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INTRODUCTION

Fusarium head blight (FHB) is a devastating disease of w(igdticum aestivum L.) that
can give rise to serious losses in harvested gBasides reductions in yield and quality,
harmful levels of mycotoxins can accumulate. Onetleg most important of these is
deoxynivalenol (DON). The European Union have ditlabd a maximum DON content in
unprocessed bread wheat of 12&flg, in flour of 750ug/g and in baby food of 200g/g.
This criteria makes claims on farmers from the aspé food safety of grains both for the

national and the export markets.

Control of FHB can be achieved through various cnegnagement practices that can
reduce factors favoring for epidemic conditionseTihost important variables which may
reduce DON contamination are the previous crolag#, the resistance of wheat cultivar and
the fungicide applicatiorf-or lack of resistant wheat cultivars, in the caéenvironmental
conditions favor for epidemic, the only effectivayto protect the grain is the application of
fungicides. Nevertheless fungicide application haisalways good effectiveness.

Depending on the different fungicides, the biolagiattributes of cultivars and the
environmental and methodological problems the &ffeness of chemical management
moves in wide range. As concerns the fungicides usé&HB management triazole products
were the most efficacious in reducing scab symptand DON content which was
demonstrated in experimental circumstances and aksopractice. Among triazoles
tebuconazole which is in the market since 1988 thad relatively new prothioconazole,
introduced in 2004, had the highest effectivenBssides the eminent efficacy, in some cases
these two active ingredients (a.i.) were also inefiht in decreasing FHB symptoms or even
caused higher DON content.

The contradictory results, found also on differgge a.i., were explained by the sub-
lethal doses of fungicides which act as a stresstaip the fungus, causing the induction of
fungal defense processes and elevated toxin produddamely fungicide effectiveness not
only depends on the chemical type of a.i. but als@s concentration in the plant organs.

The fate of a.i. after spraying is usually strongbsearched area from the aspects of
environmental pollution. Moreover less is known atbloow these a.i. behave after landing on
the plant surface withim vitro circumstances. Active ingredients may be groupedr@ing
to their uptake capacity by the plant and their mitgbin and within plant organs.

Tebuconazole and prothioconazole are known to systéungicides, which mean they can



translocate within plants. Local a.i. movement rbajance concentration differences within
the treated organ, while long-distance translooatay be an advantage if a.i. move towards
the infected organ, or disadvantage if the a.iceotration decrease at the site of infection.

In the case of FHB of wheat, a.i. translocationlthoaigh poorly clarified — may be
significant importance. Translocation from the fleEgaves to the ears could increase a.i.
content in the ears which have composite buildag,law upper but extended lateral surface
making difficult the uniform fungicide coverage.atiitional spraying methods are developed
to the protection of leaves therefore nozzle tygesset to spray vertically to protect as wide
leaf area as possible. At the same time by thiayapg method coverage of ears with their
small upper surface is too low to have sufficiambant of a.i., causing lower protection level
even if the timing and the spraying settlements areomplished properly. In this case
fungicide effectiveness may be much lower than etque

Experiments were set up for enhance the fungicmerage of wheat ears, and in this
way increase the a.i. content and protection bgetarg the spray directly to the heads.
Nozzle types and adjustments were started to be, ugéh which streams could be angled
backward and forward from 30° to 60° degree todbgpray to the lateral surface of ears.
These experiments were usually set up accordintgdcspraying technology applied in the
given countries, so there was no reliable dat&lfargarian farmers.

By the research of the a.i., pathogen and host piéeraction and by the development of
new highly effective spraying technologies not otilg food safety can be secured but the
environmental pollution can be also minimized.

In our research the highly efficient tebuconazotel grothioconazole are chosen to
analyze the aspects of host plant—pathogen—furgigiteractions and to develop more

effective spraying technology.



AIMS

In greenhouse experiments long-distance transtotability of prothioconazole and

tebuconazole investigated after fungicide treatna¢flowering.

* In small plot field trials the amount and distrilmumt of a.i. between organs were
investigated after hand spraying the plots. Furtitee the relationship between the
amount of a.i. and effectiveness and the relatipnsith cultivars and environment were

proposed to be clarified.

* In the spraying-technology development trials own s&vas to investigate that how the
different nozzle types and spraying directions dafluence the amount and the

abundance of a.i. within the plant organs and tfeztveness of chemical management.

« In all three different experiences degradation tase of prothioconazole and
tebuconazole and the influence of environmentabfacand cultivars were investigated

during the most susceptible phenophase of of wheat.

MATERIALSAND METHODS

Plant material
Three wheat cultivars differing iRusarium resistance were used in all tests: the GK Békés
cultivar with awns, which is susceptible to FHBdahe awnless cultivars GK Kaldsz, which

is also susceptible, and GK Fény, which is modbraésistant to FHB.

Fungicide
Throughout the entire experiment fungicide contaarii25 g/l prothioconazole and 125 g/l

tebuconazole was used for the treatments.

Greenhouse experiments
In the translocation test the fungicide mixture va@plied in 3 different treatment groups

in 3 repeats according to collection times. For eélkamination of basipetal movement, ears



were treated, and for the examination of acropesalslocation, flag leaf blades were treated
with fungicide. The movements of a.i.-s in the eaese tested by applying fungicide to the

spikelets on the same side of the ear. Samples eodlected at 2 h, and 2 and 4 days after
treatment, except for the half ear treatment wisaraples collected at 2 h, and 2 and 4 days

after treatment.

Small plot field trials

Field trials were carried out in Szeged in 2010 28#1. Wheat cultivars were sown into 5.2
m? plots in 3 replicates per treatment, arranged iarglomized complete block design. The
mix of 125 g h& prothioconazole and 125 g-h&ebuconazole in 500 | Havater was applied
by hand sprayer. No additional adjuvant or surfaicteas used. Untreated control plots were
not sprayed by fungicide. ThEusarium inoculum was produced on Czapek-Dox liquid
culture from the~usarium culmorum isolatesF. c. 12375 and-. c¢. 12551. Bunches of 15-20
ears were inoculated 2 days after fungicide sprayirboth fungicide-treated and non-treated
plots. All side of ears was covered with 15-20 mbdulum. Bunches were covered with
polyethylene bags for 48h to maintain moisture a@ios. Disease symptoms were evaluated
12, 16 and 20 days after inoculation by the pesgmnbdf scabby spikelets for the whole group
of ears. Harvested bunches were threshed Fusdrium-damaged kernels (FDK) were
assessed visually as the percentage of scabbysgrain

Soraying-technology devel opment trials

Field trials were carried out in Kiszombor in 2040d 2011. Winter wheat was shown at a
rate of 550 seeds frinto corn debris to enhance inoculum source. Bachof the varieties
was divided into three parts according to the thidkerent nozzle types. The plot shape
adapted to the spraying equipment so they werenSabde and 70 m long in 2010 and 5.5 m
wide and 40 m long in 2011. For control the same of plots were used without fungicide
treatment.

Spraying was made at mid-anthesis by a standardtotremounted field sprayer
(Agromehanika AGS 600 E, 12 m boom). The spraymelwvas 250 | hadriving speed was
8 km H'.The boom equipped with different nozzle types spa®.5 m apart from each other.
Nozzle configurations were: 1) flat fan nozzle (XReJet) used for spraying ears vertically;
sideward spraying nozzles: 2) twin flat fan noZZlarbo TeeJet Duo) with medium drop size
and 90 degree between fans; 3) wide angle flatrnfazzle (Turbo FloodJet) alternately



forward and backward along the boom with very oeailsoplets and about 120 degrees
between fans. FHB was assessed 20 days afterisgrayi

For the measurement of ear coverage water senpapers (WSP) (TeeJet, Spraying Systems
Co., Wheaton, USA) were fixed into a rod and staotbng the wheat heads at the height of
the ears. After spraying wsp-s were collected ankerage was calculated by pixel analysis
software (GSA ImageAnalyser). For spray depositamsay tracer dye (0.2% ‘Green S,
Merck Chemical Ltd.) was mixed into the spray IdjuCoverage of randomly selected 20

ears assessed visually under UV light (365 nm vesngth) as percentage.

Sample collection

Field samples for a.i. quantification were collec&h and 2, 4 and 8 days after spraying. At
each sampling time, 10 randomly selected ears théhstem containing the flag leaves were
collected from each small plot of the 3 replicatdsa given cultivar while in spraying-
technology trials time 30 randomly selected plamse collected from the sub-plots of each
nozzle. Collected plant material was stored at’QQ@intil processing.

Analysis of a.i. and DON content

For a.i. quantification separated parts of the tglamere-freeze dried (LYOVAC GT2,
Leybold Heraeus GmbH, Kdln, Germany) and weigheain@es were cut into pieces or
homogenized and extracted with 12.5 ml gf an acetonitrile/water (8/2, v/v) mixture.
Internal standard imazalil (Sigma-Aldrich Co., Bbuis, Missouri, USA) was added to the
extract to correct for the variability of the chratographic injection and the MS detection
response. Recovery of the method for all analyte®d between 98 and 100%, depending on
the plant organ and the a.i.. For DON quantificatseed samples were homogenized and
extracted with an acetonitrile/water (84/16, v/v)xwmre, centrifuged (10 000 rpm) and
filtered through AlOs/activated charcoal.

Quantification of a.i. was performed on an HP 1080id chromatograph connected to a
Varian 500 MS ion trap mass spectrometer in pasitbnization mode with an electrospray
ionization (ESI) source. DON content was measured High-performance liquid
chromatography (HPLC) with DAD (diode-array) detext

Satistical analysis
Statistical analyses were made with SPSS 19 sa@t@BM Corporation, New York, USA).

Disease severity data were analyzed by three amdway analysis of variance (ANOVA)



with post hoc Tukey HSD test, while a.i. content data were aredyby repeated measures
ANOVA (RMANOVA) with post hoc Bonferroni correction. Significant differences weset
up at 0,05 level.

The degradation curves of a.i.-s were charactetgezkro-order and first-order kinetics.

RESULTSAND DISCUSSION

Greenhouse experiments

In greenhouse experiments, after treating the faf blade with the 1:1 mixture of
prothioconazole and tebuconazole, there was nataéle prothioconazole acropetally in the
ear. During the first 8 days after the treatmentsmore than 3.13% prothioconazole-desthio
and 0.5% tebuconazole were detected in the egroftd of total a.i. content as reference).

Prothioconazole-desthio was proved to be the ninstdant metabolite of prothioconazole.

After ear treatments, 2.8% prothioconazole-destind 4.9% tebuconazole were detected
basipetally in the flag leaf blade.

After the treatment of the spikelets on the halkesof the ear, there was no prothioconazole
translocation detected, while 1.1-6.4% prothiocoterdesthio and 2.2-19.8% tebuconazole
were found in the flag leaf blades. Translocatietween spikelets resulted in a measurement
of 7.1-15.5% prothioconazole-desthio and 3.2-9.8btuitonazole in the non-treated spikelets.

It can be concluded that no significant a.i. trémsation of compounds was come to pass.
Neither acropetally nor basipetally could have bdmtance the possible concentration
differences between the ear and flag leaf bladéy @oderate redistribution of a.i. was found
between spikelets. The results suggest that padherzole and tebuconazole sholuld be

sprayed as uniformly as possible into the eargtdlge most proper protection.

Small plot field trials

In field experiments, when the fungicide was spday®y hand on small plots, the
concentration of a.i. (referred to dry weights) @uts after treatment was double in the flag
leaf blade compared to the ears, nevertheless @atatontent was higher in the ear at the

same time.



In a very severe epidemic situation, the decredsgraptoms was even more than 40% in a
susceptible variety, while at a less severe inbecpressure, that is rather typical to wheat
production, FHB decreased by more than 80%, theepésige ofFusarium damaged kernels
(FDK) and deoxynivalenol (DON) content by more tH20%6, when the initial content of

prothioconazole-desthio was 1.70 (x0.44)in the ears and of tebuconazole 4.81 (x1,4f3)

Spraying-technology devel opment trials

In spraying-technology trials, following the usagfesideward-spraying Turbo TeeJet Duo,
a.i. concentration in the ears was 1.4 times higfin@n after using the vertically-spraying XR

TeelJet. Turbo TeeJet Duo is a twin type nozzle widdium sized droplets and 90° between

forward and backward stream.

After spraying with Turbo FloodJet nozzles (largepdets, 120° between forward and
backward steam) fungicide coverage and a.i. cortfesmiged by varieties and were remained
unstable. The efficacy of this nozzle type wasgame as Turbo TeelJet Duo’s, when awned
variety was sprayed. Awns can collect more drodlets the nearly horizontally discharged
large droplets. After spraying with Turbo Flood®et, concentration in the ears was 1.2 times

higher than after using the vertically-spraying X&eJet.

As comparing the the different spraying methodsata contents in the flag leaf blades after
fungicide aplication, it can be concluded that kinghest amount of a.i. was measured after
using the vertically spraying XR TeelJet, that wasantrast with the results found in the ears.
A 1.3 times increase occurred than with Turbo TeBid® and 1.6 times increase than with
Turbo FloodJet.

Total a.i. content in the overall wheat plants wasrly the same after spraying with XR
TeeJdet and Turbo TeeJet Duo, while it was muchd@iter using Turbo FloodJet. By means
of changing the direction of spraying, the interdatribution of a.i. could also be changed,

and enhanced in the ears.

In the spraying-technology trials what was carmed in 2010 under very severe epidemical
conditions, FHB decreased on the average by 87%, dd2reased by 81% and DON content

was reduced by 75% after fungicide spraying. Howetreere was no significant difference



found between the each nozzle types, as for digksgease, that was very high with all three

spraying methods.

Degradation of active ingredients

In the greenhouse experiments, the ratio of protmazole-desthio increased when the
sampling time was lengthened as compared to pharole, after treating the whole ear,
the half side of the ear, and the flag leaf bladepectively. Tebuconazole was proved to be
the most stable compound, since its ratio was avhagher, after the initial 1.1 ratio at the 2

hours samples, as compared to prothioconazoletanakitabolite.

In the field experiments, the amount of prothiocmia was already measured under the
detectable limit, 2 hours after spraying. Furthemnthe amount of prothioconazole-desthio
which was also a metabolite was much less thaelmfdonazole, therefore we supposed the

presence of other metabolites.

The speed of degradation of a.i. showed first oideetics, but in some cases zero order
kinetics was better fitted to the degradation cutkie latter probably caused by the relative
short (8 days) measurement period. The minimumtliealbf prothioconazol-deztio was 1.9

days that of tebuconazole was 5.3 days in the wheseas this parameter was 1.7 days for

prothioconazole-desthio, and 4.8 days for tebucnlean the flag leaf baldes.

Prothioconazole-desthio content decreased faster tdbuconazole both in the ears and flag
leaf blades. Both compound degraded faster inlt#weléaf blade than in the ear. Comparing
the three cultivars, the degradation of a.i. was slowest in the GK Fény variety in both
years and plant organs. These results reflect dde aqnew cultivar effect that may alter the
efficacy of fungicides used.

CONCLUSION

Based on these results it can be summarised, tb#tigconazole, its main metabolite

prothioconazole-desthio and tebuconazole do naotloaate between ear and flag leaf blade



of wheat, after spraying at anthesis in a manneaf tould balance the concentration
differences among these plant organs. Accordirfglygicide spray should be directed to the
site of protection, namely to the ears, in ordegéo sufficient control. The tested fungicide
decreased FHB symptoms with very good efficacy, iasistance of varieties had also
significant effect. In the practice of FHB managemeideward-spraying nozzles with 90°
between forward and backward stream, spraying widdium droplets, will enhance the

fungicide coverage of ears as well as their aghgeedient content.
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