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Abstract

Simén, M.R., 2003 Genetic, environmental and cultural facters influencing the resistance to
septoria tritici blotch (Mycosphaerella graminicola) in wheat. PhD thesis, Wageningen
University, Wageningen, The Netherlands, 137 pp., with English, Spanish and Dutch
sumiaries.

This thesis focuses on aspects of the resistance of wheat (Triticum aestivum L) to
Mycosphaerella graminicola (Fuckel) Schroeter (anamorph Septoria tritici Rob. ex Desm.),
the pathogen causing leaf blotch, and the study of morphophysiological, environmental and
agronomic factors which can modify its expression.

Chromosomal location of resistance was investigated in the Synthetic 6x (Triticum
dicoceoides x T. tauschii) and the Triticum aestivum cultivar Cheyenne in the seedling stage
and the adult stage, and in the T. aestivum cultivar Cappelle-Desprez and Triticum spelta in
the adult stage. The Synthetic 6x showed to carry genes for resistance to the isolates IPO
92067 and IPO 93014 in the 7D chromosome in the seedling stage and the adult stage and to
isolate IPO 92067 in the adult stage. Chromosomes 5A and 5D also showed to carry
resistance in the adult stage to both isolates. Minor gene effects were detected on chromosome
1B of cultivar Cheyenne in the seedling stage and in chromosomes 1B and 5D in the adult
stage with isolates IPO 92067 and IPO 92064. Chromosomes 2B, 3A and 3B from Cappelle-
Desprez and 6D from Triticum spelta also showed to carry minor genes affecting resistance to
both isolates in the seedling stage. Some other chromosomes showed to carry genes for
resistance to only one of the two isolates.

Variation in quantitative resistance to isolate TPO 99013 was found among 30
Argentinean cultivars. Cultivars Klein Vole4n, Klein Estrella and Klein Dragén showed good
levels of resistance in the seedling stage and in the adult stage, whereas some other cultivars
showed acceptable levels of resistance either in the seedling or in the adult stage. Significant
cultivar x isolate interactions were observed in the adult stage in a data set with 16 cultivars
exposed to seven isolates, although cultivars Klein Dragén and Klein Volein showed
acceptable levels of resistance to all isolates. No genetic associations between heading date,
plant height and resistance to septoria tritici blotch were found in the set of 50 cultivars.
Negative or positive associations between resistance and heading date were due to
environmental conditions predisposing the development of the disease in early or late heading
cultivars respectively in the two years experiment, Similar results were found in a set of six
wheat cultivars in a two years experiment in the field. Shorter cultivars showed an increase in
the severity of septoria tritici blotch under environmental conditions unconducive to the
discase.

Differences in the epidemiology of the disease and their association with
morphophysiological characteristics of the wheat genotypes or with weather data were also
studied in near isogenic lines of the wheat cultivars Mercia and Cappeile-Desprez carrying
dwarfing genes (Rhf) or insensitivity to photoperiod (Ppd). Near isogenic lines of Mercia




carrying RAt3 or Rht12 genes or from Cappelle-Desprez carrying Ri3 gene caused the
highest reduction in plant height and the highest values in the severity of septoria tritici
blotch. Mercia and Cappelle-Desprez lines carrying Ppd genes showed a reduction in days to
heading and lower severity values of septoria tritici blotch. These effects were also associated
with weather conditions enhancing the development of the disease in the latest-heading
cultivars.

N fertilisation caused an increase in the average severity of septoria tritici blotch when
weather conditions were conducive to the development of the disease, but cultivar x N-
fertilisation interactions were significant. However, the percentage of reduction in yield, yield
components and test weight caused by septoria tritici blotch was similar in N-fertilised and
non-fertilised conditions suggesting the presence of tolerance mechinisms. The contribution
of the results described in this thesis to the existing knowledge and areas for further research
are discussed.

Key words: Chromosomal location, genetic resistance, heading date, plant height, cultivar x
isolate interaction, N-fertilisation, yield, yield components, septoria tritici blotch,
Mycosphaerella graminicola, wheat,




A mis padres



Preface

This work would not have been possible without the help of many people. I especially
want to thank my family and friends for their support during the periods I spent in
Wageningen and during the time [ was dedicated to my thesis in Argentina.

The start of this project was marked by its approval by my promotor Prof. Paul
Struik from Wageningen University (WU) and my co-promotor Dr. Anthony Worland
from John Innes Centre, Norwich, UK. Thank you both for your interest and
determination to make things possible, for your inspiring guidance and for the critical
comments on the manuscripts. Unfortunately Dr. Worland died during the preparation
of this thesis. His death is an invaluable loss for the scientific community but also for
his friends and colleagues as he was a special person.

Thanks are due to the Fondo para el Mejoramiento de la Calidad de la
Ensefianza Universitaria (FOMEC), Universidad Nacional de La Plata, CONICET
(PIP 4709/96) and FONCYT, (PICT 0806356/00), Argentina and the Wageningen
University who partially financed this thesis work. Thanks to all the people of
Cerealicultura (FCAyF, La Plata, Argentina) from where I was absent for quite for a
while. To Emeritus Prof. Héctor Arriaga, who was Professor of Cerealicultura for
about 50 years and who died during the course of this thesis work, and to Prof. Hugo
Chidichimo for their great support. ,

The experimental work in growth chambers, greenhouses and in the field was
possible thanks to the co-operation of WU, The Netherlands, and Estacién
Experimental FCAYF, Los Homos, Argentina. My special thanks go to Ing. Aad van
Ast and the technical staff of the Department of Plant Sciences for their support in
carrying out some of the experiments. To the former IPO-DLO (now part of Plant
Research International, Wageningen) and Dr. Gert Kema and Ing. Els Verstappen for
facilitating the preparation of the inocula. To Dr. C. Law (John Innes Centre, Norwich,
UK) for the additional information provided about the materials. To the breeders
{Buck SA, Klein SA, Thomas SA, ACA) and Ing. J. Nisi (INTA, Marcos Judrez,
Argentina) for providing the seeds for the experiments. To Ing. Marcelo Ashorno, Ing.
Martin Pardi and the technical staff of Estacién Experimental, FCAyF for their help in
carrying out the field experiments.

I was also lucky to be offered help and assistance of Dr. Cristina Cordo, Dr.
Analia Perelld, Ir. Silvina Larran, Ir. Francisco Ayala, Ir. Daniela Bayo, Lic. Virginia
Moreno, Ir. J. Stancovich, Ir. C. Schilling and several students. Thanks to all of them
for their contributions to the experimental work. My special thanks to Ing. Peter van
der Putten for his outstanding assistance with the non-linear multiple



regression analyses.

Finally, I would like to thank all the people who shared with me my spare time
in Wageningen or who supported me from Argentina, for their friendship and
companionship, thus making my life far from my country much easier.

Thank you all once again,

Maria Rosa

Wageningen, September 2003




Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

General infroduction 1

Chromosomal location of two components encoding for resistance to
septoria tritici blotch (Mycosphaerella graminicola) in the seedling
stage and in the adult stage of substitution lines of wheat 7

Genetic variation in resistance to septoria tritici blotch (Mycosphaerella
gramicola) and its association with genetic variation in plant height and
heading date in Argentinean wheat cultivars 29

Influence of plant height and heading date on the expression of the
resistance to septoria tritici blotch (Mycosphaerella graminicola)
in near isogenic lines of wheat 51

Influence of nitrogen supply on the susceptibility of wheat to septoria
tritici blotch (Mycosphaerella gramicola) 69

Influence of septoria tritici blotch (Mycosphaerella graminicola)
on yield, yield components and test weight of wheat under two nitrogen

fertilisation conditions 83
General discussion 101
References 109
Summary 117
Resumen 121
Samenvatting 125
Publications of the author 129

Curriculum vitae 137




CHAPTER1

General introduction



Chapter 1

General introduction

Bread wheat (Triticum aestivurm L.) is the most widely grown and consumed food crop
in the world. It is the staple food of nearly 35% of the world population, and the
demand for wheat will grow faster than for any other major crop (Rajaram, 1999). The
forecasted global demand for wheat in the year 2020 varies between 840 (Rosegrant et
al., 1995) to 1050 million tonnes (Kronstad, 1998). To meet this demand, global
production will need to increase 1.6 to 2.6% annually from the present production
level of 560 million tonnes. For wheat, the global average yield must increase from the
current 2.5 t ha™' to 3.8 t ha™'. In 1995, only 18 countries worldwide had an average
wheat grain yield of more than 3.8 t ha™', the majority located in Northern Europe
(CIMMYT, 1996). For all developing countries, wheat yields have grown at an
average annual rate of over 2% between 1961 and 1994 (CIMMYT, 1996). In Westem
Europe and North America the annual rate of growth for yield was 2.7% from 1977 to
16835, falling to 1.5% from 1986 to 1995 (Rajaram, 1999). Argentina with a production
of 14.8 million tonnes is an important wheat exporter with a volume of 8 million
tonnes and an average yield of 2400 kg ha™ (data from FAQ 1994-2002).

Wheat breeding is focused on developing widely-adapted, disease-resistant
genotypes with high yields that are stable across a wide range of environments.
Incorporating durable resistance is a priority since breeding for stable yields without
adequate resistance against the major diseases would be impossible (Rajaram, 1999).
One of the major diseases in wheat production worldwide is septoria tritici blotch.
Yield losses of 31 to 54% have been reported (Eyal et al., 1987). In Argentina, Annone
et al, (1991, 1993) reported yield losses from 20 to 50% and Simén et al. (1996) found
reductions in thousand kernel weight of 3 to 13%.

Background and problem definition

The disease and its dispersion
Septoria tritici blotch is caused by Mycosphaerellia graminicola (Fuckel) Schroeter, in
Cohn, which is the teleomorph stage of Sepforia tritici Roberge ex Desmazieres
(anamorph stage). Sanderson (1972) proved the connection between the two stages and
the sexual (teleomorph) form has been reported in several countries (Hunter et al.,
1999). The sexual stage in Argentina was reported by Cordo et al. (1950).

The sexual stage is also known to play a role in the disease cycle. It causes most
of the initial infection of winter wheat crops during the autumn in the UK (Shaw and
Royle, 1989), and in the USA (Schuh, 1990). In Argentina, an increase in ascospores
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General introduction

at harvest time has been reported, suggesting that the sexual stage may be important to
initiate the infection in the next growing season (Cordo et al., 1999). Following stem
elongation infection of the upper leaves of a crop has been thought to be due entirely
to the asexual stage of the fungus, in which pycnidia give rise to splash-dispersed
pycnidiospores, which are splash-dispersed from infected basal tissue to the upper
leaves by rain drops. However, more recent work has shown that upward movement of
inoculum can occur in the absence of splashy rainfall, being influenced by the position
of developing leaves in relation to infected leaf layers (Lovell et al., 1997). Another
possible means of spread within a crop during summer is by air-borne ascospores,
which may play a more important role than previously recognised (Hunter et al,
1999).

Genetical control of resistance

Several control methods, including the use of fungicides and other cultural practices,
may reduce the effect of septoria tritici blotch, but genetic resistance is the most cost-
effective and environmentally safe technique to manage the disease.

Resistance conditioned by one or two genes was found in some materials
(Narvaez and Caldwell, 1957; Rillo and Caldwell, 1966; Rosielle and Brown, 1979;
Lee and Gough, 1984; Brading et al., 1999), whereas in some other materials at least
three resistance genes have been reported (Rosielle and Brown, 1979). Most
investigations have been concentrated on the analysis of complete resistance.
However, quantitative resistance has been found in different genotypes (Jlibene et al.,
1994; Brown et al., 2001). Most commercially grown cultivars range from moderately
resistant to susceptible indicating that minor gene effects are also present. Although
complete resistance is interesting because of the almost complete absence of
symptoms in the host, quantitative resistance is very important because it may be more
durable (Parlevliet, 1993).

Several genes for resistance to M. graminicola have been identified but only a
few have been mapped or allocated to chromosomes. Stb4 in the cultivar Tadinia
(Somasco et al., 1996), S5th5 in a Synthetic hexaploid (Arraiano et al., 2001) and Stb6
in the cultivar Flame (Brading ¢t al., 2002) have been identified using single pathogen
isolates. Stb5 and Stb6 have also been mapped. Quantitative trait loci (QTLs) have also
been identified in some materials. Eriksen et al. (2001) found QTLs on chromosomes
2D and 3A from the resistant cultivar Senat, New sources of resistance and a deeper
insight into the chromosomal location and mapping of genes and its use in marker
assisted selection are essential for further progress in breeding programmes.



Chapter |

Complicating factors in assessing quantitative resistance

Some confounding factors in quantifying resistance are:

« The lack of relationship between plant responses in the seedling stage and in the
adult stage; and

« The interaction between cultivars and isolates.

In some cultivars, resistance was found to be expressed in both the seedling stage and

the adult plant stage (Somasce et al.,, 1996). Arama (1996) showed that there were

cultivars with good resistance in both the seedling stage and the adult plant stage, other

cultivars, that showed better levels of resistance in the seedling stage and again other

cultivars that showed more resistance in the adult stage. Kema and Van Silthout

(1997) reported that not all isolates behaved similarly during seedling and adult plant

infection. Identification of materials with resistance in both stages will be an important

tool in breeding programmes.

Specific cultivar x isolate interactions have been reported by several researchers
in seedlings (Eyal et al., 1985; Perell6 et al., 1991; Ahmed et al., 1995; Ballantyne and
Thomson, 1995; Kema et al., 1996a, b). Information on such interactions in the adult
stage is scarce, although incidental reports showed that specific interactions are also
present in that stage (Kema and Van Silfhout, 1997; Brown et al., 2001). However,
further studies are required on cultivars with quantitative resistance to assess whether
specific interactions exist.

Another complicating factor in determining resistance to septoria tritici blotch
is the interaction between resistance, plant height and heading date. Several scientists
reported an increased disease severity in earlier heading and shorter cultivars (Eyal et
al., 1987; Van Beuningen and Kohli, 1990; Camacho Casas et al., 1995). Baltazar et
al. (1990) suggested a genetic association between shoriness and susceptibility, while
Eyal (1981) and Rosiclle and Boyd (1985) assumed a genetic association between
earliness and susceptibility. Arama et al. (1999) reported no genetic association
between heading date and resistance. From severat investigations it is not clear if this
correlation is due to genetic or cpidemiological factors. More insight into these
associations will allow determining whether it is possible within a given germplasm to
select short, early heading, but resistant lines.

Environmental and agronomic factors modifying resistance

Expression of resistance can be modified by some cultural practices, such as N-
fertilisation, which modify the microclimate within the crop canopy (Shaw and Royle,
1989) or the nitrogen concentration in the leaves (Leitch and Jenkins, 1995). However,
the magnitude and direction of these effects are inconsistent. Increased N-fertility has
been reported to increase the severity of the disease (Gheorghies, 1974; Prew et al.,
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1983; Broscius et al., 1985; Howard et al.,, 1994; Leitch and Jenkins, 1995). Hayden et
al. (1994) found higher severities at higher N-rates in a greenhouse study but not in the
field. Johnston et al. (1979) reported a decrease in the severity of the disease with
increased N in one year of their experiments. Tompkins et al. (1993) in no-till wheat
and Arama {1996) found results that varied over their experiments. Most of the papers
published on the influence of N on the expression of the disease are concemed with
the expansion of the necrotic area or pycnidial coverage on the foliage. Few studies
also include the effects of this agronomic practice on yield and yieid component
losses. Leitch and Jenkins (1995) observed that control of septoria tritici blotch
increased yield, with the magnitude of this effect being greater at the higher rate of N
applied. Johnston et al. (1979) found in crops protected by fungicide application a
greater increase in yield under fertilised conditions than under non-fertilised conditions
in only one out of two years. If the increase in the severity of the disease under N-
fertilisation causes a reduction in yield and yield components, larger amounts of
fungicides would be necessary in systems with high N-inputs.

In this context, this thesis investigates options tc reduce the effects caused by
the septoria tritici blotch. It is aimed to study different aspects of resistance, looking
for new sources of resistance and identifying its chromosomal location, It is also aimed
to investigate how genetic, cultural and environmental factors can modify the
expression of this resistance.

Objectives of the research project

The objectives of the research were:

» To determine the chromosomal location of two components of the resistance to
septoria tritici blotch in substitution lines of a Synthetic 6x wheat, the Triticum
aestivum cultivars Cheyenne and Cappelle-Desprez and Triticum spelta.

« To evaluate variability for genetic resistance to septoria tritici blotch in Argentinean
wheat cultivars in the seedling stage and the adult stage.

» To determine cultivar x isolate interactions in the adult stage in the pathosystem
Triticum aestivum/Mycosphaerella graminicola.

. To evaluate the associations between heading date, plant height and the resistance
to septoria tritici blotch in wheat cultivars and isogenic lines of wheat.

« To evaluate the effect of N-fertilisation on the susceptibility of wheat to septoria
tritici blotch.

« To determine the influence of septoria tritici blotch on yield, yield components and
test weight under different N-fertilisation conditions.
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QOutline of the thesis

In Chapter 2, research on the chromosomal location of resistance to septoria tritici
blotch in the seedling stage of substitution lines of Synthetic 6x (Triticum diccocoides
x Triticum tauschii; Scars, 1976), T. spelta and two T. aestivum cultivars in Chinese
Spring is described. Location of resistance in the adult stage is also described for the
Synthetic 6x and the 7. aestivion cultivar Cheyenne. Data were obtained from four
experiments. The first two experiments were carried out to select the sets of
substitution lines and isolates of M. graminicola (in growth chambers in The
Netherlands, in 1995 and 1999). The other two experiments were carried out to
evaluate the sets of substitution lines in different environments (in growth chambers in
The Netherlands in 1999 and in the field in Argentina in 2000).

Analyses of the variability in genetic resistance in the seedling and adult stages
of 50 Argentinean wheat cultivars using one virulent isolate of Myvcosphaerella
graminicola in field experiments are described in Chapter 3. A set of 16 cultivars was
also evaluated with seven Argentinean isolates to assess cultivar x isolate interactions.
Associations between resistance, heading date and plant height were also investigated.
In Chapter 3 we also address the question whether genetic or epidemiological and
environmental associations exist between those traits. Experiments were carried out in
The Netherlands (in greenhouses, in 1999) and in Argentina in the field in 1998 and
2000.

In Chapter 4, the influence of heading date and plant height on the resistance to
septoria tritici blotch in near-isogenic lines of the wheat cultivars Cappelle-Desprez
and Mercia is analysed in more detail. Field experiments were conducted in Argentina,
during 2000 and 2001.

In Chapters 5 and 6, the influence of N-fertilisation on the expression of the
disease is described. In Chapter 5, the progress of septoria tritici blotch under two N-
fertiliser levels is analysed and in Chapter 6 the influence of septoria tritici blotch on
yield, yield components and test weight under two N-fertilisation conditions is studied.
Several cultivars are investigated to assess if tolerance mechanisms are present. Two
field experiments were carried out in Argentina, during 1996 and 1997.

Finally, in Chapter 7, a general discussion on the main results obtained in these
experiments is presented and analyses are made to what extent this thesis has produced
new knowledge and insight.



CHAPTER 2

Chromosomal location of two components encoding
for resistance to septoria tritici blotch
(Mycosphaerella graminicola) in the seedling stage
and in the adult stage of substitution lines of wheat'

! This chapter is based on the following publications:

M.R. Simén, AJ. Werland, C.A. Cordo, P.C. Struik. 2001. Chromosomal location of resistance to Septoria
tritici in seedlings of a synthetic hexaploid wheat, Triticum spelta and two cultivars of Triticum aestivum.
Developments in Plant Breeding. Volume 9: Wheat in a global environment. Proceedings of the 6™ International
‘Wheat Conference, 5-9 June 2000, Budapest, Hungary. Z. Bedd, L. Lang (eds.), Kluwer Academic Publishers,
Dordrecht/Boston/London, pp. 405-410.

M.R. Simén, A.J. Worland, C.A. Cordo, P.C. Struik. 200t. Chromosomal location of resistance to Septoria
tritici in seedlings of a synthetic hexaploid wheat, Triticum spelta and two cultivars of Triticum aestivum.
Euphytica 119: 149-153.

M.R. Simén, A.J. Worland, C.A. Cordo, P.C. Struik. 2001. Chromosomal location of resistance to Septoria
tritici in adult plants of a synthetic hexaploid wheat and a wheat cultivar, XVIth Eucarpia Congress ‘Plant
Breeding sustaining the future’, Edinburgh Intemmational Conference Centre, 10-14 September 2001, Edinburgh,
Scotland, p. 30.

M.R. Simoén, A.J. Worland, P.C. Struik. 2003. Chromosomal location of two components encoding for resistance
to septoria tritici blotch (Mycosphaerella graminicola) in seedlings and in the adult stage of substitution lines of
wheat. Submitted.
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Abstract

Chromosomal location of resistance expressed as reduction in necrosis percentage and
pyenidial coverage in the seedling stage to two virulent Argentinean isolates of
Mycosphaerella graminicola was studied in a synthetic hexaploid wheat (Synthetic 6x;
Triticum dicoccoides x Triticum tauschii), Triticum spelta and the wheat (Triticum
aestivum) cultivars Cheyenne and Cappelle-Desprez in two different environments.
Substitution lines of these (resistant or moderately resistant}) genotypes into
(susceptible) Chinese Spring (Triticum aestivum) and the isolates of the fungus to be
used were selected from a preliminary screening. For Synthetic 6x, resistance in the
scedling stage was clearly located on chromosome 7D for both isolates. Similar results
were found for 7. spelta with one of the isolates. For Cheyenne, chromosome 1B
showed to carry partial resistance, although some interactions between isolates and the
environment occurred. For Cappelle, chromosomes 2B, 3A and 3B showed minor gene
effects expressed as a reduction in the necrosis percentage in response to both isolates;
chromosomes 1B, 2A and 5A showed similar minor gene effects in response to isclate
IPO 93014. Chromosomes 3A, 2D and 6D from T. spelta showed to carry partial
resistance to isolate [IPO 92067 and 6D, 7B and 4B to isolate [PO 93014. In the adult
stage, the line carrying chromosome 7D from Synthetic 6x showed a level of
resistance similar to the resistant parent, whereas the lines carrying 5A or 5D showed
higher resistance than Chinese Spring or even similar to Synthetic 6x to isolate IPO
92067. With isolate IPOQ 93014, lines carrying chromosomes 4A, 5A, 5D, 6D, 7A or
7B showed higher levels of resistance than the susceptible parent in both
environments. For Cheyenne, lines carrying chromosomes 1B, 2B or 5D showed levels
of resistance similar to the resistant parent or better than the susceptible parent for the
average of the environments with isolate IPO 92067. Lines carrying chromosomes 1B,
5D or 6D showed higher levels of resistance than the susceptible parent or were even
similar in resistance to the resistant parent with isolate IPO 92064. Significant
correlations were found between both resistance components in the seedling and adult
stages.

Key words: Septoria tritici  bloich, Mycosphaerella graminicola, resistance,
chromosomal location, substitution lines, Triticum.
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Introduction

Septoria tritici blotch caused by Mycosphaerella graminicola (Fuckel} Schroeter in
Cohn (anamorph Septoria tritici Rob. ex Desm.) is an important disease in many
wheat-producing areas of the world and causes significant yield losses (Eyal, 1981,
Eyal et al., 1987). Resistance conditioned by one or two genes was found in some
materials (Narvaez and Caldwell, 1957; Rillo and Caldwell, 1966; Rosielle and Brown
1979; Lee and Cough, 1984; Brading et al., 1999), whereas in some other materials at
least three resistance genes have been reported (Rosielle and Brown, 1979).

Although quantitative resistance has been found in different genotypes (Jlibene
et al., 1994; Brown et al., 2001; Simodn et al., 2001a) and most commercially grown
cultivars range from moderately resistant to susceptible indicating that minor gene
effects are also present, most investigations have concentrated on the study of major
gene effects. Complete resistance is in general monogenic, race-specific and
ephemeral, whereas partial resistance is generally race-non-specific, durable and
oligogenic or polygenic. Although complete resistance is interesting because of the
almost complete absence of symptoms in the host, partial resistance is very important
due to its durability and its expression under a broad spectrum of isolates of the
pathogen. A few genes may be enough to confer resistance that will hold up in
farmers’ fields (Dubin and Rajaram, 1996).

Several of the components of partial resistance to M. graminicola may be
controlled by just a few genes (Jlibene and El Bouami, 1995). It would seem that those
components that are genetically different could be combined into the same genetic
background by crossing (Van Ginkel and Rajaram, 1999). In quantitative analyses,
additive gene effects proved to contribute more to resistance than dominance effects.
However, significant non-additive effects were often identified (Van Ginkel and
Scharen, 1987; Bruno and Nelson, 1990; Danon and Eyal, 1990; Jonsson, 1991,
Jlibene et al., 1994; Simon and Cordo, 1997, 1998). While heritabilities tend to be only
moderate (Simoén et al., 1998a), progress in breeding for resistance is possible.

New sources of complete and partial resistance need to be found. A few studies
have been carried out to study the chromosomal location of the resistance. The
increased use of molecular markers as an important tool for marker-assisted selection
makes the chromosomal location more important. Once the chromosomes carrying
resistance are located, finding molecular markers linked to resistance is easier through
the development of recombinant lines for those specific chromosomes.

The aim of this work was:

1. To identify resistant materials in a set of accessions of Triticum spp. which are
parents of substitution and monosomic lines.
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2. To determine the chromosomal location of necrosis percentage and pycnidial
coverage in the seedling stage and in the adult stage of some of the resistant
materials found, using chromosome substitution lines of the susceptible Triticum
aestivum cultivar Chinese Spring.

Materials and methods

Preliminary screening

Two preliminary screenings were carried out to select the sets of substitution lines and
the isolates of the fungus to be used. The first screening included 15 parents of
monosomic series or parents of substitution lines and the susceptible cultivar Shafir
used as a tester. It was carried out at the former research institute IPO-DLO, The
Netherlands in 1995. Genotypes were the T. aestivum cultivars Bezostaya, Cappelle-
Desprez, Cheyenne, Chinese Spring, Favorits, Hobbit Sib, Hope, Lutescens, Mara,
Poros, Shafir, Sinvalocho, Timstein, the synthetic hexaploid [(Triticum dicoccoides x
T. tauschii (Sears, 1976)], T. macha and T. spelta.

The first preliminary screening was done in a growth chamber at 20-22 °C and
85-90% relative humidity in a complete randomised design with two replications in
small pots. Five to ten seeds were sown per genotype per replication (pot). Plants were
vernalised for cne week at 4-8 °C because of the cold requirements of some genotypes.
Plants were inoculated at the 1-leaf stage. Seven isolates from Argentina (IPO 86068;
92061; 92064; 92065; 92066; 92067; 93014) and three from The Netherlands (IPO
001; 290 and 323} were grown on Petri-dishes of V8 juice agar for 3 days and
transferred to yeast-glucose liquid medium. Flasks were shaken for 5 days at 18 °C.
Spores were suspended in distilled water and conidial suspension was adjusted to
1x107 spores mI™'. One ml of Tween 20 per liter was added as a surfactant. Afier
inoculation, plants were covered with transparent plastic to maintain high humidity
levels. Necrosis and pycnidial coverage were scored 21-22 days after inoculations.

The second preliminary screening included 5 genotypes (Cappelle-Desprez,
Cheyenne, Synthetic 6x, T. spelta and Chinese Spring) and 4 isolates (IPO 92064;
92065; IPO 92067 and 93014). It was planted at the Department of Plant Sciences,
Wageningen University, The Netherlands, in 1999, in a growth chamber with
conditions and experimental design similar to the ones in the first preliminary
screening. Genotypes and isolates were selected according to their behaviour in the
first preliminary screening and considering the availability of substitution lines. Plants
were vernalised for three weeks at 3-4 °C. Inoculations and evaluations in the seedling
stage were performed as described for the first screening experiment. At tillering,
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plants were transplanted into 10-litre pots in a greenhouse at 14-17 °C and 75%
relative humidity after an adaptation period of 3 days at 12 °C. Plants were inoculated
at boot stage (GS 49; Zadoks et al., 1974) with the same isolates as in the seedling
stage. After inoculation, plants were covered with a transparent plastic tent to maintain
humidity at very high levels for 72 h. After that, conditions in the greenhouse were 18-
22 °C and 80-85% humidity, humidity being maintained by means of a humidifier.
Necrosis percentage and pycnidial coverage were scored 24-25 days after evaluations.
Data were arcsine transformed and analysed by a combined ANOVA for both
environments. A protected LSD test (P=0.05) was used for mean separation.

From these screenings, four sets of substitution lines and two isolates for each
of them were chosen. Parents of these sets showed differences in resistance {0 septoria
tritici blotch with the selected isolates at seedling stage. Furthermore, two sets were
selected for evaluating resistance in the adult stage. Substitution lines were developed
by CN. Law and A.J. Worland at the John Innes Centre, Norwich, UK, and by
Rosalind Morris, University of Nebraska, USA.

Final experiments

Seedling stage. Two final experiments were carried out with the 4 sets {substitutions of
the 21 chromosomes of Synthetic 6x, Cheyenne, Cappelle and T. spelta as resistant
parents in the susceptible Chinese Spring). The first experiment was planted in a
growth chamber at the Department of Plant Sciences, Wageningen University, The
Netherlands on 27" July 1999. The second was planted in the outdoors experimental
facilities of the Facultad of Ciencias Agrarias y Forestales, La Plata, Argentina on 13
July 2000.

In both environments, the four sets of substitution lines were sown together
with the parents in 10-litre pots in a randomised block design with two replications for
each isolate. In each pot 6 to 8 seeds were sown. Genotypes were vernalised for 3
weeks at 4-8 °C. In 1999, the seeds were vernalised after sowing (in the growth
chamber) and in 2000 in a growth chamber before sowing in pots outdoors.

The sets with Synthetic 6x, Cappelle and T. spelta were inoculated with the
Argentinean isolates named as [PO 92067 and IPO 93014 by the former IPO-DLO,
Wageningen, The Netherlands. The set with Cheyenne was inoculated with the
Argentinean isolates named as IPO 92067 and [PO 92064. Isolate [PO 92064 was used
instead of TPO 93014 because it gave better discrimination between the parents of the
Cheyenne set.

In 1999, the isolates were grown as described for the preliminary screening
experiments. In 2000, the isolates were grown on Petri-dishes of agar potato and
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transferred onto malt extract agar. Inoculum was prepared by aseptically scraping
sporulating colonies with a scalpel and suspending conidia in de-ionised water. The
conidial suspension was adjusted in both experiments to 1x10 spores ml™* and 1 ml of
Tween 20 per liter was added as a surfactant. Plants were inoculated at the 1-leaf
stage. After the inoculation, both experiments were covered with transparent plastic to
maintain wet conditions for 48 h. During 1999 (growth chamber experiment),
conditions after inoculation were 20-22 °C and 85-90% relative humidity. During
2000 (outdoor experiment), the average conditions after the first 48 h until evaluations
were: mean temperature 12.6 °C, mean relative humidity 75% and 45 mm of rainfall
distributed over 10 days.

Plants were scored 21-22 days after inoculation, Necrosis (%) and pycnidial
coverage (%) were recorded. Data were arcsine transformed and analysed by a
combined ANOVA for both environments. The protected LSD test (P=0.05) was used
for mean separation. A correlation analysis between both resistance components was
also performed.

Aduit stage. Synthetic 6x/Chinese Spring and Cheyenne/Chinese Spring sets were also
inoculated at the flag leaf stage (GS 49; Zadoks et al., 1974) with isolates IPO 92067
and 93014, and IPO 92067 and 92064 in 1999 (growth chamber) and 2000 (outdoors),
respectively. Inoculum was prepared and conditions immediately after inoculation
maintained as previously described for each environment, respectively. Conditions
after inoculations in 1999 were similar to those for the seedling testing. In 2000, mean
temperature after the first 48 h until evaluation was 16.9 °C, mean relative humidity
89.4% and rainfall 66.5 mm distributed over 14 days.

Data analysis in final experiments. Necrosis and pycnidial coverage were scored 25
days after inoculations on the two upper leaves of each plant. Averages of the two
leaves were arcsine transformed and analysed by a combined ANOVA for both
environments. The protected LSD test (P=0.05) was used for mean separation. A
correlation analysis between both resistance components was also performed.

Results

Preliminary screening

The first preliminary screening (1995) in the seedling stage showed differences
between genotypes, isolates and interactions between genotypes and isolates. Some
materials such as the synthetic hexaploid (Synthetic 6x) proved to exhibit a very high
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level of resistance — expressed as a reduction in necrosis percentage and pycnidial
coverage — to the 10 isolates of M. graminicofa tested at the seedling stage. Chinese
Spring proved to be susceptible or moderately susceptible to all isolates, except to TPO
323, to which it was moderately resistant. High levels of resistance (under 20% of
necrosis and under 10% pycnidial coverage) were also found in all materials, except in
Hope, at least with one of the isolates (Tables 2.1 and 2.2).

Genotypes for the second preliminary screening were selected according to
their behaviour in the first preliminary screening and considering the availability of
substitution lines. The selected genotypes were Synthetic 6x, Triticum spelta and two
Triticum aestivum cultivars (Cheyenne and Cappelle-Desprez), because they showed
acceptable levels of resistance (expressed as a reduction in necrosis percentage and
pvcnidial coverage) with some isolates in the first preliminary screening. In addition
complete sets of chromosome substitution lines from these materials into the
susceptible Chinese Spring (Triticum aestivum) were available.

In the second preliminary screening in the seedling stage, Chinese Spring was
susceptible to all isolates (IPO 92064; 92065; 92067 and 93014), Synthetic 6x, T.
spelta and Cappelle-Desprez were resistant or moderately resistant to all isolates and
Cheyenne showed variable results. In the adult stage, Synthetic 6x and Cheyenne were
resistant or moderately resistant to all isolates, Chinese Spring was susceptible or
moderately susceptible and Cappelle-Desprez showed variable results (Table 2.3).

Based on the results of both preliminary screenings, isolates IPO 92067 and
IPO 93014 were selected for the inoculation of Synthetic 6x, Cappelle-Desprez and T.
spelta and isolates IPO 92067 and PO 92064 for the inoculation of Cheyenne in the
seedling stage. Furthermore, isolates IPO 92067 and IPO 93014 were selected for the
ingculation of Synthetic 6x and PO 92067 and IPO 92064 for the inoculation of
Cheyenne in the adult stage.

Final experiments

Seediing stage. There were significant differences for necresis and pycnidial coverage
percentages between environments (1999 and 2000) and between lines for the four sets
of substitution lines with both isolates in the seedling stage. There was also a
significant line x environment interaction for the set Synthetic 6x/Chinese Spring with
the 1solate IPQ 92067 and for the set 7. spelta/Chinese Spring with isolates IPO 92067
and TPO 93014 (Tables 2.4 and 2.5). Necrosis and pycnidial coverage percentages
were higher in 1999 than in 2000. This was caused by the fact that the conditions in
the 1999 growth chamber experiment were optimal for the development of the disease
{Tables 2.6 and 2.7).
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For the set Synthetic 6x/Chinese Spring almost complete resistance — expressed
as (almost) complete reduction in necrosis percentage (Table 2.6) and in pycnidial
coverage (Table 2.8) — was located on chromosome 7D from Synthetic 6x. The
substitution line carrying this chromosome showed levels of resistance similar to
Synthetic 6x for both isolates in both environments and for each environment
separately. For the average of both environments the line carrying chromosome 1A
also showed higher resistance than Chinese Spring expressed as reduction in necrosis
percentage in response to isolate IPO 93014. Some lines carrying other chromosomes
showed higher levels of resistance than the susceptible parent in one environment with
any of the two isolates.

For the set Cheyenne/Chinese Spring, the line carrying chromosome 1B
(average of both environments) for the isolate IPO 92067 showed higher levels of
resistance (expressed as reduction in necrosis percentage and pycnidial coverage) than
the susceptible parent but not as high as the resistant one, suggesting the presence of
partial resistance. When environments were considered separately, chromosome 1B
showed higher levels of resistance than Chinese Spring expressed as reduction in the
two resistant components in the growth room experiment. This line also showed a
lower necrosis percentage than the susceptible parent with isolate JPO 92064 but this
effect was significant only in the growth room environment. Some other chromosomes
showed small effects in one of the environments (Tables 2.6 and 2.8).

For the Cappelle-Desprez/Chinese Spring set, the average of both environments
showed three lines (those carrying chromosomes 2B, 3A or 3B) with higher levels of
resistance than Chinese Spring, reflected in the reduction in the two resistance
components for the isolate [PO 92067. For isolate 93014 also chromosomes 2B, 3A,
3B plus 1B, 2A and 5A showed higher levels of resistance — expressed as a reduction
in the percentage necrosis — than the susceptible parent did for the average of both
environments. Some of these effects (3A expressed as a reduction in the two resistance
components, 3B expressed as a reduction in pycnidial coverage for isolate TPQO 92067
and 1B and 2B expressed as a reduction in necrosis percentage for isolate IPO 93014)
were more consistent because they were also present when each environment was
considered separately. Although with a similar tendency as for isolate IPO 92067, no
chromosomes with higher resistance than Chinese Spring (expressed as reduction in
pvenidial coverage) could be detected for the average of isolate IPO 93014 over both
environments, although some effects were present in any of both environments (Tables
2.7 and 2.9).

For the T. spelta/Chinese Spring set, the line carrying chromosome 7D showed
similar levels of resistance expressed as a reduction in the two resistance components
compared to the resistant parent or at least higher than the susceptible parent in both
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