4,3%%
MBK-r4 38,0 31,8 34,9 10,0 2,2 6,1
Vid. / Avg 33,0 34,1 7,7 2,6
Frety / Frear n.s. *%
Fvariantq ! Fireament * ok
Finety x varianty / ns. s

F year x treatment

* — statistiSkai patikimi skirtumai P<0,05 tikimybés lygiu, ** — statistiSkai patikimi
skirtumai P<0.01, n.s. — statistiSkai nepatikima. * - statistically significant differences
P<0.05, ** - statistically significant differences P<0.01, n.s. — statistically unsingificant

19 lentelé. Varpy fuzariozés (VF) iSplitimas ir intensyvumas (%) vasariniy kvieCiy
veislgje ‘Diskett’ pieninés brandos pabaigoje (BBCH 77) bei Fusarium — pazeisty ir
F. graminearum — infekuoty griidy kiekis (%) po derliaus nuémimo

Table 19. Fusarium head blight (FHB) incidence and severity (%) of the spring wheat
‘Diskett’ at the end of maturity (BBCH 77). Fusarium-damaged and F. graminearum-
infected grain (%) after harvest.

Tyrimo VF isplitimas/ VF intensyvumas / | Fusarium-pazeisty | F. graminearum-
variantai / FHB incidente, % | FHB severity, % | grudy/ Fusarium- infekuoty griidy /
Treatment damaged grain, % | F. graminearum-
infected grain, %
2015 2016 Vid. |2015 2016 Vid. [2015 2016 Vid. |2015 2016 Vid./
/ Avg / Avg / Avg Avg
Kontrolé/ | 437 305 441|280 81 180| 1,5 124 7,0 [360 760 560
Control
Metconazole | 25,7 27,3 26,5 | 7,6 4,1 58% 0,2 7,1 3,6%%| 87 51,3 30,0%*
MBK-a3 41,0 343 37,6*| 232 6,3 14,8*| 09 10,2 5,5%*| 28,7 72,3 50,5
MBK-r4 433 36,5 399|244 80 16,2| 1,6 89 5.2%% 327 83,0 578
Vid, / Avg | 39,7 344* 37,0 | 20,8 6,6** 13,7 | 1,0 98 53 | 26,5 70,6** 48,6
Fmetq / Fyear n.s. *k * 3k sk
Fvariantq / o * % *k *%
Ftreatmenr
Fmetq X varianty / * o K% ns

F) year x options
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20 lentelé. Fungicido metkonazolo ir Bacillus subtilis kamieny MBK-a3 ir MBK-r4
jtaka vasariniy kvieciy veislés ‘Diskett’ grudy derliui ir 1000 grudy svoriui

Table 20. Influence of fungicide metconazole and Bacillus subtilis strains MBK-a3
and MBK-r4 to spring wheat ‘Diskett’ yield and to 1000 grains weight

Variantai / 1000 grudy svoris/ 1000 grain weight, Gridy derlius/ Grain yield, t ha™'
Treatment g
Vid. / Frarianty / Vid. / Fuarianty /
2015 2016 varanty 2015 2016 varianty
Avg F treatment Avg F treatment
Kontrolé / 38,0 29,7 33,8 5,1 5,2 5,1
Control
Metconazole 39,0 29,4 34,2 ns. 5,7 5,2 5,5% *
MBK-a3 38,7 30,5 34,6 5,0 53 5,1
MBK-r4 38,4 29,7 34,1 5,0 53 5,1
Vid. / Avg 38,5 29,8%% 34,2 5,2 53 5,2
F fakt Fmetq / Fmetq X Variantq/ Fmetq / Fmetq X Variantq/
Fvear o Fvearx options 1.S. Fvearn-s- Fyearx options *

* — statistiSkai patikimi skirtumai p<0,05 tikimybés lygiu, ** — statistiSkai patikimi
skirtumai p<0,01, n.s. — statistiSkai nepatikima

* - statistically significant differences p<0.05, ** - statistically significant differences
p=0.01, n.s. — statistically unsignificant

Apibendrinimas

Cheminiy ir biologiniy kontrolés priemoniy efektyvumo prieS dirbtinai lauko
salygomis inicijuotg varpy fuzarioze kvieCiuose tyrimo metu nustatyta, kad varpy fuzariozés
iSplitima, intensyvumg ir paZzeisty gridy kiekj (%) vasariniuose kviecCiuose patikimai
sumazino apsaugai naudotas tik fungicidas metkonazolas. PrieSgrybinis Bacillus sp.
bakterijy kamieny MBK-a3 ir MBK-r4 aktyvumas buvo nustatytas anstesniuose tyrimuose
in vitro (Sakalauskas ir kt., 2014). Taciau, bendrosios $io tyrimo iSvados parodé, kad
Bacillus sp. bakterijy kamienai MBK-a3 ir MBK-r4 negali biiti naudojami biokontrolei pries
F. graminearum in vivo, nors bakteriniy preparaty poveikis buvo teigiamas, taiau
dazniausiai statistiSkai nepatikimas, todél reikia ieskoti efektyvesniy kamieny. Bacillus sp.
kamieny potencialas biokontroléje prie§ Fusarium grybus buvo pademonstruotas
ankstesniuose tyrimuose (Marten ir kt., 2000; Cavaglieri ir kt., 2005; Sun ir kt., 2011; Yuan
ir kt., 2012; Prashar ir kt., 2013).
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ISVADOS

2013 ir 2014 m. Fusarium grybai pazeidé vidutiniSkai 43,0 % vasariniy ir 16,1 %
zieminiy kvieciy grudy. I§ potencialiy DON, 3ADON, 15ADON ir NIV producenty
griduose aptiktos F. graminearum, F. culmorum ir F. poae rusys. Vasariniuose
kviecCiuose F. graminearum vyravo — aptiktas vidutiniSkai 13,7 %, zieminiuose
kvieciuose buvo antras — aptiktas 2,2 % grady. 2013 m. F. graminearum DNR
kiekiai vasariniy kvie¢iy griiduose buvo didesni 7,4 karto (102,2 pg ng') nei
Zieminiy kvie¢iy griduose (13,9 pgng'), 0 2014 m. — 3,2 karto.

Chemotipavimo tyrimu nustatyta, kad vasariniy kvieciy griiduose aptikty
F. graminearum izoliaty tarpe 73 % yra potencialiis 15ADON, 26 % — 3ADON ir
tik 1 % — NIV producentas. Kiekybinis chemotipy producenty homogenizuotuose
griduose jvertinimas qTL PGR metodu parodé, kad 3ADON aptikimo daznis yra
toks pat didelis (69,8 %), kaip ir 15ADON (78,3 %). Skirtingose Lietuvos vietose
iSsidésCiusiuose vasariniy kvie€iy laukuose F. graminearum populiacijos struktiira
chemotipy atzvilgiu jvairavo ne tik tarp skirtingy rajony ir tyrimo mety, bet ir
vietoviy bei gretimy lauky. Potencialtis 15ADON producentai sudar¢ vid, 66 %,
3ADON producentai — 34 %, o NIV producenty neaptikta.

F. graminearum izoliaty morfologiniy (kolonijy struktiira, spalva, augimo greitis ir
konidijy dydis) ir fenotipiniy (geb¢jimo jsavinti skirtingus anglies ir azoto $altinius)
pozymiy rezultatai rodo, kad chemotipas nejtakoja grybo morfologiniy pozymiy ir
metabolizmo.

F. graminearum 3ADON, 15ADON ir NIV chemotipy kamieny patogeniskumo
zieminiams ir vasariniams kvieCiams tyrimais nustatyta, kad visi tirti izoliatai
inicijavo ligos pozymius, taciau skirtumai labiau isSryskéjo tarp skirtingy izoliaty, o
ne tarp chemotipy. Testus atliekant in vitro nekrozés démiy plitimas ant lapeliy
esmingai priklausé nuo zieminiy ir vasariniy kvieciy genotipo. Atlikus tyrimus in
vivo, nustatyta, kad didesnis vizualiai matomy varpy fuzariozés pazeisty griidy
skaicius ir F. graminearum infekcijos lygis buvo uzkrésty vasariniy kvieciy
griiduose nei neuzkrésty, Veislés ‘Diskett’ vasariniuose kvieCiuose nustatyta
neigiama F. graminearum jtaka griidy svoriui, ypa¢ 3ADON chemotipo izoliatais
uzkréstuose laukeliuose.

F. graminearum 3ADON, 15ADON ir NIV chemotipy izoliaty jautrumo
metkonazolui, protiokonazolui ir tebukonazolui tyrimas in vitro parodé, kad maziausia
minimali inhibuojanti koncentracija (0,03 uM) buvo panaudojus metkonazolo,
didziausia (0,14 uM) — tebukonazolo veikligsias medziagas. Protiokonazolo
veikliosios medziagos maziausia mininmali inhibuojanti koncentracija buvo 0,1 uM.
Vidutiniais duomenimis chemotipo 15ADON izoliaty augimui slopinti reikéjo
didesnés tirty veikliyjy medziagy koncentracijos nei 3ADON chemotipo izoliatams.
Varpy fuzariozés iSplitima, intensyvuma ir Fusarium-pazeisty grady kiekj (%)
vasariniuose kvieCiuose patikimai sumazino apsaugai naudotas fungicidas
metkonazolas. Bakteriniy preparaty poveikis buvo teigiamas, taciau dazniausiai
statistiSkai nepatikimas, todél tirty kamieny javy apsaugai nuo varpy fuzariozés
nerekomenduojama naudoti.
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Abstract The Fusarium head blight emerged as the
main disease of wheat in Lithuania in 2012. The
chemotype diversity of FHB pathogens was not inves-
tigated prior that time. In this study chemotype determi-
nation of pure F. graminearum cultures, the main cause
of FHB in wheat, isolated from grain and chemotype
detection rates in homogenized grain were compared.
A total of 105 pure culture F. graminearum isolates
from 2013 and 144 homogenized wheat grain sam-
ples from 2013 and 2014 were analysed for presence
and quantification of 15ADON, 3ADON and NIV
chemotype DNA. Results show that 15ADON chemotype
was clearly dominant in pure culture isolates, but not
in homogenized grain, where 3ADON incidence was
almost as high. Also the results allow dismissal of
other toxigenic Fusarium species, F culmorum, as
either a source of NIV or the main source of 3ADON
chemotype DNA in grain.
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Introduction

Fusarium head blight (FHB) of wheat in Lithuania
reached epidemic scale in 2012 and persisted as a major
problem in wheat growing areas in 2013 and 2014,
especially affecting spring wheat. FHB is caused mainly
by Fusarium graminearum Schwabe and to less extent
E culmorum (Wm.G. Sm.) Sacc., F. avenaceum (Fr.)
Sacc., F. poae (Peck) Wollenw., and Microdochium nivale
(Fr.) Samuels & I.C. Hallett (Becher et al. 2013).
F graminearum has been very rarely isolated from wheat
grain prior to 2012 during the annual internal grain
mycobiota surveys, but was found in significant numbers
since then (Suproniené et al. 2010, Suproniené et al. 2011,
Suproniené et al. 2012; Sakalauskas et al. 2014).

FHB is associated with grain contamination by B
type trichothecene mycotoxins — nivalenol (NIV), and
deoxynivalenols (DON) acetylated derivatives 3ADON
and 15ADON (Alexander et al. 2011). Based on the
structure of B trichothecene synthesis regulation
genes, Fusarium strains usually produce one B type
trichothecene — NIV, 3ADON or 15ADON - and thus
are grouped into respective chemotypes (Miller et al.
1991; Becher et al. 2013). F graminearum strains of
different chemotypes vary by physiological characteris-
tics, including growth rate, mycotoxin production and
aggressiveness (Ward et al. 2008; Zhang et al. 2012).

Major part of the Fusarium chemotype determination
studies are conducted on fungi isolated from FHB
affected plants. This approach is inevitable when the
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study is also concerned with problems of F. graminearum
population genetics where obtaining pure culture isolates
is crucial (Ward et al. 2008; Talas et al. 2011). Varying
traits of different chemotype F. graminearum isolates
have influence on chemotype distribution in fields and
may have on their isolation rate.

The other analysis of chemotype composition
approach involves direct detection of chemotype-
specific gene sequences in plant material — grain,
infected heads — without isolating the fungus itself
(Nielsen et al. 2011, 2012). It eliminates the pos-
sibility of overlooking presence of the particular
chemotype which may or may not be isolated, but
is useless for population genetics analyses where
pure fungal cultures are obligatory. Also direct
chemotype detection in plant material may not be
sufficient to accurately indicate which Fusarium
species is the source of particular chemotype detected,
as the same chemotype usually may be attributed to
more than one species (Nielsen et al. 2012; Becher
et al. 2013; Pasquali and Migheli 2014).

The distribution of F. graminearum chemotypes
varies throughout the world: 3ADON is dominant in
Asia and parts of USA and Canada, 15ADON - in
major part of North America, and NIV — in Japan
and Southern USA (Becher et al. 2013). In Europe
variability of F. graminearum chemotypes is some-
what higher and presumably is under constant
shift, but there is a trend of I5ADON chemotype
being dominant, while the 3ADON and NIV
chemotypes were nowhere found to dominate
European F. graminearum field populations (Pasquali
and Migheli 2014).

Since the recent manifestation of FHB in Lithuanian
wheat is associated with F. graminearum, the first
objective of this study was to assess the diversity of
F graminearum isolates from grain by determining
their chemotype and obtain the fungal cultures which
would be used as a standard for detection of
chemotype in grain samples. The other major objective
was to evaluate the presence of different chemotypes in
homogenized grain samples without isolation of pure
cultures, which would enable us to compare if the anal-
ysis of pure culture isolates accurately represents the
distribution of chemotypes in wheat. By achieving the
stated objectives we would establish the start point from
which changes in F. graminearum chemotype composi-
tion could be monitored, since the FHB problem in
wheat is likely to persist.

@ Springer

Materials and methods
Grain sampling locations

Spring and winter wheat grain samples were collected
from 12 administrative districts in the wheat growing
areas of Lithuania in 2013 and 2014. A total of 114
spring wheat (64 in 2013 and 50 in 2014) and 30 winter
wheat (15 in each year) grain samples from different
fields were collected (Fig. 1). The grain was stored at
—20 °C and defrosted to room temperature prior to the
analyses.

Isolation and identification of pure F. graminearum
and F. culmorum cultures

Wheat grain samples from 2013 year with the
highest internal Fusarium infection levels (annual
survey data; not presented) from eight regions were
selected for isolation of pure F graminearum and
E culmorum cultures. 200 surface-sterilized seeds per
sample were plated on a Spezieller Néhrstoffarmer
Agar (SNA) (Leslie and Summerell 2006) and incu-
bated at 24 + 2 °C in dark until formation of
sporodochia. F. graminearum and F. culmorum iso-
lates were preliminary identified by examining mor-
phological characteristics of macroconidia (Leslie and
Summerell 2006). Macroconidial masses of isolates
identified as F graminearum and F. culmorum were
transferred onto 2 % water agar and spread on the
surface; germinated single-spore cultures were picked
and sub-cultured onto SNA (Talas et al. 2011).

DNA extraction from pure Fusarium cultures and grain

For DNA extraction Fusarium isolates were grown
on PDA for 1-2 weeks. Grain samples were
ground to a fine powder in liquid nitrogen using
a ball mill (Retsch). Genomic DNA was extracted
from fresh mycelium or 100 mg homogenized
grain using FastDNA Kit (MP Biomedicals).
DNA concentration was measured by Biophotometer
(Eppendorf) and by electrophoresis in 1 % agarose
gel with MassRuller DNA Ladder Mix (Thermo
Fisher Scientific) as a standard. Extracted genomic
DNA of pure Fusarium cultures was diluted tenfold
for real-time PCR.
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Fig. 1 Grain sample collection
sites in 2013 and 2014

* 2014

W 2013 and 2014

Identity confirmation and chemotype determination
of pure Fusarium cultures

Identity of isolated pure F. graminearum and
F. culmorum cultures was confirmed by real-time PCR
using primer sets for amplification of EFlx gene se-
quences (Nicolaisen et al. 2009). For 3ADON,
ISADON or NIV chemotype prediction specific
primer sets for TRI12 gene sequences were used
(Nielsen et al. 2012). All primers used in this study
are listed in Table 1.

Table 1 qPCR primers used in this study

Quantification of Fusarium and chemotype DNA
in grain samples

Overall Fusarium, F. graminearum, F. culmorum spe-
cies and potential 15ADON, 3ADON and NIV pro-
ducers were quantified in wheat grain samples from
11 regions by quantitative real-time PCR (qPCR).
Ten-fold dilution series of pure F. graminearum and
F. culmorum (verified by real-time PCR) and
F. graminearum strains identified as potential pro-
ducers of 15ADON (strain A18.10), 3ADON (strain

Target Primer name Sequence (5" — 3') Reference

E graminearum FgramB379fwd CCATTCCCTGGGCGCT Nicolaisen et al. 2009
FgramB411rev CCTATTGACAGGTGGTTAGTGACTGG

FE culmorum FeulC561fwd CACCGTCATTGGTATGTTGTCACT Nicolaisen et al. 2009
FculC614rev CGGGAGCGTCTGATAGTCG

3ADON 3ADONf AACATGATCGGTGAGGTATCGA Nielsen et al. 2012
3ADONr CCATGGCGCTGGGAGTT

15ADON 15ADONfwd GTTTCGATATTCATTGGAAAGCTAC Nielsen et al. 2012
15ADONrev CAAATAAGTATCGTCTGAAATTGGAAA

NIV NIVE GCCCATATTCGCGACAATGT Nielsen et al. 2012
NIVr GGCGAACTGATGAGTAACAAAACC

Plant EF1 o Horlf TCTCTGGGTTTGAGGGTGAC Nicolaisen et al. 2009
Hor2r GGCCCTTGTACCAGTCAAGGT

Fusarium (overall) FusEF 14fwd CCACGTCGACTCTGGCAAG Yang et al. 2010
FusEF125rev CGCACTGGTAGATCAAGTGACC
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Fig. 2 Standard curves

D40.1.1) and NIV (strain G108) DNA were used for
standard curves (Fig. 2). A plant assay was performed
according to Nicolaisen et al. (2009) and the values
given as the amount of fungal DNA per amount of
plant DNA.

qPCR conditions

qPCR was carried out in a total volume of 12.5 pul:
6.25 ul 2 x SYBR Green PCR Master Mix (Applied
Biosystems), 300 nM of each primer (Metabion inter-
national AG), 0.4 pg/ul bovine serum albumin (BSA)

@ Springer

(Thermo Fisher Scientific) and 2.5 ul twenty-fold diluted
template DNA. All samples were duplicated. Reactions
were done on a 7900HT Sequence Detection System
(Applied Biosystems) using the following cycling pro-
tocol: 2 min at 50 °C; 95 °C 10 min; 40 cycles of 95 °C
for 15 s and 62 °C for 1 min followed by dissociation
curve analysis at 60 to 95 °C.

qPCR data was visualized by SDS 2.4 software
(Applied Biosystems). A positive qPCR result under
Ct 35 threshold was taken as true for detection of both
Fusarium species and chemotype genes in grain sam-
ples (Nielsen et al. 2012).
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Fig. 3 Distribution of
chemotypes in pure culture
F. graminearum isolates by

region
® 15ADON
3ADON
BNV
Basic statistic and correlation analyses were per- specific primer set. Nine of these were isolated from
formed using IBM SPSS Statistics 20. winter and the remaining 96 from spring wheat.

Two F. culmorum strains were isolated from spring
wheat, their identity confirmed by morphology and
species specific real-time PCR.

Results

Isolation of pure F. graminearum and F. culmorum Chemotype determination in pure F. graminearum
cultures and F. culmorum cultures

A total of 105 Fusarium isolates were identified as All nine winter wheat F. graminearum isolates were
F. graminearum by morphological methods and then found to be of 15SADON chemotype. Of the 96 spring
confirmed by real-time PCR analysis using species wheat F. graminearum isolates 70 (73 %) were of

W Spring wheat 2013, N=64 Spring wheat 2014, N=50 OWinter wheat 2013, N=15 N Winter wheat 2014, N=15
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Fig. 4 Distribution of chemotypes, % of positives, in homogenized grain samples by year and by crop

@ Springer



Eur J Plant Pathol

15ADON chemotype, 25 (26 %) of 3ADON and one (1 %)
of NIV chemotype. Both . culmorum strains were found to
be of 3ADON chemotype. Distribution of . graminearum
chemotypes by region is presented in Fig. 3.

Chemotype incidence in grain

F. graminearum specific gene sequences were detected
in all grain samples on both years. In eight of 114 (7 %)
spring wheat grain samples and in four of 30 (13 %)
winter wheat grain samples no DNA of either
chemotype was detected. In all these negative samples
F culmorum was absent. All F. culmorum positive grain
samples also contained both 15SADON and 3ADON
chemotypes, and in no 15SADON negative but 3ADON
positive sample F. culmorum DNA was detected. The
distribution (%) of chemotypes in grain by year and by
crop is presented in Fig. 4.

Comparison of pure culture Fusarium chemotype
determination (PC) and chemotype incidence in homo-
genized grain (HG) results collected from the same eight
districts in 2013 was performed (Fig. 5). The 15SADON
chemotype was present in all grain samples from which
isolation of pure cultures was done, 3ADON chemotype
in all but one spring wheat sample (97 %), NIV
chemotype — in four spring wheat samples (11 %).

Quantification of Fusarium and chemotype DNA
in wheat

The minimum, maximum and mean amounts and 95 %
CI values of species or genotype DNA adjusted to the
amount of plant DNA in the samples is presented in
Table 2. Large variations were detected between and
within spring and winter sample groups.

Fig. 5 Comparison of
chemotype composition of pure
culture isolates from spring wheat
grain and of chemotype incidence
in homogenized spring wheat
grain

u 15ADON
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Correlation analysis

High degree linear correlations were detected between
F. graminearum and 3ADON, F. graminearum and
1SADON and F. culmorum and 3ADON in spring
wheat grain (Table 3).

Strong correlations between quantities of
F. graminearum and 15ADON, and F. graminearum
and 3ADON were observed in winter wheat in 2013.
Correlations between F. culmorum and either of the
chemotypes in winter wheat were missing in 2013 or
not applicable in 2014 (as there were no F. culmorum
positive winter wheat samples in 2014). The NIV
chemotype DNA was detected in too few grain samples
for correlation analyses to be of acceptable probability
levels.

High degree linear correlations between quantities
of F. graminearum and 3ADON (»=0.862, p <0.01),
F. culmorum and 3ADON (r = 0.658, p < 0.01), and
between F. graminearum and 15ADON (r = 0.339,
p <0.05) were detected in spring wheat samples from
which pure Fusarium cultures were isolated. Due to
insufficient number of positive samples the correla-
tion analyses for winter wheat could not be
conducted.

Discussion

The pure culture F. graminearum isolates used in this
study were obtained from harvested grain rather than
FHB affected wheat heads as in similar studies (Talas
et al. 2011, Jennings et al. 2004). It is likely that more
F. graminearum isolates could be obtained from FHB
damaged wheat heads than from harvested grain, but
107 isolates is a representative number when compared

100 97

15ADON 3ADON NIV
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Table 2 Quantitative data on F. graminearum, F. culmorum, 3ADON, 15ADON and NIV DNA in grain samples, ng/pg plant DNA

Target Crop % of positives min max mean +95 % CI
F. graminearum S 100 <l 2671 169 64
w 100 <1 147 26 15
E culmorum S 23 8 3053 1002 628
w 13 1 50 13 39
3ADON S 82 <1 1723 87 53
w 57 <1 108 15 13
15SADON S 89 <1 36,956 1069 978
w 80 <1 132 12 13
NIV S 46 444 196 297
W 500 500 500 ¥

S — spring wheat, W — winter wheat; £95 % CI — 95 % confidence interval

*—not applicable as single NIV positive winter wheat samplee was detected

to similar studies conducted worldwide (Pasquali and
Migheli 2014).

Primers used for identification of F. culmorum were
shown to cross-react with gene sequences from other
Fusarium species F. cerealis (Nicolaisen et al. 2009).
The later species is yet to be detected in Lithuanian
wheat by culture methods, therefore we assume that
all F. culmorum-positive grain has not contained
F. cerealis DNA. Moreover, F. cerealis so far has
been associated only with NIV chemotype presence in
grain, although this species was not studied extensively
(Nielsen et al. 2012; Becher et al. 2013). In our study no
NIV positive grain sample was also positive for
F. culmorum (or F. cerealis for that matter). This is
cannot be the conclusive evidence for F. cerealis non-
presence in Lithuanian wheat, but taking into account
the high degree of correlation between F. culmorum and
3ADON quantities in those grain samples from which
pure Fusarium cultures were isolated, the possibility of
substantial . cerealis DNA quantities in grain seems
very low.

The primers for chemotype quantification in grain
were specially designed to avoid cross-reactivity and
therefore 3ADON and NIV primers have slightly
lower amplification efficiency than 15ADON primers
(Nielsen et al. 2012). This shows in the quantifica-
tion data (Table 3), where DNA quantities amplified
by 15ADON primers have broader range in compar-
ison to those amplified by 3ADON and NIV.

In our study F. graminearum isolates seem to be
respecting the overall trend of chemotype distribution
in Europe: 15ADON is the dominating chemotype in

regard to 3ADON and NIV, but the actual proportions of
1SADON/3ADON/NIV are somewhat shifted towards
the 3ADON chemotype (Pasquali and Migheli 2014).
The results are similar to those reported by Audenaert
et al. (2009), but in latter study only F. graminearum
isolates from winter wheat were analysed.

All three chemotypes were detected in F. graminearum
isolates from spring wheat, which indicates considerable

Table 3 Correlations between presence and quantity of overall
Fusarium, F. graminearum, F. culmorum and particular chemotype
DNA in homogenized grain samples

Fus Fgr 15A 3A NIV

Winter wheat, 2013 and 2014, N = 30

Fgr 0716

15A  0.460° 0.782"

3A 0253 0585 0.158

NIV 0.106 0.110  —0.035 —0.083

Feu  0.203 -0.054  -0.077 -0.044  —0.037
Spring wheat, 2013 and 2014, N = 114

Fgr 0917

15A  0.162 0373

3A 07647 08267 0.092

NIV 0.155 0.155 -0.001  0.101

Fcu 05117 04147 0041 0428 —0.037

Fus-overall Fusarium, Fgr-Fusarium graminearum, 15A4-
15ADON chemotype, 34-3ADON chemotype, NIV-NIV
chemotype, Feu-Fusarium culmorum

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
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diversity in Lithuanian spring wheat F. graminearum pop-
ulations in 2013, on the second year of FHB outbreak.
The spatial chemotype distribution by region from which
grain was collected shows that both 15ADON and
3ADON chemotypes were present in all regions
(Fig. 3). Since there are no data on the chemotype of
F. graminearum strains isolated from grain prior to
2013, there is no way to know what chemotypes were
present in Lithuania before that time, or if the FHB
outbreak in 2012 was initiated by any particular
F graminearum chemotype group. Previous studies show
that shifts in chemotype composition of F. graminearum
populations may occur and many of those were reported
to be directed towards the increase of more aggressive
3ADON chemotype (Guo et al. 2008; Ward et al. 2008,
Zhang et al. 2012), so 15ADON might have been even
more prevalent in 2012.

Comparison of chemotype determination of pure
F. graminearum cultures and chemotype detection in
homogenized grain samples shows variance in propor-
tions at which different chemotypes were detected
(Fig. 5). Reasons why the chemotype prediction results
of pure culture F. graminearum isolates are shifted
towards 15SADON isolates are unclear. Based the ob-
tained data, we were able to dismiss F. culmorum spe-
cies as either the source of NIV, or the main source of
3ADON chemotype DNA in homogenized grain sam-
ples. For one, no F. culmorum DNA was present in NIV
positive grain, and as for 3ADON, percentage of
F. culmorum positive grain was several times lower
(13 % in both spring and winter wheat) than that of
3ADON positive (84 % and 57 % respectively). Also
statistical analyses show higher degree correlation be-
tween 3ADON and F graminearum in homogenized
spring (» = 0.83) and winter (» = 0.59) wheat grain than
between 3ADON and F. culmorum in spring ( = 0.43)
and winter (» = —0.04) wheat. This indicates that
F. culmorum could be associated only with the lesser
part of 3ADON chemotype in spring wheat and is not a
source of 3ADON in winter wheat (Table 3).

All 5 NIV chemotype DNA containing grain samples
were from 2013. The presence of this chemotype could
not be attributed to F. culmorum grain infection as all
these samples were F. culmorum negative. Therefore
NIV chemotype is also likely to originate from
F. graminearum, and at the moment this group of path-
ogens poses no threat to wheat as it was not detected in
2014 in grains from the same farms where it was present
just 1 year earlier.

@ Springer

Table 4 Co-occurrence of 3ADON and 15ADON chemotypes in
homogenized grain samples

Sample Crop Ct3 Sd Ct15 Sd
1* S 323 1.0 355 0.6
2% S 32.0 0.8 36.7 0.3
5% S 30.8 0.4 352 0.7
7* S 342 0.4 34.2 0.9
8* S 32.6 0.5 323 0.3
9% S 33.8 0.5 339 0.7
12* S 333 0.4 34.5 1.0
13* S 30.6 0.2 359 0.2
16* S 34.1 0.2 36.2 0.8
18* S 37.1 1.0 32.0 04
19* S 33.1 0.7 343 0.1
20%* S 314 0.1 33.0 0.2
21%* S 30.1 0.4 31.7 0.3
22% S 30.4 1.0 31.1 04
23%* S 29.4 0.2 334 0.6
24* S 332 0.9 33.7 04
25% S 30.9 0.8 29.0 0.0
26* S 29.9 0.0 28.1 0.1
27* S 29.8 0.2 32.9 0.6
28* S 36.2 0.7 30.9 0.7
29% S 26.1 0.2 279 0.3
30* S 27.3 0.1 30.0 04
31* S 29.2 0.2 31.2 04
32% S 28.0 0.3 28.1 0.4
33* S 28.1 0.2 36.1 0.1
35% S 27.9 0.5 304 0.4
37* S 31.1 0.8 28.8 0.1
39* S 28.6 0.2 28.2 0.3
40* S 24.9 0.1 27.8 0.1
41%* S 25.8 0.0 27.0 0.1
42% S 25.8 0.2 26.4 0.5
43% S 36.1 0.5 36.1 0.5
44%* S 24.8 1.0 244 0.1
45% S 29.1 0.9 29.7 0.3
46* S 26.4 0.2 24.3 0.0
47* S 28.5 0.1 315 0.5
48* S 29.3 0.0 325 0.3
49%* S 28.3 0.1 30.3 0.7
50* S 28.6 0.8 29.2 0.0
51* S 27.1 0.2 28.0 0.2
53* S 28.1 0.1 332 0.3
54* S 29.8 0.2 27.4 0.5
55% S 25.6 0.3 25.0 0.1
56* S 36.5 0.7 26.6 04
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Table 4 (continued)

Table 4 (continued)

Sample Crop Ct3 Sd Ct15 Sd Sample Crop Ct3 Sd Ct15 Sd
S57* S 343 0.7 329 0.5 48%* S 27.4 0.9 333 0.1
59% S 333 0.1 32.6 0.6 S5T7** S 32.7 0.1 28.7 0.0
61%* S 27.6 0.2 33.0 0.5 S58** S 34.1 03 335 0.0
62%* S 25.8 0.2 27.0 0.3 59** S 32.7 0.7 32.0 0.3
63* S 34.7 1.0 36.7 0.9 SH* W 323 04 354 0.5
TE* S 28.9 0.2 30.2 0.3 17%* w 322 0.6 35.2 1.2
21E* S 28.7 0.5 32.0 0.3 24%* w 329 0.2 38.3 0.6
26E* S 30.8 0.5 31.1 0.0 52%% w 30.4 0.3 32.0 0.3
46E* S 37.8 0.9 34.9 0.9 61E** W 38.1 0.7 36.4 0.4
47E* S 29.2 0.1 324 0.1
55E* S 33.8 0.5 33.1 0.2
S6E* S 34.1 0.8 37.2 0.4 .
1% W 314 02 334 02 Other Fusarium species than F. graminearum or
15% W 304 0.0 343 10 F. culmorum are known to produce B type trichothecene
17+ W 341 02 134 04 my(czlotci).ﬂns an'd1 thereforf l;z;)rlla;)u; thi gentes 1fo; (;dllglr
36+ W 133 03 343 02 ps)ro uc 1fotr}1l (Nielsen ; al. . t., ec e.rl ed.at: . 13
s W 286 02 297 0.4 ome of them (e. g I equise i) are easily distinguish-
able by morphological features and constitute negligible
65% 4 28.0 0.2 29.1 0.2 . . .. . .
part of overall Fusarium grain infection in Lithuania,
1** S 313 0.9 30.6 0.3 .. . .
and therefore can be dismissed as substantial contribu-
2%% S 29.4 0.0 30.5 0.1 o, . .
tors to total quantities of chemotype DNA in grain.
JH* S 31.9 0.6 31.4 0.0 . .
" F. poae has been isolated at significant rates from
7 S 326 01 308 03 Lithuanian winter wheat, but this species is associated
*% . . . .
? S 33.9 04 331 1.0 with NIV production in cereals (Salas et al. 1999; Jestoi
10 S 297 0.2 309 0.2 et al. 2008) and in our study only one winter wheat grain
skek ..
1 S 289 0.0 311 0.8 sample was found to be NIV positive.
12%* S 34.5 0.0 34.5 0.6 The situation is much more complicated with the
Lax= S 213 02 327 0.9 species of Fusarium graminearum complex (Fg com-
15% S 333 0.6 338 13 plex), as they cannot be readily distinguished by mor-
18%* S 33.6 0.1 29.6 04 phological features (O’Donnel et al. 2004). The species
19%* S 28.8 0.0 272 0.4 specific primers we have been using in our study are
21 S 289 0.0 27.9 0.4 supposed to detect nine of 11 species of the Fg complex,
22%% S 352 0.8 279 0.2 and the two species not covered by these primers
23%* S 31.8 0.0 27.5 0.0 (F. cortaderiae and F. brasilicum) are endemic to
25%* S 31.7 0.2 32.8 0.1 South America (Nicolaisen et al. 2009). The nine
26%* S 354 0.6 324 0.5 detectable species by real-time PCR primes we have
20 S 324 0.1 31.7 0.0 been using also have their geographical restrictions,
30%* S 28.6 0.0 30.9 0.5 and only F graminearum sensu stricto seems not to
3% S 35.2 0.6 314 0.0 be limited to regions outside Europe (Wang et al.
30k S 28.0 0.1 28.4 0.2 2011). This means unlikely presence of other Fg
34%% S 32.9 0.1 36.8 0.7 complex species in Lithuanian wheat grain, and, as
35 N 343 03 33.6 0.2 they are hard to distinguish even when grown in pure
36t* S 35.7 05 34.4 0.1 culture, all detected quantity of F. graminearum DNA
3gH* S 31.9 0.4 30.2 0.6 in grain was assigned to F graminearum species
30%% S 307 0.1 35.9 0.4 without further details, just like it was done in the

study by Nicolaisen et al. (2009).
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The high incidence of I5SADON and 3ADON
chemotypes in grain samples does not correspond to
the results of the chemotype determination of pure cul-
tures. Both 1SADON and 3ADON chemotypes are
widespread in harvested grain, their incidence being
higher in spring than winter wheat (88 % and 84 % in
spring wheat, 70 % and 57 % in winter wheat, respec-
tively). Regarding the pure culture chemotype determi-
nation results, 15ADON could be described as
“dominant” in regard to 3ADON, but their incidence
in grain samples indicates 3ADON is just as widespread
as 15ADON is. Co-occurrence of 3ADON and
1SADON chemotypes in grain samples is high
(Table 4), which indicates that ISADON somehow
may be easier to isolate than 3ADON fungi. A recent
study on phenotypic traits of different F. graminearum
chemotypes by Aamot et al. (2015) shows that
15ADON chemotype strains are more aggressive than
3ADON, which may explain why 15ADON is more
often isolated from infected plant-heads, but the same
study suggests that 15ADON grows slower than
3ADON on PDA at 20 °C and 25 °C, which contradicts
our pure culture isolation results, where grain were
plated on PDA and grown at 25 °C, but still ISADON
strains were dominant among those isolated. Some
North American studies (Ward et al. 2008; Guo et al.
2008) indicate that aggressiveness levels of chemotypes
are the other way around, with 3ADON strains consid-
ered to be the more aggressive ones. These contradic-
tions suggest that genes encoding phenotypic traits for
aggressiveness and growth rate that could have impact
on isolation frequency of particular chemotype (either
from infected heads or harvested grain) are not linked
with trichothecene synthesis genes.

Acknowledgments The research was funded by the Lithuanian
Research Council through the National Research Programme
,Healthy and Safe Food“, grant number SVE-09/2014
(TRICHEMOTTIPALI).

References

Aamot, H. U., Ward, T. J., Brodal, G., Vralstad, T., Larsen, G. B.,
Klemsdal, S. S., Elameen, A., Uhlig, S., & Hofgaard, 1. S.
(2015). Genetic and phenotypic diversity within the
Fusarium graminearum species complex in Norway.
European Journal of Plant Pathology, 142, 501-519.

Alexander, N. J., McCormick, S. P., Waalwijk, C., van der Lee, T.,
& Proctor, R. H. (2011). The genetic basis for 3-ADON and

@ Springer

15-ADON trichothecene chemotypes in Fusarium. Fungal
Genetics and Biology, 48, 485—495.

Audenaert, K., Van Broeck, R., Bekaert, B., De Witte, F.,
Heremans, B., Messens, K., Hofte, M., & Haesaert, G.
(2009). Fusarium head blight (FHB) in Flanders: population
diversity, inter-species associations and DON contamination
in commercial winter wheat varieties. European Journal of
Plant Pathology, 125, 445-458.

Becher, R., Miedaner, T. & Wirsel, S. G. R., (2013). Biology,
Diversity, and Management of FHB-Causing Fusarium
Species in Small-Grain Cereals. In F. Kempken (Ed.)
The Mycota XI. Agricultural Applications, 2nd edition
(pp.199-241). Berlin: Springer Verlag.

Guo, X. W., Fernando, W. G. D., & Seow-Brock, H. Y. (2008).
Population structure, chemotype diversity, and potential
chemotype shifting of Fusarium graminearum in wheat
fields of Manitoba. Plant Disease, 92, 756-762.

Jennings, P., Coates, M. E., Walsh, K., Turner, J. A., & Nicholson,
P. (2004). Determination of deoxynivalenol- and nivalenol-
producing chemotypes of Fusarium graminearum isolated
from wheat crops in England and wales. Plant Pathology, 53,
643-652.

Jestoi, M. N., Paavanen-Huhtala, S., Parikka, P., & Yli-Mattila, T.
(2008). In vitro and in vivo mycotoxin production of
Fusarium species isolated from Finnish grains. Archives of
Phytopathology and Plant Protection, 41, 545-558.

Leslie, J. F., & Summerell, B. A. (2006). The fusarium laboratory
manual. Ames: Blackwell Publishing.

Miller, J. D., Greenhalgh, R., Wang, Y. Z., & Lu, M. (1991).
Trichothecene chemotypes of 3 Fusarium species. Mycologia,
83, 121-130.

Nicolaisen, M., Supronieng, S., Nielsen, L. K., Lazzaro, ., Spliid,
N. H., & Justesen, A. F. (2009). Real-time PCR for quantifi-
cation of eleven individual Fusarium species in cereals.
Journal of Microbiological Methods, 76, 234-240.

Nielsen, L. K., Jensen, J. D., Nielsen, G. C., Jensen, J. E., Spliid,
N. H., Thomsen, 1. K., Justesen, A. F., Collinge, D. B., &
Jorgensen, L. N. (2011). Fusarium head blight of cereals in
Denmark: species complex and related mycotoxins.
Phytopathology, 101, 960-969.

Nielsen, L. K., Jensen, J. D., Rodriguez, A., Jorgensen, L. N., &
Justesen, A. F. (2012). TRII2 based quantitative real-time
PCR assays reveal the distribution of trichothecene geno-
types of F. graminearum and F. culmorum isolates in
Danish small grain cereals. International Journal of Food
Microbiology, 157, 384-392.

O’Donnel, K., Ward, T. J., Geiser, D. M., Kistler, H. C., & Aoki, T.
(2004). Genealogical concordance between the mating
type locus and seven other nuclear genes supports formal
recognition of nine phylogenetically distinct species with-
in the Fusarium graminearum clade. Fungal Genetics
and Biology, 41, 600—623.

Pasquali, M., & Migheli, Q. (2014). Genetic approaches to
chemotype determination in type B-trichothecene producing
Fusaria. International Journal of Food Microbiology, 189,
164-182.

Sakalauskas, S., Stumbriené, K., Supronieng, S., & §vég2da, P.
(2014). Changes in Fusarium Link species composition
from Lithuanian wheat grain in years 2005-2007 to 2011—
2013. Proceedings of the Latvia Unieversity of Agriculture,
32, 45-50.



Eur J Plant Pathol

Salas, B., Steffenson, B. J., Casper, H. H., Tacke, B., Prom, L. K.,
Fetch, T. G., & Schwarz, P. B. (1999). Fusarium species
pathogenic to barley and their associated mycotoxins. Plant
Disease, 83, 667-674.

Supronieng, S., Justesen, A. F., Nicolaisen, M., Mankevicieng, A.,
DabkeviCius, Z., Semaskiené, R., & Leistrumaité, A. (2010).
Distribution of trichothecene and zearalenone producing
Fusarium species in grain of different cereal species and
cultivars grown under organic farming conditions in
Lithuania. Annals of Agricultural and Environmental
Medicine, 17, 79-86.

Supronieng, S., Mankevicieng, A., & GaurilCikiené, 1. (2011). The
effects of fungicides on Fusarium spp. and their associated
mycotoxins in naturally infected winter wheat grain. Plant
Breeding and Seed Science, 64, 123—130.

Suproniené, S., Mankeviciené, A., Kadziené, G., Kacergius, A.,
Feiza, V., Feizien¢, D., Semaskiené, R., Dabkevicius, Z., &
Tamositnas, K. (2012). The impact of tillage and fertilization
on Fusarium infection and mycotoxin production in wheat
grains. Zemdirbyste-Agriculture, 99, 265-272.

Talas, F., Parzies, H. K., & Miedaner, T. (2011). Diversity in
genetic structure and chemotype composition of Fusarium

graminearum sensu stricto populations causing wheat head
blight in individual fields in Germany. European Journal of
Plant Pathology, 131, 39—48.

Wang, J.-H., Ndoye, M., Zhang, J.-B., Li, H.-P., & Liao, Y.-C.
(2011). Population structure and genetic diversity of the
Fusarium graminearum species complex. Toxins, 3, 1020—
1037.

Ward, T. J., Clear, R. M., Rooney, A. P., O’Donnell, K., Gaba, D.,
Patrick, S., Starkey, D. E., Gilbert, J., Geiser, D. M., &
Nowicki, T. W. (2008). An adaptive evolutionary shift in
Fusarium head blight pathogen populations is driving the
rapid spread of more toxigenic Fusarium graminearum in
North America. Fungal Genetics and Biology, 45, 473—484.

Yang, F., Jensen, J. D., Spliid, N. H., Svensson, B., Jacobsen, S.,
Jorgensen, L. N., Jorgensen, H. J. L., Collinge, D. B., &
Finnie, C. (2010). Investigation of the effect of nitrogen on
severity of Fusarium head blight in barley. Journal of
Proteomics, 73, 743-752.

Zhang, H., Van der Lee, T., Waalwijk, C., Chen, W., Xu, J., Zhang,
Y., & Feng, J. (2012). Population analysis of the Fusarium
graminearum species complex from wheat in China show a
shift to more aggressive isolates. PloS One, 7, €31722.

@ Springer



DE GRUYTER
OPEN

Proc.Latv.Univ.Agr,2014,32(327)
DOI: 10.2478/plua-2014-0013

Changes in Fusarium Link Species Composition From Lithuanian
Wheat Grain in Years 2005-2007 to 2011-2013

Simonas Sakalauskas, Karina Stumbriene*, Skaidre Suproniene, Povilas Svegzda
Laboratory of Microbiology Open Access Joint Research Centre for Agriculture and Forestry,
Studentu 15A, Akademija, Kaunas distr., Lithuania

Abstract. Changes in Fusarium species composition from naturally contaminated spring and winter wheat
grain from the years 2005-2007 to 2011-2013 are presented. In general, Fusarium infection spring wheat grain
was much more frequent than in winter wheat. In 2005-2007 F. avenaceum was dominant in both crops, with F.
sporotrichioides, F. poae and F. culmorum isolated at lower levels, and F. graminearum, F. tricinctum, F. equiseti
and F. oxysporum were occasionally found on both spring ant winter wheat. In 2011-2013, £ avenaceum lost
its dominating status among Fusarium isolates in both crops, but the species composition of most frequently
isolated fusaria in spring and winter wheat was quite different: F. graminearum, F. sporotrichioides, F.
culmorum and F. avenaceum constituted the major part of fusaria isolated from spring wheat grain, while in

winter wheat F. poae, F. sportotrichooides and the declining F. avenaceum were dominant.
Key words: Fusarium, spring wheat, winter wheat, grain infection.

Introduction

Fungi of genus Fusarium are the major plant
pathogens of wheat and other small grain cereals,
causing Fusarium head blight (FHB), root rot and
seedling blight. Different Fusarium species vary in
their contribution to yield loss and, especially, to
grain contamination with mycotoxins, as particular
species are able to produce mycotoxins of variable
plant and animal toxicity levels.

Fusarium avenaceum and to lesser extent F.
poae, F. culmorum and F. sporotrichioides were
regarded as dominant species in Northern Europe
(Uhlig, Jestoi & Parikka, 2007; Yli-Mattila, 2010).
Other species, such as F. equiseti, F. oxysporum
and F. tricinctum do not constitute a significant part
of Fusarium isolated from wheat (Kacergius, Drik,
Mankevicien¢ & Suproniene, 2008; Mackinaité &
Kacergius, 2005; Mackinaite, Kacergius, Lugauskas
& Repeckiené, 2006; Mankeviciené, Suproniené,
Dabkevic¢ius & Mackinaité, 2007 ; Suproniené et al.,
2012). In recent years the situation is changing with
F. graminearum, one of the most harmful species in
regard to mycotoxin production, establishing in the
region (Yli-Mattila, 2010).

Fusarium species vary in their distribution, way
of spreading, host specificity, pathogenicity level,
toxicity to humans and animals, and other biological
and ecological characteristics. Therefore, dominant
Fusarium species in wheat are subject to crop type
(spring or winter), crop kind, weather conditions and
fungicide usage.

Of the species most often isolated from
Lithuanian wheat, F. avenaceum, F. culmorum,

* Corresponding Author’s email:
Karina_stumbriene@yahoo.com

F. poae, F. sporotrichioides and F. tricinctum are
commonly found in temperate regions of the world.
F. graminearum, F. equiseti and F. oxysporum are
considered to be cosmopolitan with no obvious
geographical inclinations (Leslie & Summerel,
2000). F. avenaceum, F. equiseti and F. tricinctum
are primarily regarded as soil saprophytes or weak
pathogens and secondary invaders (Chelkowski,
Manka, Kwasna, Visconti & Golinski 1989; Leslie
& Summerel, 2006), though F avenaceum 1is
known to cause FHB — one of the most destructive
wheat diseases (Kang, Zingen-Sell & Bucjenauer,
2005). Of the rest, only F. sporotrichioidesis not
commonly known to cause FHB, and due to its
ability to grow at extremely low temperatures is
more likely to be associated with saprophytic way
of life and is regarded as a weak pathogen (Leslie &
Summerel, 2006). Toxicity is another important trait
of Fusarium species: F. tricinctum, F. oxysporum
and F. avenaceum are not associated with toxicity to
humans and animals and lack the #7i5 gene, necessary
for production of trichothecene mycotoxins (Tan &
Niessen, 2003). Strains of F. poae were reported to
produce nivalenol (NIV), but their toxicity generally
regarded as low (Grabarkiewicz-Szczesna, Foremska,
Kostecki, Golinski & Chelkowski, 1999; Leslie &
Summerel, 20006). F. culmorum, F. graminearum,
F. sporotrichioides and F. equiseti are all known as
ZEA producers, but there is a significant diversity
of synthetized trichothecenes among these species:
F. culmorum produces DON, F. graminearum —
DON and NIV, F sporotrichioides — T-2 toxin, and
F. equiseti — T-2 and NIV (Marasas et al., 1984;
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Kokkonen et al., 2010). Production of mycotoxins
results in these species being connected with animal
toxicoses, moreover, F. oxysporum and F. equiseti are
known as human pathogens (Goldschmied, Friedman
& Block, 1993).

Considering  the  variable  physiological
characteristics, the study of changes in Fusarium
species composition and its connections to
environmental conditions and agricultural practices
might offer new insights for minimising damage to
wheat caused by Fusarium.

Materials and Methods

Wheat grain samples: winter and spring wheat
grain samples for analyses were collected during
harvesting in the years 2005-2007 and 2011-2013
from field trials in Institute of Agriculture and
commercial fields in Lithuania. A total of 277
samples was collected. (Table 1).

Grain samples were analysed in Plant Pathology
and Protection Department and Laboratory of
Microbiology of Lithuanian Research Centre for
Agriculture and Forestry.

For the laboratory analyses, grain samples of 1kg
were taken and kept in a freezer at -20°C until the
conduction of experiments. The agar plate method

was used for internal grain infection estimation. Grain
was de-frosted up to room temperature and surface-
sterilized for 3 minutes in 1 % NaOCI before plating
into Petri-dishes containing potato dextrose agar
(PDA: 250 g potatoes, 10 g glucose, 14 g agar, 1L of
distilled water) and incubated for 7-8 days at 25+2°C
in dark (Mathur & Kongsdal, 2003). Fungal grain
infection incidence was expressed in percentage. The
overgrown Fusarium colonies were isolated, purified
and identified according to Nelson, Toussoun, &
Marasas (1983) and Leslie & Summerell (2006).

Data analysis was done by comparing average
values of two 3-year periods: 2005-2007 and 2011-
2013.

Results

Dominant Fusarium species tend to vary between
spring and winter wheat, and 2005-2007 and 2011-
2013 year periods. 35.33% of spring wheat grain
was infected with Fusarium in 2005-2007 (Fig. 1).
F. avenaceum being clearly dominant species among
these isolates, infecting 17.63% of grain (Fig. 2).
Other frequently isolated Fusarium was 3 to 4
times less abundant: F. culmorum was isolated from
5.73% of grain, F. sporotrichioides — 4.47%, and
F. poae — 4.37%. F. tricinctum and F. equiseti were

Tablel

No. of wheat samples collected for analysis each year

Year No. of spring wheat samples No. of winter wheat samples
2005-2007 44 102
2011-2013 79 52

75.67

29.81
35.33
19.60
spring wheat winter wheat
W 2005-2007 ©O2011-2013

Fig.1. Total count of Fusarium infected grain, %.

46
) _University
Brought to you by | Aleksandras StUIg'nS/&{ﬁhenticated

Download Date | 8/18/17 12:15 PM



S. Sakalauskas, K. Stumbriene,
S. Suproniene, P. Svegzda

Changes in Fusarium Link Species
Composition From Lithuanian Wheat
Grain in Years 2005-2007 to 2011-2013

19.41
19.12
19.11
~— 77 1817
17.63 &
o../
&
o
o,
S
o - 162
573 p & 4 P
o / /"
N E— e SEER
'd
437 [ .”
1.87 7

074 —
0.6%- ——re— 1.02

2005-2007
== [ avenaceum

= pe= . graminearum

e K-« F. sporotrichioides

—p o [ equiseti

2011-2013

F. culmorum
e [ pOGIE
== [, tricinctum

=== others

Fig. 2. Changes in Fusarium species composition in spring wheat
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even less common with 0.77% and 0.67% infected
grain, respectively. Only solitary F oxysporum and
F. graminearum isolates were detected in several
samples, with overall count of these species being
negligible.

In2011-2013 total part of Fusarium infected spring
wheat grain increased to 75.67% (Fig. 1). This was
mostly conditioned by an increase of F. graminearum
(up to 19.41% infected grain), F. sporotrichioides
(19.12%) and F. culmorum (19.11%), also the part of
unidentified “other” fusaria rose to 7.62% (Fig. 2).
Incidence of F. avenaceum, F. poae and F. tricinctum
did not change significantly (to 18.17%, 4.95% and
1.02%, respectively), while only very few isolates F.
oxysporum and F. equiseti were detected.

An average of 19.3% of winter wheat grain was
infected with Fusarium in the years 2005-2007 (Fig.
1). F. avenaceum was also clearly dominant species
with the incidence of 12.9% grain (Fig. 3). Other
species were considerably less frequent: F poae
was found on 1.77%, F. sporotrichioides — 1.57,

F culmorum — 0.57, and F. tricinctum on 0.33% of
grain. F. graminearum, F. equiseti and F. oxysporum
had very low occurrence. Other species were isolated
from 1.97% of grain.

In the years 2011-2013 Fusarium fungi were
isolated from 29.81% of grain (Fig. 1), the rise in
infection incidence in most part associated with
the rise of F poae (isolated from 10.17% of grain)
and F. sporotrichioides (8.14%) (Fig. 3). Incidecne
of F avenaceum dropped almost twice to 6.77%.
Changes in other Fusarium species occurrence were
not that drastic: F. graminearum increased to 2.2%,
F. culmorum — 2.16%, F. tricinctum — 1.87%, and F
equiseti to 0.04% of grain. Incidence of other fusaria
on winter wheat grain remained similar as in 2005-
2007.

Discussion

An increase in total Fusarium incidence from
2005-2007 to 2011-2013 was obvious in both spring
and winter wheat, but in spring wheat this rise was
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Fig. 3.Changes in Fusarium species composition in winter wheat
from years 2005-2007 to 2001-2013, %.

especially steep with total count of Fusarium infected
grain doubling. Generally, Fusarium infection level
remained much higher in spring than in winter wheat
in both time periods: 2005-2007 and 2011-2013.
There was only one dominant Fusarium species in
both spring and winter wheat in the years 2005-2007,
that is F. avenaceum. In this regard, the situation was
similar to other parts of Northern Europe (L&iveke,
2006; Treikale, Priekule, Javoisha, & Lazareva, 2010;
Uhlig, Jestoi & Parikka, 2007). Other Fusarium
species had much lower incidence on wheat grain,

48

and the presently dreaded spring wheat pathogen F.
graminearum was rarely isolated.

The situation changed substantially in the
years 2011-2013. In spring wheat grain there were
now 4 dominant species of F. graminearum, F.
sporotrichioides, F. culmorum and F. avenaceum.
From agricultural point of view this change in species
composition is very adverse, since incidence of
fungi associated with toxicoses (F. graminearum,
F. sporotrichioidesand F. culmorum) and FHB (F.
graminearum and F. culmorum) rather than those
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of weak toxicity and pathogenicity (¥ poae and F.
avenaceum) has increased notably, considering the
reports of Fusarium commonly isolated from wheat
in Northern Europe (Yli-Mattila, 2010; Treikale,
Priekule, Javoisha, & Lazareva, 2010).

F. poae, F. sporotrichioides and F. avenaceum
could be regarded as dominant species in winter
wheat in the years 2011-2013, although last one is
in decline. Considering also that increase in overall
incidence of Fusarium is slower than in spring wheat,
the situation with winter crops seems somewhat
better: there is only one reportedly toxigenic species
of F. sporotrichioides among 3 dominant, and the
incidence of only species commonly associated with
FHB, F. avenaceum, is falling. The rise in incidence
of toxigenic Fusarium in winter wheat was relatively
slow, and the part of grain infected with unknown
Fusarium species is not increasing — it could mean
that no new kind of Fusarium infection is spreading
in these crops.

Conclusions

1. The pattern of Fusarium species composition
between periods of years 2005-2007 and 2011-
2013 changed substantially in both spring and
winter wheat with one dominant species of F.
avenaceum being replaced by several dominant
species.

2. An obvious increase of F. sporotrichioides
was recorded in both spring and winter wheat
between 2005-2007 and 2011-2013, while
incidence dynamics of other species was
dissimilar between spring and winter wheat.

3. Incidence increase of both total Fusarium and
particular species was notably lower in winter
wheat than in spring wheat.

4. Incidence increase in total Fusarium counts
in spring wheat was in major part contributed
by phytopathogenic and toxigenic species: F.
graminearum, F. sporotrichioides, F. culmorum,
while in winter wheat — by relatively weak
pathogens and toxin producers: F. avenaceum.
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