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OZET

SERA KOSULLARINDA YAZLIK ARPA GERMPLASMINDA
ARPA YAPRAK LEKESIi HASTALIGINA KARSI
DAYANIKLILIGIN FENOTIiPiK DEGERLENDIRILMESI

NOE, Su Myat

Yiiksek Lisans Tezi, Tohumluk Bilimi ve Teknolojisi Anabilim Dal1
Danisman: Prof. Dr. Fatma AYKUT TONK
Ikinci Danmigsman: Prof. Dr. Aakash CHAWADE
Agustos 2022, 50 sayfa

Bu ¢alismada, kontrollii kosullarda Rhynchosporium commune’nin neden
oldugu arpa yaprak lekesi hastaligina karsi dayanikli yazlik arpa genotiplerinin
belirlenmesi ve degerlendirilmesi yapilmistir. Deneme, Isve¢ Tarim Bilimleri
Universitesi (SLU), Bitki Islah1 Boliimiinde iklimlendirilmis Biotron odasinda
gerceklestirilmistir. Calismada, Nordgen Gen Bankasindan temin edilen yaklagik
288 arpa genotipi ve dort ticari cesit (Freja, Ingrid, Laureate ve RGT Planet)
kullanilmistir. Deneme, ¢ok sayida genotip i¢in uygun olan Augmented tesadif
bloklar1 deneme desenine gore kurulmustur. Genotipler denemede iki set (tekerriir)
halinde kullanilmistir. Her bir tekerriirde 14 blok yer almis ve bloklarda arpa
genotipleri rastgele dagitilmigtir. Her blokta dort kontrol genotip yer almustir.
Genotiplerin ekimine paralel olarak, SLU Bitki Islah1 Boliimiiniin laboratuvarinda
inokulum hazirligi (miselyum biiytimesi i¢cin CZV8CYM ortaminda ve sporiilasyon
icin WGA ortaminda R. commune’nin kiiltiire alinmasi) gerceklestirilmistir. R.
commune’nin sporiilasyon orani 1.35 x 106/ml olarak belirlenmis ve hemositometre
ile sayarak dogrulanmistir. Bitkilerin ikinci ve iiglincii yapraklar gelistiginde
inokiilasyon yapilmigtir. Hastalik skorlamasi, inokiile edilen ikinci ve {iigiincii
yapraklardaki enfeksiyona dayali olarak ii¢ giin araliklarla (inokiilasyondan

sirastyla 11, 14 ve 17 giin sonra) ii¢ kez yapilmistir.

Elde edilen skorlama verileri analiz edilip ortalama degerler RStudio

programinda Augmented tesadiif bloklar1 deneme deseni paketi kullanilarak
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diizeltilmistir. ANOVA sonucuna gore, birinci tekerriirdeki ikinci skorlama zaman
(14. diin) disinda, her iki tekerriirde de test edilen 288 genotip arasindaki skorlama
sonuglart 6nemli saptanmis ve genotipler arasinda arpa yaprak lekesi hastaligina
kars1 dayaniklilik seviyesi farkli bulunmustur. Ancak, test edilen genotipler ile
kontrol genotipler arasinda dayaniklilik agisindan karsilastirma yapildiginda
Oonemli bir fark saptanmamistir. Bu sonug, kontrol gesitlerin hastaliga vermis
olduklar1 farkli tepkilerden olabilir. Kontrol ¢esitlerden Laureate ve RGT Planet
hastaliga dayanikli, Freja ve Ingrid hassas olarak bilinmektedir. Elde edilen
diizeltilmis ortalamalar, hastaligin zaman i¢indeki ilerlemesini hesaplamak icin
gerekli ve etkili bir yontem olan hastalik gelisim egrisi altindaki alan (AUDPC) i¢in
analiz edilmistir. Hastalik gelisim egrisi (AUDPC) sonucuna gore, en diisiik
AUDPC degerine sahip ilk bes genotip, birinci tekerriirde Lofa, Solar, ST 13947,
Akka ve Rika ve ikinci tekerriirde Lofa, Solar, Pongo, Akka ve ST 13947 olmustur.

Buna karsin, en yiiksek AUDPC degerine sahip ilk bes genotip birinci
tekerriirde BOMI, Drost A, Vega, Pallas ve Freja ve ikinci tekerriirde Herta, Foma,
PR _9275,DS 9770 4 ve DS 10060 4 olarak belirlenmistir. Test edilen genotiplerin
en iyi lineer yansiz tahminini (BLUP) belirlemek i¢in iki tekerriir birlikte analiz
edildiginde, en diisiik AUDPC degerine sahip olanlar Lofa, Solar, Akka, St 13947
ve Pongo genotipleri olmustur. Buradaki ilk dort genotip birinci tekerriir sonucu ile
ayn1 genotiplerdir. Test edilen genotiplerin genis anlamda kalitim derecesi 0,725
olarak belirlenmistir. Elde edilen bu deger, onceki literatiir c¢aligmalarinda
belirlenen 0,20-0,97 araligindaki genis anlamda kaliim derecesi degerlerinden
yiiksek olarak bulunmustur. Bu ¢alisma, test edilen genotiplerde zaman i¢inde arpa
yaprak lekesi hastaliginin ilerlemesini fenotipleyerek dayanikli genotiplerin
belirlenmesi hakkinda temel bilgiler saglamistir. Bu genotiplerin hastaliga karsi
dayanikliligini, cok lokasyonlu denemeler yaparak ve hastalik ilerlemesini
fenotipleyerek veya QTL analizini dahil ederek dayaniklilik genlerinin varligini
belirleyerek dogrulamaya ihtiya¢ vardir. Boylelikle arpa yaprak lekesi hastaligina

kars1 dayanikli arpa genotiplerinin 1slah programini hizlandirmak miimkiin olabilir.

Anahtar Kelimeler: Yazlik arpa, Rhynchosporium commune, arpa yaprak
lekesi hastaligi, kalitim derecesi, BLUP.
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This study evaluated and identified the resistant spring barley genotypes
against scald disease caused by Rhynchosporium commune under a controlled
environment. The experiment was conducted in the climatized chamber of Biotron
at the Department of Plant Breeding, SLU, Alnarp, Sweden. The experiment
included about 288 barley-tested genotypes by Nordgen genebank and four
commercial cultivars (Freja, Ingrid, Laureate, and RGT Planet). The experimental
design used in this study was Augmented RCBD, which was suitable for an
experiment with large numbers of treatments (genotype). In this experiment, three
sets (replications) of genotypes were included. Each set included 14 blocks where
the tested barley genotypes were assigned randomly among those blocks and four
checks in every block. In parallel to seed sowing, inoculum preparation (culturing
of R. commune on CZV8CYM media for mycelium growth and WGA media for
sporulation) was carried out in the laboratory of the Department of Plant Breeding,
SLU. The rate of R. commune sporulation was 1.35 x 10%/ml and confirmed the
result by counting with a hemocytometer. Inoculation was done when the second
and third leaves of the plant developed. Disease scoring was done three times at
three-day intervals (11DAI, 14 DAI, and 17DAlI, respectively) based on infection

on the inoculated second and third leaves.

The collected scoring data were analyzed, and the mean values were adjusted
using augmentedRCBD packing in RStudio software. According to the ANOVA



result, except for the second scoring time (14 DAI) in augmented set 1, scoring
results among 288 tested genotypes were significant in both augmented sets
meaning the resistance level among these genotypes against scald disease was
different. However, there was no significant difference when the tested genotypes
and checks were compared for the resistance. It might be due to the different
response levels of check cultivars where Laureate and RGT Planet were known to
be resistant. At the same time, Freja and Ingrid were susceptible to scald disease.
The resulting adjusted means (scoring) were further analyzed for the area under the
disease response curve (AUDPC), an essential and effective method to calculate
disease progressiveness over time. According to the AUDPC result, the top five
genotypes with the lowest AUDPC were Lofa, Solar, ST-13947, Akka, and Rika
for set 1 and Lofa, Solar, Pongo, Akka, and ST-13947 for set 2.

Conversely, the top five genotypes with the highest AUDPC were BOMI,
Drost A, Vega, Pallas, and Freja in set 1 and Herta, Foma, PR-9275, DS 9770-4,
and DS 10060-4 in set 2. When the two sets were jointly analyzed to determine the
best linear unbiased prediction (BLUP) of the tested genotypes, the ones with the
lowest AUDPC values were Lofa, Solar, Akka, St-13947, and Pongo, of which the
first four genotypes resulted in the combined analysis were identical to those in the
individual trial set. The broad-sensed heritability of the tested genotypes was 0.725,
which could be considered a high-level estimation based on the previous literature
studies obtaining a broad-sensed heritability within 0.20-0.97. This study provided
basic information about identifying resistant genotypes by phenotyping the disease
progression of scald in the tested genotypes over time. It would need additional
steps to confirm the resistance of these genotypes against scald disease by doing
multilocational trials and phenotyping disease progress or incorporating QTL
analysis by identifying the presence of resistant genes and speeding up the breeding

program resistant barley genotypes against scald disease.

Keywords: Spring barley, Rhynchosporium commune, scald, heritability,
BLUP.
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PREFACE

Barley is one of the major cereals for humans and has been many decades
benefiting humankind as well. Ancient humans grew barley mainly for their diet,
but in today's era, the purpose of growing barley has been changed and mainly
focuses on animal feed and malting. Depending on the variety, barley can be grown
in both winter and spring, of which spring barley is a short duration. In contrast,
winter barley is a long duration and requires vernalization for flowering and fruit
sets. In Sweden, spring barley is much more interested because, in winter, farmers

grow winter wheat more.

Altogether with the wide adaptability of barley, it is undeniable that it has a
different range of biotic and abiotic stresses. Among different biotic stresses, foliar
diseases such as Septoria tritici blotch and tan spot are serious diseases to winter
barley, while net blotch and scald diseases were recorded as high impacted for
spring barley. Scald is a fungal disease caused by the Rhynchosporium commune.
Its damage rate in barley production reached 40% of yield loss and grain quality
reduction, significantly when susceptible cultivars are grown. Moreover, R.
commune is one of the pathogens with a high rate of variation, and intensive
application of fungicides exerts an intense selection pressure leading to the

breakdown of resistance of the host plant.

Although discovering a couple of resistance genes against scald disease and
some genotypes such as RGT Planet, known to be resistant to scald disease, are
available in the market, no one can guarantee how the resistance will last long. The
plant breeders must develop barley cultivars with a more robust and durable
resistance against scald disease for the world population. With this purpose, the
experiment was carried out as one of the pre-breeding stages to evaluate and
identify spring barley genotypes resistant to the scald disease. The phenotypic
results from the experiment will be helpful for future breeding programs in

identifying resistance genes/QTLs against scald disease.

IZMIR Su Myat NOE
10/08 /2022






Xiii

TABLE OF CONTENTS

Page
OZET oottt vii
ABSTRACT oo e e ras IX
PREFACE ...ttt e e et e e e tee e aneeeanes Xi
TABLE OF CONTENTS ... Xiii
LIST OF FIGURES ... e XVi
LIST OF TABLES ... .ottt ae e XViii
1. INTRODUCTION ....oiitiiiiieiie ettt 1
2. LITERATURE REVIEW ... 4
2.1 Barley: One of The First Domesticated Crops By Humans ............cccccccceeveeee. 4
2.2 Barley Cultivation in NOrdic COUNTIIES .........ccooriiiiiiriniieeieeeesee e 5
2.3 Rhynchosporium Commune: A Causal Pathogen to Barley Scald Disease........ 6

2.4 Genebank Germplasms: A Genetic Resource For Developing Resistance

CUIVATS e e ettt e e et e e e e e e e e e eeeeeeeaaan 7

2.5 The Use of Area Under Disease Progress Curve (AUDPC) In Phenotypic
ST 1= ox 1 o] oSSR 8

2.6 Best Linear Unbiased Prediction (BLUP): A Valuable Tool To Predict
The Breeding ValUES .......ccooiiiiiie ettt 9



Xiv

TABLE OF CONTENTS (continued)

Page
3. MATERIALS AND METHODS........cccoiiiiieiiiie e 11
3.1 Experimental Design and MaterialS ..o 11

3.2 Inoculum Preparation, Isolation, and Inoculation of Rhynchosporium

(000 1010 0101 R 12

3.3 Rhynchosporium Commune Inoculum Preparation............cccceeeevveiesecieannnns 12

3.4 Harvesting of R. Commune Conidia and Inoculating To Tested Barley

(€12 0 T0] 4 o[- TSP P R VRSP UP PR PP PPPPRPN 15
3.5 Assessment of Scald Disease INCIAENCE. .........ccvereriiiiericiincieee e 17
A RESULTS ettt nn e 20
4.1 DISBASE SCOMNG ...euvititiiteriieseesiesteste st ste st ete ettt b st e st ese e et et nbesbesbesieas 20
4.2 Analysis of VarianCe (ANOVA) ...t 20
4.3 Frequency DIStribDULION .........ccooviiieii e 23
4.4 The Area Under Disease Progress Curve (AUDPC) ........cccoocvvveveececieceee. 26

4.5 Best Linear Unbiased Prediction (BLUP) of The Tested Barley
(€12 0T0] 4 o[- TSP P U R R P OPTUR PR PPPPRN 28

5. DISCUSSION ...ttt ettt 34

6. CONCLUSION AND FUTURE DIRECTIONS.......cccooiiiiiiiiciiecee 38



XV

TABLE OF CONTENTS (continued)

Page
REFERENCES ....ccoooovourrmeessssssseeseeeeesssssseseeesessesssssessssssssseeessssssessseeeneesssssssnn 39
ACKNOLEDGEMENT .......oooooeooieeeeeeeseeseeeeeeeeseseseeeeeeesesesessesseseseeeesesssseseeeneeees 49
CURRICULUM VITAE.....ooooooooooeeeeeeeeeeesseeseseseseseeeeeeeeeseseseeeeeeeesesseeesssess e 50

ANNEXS L



Figure

2.1.

3.1

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

XVi

LIST OF FIGURES

Page
World barley production within ten years (2012-2022) referenced
from International Grains COUNCIl ...........ccoeviiiiiiniie e 5
Experimental site 10CatioN ..........ccoveiiiiiiiii 11
Experimental layout using Augmented Randomized Complete
BIOCK DESIGN ...ttt 12
CZV8CYM media preparation and culturing of R. commune for
MYCEIIUM GrOWEN......ooiiiii i 14
WGA media preparation and culturing of R. commune for
] 0101 £ U] = LA o] O OU R SOOSSN 15
Counting R. commune spores using a hemocytometer............ccoccvvvvrenenne 16
Barley seedlings which are ready to be inoculated (a) second and
third leaves developing stages of barley seedling (b) marked second
and third leaves for disease SCOMNG........cccevveiiciiiieeie e 16
After-inoculation condition of the experiment (a) plants covered
with plastic sheet immediately after inoculation (b) Side view of the
chamber (c) Top view of the chamber. All trolleys were covered with
plastic sheets as the first layer and then covered with Aluminum foil
to prevent heating up because of respiration and evaporation. .................. 17

Stages (1-10) of scald disease progressiveness in barley..............ccceeneee. 18



Figure

4.1.

4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

5.1.

XVii

LIST OF FIGURES (continued)

Frequency distribution of the tested barley genotypes in the
augmented trial set 1 (a) first scoring at 11 DAI (b) second scoring

at 14 DAI (c) third scoring at 17 DAL.......ccoooviiiieiieeie e

Frequency distribution of the tested barley genotypes in the

augmented trial set 2 (a) first scoring at 11 DAI (b) second scoring

at 14 DAI (c) third scoring at 17 DAL.........cooiiiiiieenc e

Area Under Disease Progress Curve (AUDPC) for the studied barley

gENOtYPES iN AUGMENT SEE L.....cvivivivivirircieieiercie e,

Area Under Disease Progress Curve (AUDPC) for the studied barley

gEeNOtYPES IN AUGMENT SEL 2.t

Status of check genotypes at 17 DA .........ccooviieiiienenciesee e

Status of barley genotypes having high AUDPC values (susceptible

genotypes) at 17 DAL .....c..oov et

Status of barley genotypes having low AUDPC values (resistant

genOtYPES) t 17 DAL ..o

R. commune infected barley leaves (a) appearance of the water-
soaked lesion at 9 DAI pointed with black arrow (b) droopy second

and third leaves (marked ones) due to planting cell collapse resulting

in a lack of leaf turgidity.........covveieiiiiie e,



Table

3.1

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.

xviii

LIST OF TABLES

Page
Ingredients to prepare CZCVCYM Media .......ccccovevveieecieiieii e sieseeien 13
Analysis of variance (ANOVA) of augmented block design for three
scoring times in 284 genotypes and four checks of spring barley
(Augmented trial SEt L)......cceiveiiiieiieie e 21
Analysis of variance (ANOVA) of augmented block design for three
scoring times in 284 genotypes and four checks of spring barley
(Augmented trial SEE 2).......ooiiiiiiieicee 21
Descriptive statistics of disease scorings at three-time points in 288
barley genotypes (Augmented trial SEt 1) ........cccevvveieiieeiicieiiece e, 22
Descriptive statistics of disease scorings at three-time points in 288
barley genotypes (Augmented trial SEt 2) ........ccccovvvririiieiennir e 22
Scoring of the check cultivars at three scoring points...........ccccccevvevveennenn. 22
Heritability, genotype variance, grand mean and the coefficient of
variation observed among the barley genotypes in the experiment ........... 28

Ranks of barley genotypes against scald disease according to the
BLUP VAIUES ..ottt sttt ene e



1. INTRODUCTION

Barley (Hordeum vulgare L.) is an annual cereal belonging to the Poaceae
family. Although barley can be grown in various environments, it is primarily
cultivated in temperate regions. Barley occupies the fourth position in cultivation
among the five most essential cereal crops worldwide (Akar et al., 2004). According
to archaeological evidence, barley was domesticated from its ancestor, the wild
barley (Hordeum spontaneum), in the fertile crescent region (Hughes et al., 2019).
Initially, Neolithic people sought to cultivate it for their consumption, whereas the
current production is primarily intended for animal feed and beverage production
(Brown et al., 2009). Depending on its growth habit, barley varieties can be
classified as spring or winter genotypes, with winter barley requiring vernalization
for flowering and seed setting. Generally, barley spike (head) has three spikelets,
one in the center and two on the laterals, attached alternately to the rachis node.
While the central spikelet is the only fertile spikelet in wild barley, all spikelets
mature into grains in cultivated barley (Magness et al., 1971). Based on the vantage
point of the spike and the presence of fertile grain, barley is classified as either two-
rowed or six-rowed, with two-rowed barley referring to wild barley and six-rowed
barley referring to cultivated barley (Komatsuda et al., 2007). Sweden's most
commonly grown spring barley is the two-rowed type for malting because of its
high sugar content (Tillgren, 2021). In 2020-2021, the world produced
approximately 160.53 million metric tons of barley, with the European Union
accounting for 52.75 million metric tons and leading the global production,
followed by Russia and Australia, which produced 17.5 and 13 million metric tons,
respectively (Shahbandeh, 2022). Winter wheat and spring barley are the principal
cereals produced in Sweden to narrow the production focus to Sweden (Buntaran
et al., 2020).

Crop vyield is undeniably an essential objective of plant breeding programs;
however, significant abiotic and biotic constraints prohibit it. Decades of biotic
stress such as drought, temperature increase, salinity, and nutrient deficiency have
impacted barley production in European nations (Moore and Lobell, 2015).
Alternatively, mainly plant diseases, abiotic stresses significantly hinder barley

production (Singh et al., 2019). There is a wide range of pathogens in barley,



including bacteria, fungi, nematodes, and viruses. It is generally due to the broad
adaptability of barley, which generates a diverse array of pathogens (Asif and
Kamran, 2012). Among the pathogens affecting barley, Rhynchosporium commune,
which causes scald or leaf blotch disease in barley, is a significantly and
economically important disease in European barley production (Avrova and
Knogge, 2012) because it can reduce barley yield by up to 40 percent, particularly
in susceptible cultivars (Paulitz and Steffenson, 2011). Scald disease is present in
all barley-growing regions of the world, including northern and central Europe,
Asia, Africa, the Americas, Australia, and New Zealand (Brunner et al., 2007,
Robbertse et al., 2001).

Although barley was domesticated approximately 10,000 years ago, R.
commune was not present at that time but later emerged in Northern Europe by
switching its host from wild grass to cultivated barley (Penselin et al., 2016).
Several researchers have reported multiple QTLs on different chromosomes for
scald resistance in barley, including Rrs1 on 3H, Rrs2 on 7H, and Rrs13 on 6H in
various barley genotypes (Abbott et al., 1991; Bryner, 1957; Dyck and Schaller,
1961). However, it was later discovered that the identified QTLs with the same
resistance were overlapping among the tested genotypes across multiple studies,
resulting in a disillusioning result regarding identifying resistance genes in barley
(Weibull et al., 2003). Therefore, it is essential to investigate resistant genes to
expedite breeding one of the world's most important crops, barley. To this end,
evaluating disease resistance in as many genotypes as possible would provide a
solid foundation for plant breeders to continue the genomic study of scald resistance

in barley.

Here, a diverse panel of 288 barley genotypes available at Nordgen were
tested for scald resistance by artificially inoculating the plants with a virulent isolate
of R. commune. We hypothesized that variations of response to scald disease should
follow the diversity of the tested genotypes while enabling the discovery of highly
resistant ones under a controlled environment. To test this hypothesis, the following

research objectives were established.



1) To culture and inoculate R. commune to the tested barley genotypes
2) To evaluate R. commune resistance in the tested barley genotypes
3) To identify the most resistant genotypes against R. commune for use in

future breeding programs



2. LITERATURE REVIEW

2.1 Barley: One of The First Domesticated Crops By Humans

Barley (Hordeum vulgare L.) is an annual grass that belongs to the family
Poaceae. It is listed under the genus Hordeum altogether with other thirty-two
species which possess similar morphological characteristics, such as bearing triplet
spikelets at each rachis node (Bothmer et al., 1995). However, the Hordeum is
distributed worldwide (mostly abundantly in temperate regions). Accordingly, their
centers of origin are recognized as southern South America, western North
America, the Mediterranean, and Central Asia (Bothmer et al., 1995). It is a diploid
plant species with fewer chromosomes (2n=14) but a large genome. The wild barley
cultivar (Hordeum spontaneum) is considered the immediate progenitor of the
cultivated barley (both two-rowed and six-rowed barley where the latter was
developed because of more than one mutation (Bothmer et al., 1995). Traits of
barley important for early domestication are brittleness of rachis, kernel row type
(two-rowed or six-rowed), covered and naked kernels, dormancy, growth habit
(spring or winter), productivity and quality traits such as grain color, abiotic
resistance such as salinity tolerance, and disease resistance.

Barley is a nutritious cereal containing moderate protein content, the highest
percentage of carbohydrates, and dietary fiber, known as beta-glucan-this fiber
helps reduce LDL-cholesterol (LDL-C) (Keenan et al., 2007). Being a healthy crop,
the Romans, mainly the gladiators, consumed barley as their primary diet together
with beans. As time went by, the utilization of barley changed significantly from
human daily dietary to animal feed and malting purposes (Kumari and Kotecha,
2015; Losch et al., 2014). According to Figure 2.1, a glance at the ten years from
2012-to 2022 showed that animal feed production primarily occupied the world’s
barley demand. Barley is also considered a substitutional crop to maize where it

cannot be grown well (Zhou, 2010).



World Total - Barley

m.tons

200

Food
@ Feed
Industrial
@ Other
@ Production

100

2012/13 2013/14 2014715 2015/16 2016/17 2017/18 2018/19 2019/20 2020721 2021/22

0

Figure 2.1. World barley production within ten years (2012-2022) referenced from
International Grains Council

Approximately 400,000 barley accessions are conserved worldwide where
International Center for Agricultural Research in the Dry Areas (ICARDA)
maintains about 32,000 barley accessions (8% landraces and 7% wild relatives)
while genebanks in Australia, Brazil, Canada, China (CAAS), Ethiopia, Germany
(IPK), Japan, Mexico, Russian Federation, South Korea, Sweden, UK and USA
(ARS) conserve more than 10000 barley accessions individually (ICARDA, 2016).

2.2 Barley Cultivation in Nordic Countries

Barley has been cultivated in Scandinavian countries for over 6000 years
(Vorren, 2005). Sweden is one of those countries, and its significant crops are
cereals such as wheat, barley, oats, and pasture. Barley is grown all over the
country, but the majority is in the northern part, and the most common cultivated
barley is spring two-rowed barley. The production from northern part contributes
thirty percent of total country production. In 2020, Sweden produced approximately
1.5 million tons of barley with an average yield in 2020 was 51,715 tons per hectare.
However, data of recent decades show a significant fluctuation in barley grain yield
from 1970 to 2000 (Knoema Data Hub).



2.3 Rhynchosporium Commune: A Causal Pathogen to Barley Scald

Disease

Initially, the causal pathogen of scald disease was assumed to be R.
secalis which infects rye, triticale, and barley. Later, it was discovered that the
pathogen is host-specific, with the strain infecting barley being a distinct species
known as R. commune (Zhang et al., 2020). R. commune is a hemibiotroph (a mixed
form of biotrophic and necrotrophic) that acts as a parasite by invading the host
living tissues during the initial infection period (biotrophic manner) and finally
killing the host cells along with their intrusion (necrotrophic manner) (Divon and
Fluhr, 2007). Although this pathogen has been known to reproduce asexually for
an extended period, a recent study established that it also has sexual reproductive
mechanisms despite the absence of ascocarp (the sexual fruiting bodies) footage
(Zhang et al., 2020). R. commune can overwinter on crop residues, seeds, and soil,
with debris and seeds serving as the primary source of inoculum and sporulation.
Also, rain splash contributes to secondary inoculum, which significantly affects

conidia dispersal to neighboring plants (Zhang et al., 2020).

Conidia of R. commune is two-celled and beak-shaped in structure, and its
fungal growth in barley occurs in four phases. First, the conidia germinate after 12
hours of inoculation/infection by the development of germ tubes and subsequently
followed by the formation of appressoria at the tip of the germ tubes. Approximately
24 hours after inoculation/infection, the penetration peg penetrates the host cell
cuticle as the second phase of fungal growth. Then a thin fungal hypha grows
intracellularly and longitudinally alongside the leaf surface (no mycelium growth
at this moment). During the fourth phase (approximately ten days after
inoculation/infection), the mesophyll cells collapse because of the massive
intercellular growth of mycelium (Ayesu-Offei and Clare, 1970; Zhan et al., 2008).
At this stage, the greyish water-soaked lesions can be seen on the leaf surface, and
these lesions later turn into chloric and necrotic ones gradually (Jackson, 1997).
Afterward, the final appearance of scald disease with pale or faded water-soaked
lesions surrounded by a deep-brown colored margin is visible on the leaf blade
(Lehnackers and Knogge, 1990). Additionally, the disease can develop without

visible symptoms while the fungus is growing inside the host plant tissue.



Consequently, the pathogen can be transmitted to harvested seeds (Atkins et al.,
2010; Walters et al., 2012). While rain splash is the primary disease transmitter for
nearby plants, the infected seeds can be a source for generation by generation and
long-distance transmission of the disease (Fountaine et al., 2010; Stefansson et al.,
2012).

The most widely used practices for plant disease management are fungicide
application and growing resistant cultivars solely or an integrated approach.
Nonetheless, both conceptually apply selection pressure to pathogens, by which the
pathogen can overcome fungicide treatment and host plant resistance. In the case
of fungicides, pathogens develop resistance to them, whereas to circumvent the
plant defense system, they modify their avirulence gene product (a protein) to one
that is not recognized by the plant receptor located on the plasma membrane
(Brown, 2015; Sacristan and Garcia-Arenal, 2008). The evolution rate of
R. commune is relatively high, and it can easily be adaptable to different
environmental conditions (Habgood, 1973; Jackson and Webster, 1976; Q. Zhang
et al., 1992). The isolates taken from the same lesion (sample area) are different in
color, sporulation, germination, and fungal aggressiveness (virulence). (Ali et al.,
1976; Brown, 1985).

2.4 Genebank Germplasms: A Genetic Resource For Developing

Resistance Cultivars

Up to 2019, there are 1,750 genebanks worldwide thatch that conserves 7.5
million germplasm including landraces, wild relatives, and mutants maintained in
different forms of conservation such as seed, other plant parts including shoots, and
pollens (CGIAR, 2019). It is undoubtful that landraces and wild landraces have the
tolerance and resistance to biotic stresses. In wheat, about 44% of leaf rust disease
resistance genes (Lr genes) in wheat have been discovered from its wild relatives
conserved in genbanks (Fatima et al., 2020). Moreover, about 21 resistance (major)
genes related to tritici blotch (STB) resistance in wheat were identified, and among
several QTLs discovered previously, four putative QTLs on chromosome 3A, 5A,
4B, and 5B were reported from Ethiopian Durum Wheat Landraces (Kidane et al.,

2017). Furthermore, two rice resistance genes, Pi-ta and Pi54 for blast disease were



discovered in two landraces of Indica rice, Tetep and Tadukan (Mahesh et al.,
2016).

Barley is attacked by several pathogens among of which that can cause the
highest yield losses is Pyrenophora tritici-teres, the causal agent of net form net
blotch (NFNB) disease. NFNB is a significant disease for barley in its production
areas. The use of land races and commercial cultivars from barley center of origin
has aided in the identification of four new QTLs located on chromosome 3H, 5H,
and 6H associated with resistance against NFNB disease (Novakazi et al., 2019).
On the other hand, several resistance genes had been mapped from the cultivated
barley species (Rrs1 on 3H and Rrs2 on 7H) as well as from wild Hordeum species
(Rrs12 on 7H and Rrs13 on 6H) against scald (Abbott et al., 1991, 1995; Hanemann
et al., 2009; Hofmann et al., 2013). The most recent identification of the scald
resistance gene was Rrs18 on chromosome 6H by Hofmann (2014). Although
different resistance (major) genes have been discovered for scald disease, the gene-
for-gene interaction between the avirulence proteins (effectors) of the pathogen (R.
commune) and the resistance R genes of the host plant (barley) always leads to the
evolutionary mechanism resulting in the overcoming of plant defense system by the
pathogen in a short period (Barua et al., 1993). For example, necrosis-inducing
peptides 1 (NIP1) protein produced by R. commune is recognized by the Rrsl on
the 3H chromosome of the scald resistance barley cultivars and for. It forces open
to modifying its function of producing NIP1 effector by mutating or losing it (Rohe
et al., 1995). The most appropriate way to deal with it is the pyramiding of major
genes and QTLs with partial effects against creating a more durable resistance to
scald disease (Walters et al., 2012). Therefore, the exploitation of qualitative and
qualitative resistance genes from various genetic resources such as germplasms

concerning barley scald disease is crucial.

2.5 The Use of Area Under Disease Progress Curve (AUDPC) In
Phenotypic Selection

Plant epidemiologists use the disease progression curve to illustrate the
progression of the disease in the host plant over time (and sometimes space) and

evaluate the host's resistance (Luke and Berger, 1982; Pennypacker et al., 1980). In



the 1980s, plant pathologists used simple descriptive models to visualize disease
progression over the tested time frame, for instance, a comparison study of rust
severity in different oat cultivars (slow-rusting and fast-rusting ones) with a disease
scoring interval of 6-7 days (Luke and Berger, 1982). (Campbell and Madden,
1990) introduced the trapezoidal method for calculating the area under the disease
response curve (AUDPC). This method typically determines the disease severity by
summing the average disease intensity between the closest scoring time points,
beginning with the initial scoring, and ending with the final scoring. Many
experiments, including field research as well as greenhouse ones, were conducted
to study the quantitative resistance in many cereal crops. For example, the study of
Septoria tritici epidemics in winter wheat (Paraschivu and Cotuna, 2013),
assessment of quantitative resistance against leaf rust in winter rye hybrids
(Miedaner and Sperling, 1995), evaluation of maize inbred lines against grey leaf
spot disease (Saghai Maroof et al., 1993) were carried out. In barley, studies in
which the analysis of disease severity distribution among panels of genotypes was
examined using the AUDPC approach. The assessment of Tunisian barley against
net blotch disease (Cherif et al., 2010), evaluation of adult plant resistance in two-
rowed and six-rowed barley genotypes against spot blotch disease, and comparison
of the yellow rust disease resistance among the naked barley landraces (Visioni et
al., 2020).

2.6 Best Linear Unbiased Prediction (BLUP): A Valuable Tool To
Predict The Breeding Values

Plant breeders adopted the mixed model equation developed by C. R.
Henderson in 1948, which was initially applied to animal breeding to select the
most promising progeny among the tested ones. The linear mixed model allows for
the evaluation of both fixed effects by best linear unbiased estimation (BLUE) and
random effects by best linear unbiased prediction (BLUP) individually (Henderson,
1975). Although among these two evaluations, BLUP-based selection returns a
more accurate selection result than BLUE-based one (Copas, 1983) because of the
shrinkage properties of BLUP, which drags the above and below-means to the mean
value (Hill Jr. and Rosenberger, 1985) and later BLUP was widely applied in plant
breeding (Piepho et al., 2008). Additionally, BLUP is beneficial in analyzing
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unbalanced data, i.e., missing plants due to poor germination, seedling damage, or
rodents, especially under field conditions. BLUP allows the calculation of the effect
of the covariate factor on the primary variable (Alvarado et al., 2015). This
statement was further supported by (Robinson, 1991) that BLUP was helpful in
plant varietal selection because of its capacity to return the predicted values after
adjusting with the mean value and ranking the genotypes accordingly. Much
research has been carried out to select the most superior genotypes among the tested
ones based on BLUP-based information. One of those was research conducted to
select the best genotypes from two ornamental species (Molenaar et al., 2018).
Moreover, a simultaneous combination of AMMI (additive main-effects and
multiplicative interaction) and BLUP recommended high-yielding barley

genotypes (Verma et al., 2021).
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3. MATERIALS AND METHODS

3.1 Experimental Design and Materials

In this study, 288 spring barley genotypes from the Nordic gene bank
Nordgen together with 4 control genotypes were grown in the cultivation unit
(Biotron) of the department of plant breeding, Swedish University of Agricultural
Sciences (SLU), Alnarp, Sweden (Figure 3.1). The biotron provides growth
environment that allows to grow plants in precisely climate-controlled chambers

for different parameters such as light, temperature and humidity.

Gy

Figure 3.1. Experimental site location

The genotypes were arranged in Augmented Randomized Complete Block
Design (AugmentedRCBD) with two replicates using the Agricolae package in
RStudio statistical software. According to this design, there were 14 blocks in each
replicate. Additionally, the tested genotypes were assigned randomly among the 14
blocks in which each block contained 19-21 tested barley genotypes altogether with
four control genotypes (Figure 3.2). One day before sowing, 8x8x9 cm plastic pots
were filled with compost. Eight seeds for tested genotypes and six seeds for checks
were sown on 11 March 2022. Seven days after sowing, thinning was done by
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leaving two seedlings per pot. After thinning, an equal amount of mono potassium
phosphate (KH2PQOj4) solution (diluting 15g of KH2PO4 in 1000 ml of water) was
applied to all blocks.

Repl | | Rep2

O0O0000E
O0oooomn

Figure 3.2. Experimental layout using Augmented Randomized Complete Block
Design

3.2 Inoculum Preparation, Isolation, and Inoculation of

Rhynchosporium Commune

The protocol applied in this experiment to isolate and inoculate R. commune is
prepared/modified by Mustafa Zakieh, Aakash Chawade Lab, Department of Plant
Breeding, SLU, Alnarp, Sweden.

3.3 Rhynchosporium Commune Inoculum Preparation

To obtain R. commune inoculum, three types of culture media were required. A
simple water agar media was used as an initial step for preserving R. commune
infected leaf samples. For the second step of R. commune mycelium growth, a
specific type of media, CZV8CYM, was used. For the last step of R. commune
inoculum preparation, wheat germ agar media was used for R. commune

sporulation.
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3.3.1 Environmental sample incubation on water agar media

The first media type was the water agar to incubate the barley leaf samples
infected with scald. These samples were taken from the barley production fields in
the Southern part of Sweden near Ystad. The collected scald infected leaf cuts were
sterilized with 0.5% sodium hypochlorite approximately for 2-3 minutes and then
rinsed three times for 5 minutes with sterile distilled water to remove sodium
hypochlorite. Then the leaf cuts were moved to 90 mm Petri dishes containing water
agar (agar and distilled water) and rifampicin antibiotic (100 pg/L) to prevent
bacterial infection to the culture media and left to incubate at room temperature for
two weeks. The R. commune mycelium grown on water agar media was provided
by the Department of Plant Breeding, SLU. The second and third types of culture
media were prepared for R. commune mycelium growth and sporulation during this

experiment.

3.3.2 R. commune mycelium growth and occasional sporulation
CZV8CYM media

In order to prepare the mycelium growing media for R. commune, the following

ingredients were added.

Table 3.1. Ingredients to prepare CZCVCYM media

Oxid Czapek Dox 56 g
Bacto agar 10 g
V8 juice 200 ml
Calcium carbonate 49
Yeast extract 1g
Malt extract 19

Distilled water 800 ml



14

These ingredients were mixed thoroughly, resulting in a 1000 ml CZV8CYM
solution, and then it was autoclaved for about 20 minutes. Then the autoclaved
solution was added to 90 mm Petri dishes, and the dishes were cooled down until

the added solution was completely solidified.

Two weeks old R. commune mycelium were transferred to CZV8CYM media
and incubated in the dark (additionally covering the Petri dishes with aluminum
foil) at 17-18 °C for two weeks until the growth of mycelium reached around

1-3 cm in diameter (Figure 3.3).

= " _— - —
CZVSCYM solution Solidifed CZV8CYM media plates ready for R. commune R. commune mycelium growing
culturing on CZV8CYM media

Figure 3.3. CZV8CYM media preparation and culturing of R. commune for
mycelium growth

3.3.3 R. commune sporulation on wheat germ agar media

In order to induce fungal sporulation or for the induction of spore formation,
fungal plugs were taken from two-week-old mycelium of R. commune and
transferred to WGA.

The main ingredients were wheat germ and agar to prepare wheat germ agar.
The ratio used in this experiment was 10% of the weight/volume of wheat germ
agar to regular tap water. About 100 g of wheat germ agar was added to 1000 ml of
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tap water, and the mixture was boiled for 10 minutes and simmered for 20 minutes.
Then the mixture was cooled down at room temperature and centrifuged at 2000
rpm for 20 minutes. Then the resulting supernatants were collected and restored to
the original volume (1000 ml) by adding tap water, then autoclaving the suspension
at 121 °C for 20 minutes. The suspension was cooled down at room temperature,
and then agar was added to the suspension with a ratio of 159 per liter of water. The
mixture was warmed for 5 minutes, added to 90 mm Petri dishes, and cooled down.
The harvested R. commune mycelium was transferred to the wheat germ agar
containing Petri dishes and stored in the darkroom at 17-18 °C for two weeks for
sporulation (Figure 3.4).

Development of R commune spores and mycelium
on WGA media after 14 days of incubation

Figure 3.4. WGA media preparation and culturing of R. commune for sporulation

3.4 Harvesting of R. Commune Conidia and Inoculating To Tested

Barley Genotypes

To collect the well-grown R. commune conidia in wheat germ agar media, 15-
20 ml of deionized distilled water was added to individual Petri dishes and brushed
thoroughly by applying a moderate hand force to collect the conidia as much as
possible, resulting in 1000 ml of spore suspension. Then the conidia were counted
using a hemocytometer, and the number of R. commune conidia in the suspension

was adjusted to 1.35 x 10° conidia/ml of suspension (Figure 3.5).
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Thereafter the original suspension was diluted to 6000 ml by adding distilled
water, which was sufficient to inoculate barley plants in 28 blocks. The inoculation
was carried out by hand-spraying to the whole plant level when it developed at three
leaf stage (Figure 3.6). Immediately after inoculation, the plants were kept under
dark conditions by covering the trolleys with transparent plastic sheets and
aluminum sheets and maintaining the chamber in a fully humidified condition for
72 hours at 16-17 °C (Figure 3.7). Three days after inoculation, the covers were
removed and kept in the greenhouse chamber with a constant temperature of 17 °C
and 16/8 hours of light/dark cycle with 75% relative humidity (rh).

Figure 3.6. Barley seedlings which are ready to be inoculated (a) second and third
leaves developing stages of barley seedling (b) marked second and third
leaves for disease scoring
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3.5 Assessment of Scald Disease Incidence

Disease scoring was carried out three times at 11, 14, and 17 DAI (Days After
Inoculation). During scoring, only the second and third leaves (Figure 3.6) were
marked and assessed as only these two leaves developed and were infected at
inoculation.

7 |
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Figure 3.7. After-inoculation condition of the experiment (a) plants covered with
plastic sheet immediately after inoculation (b) Side view of the chamber
(c) Top view of the chamber. All trolleys were covered with plastic
sheets as the first layer and then covered with Aluminum foil to prevent
heating up because of respiration and evaporation.
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Figure 3.8. Stages (1-10) of scald disease progressiveness in barley

After receiving the scoring results, the adjusted mean value for the tested
barley genotypes in each scoring point (for individual replication) was calculated
using the augmentedRCBD package in R statistical software using the following

mathematical model:
Yi=p+ Girt Bi+ €il

where Yi is the adjusted mean of i'" genotype in the I'"" block; u is the general mean
value; Gi; is the effect of i genotype in the I'" block; By is the block effect, and &l

is the residual.
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Based on the adjusted mean values obtained by the above calculation, the area
under the disease progress curve (AUDPC) for individual replication was
calculated. The AUDPC allows scholars to monitor the disease progression of the
crop of interest through time (study period) (Shaner and Finney, 1976).
Subsequently, the best linear unbiased prediction (BLUP) and broad-sense
heritability (H?) were calculated based on the resulting AUDPC values by using
META-R 6.04 (Alvarado et al., 2015).

Yim=p + Gim* Rm + &im

where Yim is the BLUP of i"" genotype in m™ replicate, p is the general mean value,
Gim is the i genotype effect in m" replicate, Rm is the effect of m'" replicate, and

¢™ is the residual effect.
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4. RESULTS

4.1 Disease Scoring

The seeds were sown on 11 March 2022, and inoculation was done on 28
March 2022. Scoring was started 11 days after inoculation and continued to second
and third scorings with three-days interval until 14 April 2022. Initially, 292 barley
genotypes were sown but depending on the plant survival during germination, only
284 genotypes remained and were scored together with four checks (Ingrid-C1,
Freja-C2, RGT Planet-C3, and Laureate-C4) for both trial sets (augmented 1 and
2). The analysis of variance was done for two trial sets separately by the augmented
RCBD package in RStudio.

4.2 Analysis of Variance (ANOVA)

The unadjusted and adjusted means of the treatment effect at all scoring times
of augmented trial sets 1 and 2 showed a significant difference among the studied
barley genotypes except for treatment adjusted mean scored at 14 DAI (days after
inoculation). Table 4.1 and Table 4.2 show analysis of variance (ANOVA) results
of the two augmented replicates, respectively. For the block effect, the unadjusted
values of both trial sets showed a highly significant difference among the blocks.
After adjusting the mean values with the checks, a significant difference among the
blocks only occurred while scoring for the first time (11 DAI) in both trial sets. The
descriptive and statistical explanations for the studied barley genotypes, including
checks, were shown in Table 4.3 and Table 4.4 for the augmented replicates. The
mean values during 11 DAI, 14 DAL and 17 DAI for a replicate 1 were 4.41 + 1.83,
8.21 + 1.46, and 9.64 + 1.18, respectively. Similarly, for the augmented trial set 2,
the means were 4.59 + 1.69 for 11 DAI 9.15 + 1.66 for 14 DAI, and 9.53 + 1.31
for 17 DAI. Table 4.5 compares the mean scoring of the check cultivars and the
overall adjusted means of all the tested barley genotypes at three scoring times for
both trial sets. According to the table, for augmented set 1, RGT Planet and Laureate
scored lower than the overall mean values of the first and second scoring time
points; nevertheless, they surpassed the overall value at the final scoring. At the

same time, the other checks, Ingrid and Freja, scored higher than the mean at all
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scoring intervals. For augmented set 2, RGT Plante-C3 and Laureate-C4 had lower
scores than the overall adjusted mean value for the first two scorings, but for the
final scoring, only Laureate-C4 had a lower score than the overall adjusted mean

value.

Table 4.1. Analysis of variance (ANOVA) of augmented block design for three
scoring times in 284 genotypes and four checks of spring barley

(Augmented trial set 1)

Source of variation Df* (Slclo BnAgl)l (Slcfggg)z (Slc;) Bg?l):g
Treatment (adjusted) 287 3.42 ** 2.11ns 1.17 **
Treatment (unadjusted) 287 4.01 ** 2.69 * 1.2 **
Block (adjusted) 13 3.53* 2.65 ns 0.21 ns
Block (unadjusted) 13 16.54 ** 15.46 ** 0.81~*
Tested genotypes 283 3.78 ** 2.65* 1.21 **
Checks 3 25.7 ** 6.09 * 0.07 ns
Checks vs. tested genotypes 1 2.69 ns 3.41ns 0.78 ns
Residuals (error) 39 1.67 1.56 0.32

*Df = Degree of freedom

Table 4.2. Analysis of variance (ANOVA) of augmented block design for three
scoring times in 284 genotypes and four checks of spring barley

(Augmented trial set 2)

Source of variation Df* (Slclo gg?l)l (Slcfggg)z (Slc7o BTI)?’
Treatment (adjusted) 287 2781 ** 25%* 153 *
Treatment (unadjusted) 287 3.569 ** 2.67* 1.64 **
Block (adjusted) 13 2.81 ** 0.82 ns 0.66 ns
Block (unadjusted) 13 20.91 ** 4,51 ** 3.12 **
Tested genotypes 283 3.43 ** 2.66 * 1.66 **
Checks 3 18.51 ** 3.86 ns 0.3ns
Checks vs. tested genotypes 1 443 * 1.58 ns 0.03 ns
Residuals (error) 39 1.05 1.45 0.84

*Df = Degree of freedom
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Table 4.3. Descriptive statistics of disease scorings at three-time points in 288
barley genotypes (Augmented trial set 1)

Trait Count g(;frrﬁ!an gtedv. Etlilor Min Max | CV

(Sffg%)l 288 | 4.41 183 |011 |0 929 | 2958
?ffg'}gl)z 288 | 821 146 009 |025 |11  |153
(Sf;) grjglf 288 | 9.64 118 [007 |108 |1039 |585

Std. Dev= Standard deviation, Std. Error= Standard error, Min= Minimum, Max= Maximum, CV=
Coefficient of variation

Table 4.4. Descriptive statistics of disease scorings at three-time points in 288
barley genotypes (Augmented trial set 2)

Trait Count S d\frma!alan gtgv‘ Etlfir.or Min Max Ccv

Ec’ffg'jgl)l 288 | 459 169 |01 |0 86 | 2257
?ffgrfl)z 288 | 9.15 166 |01 |04 109 | 1322
Ec’f;) r[i)'jglf’ 288 | 9.53 131 |008 |062 |11.12 |9.64

Std. Dev= Standard deviation, Std. Error= Standard error, Min= Minimum, Max= Maximum, CV=
Coefficient of variation

Table 4.5. Scoring of the check cultivars at three scoring points

Augmented set 1 Augmented set 2
Treatment
11 DAI 14 DAI | 17 DAI 11 DAI 14 DAI | 17 DAI

Freja 5.57 8.55 9.73 5.29 9.45 9.71
Ingrid 5.05 8.43 9.73 5.25 9.36 9.57
Laureate 2.79 7.21 0.88 3.07 8.38 9.36
RGT Planet 3.25 7.54 9.73 3.54 8.66 9.57
Overall adj. mean | 8.21 9.64 4.59 9.15 9.53
of all genotypes
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4.3 Frequency Distribution

Figure 4.1 and Figure 4.2 showed the frequency distribution of the tested
barley genotypes and four check cultivars in augmented trial sets 1 and 2,
respectively. In the first time point scoring data showed that values were normally
distributed (Figure 4.1 and Figure 4.2). However, as time progressed, values of the
genotypes tended to be skewed in their distribution and were most skewed at the

last time point of scoring (Figure 4.1 and Figure 4.2).
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Figure 4.1. Frequency distribution of the tested barley genotypes in the augmented
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4.4 The Area Under Disease Progress Curve (AUDPC)

The area under disease progress curve (AUDPC) is a valuable tool for
monitoring disease progress over time (Shaner and Finney, 1976). In this
experiment, the AUDPC values were calculated based on the adjusted means of the
studied barley genotypes in each trial set. Figure 4.3 and Figure 4.4 illustrate the
AUDPC of the barley genotypes and their distribution in terms of disease

progression compared to the checks in both replicates.

For augmented set 1 (Figure 4.3), the AUDPC ranged from 3.09 to 56.43,
where 59 genotypes equivalent to 20% of the total barley genotypes in the set 1 fell
into the AUDPC range between 47.625 and 49.965. Additionally, nine barley
genotypes reached the highest AUDPC vlaue (55.41-56.43), and on the contrary,
three barley genotypes appeared to have the lowest AUDPC values within the range
of 3.09 to 9.585.

On the other hand, for augmented set 2 (Figure 4.4), the barley genotypes
attained an AUDPC range of 2.88 to 62.28. The influx of barley genotypes (89
genotypes) generally fell into an AUDPC range of 50.085 to 53.175. Four
genotypes had the lowest AUDPC range (2.88 to 7.605), whereas two reached the
highest AUDPC range between 60.375 and 62.28 in the augmented trial set 2.

Barley genotypes with the top five lowest AUDPC values were Lofa, Solar,
ST-13947, Akka, and Rika in augmented set 1 and Lofa, Solar, Pongo, Akka, and
ST-13947 in augmented set 2. Conversely, Bomi, Drost A, Vega, Pallas, and Freja
(the one similar to one of the checks) were the top five ones possessing the highest
AUDPC values in augmented set 1, and similarly, Herta, Foma, PR-9275, DS 9770-
4, and DS 10060-4 in augmented set 2. The full list of AUDPC values for both

augmented sets were mentioned in annex 1.
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Figure 4.3. Area Under Disease Progress Curve (AUDPC) for the studied barley
genotypes in augment set 1
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Figure 4.4. Area Under Disease Progress Curve (AUDPC) for the studied barley
genotypes in augment set 2
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4.5 Best Linear Unbiased Prediction (BLUP) of The Tested Barley
Genotypes

For decades, plant breeders used the linear mixed model to obtain the basic
linear unbiased prediction (BLUP) to predict the random effects and essential linear
unbiased estimation (BLUE) to estimate the fixed effects. Plant breeders preferred
to use BLUP between these two methods because BLUP values were more accurate
than BLUE ones (Avrova and Knogge, 2012; Paulitz and Steffenson, 2011). In the
current study, BLUES for the studied barley genotypes were calculated based on the
attained AUDPC values according to annex 1. Here, AUDPC values from both
augmented trial sets, the BLUPs, BLUEs, and broad-sense heritability were
analyzed using META-R software developed by CYMMIT. Table 4.6 shows a high
heritability of 0.725099862 and the genotypic variance of 35.17599731.
Furthermore, the grand mean of the genotypes was 47.17799479 with a coefficient
of variation of 10.94680285. At the same time, Table 4.7 showed the complete list
of studied barley genotypes and their BLUPs values in ascending order. According
to the Table, Lofa, Solar, AKKA, St-13947, and Pongo were the genotypes
possessing the lowest BLUP scores, while Herta, DS 9770-4, Meltan, Pallas, and
Flavina attained the highest BLUP scores. Figure 4.5, 4.6 and 4.7 showed a
comparative illustration of check genotypes, the high BLUP scored genotypes and

low BLUP scored ones respectively.

Table 4.6. Heritability, genotype variance, grand mean and the coefficient of
variation observed among the barley genotypes in the experiment

Statistic BLUP-AUDPC | BLUE-AUDPC
Heritability 0.725099862 NA

Genotype Variance 35.17599731 NA

Residual Variance 26.67187514 26.67187526
Grand Mean 47.17799479 47.17799479
LSD 8.655836813 10.16506476
CcVv 10.94680285 10.94680287

n Replicates 2 2

Genotype significance 0 1.81608E-26
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Table 4.7. Ranks of barley genotypes against scald disease according to the BLUP

values
Genotypes BLUP Rank Genotypes BLUP Rank
LOFA 15.13366 1 Leandra 43.76060 41
Solar 15.94940 2 PR-7475.6 43.83674 42
AKKA 21.49097 3 PR-9234 44.05971 43
ST-13947 22.76896 4 NFC Tipple 44.27180 44
Pongo 23.98169 5 DS 9898-4 44.30443 45
Rika 28.06038 6 Accordine 4454371 46
FRIDA 34.32524 7 Lisen 44.61985 47
5597.1.5.4 34.61891 8 5635.2.2.1 44.64704 48
Dziugiai 36.76158 9 ST-13952 44.65248 49
DS 10058-4 37.57731 10 Carmen 44.67967 50
AKTA 37.74590 11 RGT Planet 4477756 51
Diablo 39.75261 12 5492.1.14 44.78843 52
Olypus 39.99733 13 FREJA 4491895 53
Ellinor 40.05716 14 BIRKA NGN2667 | 45.07122 54
LONE 40.39433 15 DOMEN 45.10929 55
RG Mermeid 41.37321 16 Tellus 45.14736 56
OSTRIG 41.42216 17 ST-13134 45.19630 57
5366.1.1 41.48741 18 Flair 45.22349 58
Auksiniai 41.57443 19 Lexy 45.23437 59
SY Contour 41.69951 20 Ovation 45.23437 60
5501.7.2 41.75933 21 MAGNUM 45.28331 61
Hambo 41.92791 22 ST-13094 45.37032 62
4882.1.5.3 41.96054 23 Iskria 45.40295 63
Maaren 42.10738 24 SW Catriona 45.42471 64
Cindy 42.18895 25 VARUNDA 45.42471 65
PUKE 42.20526 26 4953.6.5.3.2 45.43015 66
5525.1.1.3 42.30859 27 Vilnie?iai 45.46277 67
ERBIL 42.36841 28 TAARN 45.48453 68
ST-13965 42.91767 29 MONA 45.49540 69
Ula 43.07538 30 Elo 45.49540 70
L NICKENDE
Viking Gold 43.27660 31 BRAUGERSTE 45.49540 71
KETI 43.29291 32 SWALLOW 45.59873 72
DROST 43.34730 33 ST-13927 45.69118 73
DS 9879-6 43.41255 34 SAMMY 45.72925 74
Laureate 43.57570 35 ST-13958 45.73469 75
WEISSE
Acorn 43.62465 36 ERFURTER 45.89783 76
FERO 43.66271 37 Aidas 45.92503 77
Brioni 43.70622 38 ST-13902 46.03923 78
HAVILA 43.72797 39 SORT BYG 46.07730 79
ROBERT 43.73341 40 Kirsna DS 46.08817 80




Genotypes BLUP Rank
KVL 210 46.11536 81
Cinnamon 46.11536 82
REX Il 46.14799 83
ST-13876 46.15343 84
NYTSCHEVA

1104 46.27851 85
5467.1.2.5 46.30027 86
SW Cinnober 46.37640 87
Liisa 46.38184 88
DS 9873-6 46.38728 89
5534.1.4.3 46.44710 90
ABED 3171 46.47429 91
5365.2.2 46.50692 92
KVL 217 46.55042 93
DS 10009-4 46.55042 94
NAECKTE 46.58849 95
DS 9860-4 46.62112 96
Noja DS 46.64831 97
Anneli 46.65375 98
JENNY 46.65919 99
SCHWEIGERS

ERIKA 46.65919 100
DS 10085-5 46.72445 101
Avalon 46.75164 102
PAMINA 46.82234 103
SUNE 46.82234 104
NUERNBERGER

BYG 46.89303 105
KVL 212 46.92566 106
5681.7.8.2 46.95829 107
Highway 46.99636 108
ST-12890 47.12688 109
HERTA 5083 47.19758 110
Eifel 47.20301 111
HELLAS 47.21933 112
SALKA 47.30090 113
4533.4.3.6 47.33353 114
5226.9.4.1 47.37160 115
Axelina 47.43142 116
Aura DS 47.43142 117
SOLD 47.45861 118
4954,12.1.1.2 47.45861 119
RGT Astroid 47.46949 120
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Genotypes BLUP Rank
NERY 47.50212 121
GRIT 47.52931 122
5591.1.9.4 47.55650 123
Jovita 47.63264 124
CARLSBERG II 47.70333 125
Vanja 47.71421 126
WELAM 47.74140 127
HARRY 47.74684 128
VISIR 47.76315 129
Paustian 47.78491 130
SENAT 47.87192 131
Dragoon 47.87192 132
5654.2.4.1 47.88280 133
EVA 47.90999 134
POLESSKI 47.90999 135
JO1072 47.91543 136
KVL 813 47.94262 137
Fender 47.96981 138
SW Barbra 48.00788 139
TYRA 48.03507 140
Honey 48.04594 141
ANLA 48.05682 142
JO0919 48.07857 143
Rusne DS 48.17102 144
DS 9440-9 48.24172 145
STRENGS

FRANKEN 11 48.25260 146
Margareta 48.27979 147
SALVE 48.29066 148
GUNNAR 48.31242 149
DINA 48.31786 150
Crescendo 48.38311 151
4638.6.2.7 48.38311 152
YMERBYG Il 48.39399 153
INGRID 48.41574 154
ANNA 48.42118 155
Cosmopolitan 48.45381 156
PR-9250 48.45925 157
Elbo 6301 48.52451 158
4935.4.1.1 48.53539 159
Luoke 48.55170 160
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Genotypes BLUP Rank Genotypes BLUP Rank
BREUNS WISA | 48.61696 161 KRISTINA 49.50339 201
DS 10430-1 48.62240 162 ST-13893 49.50883 202
5451.2.2 48.66047 163 SPANIEN 49.57409 203
ALIS 48.69309 164 5436.7.4 49.57409 204
Cecilia 48.69853 165 UFFE 49.57953 205
DCY69B 48.72572 166 CAMTON 49.58497 206
ALVA 48.73116 167 Vilgott 49.60672 207
SEJET 52/1494 48.75292 168 GUNHILD 49.67742 208
Propino 48.76379 169 JONNA 49.67742 209
HJA 77003 48.82361 170 5656.1.3.2 49.70461 210
Auksiniai Il 48.82361 171 SEJET 51/1722 49.74268 211
MOYJAR 48.82905 172 Leeni 49.80794 212
HJA 10076 48.85624 173 SY Dolomit 49.81337 213
5486.1.2.1 48.87256 174 ROMI 49.84057 214
LINA 48.87800 175 SEWA 49.87319 215
ARAMIR 48.89431 176 ST-13863 49.88407 216
LONG GLUMES | 48.93238 177 5515.4.3 49.88407 217
SW Makof 48.93238 178 SY Splender 49.92214 218
FLARE 48.93238 179 BIRGITTA 49.94389 219
HANKKIJAN
KVL 190 48.93782 180 AAPO 49.95477 220
DEBA 48.95957 181 RUPAL 50.03634 221
NUTANS 187 48.96501 182 ST-13911 50.04722 222
DS 9898-3 48.96501 183 DS 10367-6 50.08529 223
FREJA 49.02483 184 KVL 385 50.16686 224
ST-13899 49.03570 185 MENTOR 50.18317 225
FREJA 49.07377 186 KWS Irina 50.23212 226
ALBERT 49.09553 187 Fennica 50.25387 227
KVL 367 49.14447 188 4668.1.2.1 50.25387 228
ZITA 49.23148 189 PR-9275 50.25931 229
GORM 49.23148 190 ALF 50.25931 230
RIMPAUS 49.23692 191 DS 10060-9 50.31913 231
ST-13831 49.25867 192 DS 10261-14 50.31913 232
BALDRIC 49.26955 193 PERNILLA 50.35720 233
STANGE 49.26955 194 INGRID 4676 50.40070 234
4866.7.4.1.2 49.30218 195 ODIN 50.46053 235
AMSEL 49.30218 196 GOLF 50.53122 236
ST-12835 49.31306 197 ANSGAR 50.62911 237
NOLC.
ST-13955 49.41094 198 DRAEGER 50.63455 238
ALLERFR.
Arka DS 49.43813 199 SIMBA 50.63455 239
CATRIN 49.50339 200 FREJA 5082 50.73244 240




Genotypes BLUP Rank
DOMEN 5089 50.75419 241
BALDER 50.76507 242
CRIMEE 50.76507 243
MIRJAM 50.77051 244
Mitja 50.79226 245
KVL 211 50.80314 246
NERY 1509 50.80314 247
GULL 50.83033 248
ST-13909 50.86296 249
DS 9857-3 50.90102 250
TAARN 1516 50.97172 251
DS 9879-5 50.99891 252
KARRI 51.00435 253
KARA 51.07505 254
D46-5-2-4-1 51.14575 255
HEINES HAHA | 51.17294 256
ST-13963 51.17837 257
ST-13167 51.24363 258
IDA 51.24907 259
STALLAR | 51.30345 260
Ema DS 51.50467 261
Dotnuvos 5151555 | 262
ketureiliai

ST-12902 51.52098 263
RUPAL 1501 51.54818 264
NORDAL 51.62431 265
REFOMA 51.72764 266
ROLAND 51.84728 267
BIRKA

NGNA4712 51.85272 268
KENIA 51.89622 269
DROST A 51.99955 270
DS 10060-4 52.09200 271
ARLA 52.15726 272
Alsa 52.16270 273
TELLUS NGB 52.18989 274
BOMI 52.39654 275
KORU 52.53250 276
CAJA 52.60320 277
GALANT 52.60863 278
Trebon 52.97300 279
FOMA 52.99475 280
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Genotypes BLUP Rank
KUSTAA 53.04369 281
VEGA 53.21228 282
4841.2.6.2 53.25579 283
FLAVINA 53.38087 284
PALLAS 53.86487 285
Meltan 53.93557 286
DS 9770-4 54.27818 287
HERTA 54.63710 288
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RGT Planet Laureate

Figure 4.6. Status of barley genotypes having high AUDPC values (susceptible
genotypes) at 17 DAI

N LOFA s ST 13947

Figure 4.7. Status of barley genotypes having low AUDPC values (resistant
genotypes) at 17 DAI
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5. DISCUSSION

This dissertation aimed to evaluate and identify the resistant barley genotypes
against scald disease caused by the Rhynchosporium commune. The evaluation and
identification of resistant genotypes were based on the phenotypic assessment
(scoring) of the disease progression panel of a genebank barley germplasm

genotypes in controlled environmental conditions.

Altogether with a prolonged existence of barley on the earth, its benefits are
enormous to humans, though, at the same time, because of such extended presence,
barley also faces different abiotic and biotic stresses through time. Among the biotic
disturbance, the scald disease is one of the acute diseases in temperate regions.
Under favorable climate conditions, scald disease can cause significant yield losses,
especially in susceptible cultivars (Avrova and Knogge, 2012; Paulitz and
Steffenson, 2011). Current standard practices to control scald disease are fungicide
application, soil management such as tillage and crop rotation, and the use of
resistant cultivars. Although resistance barley cultivars are already on the market,
it is unpredictable how long the resistance will last, considering the evolutionary
process of the pathogen over the plant defense system (e.g., mutation by deletion of
NIP1 gene which is recognized by the Rrs1 gene in 3H chromosome (Rohe et al.,
1995). Therefore, it is crucial for the breeders to develop barley cultivars with more
persistent and robust resistance against scald disease. Consequently, to do so,
resources such as germplasms including landraces and wild relatives would be the
most appropriate genetic materials from which breeders would receive helpful
information on barley cultivars with a diverse resistance. In order to use the valuable
germplasms effectively, evaluating their performance under controlled
environmental conditions such as greenhouse before field-level assessment would

be vital in pre-breeding activities.
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5.1 Culturing of R. Commune on CZV8CYM and Wheat Germ Agar
(WGA) Media, Which Encouraged Mycelium Growth and

Sporulation, Respectively

Although R. commune's life cycle in the actual environment is not
complicated by using the environmental resources such as soil and plant debris,
specific growing conditions were necessary to obtain proper mycelium growth and
sporulation for testing R. commune infection in plants. Even though different media
were developed to culture R. commune, such as wheat germ agar, lima bean agar,
CZV8CYM, and potato dextrose agar, the current protocol for using two types of
media, CZV8CYM for mycelium growth and WGA for sporulation of R. commune
in this experiment was optimized by the Department of Plant Breeding, SLU. By
growing the fungi on WGA, the fungi produced relatively high amount of spore
where the concentration of 1.35 x 10° conidia per ml of inoculation suspension was
relatively possible to attain with low number of cultured plates. Inoculation was
done by hand spraying the whole plant level (at the second and third leaves
developing stage). Because of the invasion of fungal hyphae intracellularly, the
epidermal collapse was observed at 8~10 DAL, indicating the hyphal growth inside
plant cells. As a result, symptoms such as water-soaked lesions over the leaf surface
were observed (Figure 5.1). Similar results of epidermal cell collapse and
significant visualization of water-soaked lesions over the leaf surface were achieved
by (Ayesu-Offei and Clare, 1970; Linsell et al., 2010; Lyngs Jorgensen et al., 1993).

Figure 5.1. R. commune infected barley leaves (a) appearance of the water-soaked
lesion at 9 DAI pointed with black arrow (b) droopy second and third
leaves (marked ones) due to planting cell collapse resulting in a lack of
leaf turgidity
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5.2 Evaluation and Identification of Scald Resistant Barley Genotypes

The evaluation was performed from 11 DAI until 17 DAI, when at least 75%
of the inoculated leaves reached the maximum infection score of 10. The collected
scoring data were further analyzed by augmented RCBD package in RStudio, where
the scoring results were adjusted by four check genotypes included in the
experiment. The analysis of variance (ANOVA) represented that after adjusting the
means scoring, a significant difference was observed among the tested barley
genotypes in the augmented trial set 1 for all scoring times. Similarly, in the
augmented trial set 2, a significant difference among the tested genotypes was
presented except for the second scoring time (14 DAI). However, the block effect
was not significant in both augmented sets. This result showed different responses
of tested genotypes against scald throughout the whole infection period. However,
no significant difference was observed when they were compared with the checks.
This might be due to different resistance levels of the checks where RGT Planet and
Laureate were known to be moderately resistant to scald while Ingrid and Freja

were susceptible.

As a next step, the area under the disease progress curve (AUDPC) was
calculated based on the adjusted mean values at specific scoring times. Two
AUDPC curves were developed separately for augmented sets 1 and 2 (Figure 4.3
and Figure 4.4). The mean values were 45.728 (with a standard deviation of 7.331)
and 48.628 (with a standard deviation of 8.363 for augmented set 1and for set 2,
respectively. When two sets were jointly analyzed to find the best linear unbiased
prediction (BLUP), the average AUDPC was 47.178. The top five genotypes with
the lowest AUDPC were Lofa, Solar, ST-13947, Akka, and Rika for set 1 and Lofa,
Solar, Pongo, Akka, and ST-13947 for set 2. After a combined analysis of two trial
sets, five genotypes with the lowest AUDPC were Lofa, Solar, Akka, St-13947, and
Pongo. Out of five genotypes with the lowest AUDPC values, four genotypes were
identical to the finding of a separate analysis of each trial set. Based on this
phenotypic information, it could be assumed that these four genotypes had a stable
resistant level against scald. On the other hand, there were no common genotypes
between the two trial sets when reviewing the top five genotypes with the highest

AUDPC. However, the combined analysis of two trial sets revealed that Herta, DS-
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9770-4, Meltan, Pallas, and Flavina were the top five genotypes with the highest
AUDPC values.

However, when comparing these results with the ones from combined
analysis (BLUPs) separately, two genotypes from each trial set were found in the
combined analysis. Those genotypes were Pallas, and Malta from trial set 1 and
Herta and DS-9770-4 from trial set 2. To confirm these results, further experiments
under field conditions should be carried out to reveal their resistance against scald.
disease. In terms of heritability, a considerable estimate of 0.725 was obtained while
comparing with the other experiments conducted in either field or controlled
conditions by (Aoki et al., 2011; Spanner et al., 1998; Xi et al., 2019) which got a
broad-sensed heritability estimate within a range of 0.20-0.97. This high heritability
estimate revealed that variation (resistance and susceptibility) among the barley
genotypes was mainly due to the genotypic effect. Hence, the genotypes with the
lowest BLUP values could be considered for future breeding programs in

developing scald resistance barley genotypes.
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6. CONCLUSION AND FUTURE DIRECTIONS

This study allowed the understanding of how Rhynchosporium commune
infection progressed with time and the response of each barley genotype against
this disease. Although different responses were observed among the tested 284
genotypes, eventually, five genotypes could be resistant genotypes, potentially

retaining high quantitative resistance to scald disease.

In conducting experiments related to resistance breeding, every step of the
inoculation process, including pathogen culturing, inoculum preparation, and
inoculation itself, is crucial to strictly follow the protocols and guidelines for proper
and effective inoculation. Additionally, after inoculation in this experiment, the
climatized chamber was supplied with a constant temperature and a humidity of
17 °C and 80%, respectively, throughout the experimental period so that an ultimate

scald infection occurred in all inoculated genotypes.

The Best Linear Unbiased Predicts (BLUP) based on the area under disease
progress curve (AUDPC) values revealed five genotypes ranked at the top with the
lowest AUDPC values, which meant the most resistant barley genotypes among the
tested barley ones. These genotypes were Lofa, Solar, Akka, St-13947, and Pongo.
(Qualset, 1975) stated that exploitation of germplasms such as wild ancestors and
landraces maintained in the gene banks is the key to the success of resistance
breeding. Moreover, a high broad-sensed heritability (H?) estimate of 0.72 showed
that the resistance found in these genotypes was mainly due to their genetic factor.
To confirm these results, field trials under actual field conditions should be carried
out, and the performance of these superior genotypes should be evaluated in a multi-
location environment trials. The other approach would be incorporating marker-
assisted selection (MAS) to identify scald resistance QTLs in these genotypes and

speed up the selection process for scald resistance barley genotypes.



39

REFERENCES

Abbott, D. C., Brown, A. H. D. and Burdon, J. J., 1991, Genes for scald
resistance from wild barley (Hordeum vulgare ssp spontaneum) and their
linkage to  isozyme  markers.  Euphytica, 61(3), 225-231.
https://doi.org/10.1007/BF00039662

Abbott, D. C., Lagudah, E. S. and Brown, A. H. D., 1995, Identification of
RFLPs Flanking a Scald Resistance Gene on Barley Chromosome 6. Journal
of Heredity, 86(2), 152-154. https://doi.org/10.1093/oxfordjournals.jhered.
allls47

Akar, T., Avci, M. and Dusunceli, F., 2004, BARLEY: Post-harvest Operations.
https://www.fao.org/3/au997e/au997e.pdf

Alvarado, G., Lopez, M., Vargas, M., Pacheco, A., Rodriguez, F., Burgueiio, J.
and Crossa, J., 2015, META-R (Multi Environment Trail Analysis with R for
Windows) Version 6.04 (International Maize and Wheat Improvement Center,
Ed.; V23 ed.). CIMMYT Research Data and Software Repository Network.
https://hdl.handle.net/11529/10201

Aoki, E., Baba, T., Yamaguchi, O, Ito, S. and Moriwaki, J., 2011, Development
of Barley Cultivars with Resistance to Scald (<I>Rhynchosporium secalis
</I>(Oud.) Davis) in Japan. Japan Agricultural Research Quarterly: JARQ,
45(4), 349-357. https://doi.org/10.6090/jarg.45.349

Atkins, S. D., Fitt, B. D. L., Fraaije, B. A, Harvey, S., Lynott, J. and Newton,
A. C., 2010, The epidemiological importance of asymptomatic infection of
winter barley by Rhynchosporium secalis and its consequences for crop
protection and breeding. Proceedings Dundee Conference on Crop

Protection in Northern Britain, Dundee, 81-86.

Avrova, A. and Knogge, W., 2012, Rhynchosporium commune: A persistent threat
to barley -cultivation. Molecular Plant Pathology, 13(9), 986-997.
https://doi.org/10.1111/j.1364-3703.2012.00811.x

Ayesu-Offei, E. N. and Clare, B. G., 1970, Processes in the infection of barley
leaves by Rhynchosporium secalis. Australian Journal of Biological
Sciences, 23, 299-307.



40

REFERENCES (continued)

Barua, U. M., Chalmers, K. J., Hackett, C. A., Thomas, W. T. B., Powell, W.
and Waugh, R., 1993, Identification of RAPD markers linked to a
Rhynchosporium secalis resistance locus in barley using near-isogenic lines
and bulked segregant analysis. Heredity, 71(2), 177-184.
https://doi.org/10.1038/hdy.1993.122

Bothmer, R. von, Jacobsen, N., Baden, C., Jorgensen, R. B. and Linde-
Laursen, 1., 1995, An ecogeographical study of the genus Hordeum (2nd
edition). 7. https://www.bioversityinternational.org/e-library/publications/

detail/an-ecogeographical-study-of-the-genus-hordeum-2nd-edition/

Brown, J. K. M., 2015, Durable Resistance of Crops to Disease: A Darwinian
Perspective. Annual Review of Phytopathology, 53(1), 513-539.
https://doi.org/10.1146/annurev-phyto-102313-045914

Brown, T. A,, Jones, M. K., Powell, W. and Allaby, R. G., 2009, The complex
origins of domesticated crops in the Fertile Crescent. Trends in Ecology and
Evolution, 24(2), 103-109. https://doi.org/10.1016/j.tree.2008.09.008

Brunner, P. C., Schiirch, S. and Mcdonald, B. A., 2007, The origin and
colonization history of the barley scald pathogen Rhynchosporium secalis.
Journal of Evolutionary Biology, 20(4), 1311-1321. https://doi.org/10.1111/
j.1420-9101.2007.01347.x

Bryner, C. S., 1957, Inheritance of scald resistance in barley [Ph.D.]. Pennsylvania
State University.

Buntaran, H., Piepho, H., Schmidt, P., Rydén, J., Halling, M. and Forkman,
J., 2020, Cross-validation of stagewise mixed-model analysis of Swedish
variety trials with winter wheat and spring barley. Crop Science, 60(5), 2221
2240. https://doi.org/10.1002/csc2.20177

Campbell, C. L. and Madden, LV., 1990, Introduction to Plant Disease
Epidemiology (Wiley-Interscience).



41

REFERENCES (continued)

CGIAR, 2019, Guardians of diversity: The network of genebanks helping to feed
the world. CGIAR. https://www.cgiar.org/news-events/news/guardians-of-

diversity-the-network-of-genebanks-helping-to-feed-the-world/

Cherif, M., Rezgui, S., Devaux, P. and Harrabi, M., 2010, Genotype x
environment interactions and heritability of quantitative resistance to net

blotch in Tunisian barley. 7.

Copas, J. B., 1983, Regression, Prediction and Shrinkage. Journal of the Royal
Statistical Society. Series B (Methodological), 45(3), 311-354.

Divon, H. H. and Fluhr, R., 2007, Nutrition acquisition strategies during fungal
infection of plants. FEMS Microbiology Letters, 266(1), 65-74.
https://doi.org/10.1111/j.1574-6968.2006.00504.x

Dyck, P. L. and Schaller, C. W., 1961, Inheritance of resistance in barley to
several physiologic races to the scald fungus. Canadian Journal of Genetics
and Cytology, 3, 165-169.

Fatima, F., McCallum, B. D., Pozniak, C. J., Hiebert, C. W., McCartney, C.
A, Fedak, G., You, F. M. and Cloutier, S., 2020, Identification of New Leaf
Rust Resistance Loci in Wheat and Wild Relatives by Array-Based SNP
Genotyping and Association Genetics. Frontiers in Plant Science, 11.
https://www.frontiersin.org/article/10.3389/fpls.2020.583738

Fountaine, J. M., Shaw, M. W., Ward, E. and Fraaije, B. A., 2010, The role of
seeds and airborne inoculum in the initiation of leaf blotch (Rhynchosporium
secalis) epidemics in winter barley. Plant Pathology, 59(2), 330-337.
https://doi.org/10.1111/j.1365-3059.2009.02213.x

Habgood, R. M., 1973, Variation in Rhynchosporium secalis. Transactions British
Mycological Society, 61, 41-47. https://doi.org/10.1016/S0007-1536(73)
80086-5



42

REFERENCES (continued)

Hanemann, A., Schweizer, G. F., Cossu, R., Wicker, T. and Réder, M. S., 2009,
Fine mapping, physical mapping and development of diagnostic markers for
the Rrs2 scald resistance gene in barley. Theoretical and Applied Genetics,
119(8), 1507-1522. https://doi.org/10.1007/s00122-009-1152-9

Henderson, C. R., 1975, Best Linear Unbiased Estimation and Prediction under a
Selection Model. Biometrics, 31(2), 423-447. https://doi.org/10.2307/
2529430

Hill Jr., R. R. and Rosenberger, J. L., 1985, Methods for Combining Data from
Gemrplasm Evaluation Trials1. Crop Science, 25(3), cropsci1985.0011183X
002500030009x. https://doi.org/10.2135/cropsci1985.0011183X002500030
009x

Hofmann, K., 2014, Phenotypic assessment and genetic mapping of genes
conferring resistance to leaf scald (Rhynchosporium commune) in barley

(Hordeum vulgare) [Docteral Dissertation]. Justus-Liebig-Universitét.

Hofmann, K., Silvar, C., Casas, A. M., Herz, M., Biittner, B., Gracia, M. P.,
Contreras-Moreira, B., Wallwork, H., lgartua, E. and Schweizer, G.,
2013, Fine mapping of the Rrsl resistance locus against scald in two large
populations derived from Spanish barley landraces. Theoretical and Applied
Genetics, 126(12), 3091-3102. https://doi.org/10.1007/s00122-013-2196-4

Hughes, N., Oliveira, H. R., Fradgley, N., Corke, F. M. K., Cockram, J.,
Doonan, J. H. and Nibau, C., 2019, MCT trait analysis reveals
morphometric differences between domesticated temperate small grain
cereals and their wild relatives. The Plant Journal, 99(1), 98-111.
https://doi.org/10.1111/tpj.14312

Jackson, L., 1997, Compendium of barley diseases (First edition). The American

Phytopathological Society.

Jackson, L. F. and Webster, R. K., 1976, Race differentiation, distribution, and
frequency of Rhynchosporium secalis in California. Phytopathology, 66,
719-725.



43

REFERENCES (continued)

Keenan, J. M., Goulson, M., Shamliyan, T., Knutson, N., Kolberg, L. and
Curry, L., 2007, The effects of concentrated barley f-glucan on blood lipids
in a population of hypercholesterolaemic men and women. British Journal of
Nutrition, 97(6), 1162—1168. https://doi.org/10.1017/S0007114507682968

Kidane, Y. G., Hailemariam, B. N., Mengistu, D. K., Fadda, C., P¢, M. E. and
Dell’Acqua, M., 2017, Genome-Wide Association Study of Septoria tritici
Blotch Resistance in Ethiopian Durum Wheat Landraces. Frontiers in Plant
Science, 8. https://www.frontiersin.org/article/10.3389/fpls.2017.01586

Komatsuda, T., Pourkheirandish, M., He, C., Azhaguvel, P., Kanamori, H.,
Perovic, D., Stein, N., Graner, A., Wicker, T., Tagiri, A., Lundgvist, U.,
Fujimura, T., Matsuoka, M., Matsumoto, T. and Yano, M., 2007, Six-
rowed barley originated from a mutation in a homeodomain-leucine zipper I-
class homeobox gene. Proceedings of the National Academy of Sciences,
104(4), 1424-1429. https://doi.org/10.1073/pnas.0608580104

Kumari, R. and Kotecha, M., 2015, Pyhsicochemical and nutritional evaluation
of Yava (Hordeum wvulgare Linn.). International Research Journal of
Pharmacy, 6(1), 70-72.

Lehnackers, H. and Knogge, W., 1990, Cytological studies on the infection of
barley cultivars with known resistance genotypes by Rhynchosporium secalis.
Canadian Journal of Botany, 68, 1953-1961.

Linsell, K., Keiper, F., Forgan, A. and Oldach, K., 2010, New insights into the
infection process of Rhynchosporium secalis in barley using GFP. Fungal
Genetics and Biology : FG and B, 48, 124-131. https://doi.org/10.1016/j.fgb.
2010.10.001

Losch, S., Moghaddam, N., Grossschmidt, K., Risser, D. U. and Kanz, F., 2014,
Stable Isotope and Trace Element Studies on Gladiators and Contemporary
Romans from Ephesus (Turkey, 2nd and 3rd Ct. AD)—Implications for
Differences in Diet. PLOS ONE, 9(10), e110489. https://doi.org/10.1371/
journal.pone.0110489



44

REFERENCES (continued)

Luke, H. and Berger, R., 1982, Slow rusting in oats compared with the logistic
and Gompertz models. Phytopathology, 72, 400-402.

Lyngs Jorgensen, H. J. L., Deneergaard, E. and Smedegaardpetersen, V., 1993,
Histological examination of the interaction between Rhynchosporium secalis
and susceptible and resistant cultivars of barley. Physiological and Molecular
Plant Pathology, 42, 45-358. https://doi.org/10.1016/S0885-5765(05)80011-
6

Magness, J. R., markel, G. M. and Compton, C. C., 1971, Food and feed crops
of the United States.

Mahesh, H. B., Shirke, M. D., Singh, S., Rajamani, A., Hittalmani, S., Wang,
G. L. and Gowda, M., 2016, Indica rice genome assembly, annotation and
mining of blast disease resistance genes. BMC Genomics, 17(1), 242.
https://doi.org/10.1186/s12864-016-2523-7

Miedaner, T. and Sperling, U., 1995, Effect of Leaf Rust on Yield Components
of Winter Rye Hybrids and Assessment of Quantitative Resistance. Journal
of Phytopathology, 143(11-12), 725-730. https://doi.org/10.1111/j.1439-
0434.1995.tb00230.x

Molenaar, H., Boehm, R. and Piepho, H. P., 2018, Phenotypic Selection in
Ornamental Breeding: It’s Better to Have the BLUPs Than to Have the
BLUEs. Frontiers in Plant Science, 9, 1511. https://doi.org/10.3389/fpls.
2018.01511

Moore, F. C. and Lobell, D. B., 2015, The fingerprint of climate trends on
European crop yields. Proceedings of the National Academy of Sciences,
112(9), 2670-2675. https://doi.org/10.1073/pnas.1409606112

Novakazi, F., Afanasenko, O., Anisimova, A., Platz, G., Snowdon, R.,
Kovaleva, O., Zubkovich, A. and Ordon, F., 2019, Genetic analysis of a
worldwide barley collection for resistance to net form of net blotch disease
(Pyrenophora teres f. Teres). Theoretical and Applied Genetics, 132.
https://doi.org/10.1007/s00122-019-03378-1



45

REFERENCES (continued)

Paraschivu, M. and Cotuna, O., 2013, The use of the area under the disease
progress curve (AUDPC) to assess the epidemics of Septoria tritici in winter
wheat. Undefined. https://www.semanticscholar.org/paper/The-use-of-the-
area-under-the-disease-progress-to-Paraschivu-
Cotuna/fd7c33a24fe8e4563e84cala093a3b5eb1004462

Paulitz, T. C. and Steffenson, B. J., 2011, Biotic stress in barley: Disease
problems and solutions. In Barley production, improvement and uses (pp.
307-354). London: Blackwell Publishing Ltd.

Pennypacker, S., Knoble, H., Antle, C. and Madden, L., 1980, Flexible model
for studying plant disease progression. Phytopathology, 70, 232-235.

Piepho, H. P., Mohring, J., Melchinger, A. E. and Biichse, A., 2008, BLUP for
phenotypic selection in plant breeding and variety testing. Euphytica, 161(1-
2), 209-228. https://doi.org/10.1007/s10681-007-9449-8

Qualset, C. O., 1975, Sampling germplasm in a centre of diversity: An example of
disease resistance in Ethiopian barley. In: Frankel, O.H. and Hawkes, J. G.
(Eds). Cambridge University Press, 81-96.

Robbertse, B., Rijst, M., Aarde, 1., Lennox, C. and Crous, P., 2001, DMI
sensitivity and cross-resistance patterns of Rhynchosporium secalis isolates
from South Africa. Crop Protection - CROP PROT, 20, 97-102.
https://doi.org/10.1016/S0261-2194(00)00061-2

Robinson, G. K., 1991, That BLUP is a Good Thing: The Estimation of Random
Effects. Statistical Science, 6(1), 15-32. https://doi.org/10.1214/ss/
1177011926

Rohe, M., Gierlich, A., Hermann, H., Hahn, M., Schmidt, B., Rosahl, S. and
Knogge, W., 1995, The race-specific elicitor, NIP1, from the barley
pathogen, Rhynchosporium secalis, determines avirulence on host plants of
the Rrsl resistance genotype. The EMBO Journal, 14, 4168-4177.



46

REFERENCES (continued)

Sacristan, S. and Garcia-Arenal, F., 2008, The evolution of virulence and
pathogenicity in plant pathogen populations. Molecular Plant Pathology,
9(3), 369-384. https://doi.org/10.1111/j.1364-3703.2007.00460.x

Saghai Maroof, M. A., Van Scoyoc, SW., Yu, YG. and Stromberg, E., 1993,
Gray leaf spot disease of maize: Rating methodology and inbred line
evaluation. Plant Disease, 77(6), 583-587.

Shahbandeh, M., 2022, World barley production 2021/2022. Statista.
https://www.statista.com/statistics/271973/world-barley-production-since-
2008/

Shaner, G. and Finney, R. E., 1976, Weather and epidemics of Septoria [tritici]
leaf blotch of wheat [Fungus diseases]. Phytopathology (USA), 66, 781-785.

Singh, B., Mehta, S., Aggarwal, S., Tiwari, M., Bhuyan, S., Bhatia, S. and
Islam, Md. A., 2019, Barley, Disease Resistance, and Molecular Breeding
Approaches (pp. 261-299). https://doi.org/10.1007/978-3-030-20728-1-11

Spanner, D., Shugar, L. P., Choo, T. M., Falak, 1., Briggs, K. G., Legge, W. G.,
Falk, D. E., Ullrich, S. E., Tinker, N. A. and Steffenson, B. J., 1998,
Mapping of Disease Resistance Loci in Barley on the Basis of Visual
Assessment of Naturally Occurring Symptoms. Crop  Science.
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci1998.001118
3X003800030037x

Stefansson, T., Serenius, M. and Hallsson, J., 2012, The genetic diversity of
Icelandic populations of two barley leaf pathogens, Rhynchosporium
commune and Pyrenophora teres. European Journal of Plant Pathology, 134,
167-180. https://doi.org/10.1007/s10658-012-9974-8

Tillgren, B., 2021, Cereals as leftover biomass: An analysis of Swedish cereal
production from the perspective of feed-food competition [Master Thesis,
Swedish University of Agricultural Sciences, SLU].
https://stud.epsilon.slu.se/16475/3/tillgren-b-210225.pdf



47

REFERENCES (continued)

Verma, A., Verma, R. P. S,, Singh, G. P., Singh, J. and Kumar, L., 2021,
Performance of Feed Barley Genotypes Assessed by AMMI Mixed with BLUP
for North Western Plains Zone of the India. 12.

Visioni, A., Rehman, S., Viash, S. S., Singh, S. P., Vishwakarma, R., Gyawali,
S., Al-Abdallat, A. M. and Verma, R. P. S., 2020, Genome Wide
Association Mapping of Spot Blotch Resistance at Seedling and Adult Plant
Stages in Barley. Frontiers in Plant Science, 11. https://www.frontiersin.org/
article/10.3389/fpls.2020.00642

Vorren, K.-D., 2005, Farm development at the Arctic cereal limit in northern
Norway—Continuity and discontinuities. Vegetation History and
Archaeobotany, 14(3), 161-170. https://doi.org/10.1007/s00334-005-0016-8

Walters, D. R., Avrova, A., Bingham, I. J., Burnett, F. J., Fountaine, J., Havis,
N. D., Hoad, S. P., Hughes, G., Looseley, M., Oxley, S. J. P., Renwick, A.,
Topp, C. F. E. and Newton, A. C., 2012, Control of foliar diseases in barley:
Towards an integrated approach. European Journal of Plant Pathology,
133(1), 33-73. https://doi.org/10.1007/s10658-012-9948-x

Weibull, J., Walther, U., Sato, K., Habekuf, A., Kopahnke, D. and Proeseler,
G., 2003, Diversity in resistance to biotic stresses. In Developments in Plant
Genetics and Breeding (Vol. 7, pp. 143-178). https://doi.org/10.1016/S0168-
7972(03)80010-5

Xi, K., Turkington, T. K., Juskiw, P., Nyachiro, J. and Capettini, F., 2019, Field
Screening is Effective for Identifying Genetic Resistance to Scald of Barley.
Crop Science, 59(4), 1479-1493. https://doi.org/10.2135/cropsci2018.09.
0536

Zhan, J., Fitt, B. D. L., Pinnschmidt, H. O., Oxley, S. J. P. and Newton, A. C.,
2008, Resistance, epidemiology and sustainable management of
Rhynchosporium secalis populations on barley. Plant Pathology, 57(1), 1-14.
https://doi.org/10.1111/j.1365-3059.2007.01691.x



48

REFERENCES (continued)

Zhang, Q., Webster, R. K., Crandall, B. A., Jackson, L. F. and Saghai Maroof,
M. A., 1992, Race composition and pathogenicity associations of

Rhynchosporium secalis in California. Hytopathology, 82, 798-803.

Zhang, X., Ovenden, B. and Milgate, A., 2020, Recent insights into barley and
Rhynchosporium commune interactions. Molecular Plant Pathology, 21(8),
1111-1128. https://doi.org/10.1111/mpp.12945

Zhou, M., 2010, Barley Production and Consumption. In Advanced Topics in
Science and Technology in China (pp. 1-17). https://doi.org/10.1007/978-3-
642-01279-2-1



49

ACKNOLEDGEMENT

I would like to express my gratitude to my supervisor, Prof. Dr. Aakash
CHAWADE, for allowing me to conduct my master's thesis at the Department of
Plant Breeding, SLU. With his support and confidence, | successfully completed
my thesis. Mustafa ZAKIEH, Department of Plant Breeding, SLU, is the next

person | would like to thank for teaching and guiding me during my experiment.

I would like to thank my thesis advisor, Prof. Dr. Fatma AYKUT TONK of
Ege University, for her kind counsel and assistance as | prepare my dissertation. In
addition, | would like to thank Prof. Dr. Hiilya ILBI, coordinator of EmMPLANT at

Ege University, for her ongoing administrative support.

Itis a privilege to be selected as an EMPLANT student and access the highest
quality education. Throughout my time as an EmPLANT student, | received
generous support from our EmPLANT coordinator, Associate Prof. Alicia
AYERDI-GOTOR, and Ms. Aude MARTIN, the EmPLANT administrator, for

which 1 would like to express my deepest gratitude.

The following people 1 would like to thank are my cherished family and my
remarkable beloved man, who has always stood by my side and encouraged me to
continue moving forward by overcoming the challenges | have ever encountered.
Last but not least, | would like to thank myself for never giving up and transforming

the pressure and stress above my head into a ladder to climb higher.

10/08/2022

Su Myat NOE



50

CURRICULUM VITAE

EDUCATION
Ege University (EgeU) Turkey
Master’s Degree in Plant Genomics and 2021-2022
Improvement (on going)
Swedish University of Agricultural Sciences Sweden
(SLU) 2020- 2021
Master’s Degree in Sustainable Plant
Production
Yezin Agricultural University (YAU) Myanmar
Master’s Degree in Crop Science 2009- 2013
Yezin Agricultural University (YAU) Myanmar
Bachelor’s Degree in Agricultural Science 2005- 2009
WORK EXPERIENCE
Country Program Officer Myanmar
International Institute of Rural Reconstruction (IIRR) 2019-2020
Program Officer Myanmar
Food and Agriculture Organization of the United Nations (FAO) 2018-2019
Assistant Scientist Myanmar
International Rice Research Institute (IRRI) 2014-2018
Research Technician Myanmar
International Rice Research Institute (IRRI) 2013-2014




ANNEXS

Annex 1. The area under disease progress curve (AUDPC) values of the tested

barley genotypes



Annex 1. The area under disease progress curve (AUDPC) values of the tested

barley genotypes

Genotype AUDPC Rank
LOFA 3.09 1
Solar 5.34 2
ST-13947 9.585 3
AKKA 15.9 4
Rika 22.035 5
Pongo 22.785 6
LONE 26.04 7
OSTRIG 29.445 8
Diablo 31.56 9
DROST 32.025 10
ST-13134 32.235 11
Dziugiai 33.075 12
DS 10058-4 33.555 13
Hambo 33.75 14
Acorn 34.95 15
PR-9234 35.04 16
Leandra 35.34 17
SW Catriona 35.61 18
ROBERT 35.91 19
FERO 36.09 20
Lisen 36.18 21
Anneli 36.36 22
BIRKA NGN2667 | 36.405 23
FREJA 36.465 24
ST-13952 36.465 25
KETI 36.555 26
ST-13965 36.555 27
5597.1.5.4 38.055 28
5366.1.1 38.34 29
Olypus 38.34 30
Ula 38.4 31
SORT BYG 38.7 32
FRIDA 38.715 33
VARUNDA 38.805 34
NFC Tipple 38.805 35
RG Mermeid 39.435 36
AKTA 39.465 37
Flair 39.735 38
ANLA 39.75 39
SY Contour 39.84 40

Genotype AUDPC Rank
Carmen 40.125 41
Maaren 40.215 42
Tellus 40.29 43
4882.1.5.3 40.29 44
DS 9860-4 40.5 45
MONA 40.5 46
MAGNUM 40.56 47
Laureate 40.635 48
WEISSE

ERFURTER 40.665 49
RGT Astroid 40.785 50
Margareta 40.86 51
ST-13927 40.935 52
HAVILA 40.95 53
ST-13876 40.965 54
Ovation 40.965 55
Kirsna DS 41.16 56
Aura DS 41.235 57
5226.9.4.1 41.235 58
TAARN 41.31 59
Viking Gold 41.4 60
5635.2.2.1 41.43 61
REX 11 41.715 62
SUNE 42.09 63
KVL 217 42.09 64
RGT Planet 42.09 65
ALVA 42.36 66
Liisa 42.375 67
5525.1.1.3 42.375 68
Propino 42.45 69
5654.2.4.1 42.555 70
PR-7475.6 42.555 71
Jovita 42.735 72
GRIT 42.735 73
Cinnamon 42.84 74
Luoke 42.9 75
ST-13958 43.125 76
DOMEN 43.185 77
DS 9873-6 43.215 78
Iskria 43.215 79
SAMMY 43.29 80




Genotype AUDPC Rank Genotype AUDPC Rank
4533.4.3.6 43.305 81 Paustian 45.66 121
5534.1.4.3 435 82 DCY69B 45.735 122
GORM 43575 83 TYRA 4581 123
Axelina 43.65 84 MOYJAR 45.825 124
SENAT 43.665 85 LONG GLUMES | 45.84 125
HERTA 5083 43.68 86 E%RNBERGER 45.84 126
SALVE 43.86 87 DS 9898-4 4584 127
Elo 43875 88 HELLAS 45.9 128
ABED 3171 43.935 89 SOLD 45.915 129
Auksiniai 43.935 90 ST-13094 45.93 130
PR-9275 43.95 o1 WELAM 46.215 131
5486.1.2.1 43.965 92 Vanja 46.215 132
495412112 44.04 93 Highway 46.305 133
PR-9250 44,055 94 BALDRIC 46.485 134
%ZSCHEVA 44,055 95 INGRID 4676 46.59 135
ST-13902 44,055 9% DS 10430-1 46.68 136
AMSEL 4431 97 Avalon 46.68 137
KVL 212 44.325 98 Elbo 6301 46.95 138
HARRY 44,535 99 ST-13899 46.965 139
NICKENDE
DINA 44,61 100 RAUGERSTE | 46.965 140
ﬁ;iﬁ'\}'((éls\l vy 447 101 Brioni 46.965 141
5492.1.1.4 447 102 HJA 10076 47.04 142
Cecilia 44,715 103 Dragoon 47.055 143
CARLSBERG Il | 44.715 104 Vilnie?iai 47.055 144
EET&E'GERS 44.715 105 Accordine 47.055 145
Fender 45.06 106 5591.1.9.4 4731 146
CAMTON 45.09 107 DS 9857-3 47.34 147
DS 10085-5 45.09 108 4638.6.2.7 47.415 148
NAECKTE 45.09 109 INGRID 47.46 149
5467.1.2.5 4515 110 ALIS 47.625 150
DS 10009-4 45.165 111 SW Barbra 47.685 151
ST-12890 4518 112 Leeni 477 152
ANNA 45.36 113 NUTANS 187 47.715 153
SW Cinnober 45.36 114 JENNY 47.715 154
Crescendo 45435 115 5501.7.2 47.715 155
5365.2.2 45435 116 Aidas 47.775 156
PAMINA 4545 117 ODIN 47.79 157
DS 9879-6 45525 118 UFFE 47.805 158
4953.6.5.3.2 45 54 119 SALKA 47.805 159
Eifel 45 555 120 STANGE 4791 160




Genotype AUDPC Rank
Rusne DS 48.06 161
KVL 190 48.09 162
LINA 48.105 163
ST-13911 48.15 164
ST-13831 48.15 165
FREJA 5082 48.165 166
5436.7.4 48.165 167
KVL 210 48.18 168
ERBIL 48.18 169
ST-13893 48.285 170
5656.1.3.2 48.36 171
YMERBYG I 48.375 172
4668.1.2.1 48.465 173
Cosmopolitan 48.465 174
POLESSKIJ 48.465 175
Ema DS 48.54 176
SEJET 52/1494 48.54 177
DS 10367-6 48.555 178
KVL 813 48.555 179
FREJA 48.6 180
KARA 48.75 181
SEJET 51/1722 48.81 182
ALBERT 48.825 183
NERY 1509 48.84 184
GOLF 48.84 185
HANKKIJAN

AAPO 48.84 186
ST-13863 48.84 187
5681.7.8.2 48.84 188
KVL 211 48.93 189
JONNA 48.93 190
SPANIEN 49.125 191
VISIR 49.185 192
5451.2.2 49.215 193
JO1072 49.215 194
DS 10060-4 49.41 195
FLARE 495 196
ANSGAR 49.575 197
SEWA 49.575 198
GULL 49.59 199
SY Splender 49.59 200

Genotype AUDPC Rank
RIMPAUS 49.59 201
Lexy 49.59 202
IDA 49.68 203
SW Makof 49.68 204
ROMI 49.86 205
4866.7.4.1.2 49.875 206
KVL 367 49.875 207
NOLC. DRAEGER

ALLERER. 49.965 208
FOMA 50.025 209
ZITA 50.055 210
Auksiniai Il 50.055 211
Noja DS 50.055 212
ARAMIR 50.235 213
Vilgott 50.34 214
TELLUS NGB 50.43 215
ST-13955 50.43 216
HJA 77003 50.43 217
Honey 50.43 218
BIRGITTA 50.7 220
TAARN 1516 50.715 221
KWS Irina 50.715 222
SWALLOW 50.715 223
Fennica 50.805 224
SIMBA 50.91 225
5515.4.3 50.91 226
DEBA 50.985 227
Arka DS 51 228
CRIMEE 51.075 229
Cindy 51.15 230
GUNNAR 51.165 231
ST-13909 51.435 232
BREUNS WISA 51.45 233
BIRKA NGN4712 | 51.465 234
ST-12902 51.465 235
PERNILLA 51.465 236
ALF 51.465 237
DS 9898-3 51.465 238
JO0919 51.525 239
Ellinor 51.525 240




Genotype AUDPC Rank Genotype AUDPC Rank
CATRIN 51.555 241 Alsa 55.5 281
REFOMA 51.84 242 Meltan 55.59 282
SY Dolomit 51.84 243 RUPAL 1501 55.59 283
DS 9440-9 51.9 244 FREJA 55.59 284
DS 10060-9 51.93 245 PALLAS 56.055 285
49354.1.1 52.035 246 VEGA 56.055 286
ROLAND 52.185 247 DROST A 56.34 287
ST-13963 52.215 248 BOMI 56.43 288
STALLAR I 52.275 249

BALDER 52.305 250

PUKE 52.41 251

DS 10261-14 52.575 252

Trebon 52.59 253

ARLA 52.59 254

D46-5-2-4-1 52.59 255

KARRI 52.59 256

GUNHILD 52.59 257

HERTA 52.65 258

GALANT 52.68 259

KENIA 52.68 260

DS 9879-5 52.68 261

ST-12835 52.68 262

EVA 52.68 263

KVL 385 52.785 264

DOMEN 5089 52.935 265

ST-13167 52.965 266

HEINES HAHA 53.055 267

NERY 53.055 268

4841.2.6.2 53.34 269

Mitja 53.4 270

MIRJAM 53.43 271

KORU 53.91 272

KRISTINA 54.18 273

FLAVINA 54.465 274

MENTOR 54.555 275

KUSTAA 54.66 276

NORDAL 54.66 277

RUPAL 54.9 278

CAJA 54.93 279

DS 9770-4 55.41 280




