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SUMMARY In 1980-1983 the effect of location was studied on the seedling performance of wheat in relation to Fusarium
graminearum. In 1980, 90 genotypes from five locations were analyzed, in 1981 36 varieties from ten, in 1982
36 cultivars from eleven and in 1983 a further 48 from six. There were significant differences in variety
resistance. This variety reaction could be reproduced fairly well from year to year, i.e. it has a real genetical
background. Highly significant differences were obtained between the average performance of genotypes from
different locations. This is important, as only genotypes from the same nursery could really be compared and
theoretically, because this shows that environmental effects influence not only the actual crop, but the
predisposition of the seedling produced from seeds grown under these conditions, too.

Additional key word : Predisposition.

RÉSUMÉ Effet du lieu de production des semences sur la résistance à la fusariose des plantules de blé.

Entre 1980 et 1983, l’influence du lieu de production sur le comportement des plantules de blé vis-à-vis de
Fusarium graminearum a été étudiée. Ont été examinées : en 1980, 90 génotypes issus de 5 lieux de produc-
tion, en 1981, 36 variétés issues de 10 lieux, en 1982, 36 variétés de 11 lieux et, en 1983, 48 variétés de 6 lieux.
La résistance des variétés est différente et peut être bien reproduite d’année en année ; les différences ont donc
une réelle base génétique.
Nous avons observé que les parcelles d’un même génotype situées en différents lieux de production présentent,
vis-à-vis du comportement moyen du génotype, des différences significatives. C’est important, puisqu’en théo-
rie ce ne sont que des génotypes du même lieu de production qui sont comparables, et aussi parce que l’effet
du lieu de production peut influencer non seulement la plante actuelle, mais aussi des plantules obtenues des
semences produites dans les mêmes conditions.

Mot clé additionnel : Prédisposition.

I. INTRODUCTION

An earlier experiment with three wheat varieties
from 15 sites (MES’rERHAZY, 1978a) showed that the
seedling reaction to Fusarium graminearum, of

samples of the same genotype from different fields,
may be very different. As this result allowed only
limited conclusions on the resistance and location

effects, the need arose to do more research in this
field. This is important, because a relationship was
found between seedling and head blight reactions of
wheat, which was valid for a large part of the ma-
terials (MESTERHAZY, 1983). The correlation was

closest where only those varieties were included in the
comparison whose seedling performance was stable
over years. The hypothesis is that examination of the
seedling reaction over several years in one location
can significantly improve the value of seedling tests.

This problem represents that part of the work on
seedling data which is closest to the genetically deter-
mined resistance or susceptibility : only then has a
comparison of the seedling and head blight reactions
any significance.

II. MATERIALS AND METHODS

The experiments lasted from 1980 to 1983 including
five tests. Details are summarized in Table 1.
As the most important Fusarium species in wheat in

Hungary are F. graminearum Schwabe and F. culmo-
rum (W. G. Smith) Sacc. (MESTERHAZY, 1984) we
used these species for the testing. The fungus strains
were isolated and identified by the author using the
BOOTH (1971) manual.



The inoculum was prepared by the bubble breeding
method (MESTERHAZY, 1977), which is suitable for

providing 10-201 uniform inoculum for artificial
inoculation. For this, liquid Czapek-Dok medium was
used in 10 1 glass balloons sterilized in an autoclave at
1.5 bar for 1.5-2 h. Sterilized air supplied the neces-
sary oxygen. The inoculum is ready in 5-8 days at

room temperature.
As mycelium infects as well as conidia (T.!cEGAMI

& SASAI, 1970), and in this type of inoculum diffe-
rent amounts of mycelium are produced, the conidium
concentration is not alone suitable to regulate patho-
genicity. In addition, the same isolate may produce
inocula with different pathogenicity and there are

also genetical differences between strains regarding
pathogenicity (MESTERHAzy, 1978b, 1981). Therefore
we tested pathogenicity at the original concentration
and at 1 : 1, 1 : 2 and 1 : 4, and in the case of very
high pathogenicity 1 : 8 dilutions. For this a resistant
« 74-2 » and a susceptible « Bzt-1 » genotype was
used. In this way we could avoid the use of inoculum
with too high and too low pathogenicity.
We found that the Petri dish test results showed closer

correlation with the head blight test than the green-
house tests (MES’rERHAZY, 1984b ), ! and we therefore
used the Petri dish test (MESTERH,4zY, 1978b). A
double layer of filter paper (FILTRAK-6) was placed
in the dishes (12 cm diameter), carrying the inoculum.
In 1980 the filter paper was dipped in the suspension
and then placed in the dish. However, by this method,
one third of the suspension had to be discarded
because of increasing inoculum concentration. Since
1982 we have used an Oxford Macro Set pipette
(10 ml/Petri dish) so the inoculum concentration can
be kept stable during the infestation of several
hundred dishes. After every 30 Petri dishes the two
check varieties were inserted to control any possible
change in pathogenicity.

In a dish 25 healthy seeds were sown, embryos up-
wards. The number of germinated seeds was counted

on the 2nd day, and the number of healthy seedlings
was then scored daily. Their mean related to the
uninoculated control gave the relative germination
rate. The dishes were stored during the test in a dark
thermostat at 25 °C. The number of replicates was 3-4
(see table 1).
The seed samples originated from variety testing

experiments in different locations. We received an

average sample from four field plots of every variety
at every location. They were collected after harvest
and stored at room temperature until the test.
To evaluate data variance, correlation and principal

component analyses (VOPP Statistik Program without
rotation on R-40 computer) were used.

III. RESULTS

In 1980 the 90 varieties differed significantly from
each other. The most resistant genotypes reached
about 50 % of the control, the best mean values from
the 10 sites were 54.0, 49.9, 44.8, 55.9, 49.6 and
45.58 %. The lowest values were 15.74, 19.96 and
21.10 %. The overall average of the experiment was
33.92 %. The LSD value at P = 5 % was only 3.92,
less than 10 % of the range of variation. The variance

analysis (table 2) shows that not only the main effects
but also the interactions were highly significant. Here
the variety by location interaction is important show-
ing the different ranks in different locations, but we
have to consider also the significance of variety by
location and location by seed sample series inter-

actions, too. The correlations reflect the same pheno-
menon (table 3), the performance on different sites

being between 0.34-0.44 (P = 0.1 %), but the two
series from Fiilopszallas (irrigated and dry cultivated)
showed r = 0.83. The individual series gave r = 0.66-
0.82 (P = 0.1 %) with the average performance at the
five locations.



In the second experiment of this year, 107 varieties
were tested. According to the variance analysis a

similar situation was obtained (table 4), but the
correlation matrix showed larger deviations (table 5).
Here the first three data series correlated above
r = 0.40, but the fourth series differed largely from
the first three, giving significantly lower coefficients.
The relationships between the reaction at individual

sites and the mean were highly significant, above
r = 0.67 (P = 0.1 %) ; the variety differences were
highly significant, the best genotypes reached 30 °70 of
the control, the worst were below 10 %, LSD on 5 &dquo;7o

was 5.29 %.
In 1981, 36 genotypes were tested from 10 locations.

There were significant variety and location effects and



their interaction was also significant (table 6). The
maximum values of varieties were about 50, the worst
numbers being about 25 % of the control. The corre-
lations (table 7) varied largely, from no significance
to r = 0.74 (P = 0,1 %) ; every possibility was
represented. It is worth mentioning that the results on
sites 3 and 7 generally showed very poor or no

significant relationship with the data of the other
locations. We do not know the basis of this finding.
We cannot decide whether an unknown methodical

problem or some special environmental effect, eventu-
ally another disease is responsible for this.

Another problem arises from the fact that the two
Fülöpszállás series showed no relationship this year,
as they did in the last year. As the seed samples from
the first three and the remaining seven were treated by
different inocula of the same isolate, the performance
within groups at locations 3 and 7 could be compared.

In the first case the differences range from 14.76 % at

Tdpldnszentkereszt to 53 % at Szeged-Sdgvdri Station,
in the second group from 24.02 % in Paks to 47.33 %
in Edelény, as percentages of the control. The LSD
for sites was 2.86 at 5 % and 4.81 at P = 0.1 %, i.e.
the location effect was highly significant.

In 1982, 36 genotypes were investigated ; the data
are presented in Table 8. The variety differences were
highly significant (from 14.8 % to 30.8 % of the

control, mean 22.5 %, LSD 5 % 4.16 %), and this
was valid for the locations also (from 15.6 % to

31.4 % of the control, mean is 22.5 %, LSD
5 % = 2.3 %). The interaction between them was also
significant at P = 0.1 %. This is not a surprise after
the results presented for previous years. The isolate
effect was highly significant ; in the analysis it is the

replicate effect, as the different replicates were tested
with different isolates. The correlations gave relation-



ships from no significance to high significance
(table 9).

In 1983, 48 genotypes were tested from six lo-
cations. The results (table 10) show that the varieties
again differed highly significantly (from 19.6 % to

47.5 % of the control, mean 30.6 %, LSD 5 %
8.6 %). This was valid also for the locations (from
25.41 % to 36.4 % of the control, mean 30.6 %, LSD
5 % = 3.1 %) and the interactions were also signifi-
cant. The effect of different isolates (replicate) was as
large as in 1982. The correlations between reactions in
different locations are the closest we found during this
experimental series. No non-significant relationships
was recorded, most of the relations being significant
at P = 0.1 % and mostly with r over 0.50.

Principal component analysis was also done in this
year (fig. 1). The locations were grouped in two

distinct clusters. It seems, however, that the classifi-
cation was not stable, as the two Kiszombor sample
series were classified in different clusters. This was

almost the same for the two series from Sagvari
Station, where one series was protected against leaf
diseases, but the other not. Analyses were also made
for the data of years 1981 and 1983, respectively. The
picture was different from year to year. In 1981, lo-
cations 1, 4 and 7, 10, 11 as well as 6, 8 and 9 pro-
duced clusters. In 1982 the locations were grouped in
two distinct clusters (2, 3, 5, 6, 9 and 13 ; 4, 7, 8, 10
and 11, and 1 alone) (fig. 1). It is remarkable however
that the two series from Kiszombor (loc. 8 and 13)
and Sdgvdri stations (1 and 2) were divided separately
into the two clusters. In 1983 locations 6, 7, 8 and 9
produced a cluster and location 5 and 11 were distinct
from this group. The locations do not produce stable
groups. The only location pair which remained in the
same group in all three years was 6 and 9.
As the investigations were based on experiments run

for breeding purposes, the material in different

experiments was largely divergent. In the tests in 1981
and 1982 only 9 were identical. Their mean reactions



correlated with r = 0.677 at P = 5 070. In 1982-1983,
10 genotypes were identical, the relationship was

r = 0.6508, P = 5 010 .

IV. DISCUSSION

The variance analyses show that significant variety
differences were detected in every test. The level of

significance was always at P = 0.1 070. Comparison of
genotypes at different locations showed that the

ranking order for resistance remained more or less
similar. This was valid also for the comparison of the
results in different years. Thus, means characterize a
variety better than data from individual locations and
mean seedling resistance data reflect real genetical
differences. The data show that about 6 locations are
sufficient when the experiments are as good as they
were in 1983.
The location differences were highly significant in

every test. In the first three tests, as mentioned,
different inocula were applied for different series or
groups of locations. Therefore the differences between

groups of locations include here also pathogenicity
differences. In 1982 and 1983, for the first time, the
data reflect purely location differences, as here the
same inocula were used for every seed sample. The
high differences previously shown for groups of lo-
cations only proved valid here for all locations.
However, the location differences also have a more

theoretical significance. The point is the predis-
position. Literature on this was recently summarized
in two excellent review articles (COLHOUN, 1979 ;

YARWOOD, 1976). Many important factors were de-
tailed about the effects of environmental factors.

However, data were not found concerning environ-
mental effects on the predisposition of the next

seedling generation. As this effect is highly significant,
this fact should be considered in seedling tests not

only in the wheat-Fusarium system, but in many
other host-pathogen relationships where seedling tests
have and may have an importance. This finding ex-
plains further some of the negative results in the

seedling adult stage resistance comparisons, too. The
question is whether the location effect is stable or not.
Comparing the data from 1981, 1982 and 1983, we
find that it is not. The PCAs also showed this fact.
So changing environmental effects also have their role
and there is no real possibility of selecting a good area
and regularly producing there material with an

excellent predisposition. May be a more detailed study
on vigor may also give new insights in this prob-
lematic field beyond our present knowledge. The

background of the location effect is not clear.

Certainly, differences in soil structure, level of

fertilizers, precipitation, husbandry, etc. may cause such
differences, but we are not yet in the position to identify
exactly the factors responsible. It seems now from inves-
tigation of uninoculated controls that differences in
health condition (seed mycoflora) play only a minor
role, as there was no significant difference in this

respect between the samples from different locations.
How should we estimate the significance of the lo-

cation by genotype interaction ? In effect, the inter-
action (A x B, or A x B x C) always differed
significantly from the main effects (genotype or

location), i. e. the variance of the interaction

represented a relatively small part of the total variance
(tables 2, 4, 6, 8 and 10). The situation is similar to
what we see in breeding programs for yield per-
formance ; in spite of the fact of differences in

performance and ranks in different locations, selec-
tion for high yielding ability is possible, and here per-
formance trials at many locations make a significant
contribution. The correlations show that there is a

tendency for similar performance of individual

genotypes at different locations. We conclude there-
fore, that there is a theoretical possibility of breeding
genotypes with high seedling resistance. We think that
the results allow the conclusion that average perform-
ance at different locations gives a better reflection of
genetically founded seedling resistance. This is im-

portant for us because a comparison of seedling and
head blight resistance has meaning only if the data
reflect genetically meaningful reactions. If a positive
answer on the seedling head blight connection would
be the result, the value of the seedling tests would be
high. In the opposite. case, the seedling resistance
would have only marginal importance for practical
breeding work for resistance.
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