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Summary

International and Austrian Triticum aestivum L. and Triticum durum Desf,
genotypes were investigated on their head blight sensitivity after artificial inocu
lation with one Fusarium culmorum and two Fusariutti graminearum inocula.
The spread of the disease was evaluated four to five times, The area under the
disease progressing curve (AUDPC) was calculated and standardized (SAUDPC) ..
Determination of relative ear weight and relative grain yield compared to unino
culated controls were carried out. The analyses of the data of these field parame
ters revealed the presence of significant quantitative differences in head blight
susceptibility among the investigated genotypes (means of the SAUDPC of the
varieties ranging from 0.10 (high sensitivity) up to 0..74 (low sensitivity) with LSD
5 % = 0.06). All Triticum dumm genotypes were very susceptible. 'Significant
interactions occurred between genotypes and isolates. The correlation between
the visual evaluation data at the 14t h day after inoculation and SAUDPC was
- 0.95. Highly significant correlations were also detected between the data for
SAUDPC and relative yield (r=0.75) and between the data of relative ear weight
and relative yield (r=0~91) (for all r: P<O.l%). Significant correlations were
found between the field data of the individual inocula.

Key-words: Fusarium, head blight, wheat, resistance breeding.

Zusammenfassung

Ein internationales (25 Prüfglieder) und ein österreichisches (47 Prüfglieder)
Sortiment von Winterweizen- (Triticum aestivum La) und Durumweizen- (Triti
cum durum Desf.) Genotypen wurden nach künstlicher Inokulation mit einem
Fusarium culmorum und zwei Fusarium graminearum Inokula auf Toleranz
gegen Ährenfusariose geprüft. Die Ausbreitung der Krankheit wurde vier- bis
fünfmal bonitiert und die Fläche unter der knankheitsverlaufenden Kurve
(AUDPC) berechnet und standardisiert (SAUDPC). Neben diesen Parametern

1 This project has been financed by the Ministry of Agriculture and Forestry, Austria
(Forschungsprojekt Nr. L687/91)..
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zur Erfassung der Fusarienresistenz ermittelte man durch den Vergleich mit den
unbehandelten Kontrollen das relative Ährengewicht (REW) und den relativen
Kornertrag (RY) aller Prüfglieder. Die Analyse der Daten dieser Merkmale
signifikante quantitative Differenzen in der Anfälligkeit der Weizengenotypen auf.
Die SAUDPC variierte von 0.10 (hochanfällig) bis 0.74 (wenig anfällig), bei einer
Grenzdifferenz von P<5 % = 0.06. Alle Durumweizen-Genotypen waren sehr
anfällig. Zwischen den Genotypen und den verwendeten Isolaten konnten
kante Wechselwirkungen gefunden werden. Die signifikanten Korrelationen zwi
schen den visuellen Bonituren am 14. nach der Inokulation und den Flächen
der krankheitsverlaufenden Kurve betrugen im Durchschnitt - 0.95. Zwischen
den Daten dieser Kurven (SAUDPC) und den relativen Kornerträgen (RY) konnten
signifikante Korrelationen gefunden werden 0.75); das ebenfalls für die
Beziehungen zwischen den relativen Ährengewichten (REW) und den relativen
Kornerträgen (RY), r=0.91. Auch zwischen den Daten aus unterschiedlichen Ino
kulum-Behandlungen waren hohe Korrelationen feststellbar .

Schlüsselworte: Fusarium, Ährenfusariose, Weizen, Resistenzzüchtung.

1. Introduction

An increase in the incidence of Fusarium head blight (scab) on wheat has been
observed during the last years in Austria. One of the major reasons is the in
creasing part of wheat cultivation in the crop rotation, combined with cropping of
maize and intensive nitrogen application (ZWATZ 1987). Nine different Fusarium
species have been isolated from wheat in Austria: F. culrnorum, F. aoenaceum, F.
graminearum, F. poae, F. equiseti, F. sambucinum; Gerlachia nivalis, F. oxyspo
rum and F. solanaceum (ADLER et a1. 1990, ZWATZ 1987). The most important
pathogens of head blight of wheat are Fusarium graminearum (ADLER et al, 1990)
and Fusarium culmorum (ZWATZ 1987).

Infestation of the ear has several consequences: 1. yield reduction, 2. starch,
proteins and cell walls of infected are destroyed causing reduction of bak-

quality, 3. infestation of the embryo leading to reduction of seed quality and
4. produetion of mycotoxins (ZWATZ 1987, MIEDANER and WALTHER 1987). Several
Fusarium spp. produce mycotoxins which have toxic effects on humans and do
mestic anirnals, Fusarium culmorum and Fusariurri graminearum are the main
producers of deoxynivalenoI (DON, vomitoxin) on wheat et al, 1990,
MILLER and GREENHALGH 1988). DON belongs to the class of trichothecenes B.
Biochemically, trichothecenes, including DON, are Inhibitors of protein and DNA
synthesis. DON affects the immunesystem of animals (WORLD HEALTH ORGANIZA
TION 1990). Decreased feed intake and weight gain, vomiting and feed refusal of
domestic animals due to DON contamination of the fodder have been reported. It
has been suggested that trichothecenes promote human esophageal carcinogene
sis (Luo et al. 1990). Fusarium culmorutti and Fusarium graminearum also pro
duce zearalenon which has an oestrogenie mode of action on animals. The pres
ence of Fusarium. texins- in naturally contaminated wheat in Austria has been
demonstrated (APLER etal, 1990).

At present thepossibikties for chemical control of head blight are Iimited,
because an effective fungicide is not available, The above mentioned Fusariurn
spp.are polyphageous and attack wheat as weIl as other important crops (ZWATZ
1987). Headblight and .the production of rnycotoxins can possibly be controlled
by cultivation of resistant wheat varieties. A wide range of resistance among
wheat genotypes has been observed (MIELKE 1988, SAUR :L99l, SNIJDERS 1990 a,
ZWATZ 1987, 1988). Although highly resistant varieties such as "Nobeokabozu"
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(Japan), "Sumey-3" (China) and "Frontana" (Brazil) have been described (TEICH
1989, ZHONG and MILLER 1987, MESTERHAZY 1989), complete resistance was not
found (NAITO et aL 1984, MIELKE 1988). Several mechanisms for genetic resistance
have been reported (TEICH 1989). A cultivar may be resistant to Initial infection,
to hyphal spread and/or to the mycotoxins. The number of genes governing
resistance varies from 2 to 3 (3 dominant genes in cultivar "Shinchunaga": Naka
g~wa 1955; 2 to 3 genes in cultivar "Sumey-3": ZHOU et aL 1987) up to 6 (in 10 SVP
winter wheat cultivars: SNIJDERS 1990b) and more (polygenie; GOCHO 1985, Gu
1983). Several reports demonstrated that resistant varieties can be used success
fully in breeding programmes to improve head blight resistance (MESTERHAZY
1987, 1989, TOMASOVIC 1989, ZHOU et al. 1987).

Based on the data described above, it was decided to start a Fusarium resis
tance breeding programme in cooperation with Austrian breeders to improve the
head blight resistance of their breeding materiaL In this article the first results
are presented. Austrian and international Triticum aestivum and Triticum
dumm breeding lines were tested for head blight resistance after artificial inocu
lation with Austrian Fusarium isolates.

2. Material and Methods

2.1 Wheat breeding material

In 1990 research institutes from five European countries (Hungary, The Neth
erlands, France, Germany and Austria) formed a winter wheat nursery of 25 Tri
ticum aestivum genotypes (five genotypes per country) which were tested in
each country. In Austria this material was sown in 10 m2 plots at the experimen
tal station in Groß-Enzersdorf near Vienna.

For the evaluation of the level of resistance of the national breeding material, 40
Austrian wheat breeding genotypes (23winter Triticum aestivum and 17 Triticum
dururn) as weIl as seven control varieties (commercial Austrian varieties) were
investigated. Theywere cultivated in 10 to 15 m- plots in Probstdorf near Vienna,

All data presented originate from field trials in 1991.

2.2 Production o f single spore isolates

Fusarium isolates were obtained as described (NELSON et al. 1986) from visibly
infected wheat kernels harvested in Austria in 1990. Single spore isolates were
obtained as folIows: sterile water drops were put on a sterile cover glass. Dilution
of a Fusarium suspension was performed by dipping the point of a sterile needle
in a droplet containing Fusarium suspension and transferring part of this
suspension to the next sterile water droplet. This procedure was repeated until
the last drop contained one macroconidium as controlled with a microscope. All
drops but the last one were disinfected with ethanol (95 0/0) and the cover glass
was incubated upside down on potato dextrose agar (20 gr/l) at 25°C. The iso
lates were identified according to NELSON et al. (1986). The identity of the isolates
was confirmed by Dr. MESTERHAZY (Cereal Research Institute, Szeged, Hungary).

2.3 Production o f inoculum

The required amount of inoculum for the experiments was prepared with the
bubble breeding method (MESTERHAZY 1977). A liquid modified Czapek-Dox
medium (up to 10 1) was inoculated with the desired Fusarium isolate and contin
uously aerated with sterile air. After one week at room temperature, the suspen
sion was homogenized with a blender (10 s) and was ready for use.
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2.4 Determination o f the number of colony forming units/ml

Inocula were diluted (1 : 10 to 1: 100000) and 1 ml was plated out in Petri-dishes
(diameter 15 cm) filled with Nash-Snyder-PCNB medium (NELSON et al. 1986) in
three replications. After three days at 25 0 C the colony forming units were
counted.

(1)

2.5 The Petri-dish test

The Petri-dish test (MESTERHAZY 1978, 1984) was carried out to 1) find out
whether the inocula used in the field tests are pathogenic and 2) determine the
virulences of these inocula. Filter paper was laid out in Petri-dishes and 8 rnl of
inoculum was added. Twenty five seeds per wheat genetype were placed with
their embryo upwards on the paper. The dishes were incubated in the dark at
25 "C, On the 2nd day after inoculation the number of germinated kernels was
counted, and this number was taken as the control (100 0/0). Frorn the 3rd up to the
6th day the number of healthy seedlings was daily counted and expressed as frac
tion of the control.

Data processing was carried out as foliows. The percentage of healthy seed
lings was plotted against the days after inoculation. The data were connected
with straight lines and the area (X) under the curve from the 2nd day to the 6th day
was calculated and standardized according to formula (1).

SA = X % x day - 50 °/0 x day
400 % xday - 50 % x day

SA =standardized area,
x= area under the curve (in %x day) ,
50 = area under the curve if all seedlings were diseased at the 3th day after inoculation (in

e x day),
400 =area under the curve when all seedlings would remain healthy (in % x day).

The SA varies from 0 to 1: a low SA indicates a high virulence of the inoculum.

2.6 Properties of the inocula used in the field experiments

Inocula were prepared from three different single spore isolates (see table 1):
Fusarium graminearum nr. 91031 and 91047 (isolated from Triticum durum ker
nels) and Fusarium culmorum nr. 91401 (from Triticum aestivum). The number
of colony forming units/rnl was determined as described above. An assortment of
30 different Austrian commercial wheatvarieties was used to determine the viru
lence of the inocula applicated in the field tests. This was carried out with the
Petri-dish test as described before. The mean of the SA values for the 30 vari
eties was taken as a measure for the virulence of an inoculum. The virulence of
the inocula was tested before and after the field inoculation period and proved to
remain constant during this period.

Table 1

Characteristics 0/ the inocula 0/ Fusariurn culmorum and Fusariutri graminearum,
describeä by source, colony jorming units and virulence

Isolate
number

Inoculum Fusarium.
number species Source

Colony
forming
units/ml

Virulence
before and after
field inoculation

91031
91047
91401

1
2
3

F.gram.
F. gram.
F. culm.

T. durum
T. durum
T. aestivum

54 X 104

69 X 104

138 X 104

0.61
0.06
0.66

0.65
0.08
0.67
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2.7 Field inoculation

Bunches of 25 ears were inoculated at anthesis by spraying 20 ml of a Fusa
rium suspension directly on the heads. The ears were covered with a plastic bag
for 24 hours (MESTERHAZY 1978). Each inoculum was sprayed on a separate bou
quet. Control bunches were treated in the same way, but with distilled water.
Three replications were used within the same plot.

Visual evaluation started on the 10th day after inoculation and was repeated
every 4t h day until ripening of the wheat makes visual evaluation of the disease
impossible (four times for the international wheat nursery and five times for the
Austrian breeders material). The percentage of bleached spikelets in the inocu
lated bunch was estimated according to the following scale: 0 = no symptoms;
4 = 100 % diseased; between 0 and 1 disease symptoms were estimated at one
decimal exactly, between 1 and 4 at half a unit).

The bouquets were harvested after ripening and ten representative ears per
bunch were used for further analysis. The length, ear weight and yield of the ten
ears as a whole was determined. The Austrian wheat breeding material was
threshed with a single ear thresher, the international wheat nursery material by
hand, In the latter material the number of kernels were counted.

The data of visual scoring of the disease development were processed as fol
lows. The data were plotted against the day after inoculation and were fitted to a
logistic curve according to equation (2);

(2)a
y= (1+b x e- C X X)

For linearisation of the data, equation (3) was used;

ln(a/(l-y»=lnc+bxx (3)

The area under the disease progressing curve (AUDPC) was calculated by inte
gration of equation (2) (from day 0 (inoculation) to the last day of visual evalua
tion). The standardised AUDPC (SAUDPC) was then calculated with equation (4);

SAUDPC= l-AUDPC/AUDPCmax (4)

where AUDPCmax is the maximum possible area obtained when on the 10th day
after inoculation all spikelets in the bunch would be diseased.

The data for the SAUDPC range from 0 to 1: a low SAUDPC indicates a low
resistance of the wheat genotype or a highly virulent inoculum.

In order to compare different wheat genotypes, relative ear weight (REW), rel
ative ear length (REL) and relative kernel yield (RY) of ten ears were calculated
(relative to the characters of the non inoculated control bundlas which are all
1.00). In addition relative number of kernels (RKN) and relative 1000-kernel
weight (RTKW) were calculated for the material in the international nursery.

Yiik=J.L+Gi+Ij+Rk: Gi+(Gx I)ij (5)

in which G stands for genotype, I for inoculum and R for replication. R was con
sidered a random effect, G and I fixed, Analyses of variance were carried out
with Plabstat Version 2C (UTZ 1987).

The following symbols indicating significance levels were used: ***, P< 0.1 0/0;
**, P< 1 °/0; *', P< 5 0/0; ns, not significant; +, P< 10 %.

2.8 Statistical analysis
The model used in the analyses of variance of the field data is summarized in

equation (5):
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List 01Abbreviations
A:
AUDPC:
DON:
F:
G:
Ge:
H:
I:
N:
PCNB:
R:
REL:
REW:
RKN:
RTKW:
RY:
SA:
SAUDPC:

Austria
area under the disease progressing curve
deoxynivalenol
France
genotype
Germany
Hungary
isolate
The Netherlands
pentachloronitrobenzene
replication
relative ear length
relative ear weight
relative kernel number
relative 1000-kernel-weight
relative kernel yield
standardized area
standardized area under the disease progressing curve

3. Results

3.1 International wheat nursery

The spread of head blight disease in artificially inoculated bunches is illus
trated in fig. 1 with two examples of winter wheat genotypes with different resis
tance. Für the genotype Bence the percentage of diseased spikelets for inoculum
1 at the 14th day after inoculation was about 5 % (fig. lA) while it was 50 % in the
case of the variety SL 8/80-28 (fig. 1B). All three inocula were pathogenic and dif
ferent in their virulence as shown by their virulence order 2> 3> 1 for both geno
types.

The infestation score (SAUDPC) of the field trials with the three inocula and
the results of the analysis of variance are illustrated in table 2. Significant differ
ences were detected between the wheat genotypes. The best genotypes were
Bence, Arina and 81 F 3 79. The investigated Austrian genotypes showed moder
ate (NR 172/90) to high sensitivity (SL 8/80-28). A significant interaction occurred
between genotypes and isolates. This effect was however small in comparison
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1: Spread oj head blight symptoms in the genotype Bence (jig. JA) and the genotype
SL8/80-28 (fig. 1B) after artijicial inoculation with three isolates
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Table 2

Data and analysis 0/ variance table JOT SAUDPC data 0/ the international wheat nursery.
The genotypes were sorted in descending order 0/ resistance. The country 0/ origin 0/ the
genotype is indicated between brackets. 1) mean oj three replications; 2) overall mean oj

three replications and three inocula

SAUDPC
Inoculum

Genotype

BENCE (H) 0.90 0.66 0.68 0.75
ARINA(N) 0.79 0.61 0.69 0.70
81 F3 79 (F) 0.88 0.56 0.67 0.70
82 F3 28 (F) 0.88 0.52 0.67 0.69
SVP 75059-28 (N) 0.83 0.55 0.66 0.68
SVP 72017-17 (N) 0.81 0.52 0.58 0.64
85-92 (H) 0.76 0.51 0.61 0.62
204/81/03 (Ge) 0.71 0.59 0.57 0.62
25/83/02 (Ge) 0.74 0.44 0.65 0.61
SVP 72005-20 (N) 0.77 0.52 0.54 0.61
NR 172/90 (A) 0.75 0.50 0.56 0.60
SGV/GT-Pdj*Ohr (H) 0.73 0.48 0.55 0.59
P4?.71.88 (A) 0.74 0.41 0.57 0.58
SZOKE (H) 0.73 0.48 0.50 0.57
COPAIN (F) 0.76 0.41 0.54 0.57
47/83/02 (Ge) 0.72 0.43 0.53 0.56
RC 103 (F) 0.73 0.41 0.48 0.54
163/81/01 (Ge) 0.76 0.34 0.44 0.51
P2119.89 (A) 0.75 0.37 0.36 0.49
SL 34/81-21 (A) 0.72 0.34 0.35 0.47
77/82/01 (Ge) 0.68 0.35 0.35 0.46
SVP 75059-32 (N) 0.58 0.28 0.41 0.42
ZOMBOR(H) 0.50 0.29 0.35 0.38
RESCLER (F) 0.55 0.24 0.28 0.36
SL 8/80-28 (A) 0.60 0.15 0.20 0.32

Mean 0.73 0.44 0.51 0.56

Analysis of Variance Table
Source DF SS MS F LSD5 DF-DN

G 24 2.72 0.113 25.05** 0.06 50
I 2 3.56 1.789 454.47** 0.02 100
R:G 50 0.23 0.005 1.16ns 0.10 100
I*G 48 0.38 0.008 2.01** 0.10 100
REST 100 0.39 0.004
TOTAL 224 7.27

with the effects of genotype and isolate. The field virulences of the inocula were
significantly different (LSD 5 = 0.02) and was the highest for inoculum 2, the low
est for inoculum 1.

A summary of the results as weIl as of the analysis of variance of the other
field parameters are presented in table 3.. Significant differences between wheat
genotypes and between inocula were found for all parameters tested except for
relative ear length (results not shown). This parameter was apparently not influ
enced by the disease. Significant differences between replications within the
genotypes for the REW, RY, RKN and REL (result not shown) were detected. Sig
nificant interactions between genotype and isolate occurred for the relative
values of kernel yield, kernel number and 1000 kernel weight, but the effect is
small in each case.
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Table 3

Summary 0/ the data of the field parameters and their analysis 0/ variance for the interna
tional wheat nursery (1): n= 75)

REW RY RKN RTKW
Inoculum 1 2 3 1 2 3 1 2 3 1 2 3

Maximum') 1.02 0.98 1.02 1.10 0.61 0.86 1.12 1.02 1.12 1.10 0.92 0.89
Minimum-) 0.46 0.32 0.33 0.27 0.13 0.16 0.46 0.21 0.45 0.41 0.22 0.25
Mean1) 0.77 0.58 0.60 0.66 0.37 0.43 0.88 0.69 0.78 0.76 0.56 0.56

Source DF MS F MS F MS F MS F

G 24 0.072 2.44** 0.097 4.73** 0.112 4.55** 0.139 8.77**
I 2 0.822 106.95** 1.758 144.99** 0.694 52.67** 0.998 89.02**
R:G 50 0.029 3.85** 0.021 1.69* 0.025 1.87** 0.016 1.41+
G*I 48 0.011 1.41+ 0.021 1.74* 0.020 1.53* 0.017 1.53*
REST 100 0.008 0.012 0.013 0.011
TOTAL 224

The coefficients of correlation between all data of single visual scores,
SAUDPC and the other field parameters were calculated and the results are pre
sented in table 4. The correlation between the visual evaluation data at the 14th

day after inoculation and SAUDPC was - 0.96. Highly significant correlations
were also detected between the data for SAUDPC and relative ear weight
(r=0.65), relative yield (r=0.75) and relative 1000 kernel weight (r=0.62)
(P< 0.1 0/0). A very high correlation coefficient was calculated between the data of
relative ear weight and relative yield (r=O.91). Fig.2 shows the relationship
between the SAUDPC and the relative yield. A regression of relative yield (Y) on
the SAUDPC (X) was estimated by Y= 0.017 +0.838 x X with a coefficient of
determination (R2) of 56 %.

On compairing the data of the field parameters of each inoculum, significant
correlations were found (table 5), especially between inoculum 2 (Fusarium
graminearum from Triticum durum) and inoculum 3 (Fusarium culmorum from
Triticum aestivum).

RY
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Fig.2: Linear regression 0/ the relative kernet yield (RY) on the SAUDPC for the interna
tional wheat nursery
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Table 4

Table 0/ correlations between the data 0/ single visual scores (VS), SA UDPC and other jield
parameters in the experiment 0/ the international wheat nursery. For all correlation coeffi

cients P< 0.1 % except between RTKW and RKN

VS 14 VS 18 VS 22 SAUDPC REW RY RKN RTKW

VSlO 0.83 0.71 0.63 -0.90 -0.54 -0.64 -0.52 -0.45
VS14 0.86 0.79 -0.96 -0.62 -0.73 -0.45 -0.62
VS 18 0.88 -0.91 -0.65 -0.72 -0.39 -0.64
VS22 -0.84 -0.65 -0.71 -0.34 -0.66
SAUDPC 0.65 0.75 0.48 0.62
REW 0.91 0.55 0.75
RY 0.65 0.79
RKN 0.08 ns

Table 5

Results 0/ a correlatioti analysis between the data 0/ the field parameters 0/ the interna
tional nursery jor the individual inocula

Inocula
SAUDPC
1 2

REW
1 2

RY
2

RTKW
1 2

2
3

0.63*** 0.55*** 0.28* 0.41***
0.74*** 0.73*** 0.51*** 0.72*** 0.38*** 0.62*** 0.51*** 0.64***

3.2 Austrian wheat breeding material

The means of the SAUDPC and other field parameters as well as the results of
the analysis of variance for SAUDPC are summarized in table 6. A large variabil
ity in head blight sensitivity was present with the mean of the SAUDPC ranging
from 0.83 for the genotype WW2 down to 0.18 in the case of DW10 (LSD5=0.06).

Some genotypes were significantly better than the best standard Martin. All Tri
ticum dumm genotypes were very susceptible. Significant differences between
the replications and a significant genotype-isolate interaction occurred in this
experiment. The field virulencies of the inocula were significantly different
(LSD5 = 0.01). The order of the virulence of the inocula was identical to the one
found for the international wheat nursery.

Table 6

Summary oj the data for SAUDPC, REYV: and RY and analysis oj variance table for
SA UDPC oj the Austrian wheat breeding material. The Triticum aestivum (WVV) and Triti
cum durum (DVVJ genotypes teere separated and sorted in descending order 0/ resistance.
Martin, Perlo, Capo, Bonadur, Grandur, Goldur and Astrodur are commercial Austrian
varieties used as standard, 1) mean oj three replications, 2) overall mean 0/ three replica-

tions and three isolates

SAUDPC REW RY
Inoculum

Genotype 11) 21) 31
) Mean-) Mean-) Mean")

WW2 0.90 0.78 0.80 0.83 0.76 0.74
WW3 0.96 0.68 0.70 0.78 0.71 0.58
WW1 0.81 0.64 0.74 0.73 0.69 0.59
WW7 (MARTIN) 0.84 0.64 0.65 0.71 0.60 0.46
WW24 0.84 0.63 0.66 0.71 0.57 0.39
WW6 (PERLO) 0.83 0.55 0.67 0.68 0.62 0.53
WW5 0.78 0.57 0.64 0.66 0.56 0.43
WW20 0.78 0.49 0.55 0.61 0.50 0.34
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Inoculum
Mean")Genotype 11) 21) 31) Mean2) Mean")

WW4 0.76 0.43 0.62 0.60 0.56 0.44

WW8 (CAPO) 0.71 0.50 0.52 0.57 0.48 0.31

WW23 0.81 0.44 0.47 0.57 0.63 0.54
WW25 0.74 0.44 0.52 0.57 0.66 0.52
WW10 0.73 0.44 0.51 0.56 0.65 0.46
WW9 0.73 0.47 0.47 0.55 0.53 0.36
WW14 0.64 0.49 0.47 0.53 0.41 0.21
WW18 0.64 0.43 0.48 0.52 0.46 0.24
WW16 0.63 0.41 0.49 0.51 0.44 0.25
WW21 0.65 0.46 0.43 0.51 0.54 0.33
WW22 0.69 0.41 0.44 0.51 0.62 0.44
WW11 0.61 0.40 0.46 0.49 0.54 0.38
WW13 0.59 0.40 0.48 0.49 0.41 0.27
WW12 0.58 0.36 0.44 0.46 0.40 0.22
WW17 0.55 0.33 0.42 0.43 0.51 0.36
WW19 0.53 0.32 0.42 0.42 0.59 0.45
WW26 0.65 0.21 0.36 0.41 0.43 0.28
WW15 0.53 0.29 0.36 0.39 0.34 0.15

DW18 0.64 0.38 0.37 0.47 0.52 0.34
DW15 0.56 0.33 0.36 0.42 0.54 0.35
DW 12 (BONADUR) 0.58 0.29 0.37 0.41 0.44 0.27
DW14 0.61 0.32 0.27 0.40 0.46 0.31
DW19 (GRANDUR) 0.55 0.24 0.33 0.37 0.36 0.16
DW5 0.63 0.22 0.27 0.37 0.40 0.24
DW11 0.51 0.27 0.29 0.36 0.36 0.24
DWI 0.54 0.20 0.30 0.35 0.50 0.35
DW7 0.57 0.14 0.32 0.34 0.52 0.32
DW13 0.51 0.21 0.23 0.32 0.38 0.21
DW4 0.54 0.20 0.19 0.31 0.41 0.24
DW20 0.62 0.09 0.13 0.28 0.46 0.25
DW16 0.46 0.19 0.21 0.28 0.38 0.13
DW17 0.47 0.08 0.25 0.27 0.47 0.19
DW6 0.48 0.10 0.19 0.25 0.41 0.21
DW9 0.40 0.15 0.13 0.22 0.36 0.14
DW2 (GOLDUR) 0.43 0.09 0.11 0.21 0.42 0.20
DW8 0.43 0.03 0.17 0.21 0.39 0.14
DW21 0.45 0.06 0.11 0.20 0.31 0.13
DW3 (A8TRODUR) 0.35 0.09 0.17 0.20 0.34 0.15
DW10 0.29 0.07 0.18 0.18 0.33 0.10

Mean 0.62 0.34 0.40 0.45 0.49 0.32

Analysis of variance table
Source DF 58 M8 F L8D5 DF-DN

G 46 11.55 0.251 3.83** 0.06 94
I 2 6.20 3.101 1182.61** 0.01 186
R:W 94 0.44 0.005 1.78** 0.08 186
G*I 92 0.79 0.009 3.27** 0.08 186
REST 186 0.49 0.003
TOTAL 420 19.47

A summary of the data and the results of the analyses of variance of the other
field parameters is presented in table 7. Differences between wheat genotypes,
between inocula and between replications were significant for all parameters
tested except for relative ear length. In the latter case no significant differences
between genotypes were detected. A significant but small G*I interaction
occurred for the RY and for REW.
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Table 7

Summary 01 the d~ta 01.the field parameters and of the analysis oj variance of these
parameters for the imuestiqated Austrian wheat breeding material, 1) n= 138; 47 genotypes

x 3 replications - 3 missing values

REL REW RY
Inoculum 2 3 1 2 3 1 2 3

Maximum") 1.23 1.24 1.20 1.13 0.88 0.91 1.09 0.86 0.85
Minimum') 0.86 0.90 0.82 0.31 0.20 0.18 0.09 0.02 0.03
Meari') 1.01 1.02 1.01 0.59 0.42 0.45 0.44 0.23 0.28

Source DF MS F MS F MS F

G 46 0.011 1.20 ns 0.110 6.59** 0.184 11.95**
I 2 0.008 3.62* 1.081 215.66** 1.651 232.61**
R:W 94 0.009 4.27** 0.017 3.34** 0.015 2.16**
G*I 92 0.003 1.28+ 0.009 1.69** 0.013 1.86**
REST 185 0.002 0.005 0.007
TOTAL 419

REW

1.2
Y =0.24 + 0.78X

R
2 = 91%

0.8

0.6

0.4

0.2

0

0 0.2 0.4 0.6
RY

•• rtfIl

0.8 1.2

Fig. 3: Regression oj the data of REW on RY for Austriare wheat breeding genotypes

Table 8

Table of correlation analysis between the data 01 single visual scores (VS), SAUDPC and
other field parameters for the Austriart wheat breeding material. For all correlation coeffi

cients P< 0.1 %

VS 14 VS 18 VS 22 VS 26 SAUDPC REW RY

VS 10 0.82 0.70 0.61 0.57 -0.88 -0.59 -0.63
VS 14 0.90 0.80 0.72 -0.95 -0.73 -0.78
VS 18 0.90 0.82 -0.93 -0.76 -0.81
VS 22 0.90 -0.88 -0.72 -0.76
VS 26 -0.82 -0.67 -0.70
SAUDPC 0.76 0.80
REW 0.96

The correlations between single visual evaluation data and SAUDPC as well as
field parameters were calculated and the results are presented in table 8. High
correlation coefficients were detected between the data für SAUDPC and relative
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ear weight (r=O.76), SAUDPC and relative yield (r=0.80) and relative ear weight
and yield (r = 0.96). As in the case of the international nursery, the results of the
SAUDPC correlated best with the second visual evaluation data (r = - 0.95). In
figure 3 the relative kerne1yield data are plotted against REW. A linear regres
sion of relative ear weight (Y) on RY (X) was estimated by Y = 0.24+0.78 x X with
an R2 of 91 0/0.

Table 9 presents the correlation coefficients between the data of SAUDPC and
relative yield of each inoculum. Also in this experiment these coefficients proved
to be high.

Table 9

Table 0/ correlation analysis between the data 01 the SAUDPC and RY for the individual
isolates (Austrian wheat breeding genotypes). P< 0.1 % jor all coejjicients

Inoculum
SAUDPC
1 2

RY
2

2
3

0.84
0.83 0.91

0.71
0.69 0.72

4. Discussion

The genotypes with moderate to good resistance to head blight are of foreign
origin. As can be observed in table 2, each country supplied also a susceptible
controL In general, the Austrian wheat genotypes did not perform well in this
experiment. It should be stressed, however, that the suitable foreign genotypes
are lines selected in specific breeding programmes for head blight resistance.
This indicates that such breeding programmes were effective in these countries.

In the investigated Austrian wheat breeding material a large variability in
head blight susceptibility could be observed. The genotypes WW2 and WW3 were
significantly better than the best standard Martin (table 6). These genotypes
have to be tested again in order to confirm this result. Although we found quanti
tative differences, no genotype was present with a low sensitivity to head blight.
Durum wheat varieties are generally very susceptible to head blight in compari
son with Triticum aestivum. This has been previously reported also in Austria by
ZWATZ (1987, 1988). No genotype with significant better behaviour than the best
Durum standard (Bonadur) was found in the Triticumtiurum. breeding material.
These findings underline again the need for a specific resistance breeding pro
gramme.

In both field experiments a good correlation was found between the data for
the SAUDPC, relative ear weight and relative yield. From practical point of view
the SAUDPC would be preferred for selection purposes because it is less labo
rious then REW and RY. However, other genetic resistance mechanisms such as
tolerance (MESTERHAZY 1990) for example will not be detected. In view of the
increasing problems with mycotoxins, the percentage of visually diseased ker
nels might be important, because this parameter correlates best with the DON
content in diseased material (MESTERHAZY 1992).

The results of the SAUDPC were also correlated with the single visual evalu
ation data. The highest correlation coefficient was obtained between SAUDPC
and VS14• Based on the results of this investigation, a single visual assessment of
the disease symptoms on the 14t h day after inoculation might be appropriate.
These results are confirmed by more recentdata (in preparation) and will save
many costly observations particularly in commercial breeding programmes
where thousands of breeding units must be tackled.
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The inocula used in the field experiments showed variation in the field virulen
ces. The disease reaction of wheat genotypes depends on the aggressiveness of
the inocula used for infection. No differences between genotypes will be detected
at very low or at very high virulence level. In the first case no or only slight dis
ease symptoms would be observed, in the latter case all genotypes would be com
pletely diseased. Therefore inocula with different aggressiveness were used in
the head blight tests. Inoculum 2 was the most aggressive while inoculum 1
induced the weakest head blight symptoms. If we examine the data more closely,
it is observed that this sequence does not remain constant for each individual
genotype. An example is DW 14 in table 6. Such inversions explain the significant
genotype*isolate interaction. This interaction has been described before. It is,
however, not stable and therefore no indication for race specific resistance
(MESTERHAZY 1983a, SNIJDERS et al. 1991). The use of different inocula provides a
more accurate estimate of the head blight resistance.

The severities of the disease reaction of the wheat genotypes to different Fu
sariuni spp. are correlated. A genotype which was more sensitive to Fusarium
culmorum was also more susceptible to Fusarium graminearum. This observa
tion has been reported previously (MESTERHAZY 1983b, 1987). Selection for head
blight resistance against one species resulted also in an increase of resistance
against those Fusarium spp. not involved in the programme. The genetic back
ground for head blight resistance to different Fusarium spp. is presumably iden
tical. As a consequence a breeding programme for head blight resistance can be
simplified. Using one or two of the most common Austrian head blight causing
species should be sufficient in resistance tests!

As mentioned above, no genotype was present in the investigated native breed
ing material with a low sensitivity to head blight. A next step in the Fusarium
resistance breeding programme would be the introduction of more resistant
material. Such lines (Nobeokabozu, Sumey-3, Frontana) have been collected,
were sown and tested as described. Their outstanding (but not complete) resis
tance has been confirmed by our results. These varieties will be used in the
breeding programme planned for future activities.
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