Proceedings of the 17th International EWAC Conference
3 —8 June 2018

Bucharest, Romania

www.ewac.eu
www.eucarpia.orq

- —
Leibniz-Institut fﬁm’lanzerjgenetik und Kulturpfl
-7 ,
B ) - and
National Agricultural Research and Dm)p@‘lstitute, Fundulea, Romania

: 'r‘l"farschung, Gatersleben,

o Germany



European Cereals Genetics Co-operative
Newsletter
2019

VLA
A

=

EUCARPIA

www.ewadc.eu www.eucarpia.org

Proceedings of the 17th International EWAC Conference

3 -8 June 2018

Bucharest, Romania

Edited by
A. Borner and M. Ciuca

Leibniz-Institut fiir Pflanzengenetik und Kulturpflanzenforschung, Seeland/OT
Gatersleben, Germany
and
National Agricultural Research and Development Institute, Fundulea, Romania



Contents

PIeface .ccooevevinneerieiiinnnnninnsnnnseseinssssssssssesssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssosssnsssss 1
A. Bérner
Examples of successful collaboration (2015 - 2018).....ccivvuiiiiiiiniiiniiiineiisinnstinsssisesssisanes 2

A. Bérner, U. Lohwasser, E. K. Khlestkina, T. A. Pshenichnikova, S. V. Osipova, S. Misheva
(Landjeva), M. R. Simon

Aspects of wheat cytogenetics and aneuploidies at NARDI- Fundulea .....cccecevriiennnnnerennnes 11
A. Giura
Past and present of wheat breeding at N.A.R.D.1. Fundulea — Romania ........coocoviimennnnnes 24

N.N. Saulescu , G. Ittu, M. ITitu, C. Marinciu, G. Serban , V. Mandea, A. Giura, M. Ciuca, S.
Dobre, D. Cristina

Phenotypic and molecular variability of Serbian and Austrian winter wheat

. L.
VATTETIES cevvnererererensseenessoseeronecsransessescssresessnssssssenssssosasssossesssnssssensessassessensssresesarasssusenssssosasasasl

S. Miki¢, A. Kondié-Spika, D. Trkulja, M. Mirosavijevi¢, V. Taka¢, N. Buha,
H. Grausgruber

Leaf hairiness in wheat: genetic, evolutional and physiological aspects........eevverssnnericnnas 32

T. A. Pshenichnikova, A. V. Doroshkov, A. V. Simonov, M. A. Yudina, D. A. Afonnikov,
M. D. Permyakova, A. V. Permyakov, S. V. Osipova, A. Bdrner

Effects of Ppd alleles on heading and flowering time of wheat in climatic conditions
Of South-EaStern Europe ll.'l..l.'l'll.'l.lIOQDOQ'QODOQQCOIOI'.'l.ll.'.'l'QQIO.'QQDO!l.'l.ll.'.'ll.'l'.'0..0!..0.0!.0000!..'39

A. Kondié-gpika, D. Trkulja, S. Miki¢, L. Brbaklié, S. Griffiths

TaGW2-6A gene association with kernel length and TKW in some European winter
L2 1 T L 1)L A T 44

D. Cristina, M. Ciuca, V. Mandea, C. P. Cornea

Genetic dissection of drought tolerance by analysis of a recombinant chromosome
substitution double haploid mapping population of bread wheat for 2A
T OTOSOIIID suxnomsnsusasanssnmamosnsmsssnssn s msssasemnsssans s B oS A ss s S A8 AR RSN S S SRR 50

1. A. Pshenichnikova, S. V. Osipova, M. D. Permyakova, A. V. Permyakov, A. A. Shishparenok,
E. G. Rudikovskava, A. V.Doroshkov, V. V. Verchoturov, N. M. Kovaleva, A. K. Chistyakova,
I N. Leonova, U. Lohwasser, A. Borner

Analysis of recombinations between 1RS and 1BS chromosomes by using PCR and
GLIIG TN DA ICI im0 wamnsunisosm o0 s 5o w85 S B S P A SR RS R PR PN 56

S. V. Chebotar, M. K. Toporash, 1. I. Motsnyi, O. M. Blagodarova, P. Sourdille

Useful genetic variability generated in wheat by using a specific mutagenic protocol ....60
S. P. (Dobre) Barbu, A. Giura, C. Lazdr




Improvement of resistance to powdery mildew in triticale by transfer of Pm4b and
Pm6 genes from common wheat Cultivars ....eiiiinniniieiiiinenneiennenenseeneenes 66

K. Kowalczyk, J. Lesniowska-Nowak, M. Zapalska, M. Nowak, D. Gruszecka

Oat powdery mildew — identification and characterization of new sources of
FESISTANCE..uveeieeeiireniiieiteiiseeiseeesinessatiessessesesssesssnsesssissssessassssnesssnsssessasssssasssssesssssansessanssanes 71

S. Okon, T. Ociepa, A. Nucia, K. Kowalczyk

Effects of the Ppd-D1a / Ppd-D1b alleles on agronomical traits of winter wheat in

SoNth UKEaIne StEPPE YRBI0M usesecivmvermssusmssrnsdorrmsonsmibsmunmsismsnutoss sonssnessouumanvs vinnns s pEETYmaaonisns 77
A. O. Bakuma, I. I. Motsnyi, G. Q. Chebotar, S. V. Chebotar

Genetic variability for cuticular transpiration indicators in terms of initial water
content and rate of water loss of the flag leaf to an assortment of wheat tested at
AT G s s smssninnsmmnnnsnssunsnsssssses s sms Amessass s R S S0 SRS RS S NSRS AR S S 83

R. A. Paunescu, G. Paunescu

Identification of wheat varieties tolerant to water stress based on ratio between the
stem growth measured in seedlings after 20% PEG treatment and the stem growth
measured after water treatment 15 days after SOWING .......euvevvvrrnnericrrnnerisirenneniesssnenssnes 91

G. Paunescu, R. A. Paunescu

SSR marker TSMS592 for the detection and for distinguishing rye translocations
1AL.1RS and 1BL.1RS in a wheat background. ............ccccvininivinnniiicrcciscnsiinnnniinecccisenceans. 98

M. Ciuca, D. Cristina

Genotypic variations in preharvest sprouting resistance in some Romanian winter

NAKEA DALIEY TINEE oo cuossinsnsssnssasoisnssounsusonsonssossnsnisnss sasmsssssas sivsssssnssss insss s shsihduinsibsss bansiaons 102
L. Vasilescu, E. Petcu, A. Sirbu, A. Bude

Development of a substitution line of bread wheat with high gluten content in grain

and its study for agronomic characteristics....iiiiiininiiienniiicrciinenssienniineecsisenssnneeeeeneneess 106
L. V. Shchukina, A. V. Simonov, M. A. Yudina, V. P. Shamanin, T. A. Pshenichnikova

Agro-morphological evaluation of a barley germplasm collection predominantly

from the North ATrCHN FeZIOMN sumsmussisissssmmimmsasniasesisaiamsassimsassiasismiiisiisssisisauim 111
S. Yahiaoui, 5. M. Udupa

The 70™ Anniversary of the "AUGUST SESSION of VASKhNIL" .......cccooeveerrereenennns 119
S. V. Chebotar, A. Borner

New materials and methods in common winter wheat breeding ........oovveeivivecneirecssinnenees 121

1. Panayotov

Red listing as a tool for wheat genetic pools conservation for Romania .........ccoeeeiinennnns 122
M.-M. Antofie, C. Sand Sava




Spike morphology genes for wheat taxonomy and breeding ......c.cuveeiiniiiieriiiiereniiininns 123
N. P. Goncharov

Exploring the genomic diversity of the AE Watkins bread wheat landrace
L1 T 124

L. U. Wingen, C. West, M. Leverington-Waite, S. Collier, S. Orford, R. Goram, R. Awal,
C.-Y. Yang, J. King, A. M. Allen, A. Burridge, K. J. Edwards, S. Griffiths

The study of the Siberian collection of spring barley ......c.ccivvviercriierisierisirercsieccsinecenns 125

1. Bykova, Y. Grigoriev, N. Lashina, V. Efimov, T. Kukoeva, R. Yudina, S. Gorobets,
O. Afanasenko, E. K. Khlestkina

Light spectrum dependent regulation of freezing tolerance and yield quality in
CBT RIS uumumusmnssmusas ssmsna s s oanss s e s a5 A SR A N BN N SN RS S AR AR AT AR 126

1. Monostori, K. Gierczik, A ﬁ’oldizsdr, A. Novak, A. Mohamed, E A'ddmj L. Kozma-Bognar,
A. Vagujfalvi, M. Rakszegi, L. Darko, G. Galiba

Molecular background of SA chromosome induced changes in phytohormone

homeostasis iN WHEAL ....uieiiiiiniinnmnrcsiissiiiisnmnnmssssiresssinssssmmssssssssssrmnssssnssssssssssrnnsssssssssssasanns 127
B. Kalapos, R. Vankova, P. Vitamvds, G. Kocsy, F. Marincs, G. Galiba

Analysis of the expression of selected genes encoding antioxidant and proline
biosynthesis pathway enzymes under drought stress conditions in common wheat
W7 ey T PN TR a LT T —————— e ————————. 128

K. Dudziak, M. Zapalska, A. Birner, K. Kowalczyk, M. Nowak

Validation of published gene-based markers for enhanced thousand-kernel weight
and identification of novel loci in large elite germplasm panels .........cooveireiinineeieisacnnns 129

D. Sehgal, S. Mondal, C. Guzman, R. Singh, S. Dreisigacker
Transcriptional regulators of flavonoid biosynthesis: MYB, bHLH and WD40 gene
TAMIEHES T LY TEEOUHR couossmnonnosnasmonssnionsasnassonnonss seenasss sriossssaee dioss v i e v s o svs s asisassanusss 130
K. V. Strvgina, A. Borner, E. K. Khlestkina
Evaluation of Algerian collection of bread wheat (7riticum aestivam L..) varieties by
agronomic and trait-linked molecular approaches .........civeiviiniiiiieeniiiencninenninneeneinenes 131
C. Djenadi, A. Benbelkacem, M. Ouakel, S. M. Udupa
Analysis of the relationship between the genetic similarity and yielding for Polish
Trificele breeding mMaterialS oo mmmsmsssmnamsnsmssrms s s s sssia e 132
K. Dudziak, J. Lesniowska-Nowak, M. Zapalska, P. T. Bednarek, M. Nowak

Genetic analysis of developmental traits in old Russian spring wheat cultivars............ 133
E. V. Morozova, T. A. Pshenichnikova




Chromosome specific DArTseq markers analysis as an alternative approach for
genetic similarity determination in polyploid cereals ........ueeeineiiiieiiiiinnninnnciieniiiieneens 134

M. Nowak, .J. Lesniowska-Nowak, K. Dudziak, M. Zapalska, P. T. Bednarek

Cultivar Canyon — effective source against oat powdery mildew ..........oueeereeeerrennenennne. 135
S. Okoa, T. Ociepa, A. Nucia

Preliminary screening of A. sterilis L. for resistance to crown rust........cccceeeceerrecesineecnns 136
E. Paczos-Grzeda, §S. Okon, §. Sowa

The current status of wheat breeding for heat tolerance at NARDI Fundulea.............. 137
G. Serban, C. Marinciu, V. Mandea, M. Ciucd, D. Cristina, A. Turcu, L. Contescu, G. Ittu,
N. N. Saulescu

Evaluation of eyespot resistance in breeding collection on hexaploid wheat
CERITOUIT BESTHVIHE LY ossnonssmassssvnssssnomsrsnsnnprnssnsmmmsmssmssnsas toisss ssaminssssss o s s aassvsns e s s 138

H. Wisniewska, M. Majka, M. Kwiatek, M. Gawlowska, M. Korbas, J. Danielewicz, J. Belter

Studying the flowering and maturity gene complex in spring wheat ........ccccoevveerrinannees 139

D. Spaner, M. Igbal, A. Navabi, M. Asif, B. Beres, H. Randhawa, H. Chen, J. Zou,
E. Perez Lara, K. Strenzke




EWAC Proceedings 2019

Preface

A. Borner

Leibniz Institute of Plant Genetics and Crop Plant Research, Corrensstrasse 3, D-06466,
Seeland/OT Gatersleben, Germany

The 17" EWAC International Conference was organised by Matilda Ciuca and her colleagues
in Bucharest, Romania from June 3 — 8, 2018. The organizing bodies were the National
Agriculture Research and Development Institute, Fundulea and Ministry of Agriculture and
Rural Development by the ADER116 project. It was the first EWAC conferecnce in Romania
since it was founded in 1967 (Table 1).

Table 1: Years and venues of EWAC Conferences.

1967 | Cambridge UK

1970 | Wcihcnstephan Germany

1974 | Novi Sad Yugoslavia
1979 | Cambridge UK

1981 | Wageningen The Netherlands
1984 | Versailles France

1987 | Martonvasar Hungary

1991 | Cordoba Spain

1994 | Gatersleben Germany

1997 | Viterbo Italy

2000 | Novosibirsk Russia

2002 Norwich UK

2005 | Prague Czech Republic
2007 | Istanbul Turkey

2011 | Novi Sad Serbia

2015 | Lublin Poland

2018 Bucharest Romania

Since 2016 EWAC is a working group ‘Cereals Genetic Stocks™ of the Cereals Section of the
‘European Association for Research on Plant Breeding” (EUCARPIA). Fifty-five participants
from 12 countries did attend the conference comprising 22 lectures and 15 poster presentations.

Under the general Motto ‘Cereals for Tomorrow” two main subjects were discussed:
- Genetic gains through novel diversity and tools
- New approaches for cereals improvement and the future contribution of genetic stocks

The scientific programme but also the local organisation of the conference were excellent.
Many thanks to Matilda Ciucd and her team for preparing and running this successful
conference in a very kind and friendly atmosphere. We did enjoy the days in Bucharest and
Fundulca very much.

Just before the conference Elena Khlestkina offered to organise the next EWAC Conference at
the Vavilov Research Institute of Plant Genetic Resources in St. Petersburg in 2021.

We are looking forward to the 18" EWAC Conference.
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Phenotypic and molecular variability of Serbian and Austrian winter wheat varieties

S. Miki¢!, A. Kondi¢-Spika', D. Trkulja', M. Mirosavljevi¢', V. Taka¢', N. Buha', H.
Grausgruber?

! Institute of Field and Vegetable Crops, Novi Sad, Serbia
2 University of Natural Resources and Life Sciences (BOKU), Vienna, Ausiria

Summary

Genelic variability ol locally adapted Serbian and Austrian winter wheat varieties was evaluated
m order to assess their potential as a genetic material that can be exploited in crosses between
two different European breeding pools. A field trial with 20 elite wheat varieties from each
country was sct at the Institute of Field and Vegetable Crops, Novi Sad, Serbia in a row-column
design with three replications during the 2016/2017 season. The genotypes were phenotyped
[or tillering, heading and flowering time, plant height, ear length, number of spikelets per spike,
number of grains per spike, thousand-kernel weight, chlorophyll content and resistance to
prevalent wheat diseases. Additionally, the varieties were genotyped with 30 microsatellites.
The varieties from two geographic regions and different release periods were clearly
differentiated with population structure obtained from marker data. A significant phenotypic
variation was found for most of thc traits. Cocfficicnts of variation werc the largest for
chlorophyll content (16.5%) and plant height (10.1%). Generally, the early genotypes were
more susceptible to leaf rust (r = -0.6), while the late maturing genotypes produced more grains
per spike (# = 0.4). The Serbian varieties had earlier tillering (p < 0.03), heading (p < 0.00) and
flowering (p < 0.00) dates, shorter plant stems (p < 0.00), higher chlorophyll content (p < 0.00)
and wcrc more susceptible to leaf rust (p < 0.00) than thc Austrian oncs. The principal
component analysis indicated general properties of the groups that would facilitate the choice
of parent combinations for crossings.

Introduction

The cffeets of climate change, such as cxtremely high temperatures, low relative humidity,
uneven rainfall distributions, strong insolation and droughts, are becoming very frequent in
Serbia (Gocic & Trajkovic 2013). Similarly, warmer and dry summers are observed in plain
terrains of the western parts of Austria (Alexandrov et al. 2002). A natural mechanism of plants
to respond to changing environments, known as phenotypic plasticity, can be used to tackle
climate change. Phenotypic plasticity is the ability of'a genotype to express different variations
of a trait when environmental conditions change or when a genotype is grown in a range of
diffcring cnvironments (Fusco & Minelli 2010). 1t is belicved that the genotypes with high
phenotypic plasticity can better adapt to different conditions and expand to diverse
environments. Estimating plasticity and genetic variability of important wheat agronomic traits
may help breeders to identify cultivars that are more suitable for production in less favourable,
risk-prone environments and to distinguish them from cultivars suitable for production in
optimal, non-stressed environments, as well as to define breeding strategies to broaden genetic
diversity of elite wheat varieties from different regions. The geographical specificities of Serbia
and Austria make them distinct and characteristic testing cnvironments for ficld trials. The aims
of this study were: 1) to assess genetic variability of locally adapted elite Serbian and Austrian
winter wheat varieties, 2) to evaluate the most important morphological, phenological and
agronomic characteristics of the selected varieties, and 3) to assess their potential that can be
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exploited in crosses between two different European breeding pools.
Materials and methods

The field trial was set at the Institute of Field and Vegetable Crops, Rimski sancevi (45°20° N,
19°51° E, 84 m a.s.L), Serbia, in a row-column design with three replications during the season
2016/2017. In total, 40 clitc winter wheat varictics were selected, 20 from Austria and 20 from
Serbia together with two check varieties, Bezostaya | and Amadeus. The phenotypic evaluation
was performed for ten morphological, phenological and agronomic yield-related traits, namely
tillering time (days from sowing), heading time (days from sowing), flowering time (days from
sowing), plant height (cm), ear length (cm), number of spikelets per spike, number of grains
per spike, thousand-kerncl weight (g), chlorophyll content (CCI = % transmittance at 93 1nm. /
% transmittance at 653 nm) at flowering and resistance to prevalent diseases. Genomic DNA
was extracted from the seedlings using CTAB protocol. The genotyping was done with 30
microsatellite markers (Table 1). Total PCR mix contained 25 ng genomic DNA, 0.2 mM
dNTP, 1xTaq buffer with KC1, 2 mM MgClI2, 1 U Taq polymerase, 0.5 pmol of fluorescently
labelled forward primer and 0.5 pmol of reverse primer. PCR began with DNA denaturation at
94 °C for 5 min, followed by 38 cycles at 94 °C for 30 s, 52-62 °C for 45 s, 72 °C for 45 s and
the final cxtension for 7 min at 72 °C. The 10 pL reaction volume for fragment analysis
contained: 2 pL of differently labelled PCR products mixture, 0.2 uL. GeneScan500 LIZ size
standard and 7.8 uL Hi-Di formamide. The PCR products were separated by capillary
electrophoresis on ABI Prism 3130 and their sizes were determined with Gene Mapper
Software Version 4.0 (Applied Biosystems).

Table 1: Names, chromosome positions and repeat motifs of 30 analysed SSR markers.

No SSR Chr. Repeat No SSR Chr. Repeat
1 harcl0)2 3B (TAA)20 16 gwm4i13 1B (GA)18
2 barcl096 4B (CTH10 17 gwm458 1D (CA)13
3 barcli 5B (ATT)28 18 gwm495 4B (GA)20
4 barci87 1B (CT)26 19 gwm513 4B (CA))12
5 Bwed A (CCT)17 20 gwm377 B (GCA)”(TA)
6 cfa2l49 4B, SA (TG)20 21 gwmb636 2A (GA)28imp
7 gdm63 5D (CT)20 22 gwm639 5A, 5B, 5D (GA)19
8 apw30l7 4B (GA)33 23 wmel25 4B g%l)l LGT)
9 gwm261 2D (CTH21 24 wmcl4d 7D (CT) (CA)
10 gwm29] S5A (CA)35 25 wme25  2B,2D (GT)26
11 gwm296 2A,2D, 7D (CT)28 26 wmc262 4A (GA)29
12 gwm325 6D (CT)16 27 wme3l7 2B (GT)23
13 gwm350 TA,7D (GT)14 28 wmcedll) 5S5A (CA)26
14 gwmi?7l 5B, 5D (CAY10(GA)32 29 wmce601 2D -
15 gwm408 5B (CAZ22(TA)XCA)(TAY 30 wmce6l7 4A, 4B, 4D -

The molccular diversity paramcters were analysed in GenAlEx 6.5. Population structurc was
calculated using model-based clustering method based on parametric model of frequency
distribution with unknown number of subpopulations integrated into STRUCTURE software.
The analysis of molecular variance (AMOV A) was applied to partition genetic variation among
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groups based on the codominant allelic distance matrix. The phenotypic data were used to
perform analysis of variance and principal component analysis.

Results and discussions

In total, 209 alleles were detected in 30 SSR loci with the mean number of 6.4 alleles per locus.
The proportion of heterozygous individuals was 1%. The average PIC valuc was 0.61, while
twelve microsatellites had PIC values above 0.70, indicating relatively high discriminatory
power of microsaltellite markers. In previous studies, similar PIC values ol 0.64 were obtained
with 39 SSRs (Roussel et al. 2005) and 0.67 with 19 SSRs (Réder et al. 2002) for a larger
number of European wheat varieties. The smaller number of detected alleles and the average
numbcr of allcles per locus obtained in our study comparing to the previous ones, was duc to
much smaller sample size and narrower time span of variety release periods.

Population structure analysis performed with the programme Structure divided the genotypes
distinctly by the country and the average year of release (Figure 1). Although the two Austrian
groups were closer in terms of their average release periods (8 years difference), than the two
Serbian (16 years dilference), the groups were denoted as Austrian older with 11 varieties,
Austrian new with 9 varieties, Serbian older with 14 varieties, and Serbian new with 6 varieties.
El-Esawi et al. (2018) also showed an importance of geographic origin in a wheat diversity
study, finding significant diffcrence between western and central Europcan winter wheat
variety groups.

7 1
32 38 28 a3 35 42 36 23 2 1" T 4 26 29 25 13 8 20 17 12 9

Fig. 1: Population structure of 42 wheat varieties estimated with SSRs. Red - Serbian older,
green - Austrian new, blue - Serbian new, yellow - Austrian older varieties.

Analysis of molecular variancc showced that genetic variation was much higher within the
groups, accounting for 80%, than the variance among the groups (20%). Similar distribution of
variance, where the majority of the diversily was attributed to differences among varieties
within populations was obtained in Austrian and Belgian breeding pools (El-Esawi et al. 2018).
The varieties were more differentiated by their geographical origin than by their release period,
which is in accordancc with the finding of Roussel ct al. (2005), who dcmonstrated significant
geographical variation between the wheat varieties from western and south-eastern European
countries and, to less extent, temporal variation among the wheat varieties from different
breeding periods.

A significant phenotypic variation was found for most of the traits (Table 2). Coefficients of
variation were the largest for chlorophyll content (16.5%) and plant height (10.1%). Tukey's
honest significant difference tests were used for multiple comparisons of means. The Serbian
varieties had earlier tillering, heading and flowering dates than the Austrian. It is worth noting
that while there were no differencecs in heading and flowering betwecen the old and new Serbian
varieties, old and new Austrian varicties significantly differed. Heading and flowering dates of
the new Austrian varieties were recorded earlier than in old Austrian varieties, indicating a shifi
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in breeding towards earlier genotypes. This shift in wheat breeding has been observed in
countries with frequent terminal drought as a strategy to minimize of the risk of drought stress
(Shavrukov et al. 2017).

Table 2: Analysis of variance and comparison of means [or nine phenotypic traits of four groups
of winter wheat.

Group Al A2 S1 S2 Mean CV (%)
Tillering 1224 a 1224a 11990 119.8b 121.1 1.1
Heading 183.9a 180.8b  176.5¢ 177.6 ¢ 179.5 2.0
Flowering 186.2a 183.6b  180.6¢ 181.2¢ 182.7 1.5
Ear length 10.5a 10.2 a 9.7a 10.5a 10.1 9.7
Plant height 77.2a 76.4 a 67.5b 67.2b 72.4 10.1
Chlorophyll index 288D 321b 382a 314b 334 16.5
Grains per spike 51.0a 51.8a 49.0a 53.0a 51.2 6.2
Spikelets per spike 193a 194 a 194a 202 a 19.6 8.4
Thousand-kernel weight 48.7 a 48.5a 48.2 a 48.8 a 48.5 5.9

Al - Austrian older, A2 - Austrian new, S1 Serbian older, S2- Serbian new varieties

No significant differences among the groups were found for the average values of ear length,
number of grains per spike, number of spikelets per spike and thousand-kernel weight. On
average, the Austrian genotypes were higher than the Serbian ones, but there were no
diffcrences between the older and new varicties. The old Serbian varicties had significantly
higher chlorophyll content index at the flowering then the other groups. This is the only trait
showing differences between two groups of Serbian varieties.
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Fig. 2: Principal component analysis biplot of Austrian and Serbian winter wheat varieties.
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The principal component analysis differentiated the varieties from Serbia and Austria (Fig. 2).
The Austrian varieties were in general later maturing and higher than the Serbian, grouping
around the vector for flowering and heading. On the other hand, Serbian varieties were more
susceptible to rust and had higher chlorophyll content. The Austrian and Serbian varieties did
not differ in the number of spikelets, number of grains per spike or thousand-kernel weight. The
PCA biplot showed positive corrclations between flowering date and number of grains per
spike, as corroborated with the Pearson’s coefficient (» = 0.4; p < 0.01). Pearson’s correlations
among the traits showed that the early genotypes were more susceptible to leal rust (7 =-0.6; p
< 0.0001) and had higher chlorophyll content (» = -0.5; p < (.001) than the late ones. In other
studies, a positive significant correlation (Neumann et al. 2011) and no correlation between leaf
rust and flowering time were found (Gao et al. 2016). Since rust infections before or at the
flowering time of cereals are most damaging (Agrios 2005), it seems that early seasonal
occurrence of the discase in 2017 concurred with flowering stage of carly genotypes, causing
severer symptoms in early that in late genotypes. The integration of data from the trial in
Austrian environment and [rom two experimental years is expecled to give a more detailed
msight into phenotypic and molecular variability of the analysed wheat varieties and facilitate
the choice of parent combinations for crossings.
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