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SEFiMeC II

 The II Spanish Symposium on Cereal Physiology and Breeding 
(#SEFiMeC ) is organized in the frame of the Excellence Network 
FiRCMe. Although it is  envisaged of primary relevance to the entire 
scientific Mediterranean community interested in these subject areas, 
contributions from non - Mediterranean regions have also been welcome.

 The aim of this symposium is to create a fertile space for scientific 
exchange and to facilitate synergies between scientific groups working 
on different issues of physiology, genetics and breeding of cereals. 
Collaborations and synergies between Spanish groups and other countries 
in these scientific fields will likely improve the levels of multidisciplinarity, 
impact and internationalization of research activities already undertaken 
in the search for solutions to global agriculture, and particularly within 
Mediterranean areas. Therefore, this event may facilitate the establishment 
of consortia that could potentially participate in international calls, such 
as in actions of the Euro - Mediterranean initiative of the Partnership on 
Research and Innovation in the Mediterranean Area (PRIMA), focused on 
sustainable water management and food systems in the Mediterranean Basin.

 This Second Spanish Symposium on Cereal Physiology and 
Breeding has been focused on physiology, genetics and breeding of 
quality (industrial, nutritional), though not losing sight of the aspects 
of crop performance improvement. This implies that both works that 
focus on aspects of performance, quality and physiology were welcome.

     Organizing committee
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ORGANIZATION

The Scientific and Organizing Committee of the II Spanish Symposium on 
Cereal Physiology and Breeding (SEFiMeC II) is made up by:

Elena Prats (IAS, CSIC)
Jesus Jorrín (UCO)
Gustavo Slafer (AGROTECNIO & UDL)
Gracia Montilla (IAS, CSIC)
Francisco J. Canales (IAS, CSIC)
Sergio Atienza (IAS, CSIC)
Francisco Barro (IAS, CSIC)
Antonio Martín (IAS, CSIC)
Pilar Prieto (IAS, CSIC)
Mª Dolores Rey (UCO)

The Committee gratefully acknowledges the support offered by a team of 
young researchers helping in organizative matters during the Symposium. 
They are:

Priyanka A. Basavaraddi
Luis Miguel Gallego Sanz
JinWook Kim
Mariona Martínez Subirà

The Coordinating Council of FiRCMe is made up by the scientists who act 
as Principal Investigator of each group member of the Network:  Nieves 
Aparicio (ITACyL), Iker Aranjuelo (CSIC / UPNA-IdAB), José L. Araus (UB), 
Patricia Giraldo (UPM), Ernesto Igartua (CSIC-EEAD), Rosa Morcuende (CSIC-
IRNASA), Alejandro Pérez  (IFAPA), Elena Prats (CSIC-IAS), and Gustavo Slafer  
(AGROTECNIO, UDL)
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FUNCTIONING
 
 The II Spanish Symposium on Cereal Physiology and Breeding 
starts with an opening session followed by four thematic sessions (Grain 
quality, Yield and yield x quality interaction, Biotic and abiotic stresses and 
Phenotyping and modelling) and closes by a “wrapping up” discussion 
session. Each session is opened by an invited keynote presentation followed 
by a number of oral presentations selected from those submitted voluntarily 
by the participants and with a poster session (joining two sessions in each 
of the two poster sessions scheduled). The different size of each of the 
sessions respond to the number of abstracts submitted for each of them. In 
each session there will be two spaces open for discussions, one following the 
invited keynote presentation and another one closing the session after all 
oral communications have been delivered. We expect these open discussion 
spaces could include discussions not only on the particular presentations 
offered but also more openly (though within the issue under discussion). The 
core of the Symposium will be the communications of the scientific work in 
the four thematic sessions.

 There will be a key-note Speaker invited to deliver an lecture at the 
opening of each session and regular oral presentations and a new format 
of oral presentation of posters fast and effective two minutes called “flash 
presentation” (before the corresponding poster session).

1. Oral Presentations “Regular”
There will be slots of 12 minutes assigned to each regular oral presentation 
following the key-note speaker presentation and discussion. Of these, 1 
minute will be allocated to the chairpersons of the session for introducing 
the presenter. Each communication must be prepared (and tested) to be 
performed in no more than 11 minutes. Each speaker must be extremely 
rigorous in respecting this time restriction to complete the presentation in 
11 minutes (or less). Moderators will be very strict in maintaining this limit 
and will inflexibly cut those presentations that exceed this limit (it is expected 
that each speaker exhibits respect to other speakers and audience having the 
presentation well prepared to be completed in the expected 11 minutes).



2. Presentations “flash” 2 minutes:
There is a competition of “Three Minutes Thesis” which began a decade 
ago in Queensland and currently takes place in more than 200 universities 
around the world. If you can explain the most important aspects of a whole 
thesis in 3’, 2’ should be sufficient to present our poster and attract visitors 
to them in the session immediately following these flash presentations (and 
even encourage people in the audience to discuss the posters over breaks 
such lunches or coffee-breaks, or even beyond the Symposium). These flash 
presentations will be organized as a “carousel” of presentations immediately 
before the corresponding poster session.

“Flash” presentation will consist on only two power-point slides per poster: 
The first, containing the title, should offer a very brief introduction to the 
subject, and the second with key results and conclusion. Submissions that 
do not respect these conditions will not be uploaded and therefore will not 
be displayed on the carousel of presentations. Everyone knows that on the 
poster (and particularly through discussions with the author) there is much 
more to see, learn, discuss and enjoy. This two-minute presentation is not the 
last opportunity to discuss your work at the Symposium (or later), it’s just a 
way to attract other participants to this discussion.

Moderators will be very strict checking that (i) each poster is summarized 
in just two slides with content that has been established above, (ii) each 
presenter will not use more than 2 minutes in the presentation “flash”. If you 
are one of our presenters of posters, be encouraged to meet this challenge.
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PROGRAM
8:00-9:00
9:00-9:45

9:45-10:15 Ignacio Romagosa, Lleida 
University, Spain

Invited keynote talk                                                                                                        
Why did Roman gladiators eat barley? Barley, a healthy grain

10:15-10:30

10:30-11:00

11:00-11:12 Emilio Marcos,             
IRNASA-CSIC

Genotypic variability in wheat grain nutritional quality in response to elevated 
temperature and CO2 concentration foreseen with climate change.

11:12-11:24 Daniel Rico,                    
ITaCyl Germination as novel strategy to produce healthy and nutritious barley flour

11:24-11:36 Ignacio Solís,           
Agrovegetal

Stability of grain quality parameters in a set of durum wheat cultivars grown 
in Andalusia 

11:36-11:48 Sergio Atienza,                  
IAS-CSIC

Physical mapping of genes for lutein esterification in chromosome 7D of 
common wheat 

11:48-12:00 Yésica Pallavicini,         
ITaCyl

The effect of cultivar and nitrogen fertilization management on yield and 
bread wheat quality.

12:00-12:15
12:15-12:45

12:45-13:15 Cristobal Uauy,                  
John Innes centre, UK

Invited keynote talk                                                                               
Unlocking the polypoid potential of wheat through genomics

13:15-13:30

13:30-15:00

15:00-15:12 Amanda de Oliveira,          
Kansas Univ Nitrogen Utilization Efficiency in Wheat: A Global Perspective

15:12-15:24 Arantxa Monteagudo,      
EEAD-CSIC Opportunities to improve an elite barley cultivar using Spanish landraces

15:24-15:36 Priyanka Basavaraddi,    
Lleida Univ. Relevant traits determining wheat yield in elite germplasm 

15:36-15:48 Azahara Martín,                 
John Innes Centre

A single meiotic gene, ZIP4, is responsible for the Ph1 locus effect on 
recombination 

15:48-16:00 Yolanda Pérez,                      
CIB-CSIC

Auxin plays a key role in microspore embryogenesis for doubled-haploid 
production and breeding of barley

16:00-16:15 Open discussion on Yield and yield x quality interaction
16:15-16:45
16:45-17:15
17:15-18:30
19:00-21:00

21:00

Welcome
Session 1: Grain quality

Chairpersons: Roxana Savin, Patricia Giraldo

Symposium dinner at "Círculo de la Amistad" (see nº24 or yellow star in map)

Coffee Break

Open discussion on Grain quality communications
Carrousel of  Two-minutes poster presentation Session 1

Session 2: Yield and yield x quality interaction
Chairpersons: Sergio Atienza, Iker Aranjuelo

Keynote talk discussion

Lunch

Carrousel of  Two-minutes poster presentation Session 2
Coffee Break
Viewing/Discussing posters (Sessions 1 and 2)
Turistic Walk

Keynote talk discussion

Miércoles 6 de Marzo
Registration



9:00-9:30 Valeria Terzi,               
CREA, Italy

Invited keynote talk                                                                                                       
Priming cereals against environmental stresses

9:30-9:45

9:45-9:57 María Dolores Rey,           
Córdoba Univ

Increase of homoeologous crossover frequency in ZIP4 (Ph1 gene) mutant 
wheat-wild relative hybrids by abiotic stresses

9:57-10:09 José M Soriano,             
IRTA

Discovering consensus genomic regions in wheat for root-related traits by 
QTL meta-analysis

10:09-10:21 Rubén Vicente,         
Barcelona Univ              

Low- vs high-yielding durum wheat cultivars: primary metabolism of 
photosynthetic organs in response to water stress 

10:21-10:35 Luis Gallego,                       
IAS-CSIC

Digital image analysis for high throughput phenotyping of powdery mildew 
resistance in oats

10:35-10:45

10:45-11:15

11:15-11:45

11:45-12:15 Jose L. Araus,            
Barcelona Univ, Spain

Invited keynote talk                                                                                          
High throughput phenotyping and genetic gain 

12:15-12:30

12:30-12:42 Adrián Gracia,                   
Barcelona Univ

Leaf vs. whole-canopy remote sensing methodologies for nitrogen monitoring 
and grain yield prediction: a case of study with maize in Zimbabwe

12:42-12:54 José Fernández-Gallego,      
Barcelona Univ Wheat ear segmentation using a UAV platform

12:54-13:06 Francisco Canales,             
IAS-CSIC

Breeding resilience oats in Mediterranean environments through phenotyping 
and modelling approaches. 

13:06-13:18 Omar Vergara,         
Barcelona Univ

Exploring the assessment of durum wheat ear and leaf metabolomes by 
hyperspectral data in the field 

13:18-13:30 Fátima Rezzouk,        
Barcelona Univ

Remote sensing techniques and stable isotopes as phenotyping tools to assess 
wheat yield performance: effects of growing temperature and vernalization 

needs

13:30-13:45
13:45-15:00
15:00-15:30
15:30-16:15
16:15-16:30

Coffee Break

Jueves 7 de Marzo
Session 3: Biotic and abiotic stresses

Chairpersons: Ernesto Igartua, Josefina Sillero

Keynote talk discussion

Open discussion on Biotic and abiotic stresses

Carrousel of  Two-minutes poster presentation Session 4
Viewing/Discussing posters (Sessions 3 and 4)
Conclusions and closing words

Carrousel of  Two-minutes poster presentation Session 3

Session 4: Phenotyping and modelling
Chairpersons: Rosa Morcuende, Nieves Aparicio

Keynote talk discussion

Open discussion on Phenotyping and modelling
Lunch
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Session 1. Grain Quality
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Keynote

Why did Roman gladiators eat barley? Barley, a healthy grain 
 

I. Romagosa1, M. Martínez-Subira1, L. Cistué2, W.T. Thomas3,  
P. Hayes4, F. Batlle5, M.P. Romero1, M. Moralejo1 

 
1Agrotecnio, Universitat de Lleida, Lleida, Spain 

2 Estación Experimental de Aula Dei – CSIC, Zaragoza, Spain 
3The James Hutton Institute, Dundee, Scotland, United Kingdom 

4 Oregon State University, Corvallis, Oregon, USA 
5 Semillas Batlle, Bell-Lloch d’Urgell, Lleida, Spain 

 
Barley (Hordeum vulgare L.) was a staple food since its domestication more than 
10,000 years ago. It was the basis of the gladiators’ training diet, as recognized by 
Plinius in his Naturalis Historia when referring to their nickname, hordearii, "barley 
men". Galenus, the greatest physician of ancient times and surgeon in a gladiator 
school, wrote that their diet was mostly vegetarian based on barley and grain  
legume pudding. Barley was key to achieve the speed, strength and endurance they 
needed to survive. However, barley virtually disappeared in the Middle Ages from our 
(solid) diets as wheat was gaining importance for bread making due to its gluten 
content. However, since its health benefit was scientifically recognized (FDA 2006, 
EFSA 2011, Health Canada 2012), food barley is gaining interest in developed 
countries. Its regular consumption has been associated to a lower risk of developing 
chronic diseases. We know than high concentration of -glucans and other 
phytochemicals are responsible for its health benefits.  Soluble fibre, free and bound 
phenolic compounds, tocoferols, tocotrienols, phytosterols, folates, etc. have 
antioxidant, cholesterol lowering abilities, inmunostimulants, cicatrizing healing, 
satiating effect and, thus, are potentially useful for certain diseases such as 
cardiovascular diseases, diabetes and obesity and even for specific cancer types. 
These bioactive compounds are differentially accumulated in the barley grain. So 
enriched fractions are easy to produced. Some of these fractions have very high 
concentrations and may be commercially competitive for their bioactive compound 
composition. We are carrying out a collaborative breeding program aiming at 
developing food barley genotypes adapted to Spain. The first three cultivars have 
been recently registered and a large number of doubled haploid lines, mostly two 
rowed hull-less, segregating for soluble fiber content (-glucan, arabinoxylan), 
phenols, including anthocyanins, tocoferols, tocotrienols,  amylose content, etc. are 
being characterized to identify a next generation of food barley genotypes. However, 
regardless of their healthy value, they will only reach the market, if attractive and 
tasty food products are developed, which remains a challenge. 
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Oral Communication

Genotypic variability in wheat grain nutritional quality in response 
to elevated temperature and co2 concentration foreseen with 

climate change 
 

E. L. Marcos-Barbero1, P. Pérez1, R. Martínez-Carrasco1, J.B. Arellano1, Y. 
Gibon2, R. Morcuende1. 

 
1Institute of Natural Resources and Agrobiology of Salamanca (IRNASA), Abiotic Stress. C/ Cordel de 

Merinas, 40/52, 37008 Salamanca, SPAIN. 
2 INRA Bordeaux-Aquitaine, Biologie du Fruit et Pathologie. Edouard Bourlaux 71, 33882, Villenave 

d’Ornon, FRANCE.  
 
 

The raise in atmospheric CO2 concentrations and temperatures associated to climate 
change are predicted to have a major impact on productivity and quality of food crops. 
With the projected world population increase and the consequently higher demand 
for agricultural products, it is therefore crucial to evaluate the varietal diversity 
regarding the future climatic scenario. Wheat can be one of the most affected cereals 
since it is mainly produced in Mediterranean areas, where predictably higher 
temperatures during grain filling will drastically disturb its productivity. Using ten 
spring wheat genotypes, we assessed the combined effects of elevated CO2 and 
temperature on plant biomass and grain weight, and the content of protein, total 
phenols, total antioxidant capacity and mineral elements in grains. The 41, 43 and 61 
genotypes had the highest biomass accumulation, whereas genotypes 8 and 150 
showed the lowest plant biomass. The 43 genotype showed the highest grain weight 
per plant among all the lines, followed by genotypes 41 and 61, while the lowest 
grain weight was attained by the 150 genotype. A similar pattern of changes among 
genotypes was found in total antioxidant capacity and total phenols content in grain, 
whereas no consistent variation was found in grain protein content when all 
genotypes were compared. In general, the grain mineral nutrients, especially P, K, 
Cu and Mg, were higher in genotypes 41, 43 and 61 than in the 150 genotype. These 
findings suggest that the higher yielding genotypes showed better grain quality in 
terms of bioactive compounds and mineral nutrients, but not of protein. We propose 
the appraisal of genetic diversity as a good approach for the selection of improved 
crop varieties under the global climate change to ensure food security. 
 
Acknowledgments: Grants CSI083U16, AGL2016-79589-R (ERDF). Marcos-Barbero 
had a JCyL fellowship. Boyero, Verdejo, Calvo and González for technical assistance. 
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Oral Communication

Germination as novel strategy to produce healthy and nutritious 
barley flour  

 

D. Rico1, E. Peñas2, M.C. García1, C. Martínez-Villaluenga2, J. Frías2, A.B. 
Martín-Diana1 

 
1Innovative Food Process and Product Unit. Instituto Tecnológico Agrario de Castilla y León (ITACyL) 

2Department of Food Characterization, Quality and Safety, Institute of Food Science, Technology and 
Nutrition (ICTAN-CSIC), Juan de la Cierva, 3, 28006 Madrid, Spain. 

 
The increasing interest in functional and healthy food products has promoted the use 
of germinated seeds to produce functional and nutritive flours for human 
consumption. It is well known that germination induces nutritional and non-nutritional 
changes. Besides beer production, barley is still scarcely used as food ingredient.  
 
The objective of this study was to optimize barley’s germination conditions in order to 
enhance the nutritional and functional qualities, and to obtain in this way a product 
that can be consumed as fresh or used as functional ingredient in the form of dried 
flour. Parameters evaluated of barley sprouts were total phenolic content (TPC), 
nutritional properties (vitamins C, B2 and B12, gamma amino butyric acid-GABA) and 
antioxidant capacity (DPPH, TEAC, FRAP and ORAC). Response surface 
methodology (RSM) was used for process optimisation and as factors for the design, 
time (0.8 to 6 days) and temperature (12-20 °C) were considered, and included in a 
central composite rotatable design. The barley used was a H13 variety from plant 
breeding of Merlin and Volga varieties, harvested in the 2017/2018 period and 
commercially known as GALIS. This barley contains 5.2% β-glucan.  
 
Non-germinated barley showed lower TPC (85.78 mg GAE/100 g) compared to 
germinated seeds, regardless of conditions used (159.17 mg GAE/100 g, optimum 
conditions). Antioxidant activity using ORAC increased in germinated barley, 
reaching at higher temperature (16-20 ºC) and longer times (5-6 days) the highest 
activities, with values 4-fold those of non-germinated barley (27.32 vs. 86.59 µmol 
Eq. Trolox/100 g, respectively). GABA triplicated its content after germination (52.21 
vs. 185.80 mg/100 g, non-germinated and optimum conditions respectively). Vitamin 
C, vitamin B1 and vitamin B2 also increased after germination. Germination time of 
4-5 days at 16-17 ºC were the optimum conditions for producing barley sprouts with 
significantly enhanced bioactivity. 
 
Acknowledgements. This research was cofunded by the Agrotechnological Institute 
(ITACyL) (Castilla y León, Spain) and the European Union through FEADER 
(projects number 2018-807). 
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Oral Communication

Stability of grain quality parameters in a set of durum wheat 
cultivars grown in Andalusia  

 
F.J. Villafuerte1, I. Solís2 

 
1 Pastas Gallo, El Carpio (Córdoba), Spain 

2 Agrovegetal, Sevilla, Spain 
 
 
Agrovegetal S.A. is a breeding company developing new durum wheat cultivars since 
1998 from advanced lines received from CIMMYT under a collaborative agreement. 
During the last 16 years, the grain quality analysis of candidate lines to be released 
as commercial cultivars have been made by Pastas Gallo in his laboratory located at 
El Carpio (Córdoba). 
 
The most important parameters to be measured in each durum wheat line are those 
included in the Spanish quality standards published in "Real Decreto, 1615/2010", 
like protein content, vitreousness, test weight, gluten strength and yellow colour.  
 
For each parameter, lines showed different quality levels depending of locations and 
years and it is needed to measure their stability in the most representative growing 
area in Spain (Andalusia). 
 
During 2014, 2015, 2016 and 2017 seasons, grain samples of a set of 10 durum 
wheat cultivars have been taken from statistical field trials collected in Córdoba, Écija 
(Sevilla), Jerez (Cádiz) and Escacena (Huelva). Average grain quality of each 
cultivars allows us to classify them for storage in our cooperatives.         
 
In 2018 and 2019 the set of 10 durum wheat cultivars will be evaluated by Operative 
Group "TRIDURAND" in seven locations of Andalusia, five of them in dry conditions 
(managed by Agrovegetal) and two under irrigation conditions (managed by IFAPA in 
Santaella and Jerez). 
 
The results of quality traits measured in 2018 trials showed again the differences 
among cultivars in parameters with high heredability like gluten strength and yellow 
color, and good general results in others with lower heredability like protein content, 
vitrousness and test weight. 
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Oral Communication

Physical mapping of genes for lutein esterification in chromosome 
7D of common wheat  

 

C.M. Ávila1, M.C. Palomino2, D. Hornero-Méndez3, S.G. Atienza2 
 

1IFAPA-Alameda del Obispo, Córdoba, Spain 
2Instituto Agricultura Sostenible-CSIC, Córdoba, España 

3Instituto de la Grasa-CSIC, Sevilla, España 
 
 

Carotenoids are important for the production of yellow alkaline noodle from common 
wheat, pasta from durum wheat and tritordeum derived products. These pigments 
become more stable during storage and processing when esterified with fatty acids. 
Thus, carotenoid esterification allows a higher retention through the food chain. 
 
In this work we developed crosses between a set of deletion lines for chromosome 
7D in common wheat ‘Chinese Spring’ (CS) and CS-Hordeum chilense substitution 
line CS(7D)7Hch. The F2 progenies of these crosses were genotyped and used for 
carotenoid analyses. As expected, the presence of chromosome 7Hch in the hybrids 
increased the carotenoid content. Besides, the simultaneous presence of 7Hch and 
7D also raised the amount of lutein esters in all cases but one, which means that 
genes for lutein esterification in 7D are located in this missing region. 
 
Using DArTSeq genotyping, the Wheat Reference Genome and the Wheat 
Expression Browser we identified ten candidate genes annotated as related to 
esterification processes in this region of chromosome 7D. Furthermore, two of these 
genes could be related to the Lute locus identified in a different background. The 
synteny between H. chilense and wheat makes interesting further study of these 
candidate genes in H. chilense to increase lutein esterification.  
 
Acknowledgements 
This research was funded by Grants AGL2014-53195-R from Ministerio de Economía 
and Competitividad and AGL2017-85368-P from Ministerio de Ciencia, Innovación y 
Universidades. Both projects are cofounded by FEDER. DHM is member of CaRed 
Network funded by Ministerio de Economía y Competitividad (BIO2015-71703-REDT 
and BIO2017-90877-REDT) and participates in EUROCAROTEN COST Action 
(CA15136). CMA and SGA are members of FiRCMe Network, funded by Ministerio 
de Economía y Competitividad (AGL2016-81855-REDT). 
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Oral Communication

 

The effect of cultivar and nitrogen fertilization management on yield 
and bread wheat quality 

 

Y. Pallavicini, R. Martínez-Peña, A. Santiago-Pajón, M.C. Díez-Fraile, I. Araus-
González, N. Aparicio 

 
Instituto de Tecnológico Agrario de Castilla y León, Valladolid, Spain 

 
Castilla y León is a asuitable region for the production of high quality bread-making 
wheat (Triticum Aestivum L.), especially under irrigation. Nowadays, the production 
of this type of wheat can be an opportunity to access markets with premiums that 
improve farm profitability strategy. However, wheat breadmaking quality is a highly 
complex character that depends on genetic, environmental conditions and fertilization 
management. The objective of this study was to assess the effects of cultivar, 
nitrogen fertilizer rate and splitting on quality bread wheat. We assessed the 
response of two of the most important bread wheat cultivars in Spain, Arthur Nick 
and Zarco, to  increasing N fertilizations levels (100-150-200 and 250 kg ha-1) and 
splitting them into two or three amendments.  The experiment design was a 
randomized completed block with four blocks. Different N fractions were applied at 
tillering, stem elongation and between heading and anthesis. Plant nutritional stage 
(SPAD readings and leave nitrate content) was determined during plant growth. At 
harvest, grain yield, yield components and quality were determined. The highest 
values for grain yield were recorded at N rate of 100 kg ha-1, while the maximum 
grain protein concentration values was recorded at 250 kg ha -1, for both varieties. 
Increasing N rates also promoted an increased in quality parameters. These 
increases were more evident for Zarco cultivar, which also responded to splitting N 
fertilizer. Nitrogen application of N after tillering increased only grain protein and 
some quality characteristics. The protein content of grain and the quality parameters 
like W, had a higher positive correlation with SPAD value measured between 
heading and anthesis. SPAD readings could be a good indicator of the  wheat grain 
protein content response to topdressed nitrogen.  
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Poster 1.1.

Development of modified barley doughs using High Hydrostatic 
Pressure (HPP) 

 
D. Rico, M. Cerracín, A.B. Martín-Diana 

 
Innovative Food Process and Product Unit. Instituto Tecnológico Agrario de Castilla y León (ITACyL) 

 
In  the  last  decades,  the  development  of  non-conventional  methods  for  food  
processing,  like  high  pressure  processing  (HPP),  has  gain attention, overall for 
extending shelf life. However, high-pressure processing can alter protein and starch 
structures, which in turn may be used to modify the structure and properties of the 
starch-gluten matrix in flour post milling.  
 
The objective of this work was to evaluate the effect of HPP on final nutritional and 
functional properties of barley doughs. A waxy variety of barley (H13, 5.2% β-glucan) 
from plant breeding of Merlin and Volga varieties, harvested in the 2017/2018 period, 
and commercially known as GALIS, was studied. Barley dough (60 % water, w/w) 
was submitted to different pressure (300-600 MPa) and time (1-10 min) profiles. 
Changes in the microstructure, antioxidant, organoleptic properties and mixing 
properties of the dough prepared from the HPP-treated flour were investigated.  
 
Results showed than doughs pressured at high conditions (600 MPa) showed high 
water activity and whiter colour than control doughs. The higher hydration is very 
important from a technical point of view since getting the ideal dough hydration level 
is one of the most important goals of mixing. When ingredients are instantly 
and properly hydrated, both the product on the make-up line, as well as the final 
product become more consistent and the quality increases. These results were 
supported by scanning electron microscopy and thermal analysis results. 
 
Acknowledgements. This research was cofunded by Instituto Tecnológico Agrario de 
Castilla y León (ITACyL) (Castilla y León. Spain) and the European Union through 
FEADER (project number 2018-807). 
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Poster 1.2

Oats safe for celiac patients: Breeding approach 
 

M.J. Giménez1, A. Martínez2, F. Barro1 

 
1Institute for Sustainable Agriculture (CSIC), Córdoba, Spain 

2 Agrasys SL, Barcelona, Spain 
 
 
Cultivated oats is a hexaploid cereal belonging to the species Avena sativa L. found 
worldwide in almost all agricultural environments. In southern Europe oats represent 
only about six percent of the cereal-cultivated area and less than 3% of cereal 
production, being consumed almost exclusively as livestock feed. The yields are also 
much lower than those obtained in northern Europe. Due to the potential benefits of 
the inclusion of oats in the diet of celiac population, a breeding program was started 
in Andalusia (Spain) aimed to obtain more-productive gluten-free oat varieties. The 
identification of oat genotypes with low immunotoxicity for CD patients was the step 
prior to the carrying out of crosses involving five varieties cultivated in Spain and a 
developed line from USA.  
 
A pedigree scheme was followed for selection of thirty progenies each season. At F5, 
six of the best advanced lines were assessed by means of comparative trials in two 
locations and two years. As a result, two very promising oat lines have been selected. 
These lines hold an agronomic performance equal to or better than the best local 
varieties, and devoid of immunogenicity 
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Identifying germplasm resources for wheat biofortification among 
Spanish bread and durum wheat landraces 

 

J. F. Vázquez, E. A. Chacón, J. M. Carrillo, E. Benavente 
 

Grupo de Investigación ‘Mejora Genética de Plantas’, ETSIAAB, Universidad Politécnica de Madrid, 
Madrid, Spain 

 
 
Future progress on the creation of wheat cultivars with high grain zinc (Zn) and iron 
(Fe) mineral density will depend on both the availability of suitable donor germplasm 
and the identification of genes or quantitative trait loci contributing to increase the 
accumulation of mineral elements in the wheat kernels. Spain is likely the European 
country with the largest variation of soil Zn and Fe mineral contents. Then, local 
germplasm collections can be expected to cover a wide genetic variability related 
with adaptation to diverse composition of these soil mineral nutrients. Multi-
environment field trials were conducted to evaluate the grain Zn, Fe and protein 
concentration of 32 bread wheat (Triticum aestivum L.) and 20 durum wheat (Triticum 
turgidum L.) landraces. These landraces, collected on locations covering a wide 
range of soil pH values and mineral composition, were selected after a preliminary 
small-scale field trial that had analysed 425 Spanish local varieties. Analyses of 
variance demonstrated a significant effect of genotype on grain composition, and 16 
wheat landraces with elevated Zn and/or Fe density across the environments were 
identified. Estimates of grain Zn and Fe yields showed that differences in grain 
mineral concentration between landraces were not a reflection of some yield-diluting 
effect. These landraces then represent valuable primary gene-pool parents for wheat 
biofortification. No pattern of native soil geochemical characteristics was found that 
could help to predict the success in collecting mineral-dense genotypes in a given 
area. It is finally noted that mapping populations derived from some pairs of the 
grain-mineral-rich and -poor genotypes characterised in the study may facilitate the 
development of molecular markers to assist the selection of superior biofortified 
wheat genotypes. 
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Differences in total phenolic composition in three milling fractions 
of purple wheats 

N. Aparicio1, R. Martínez-Peña 1, M. Bueno-Herrera2, S. Pérez-Magariño2 

 

1Subdirectorate of Agricultural Research,  2Agrifood R & D Laboratory. Agro-technological Institute of 
Castilla y León (ITACyL), Ctra. Burgos km 119, 47071 Valladolid, Spain. 
 
 
 
Wheat is considered one of the “big three” cereal crops, whose nutritional quality is 
receiving more and more consideration. In recent years, the interest towards 
functional properties of foods has increased and antioxidants compound role became 
to be more important. The aim of this study was to evaluate the total phenolic 
composition in three milling fractions in a set of purple bread and durum wheat (T. 
aestivum and T. durum) varieties that are related with the antioxidant activity.  
 
Harvest grain samples of eleven purple varieties and a commercial bread wheat were 
milled and three fractions were obtained: flour (with a powder texture), fine wheat 
bran (sieved between 800-200 µm) and coarse wheat bran (sieved between 2000-
800 µm). Free phenolic compounds were extracted using the method reported by Liu 
et al. 2010, and bound ones according to the method reported by Dinelli et al. 2009 
with some modifications. Total phenols, total anthocyanins and total flavonoids were 
evaluated in both free and bound extracts (Pérez-Magariño et al. 2009). 
 
Total anthocyanins were only found in the free soluble fraction in purple wheat bran, 
being higher in bread than in durum wheat. Fine wheat bran showed the highest 
content in all total phenolic classes evaluated and the flour wheat the lowest, as it 
was expected. In general, bread wheat varieties showed higher phenolic content than 
durum ones, and between bread varieties, purple ones presented the highest 
phenolic concentration. 
 
In conclusion, the use of purple wheats for make food specialties with functional 
properties could represent and important approach for fulfilling consumers´ 
expectation for healthy products. 
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Contribution of glutenin composition to gluten strength in durum 
wheat: a review of the research 

 

M. Ruiz1 
 

1National Institute for Agricultural and Food Research and Technology, Alcalá de Henares, Spain 
 

 
Grain quality of durum wheat is a complex characteristic that includes several 
components. For pasta production, good cooking quality is assured by the formation 
of a continuous and strengthened network of coagulated gluten proteins, with gluten 
strength the main factor in pasta quality. The endosperm proteins prolamins (gliadins 
and glutenins) have an essential role in the formation of gluten. These proteins are 
encoded by multiple genes at complex loci (Glu- and Gli- ) on chromosomes 1 and 6.  
Several studies showed that if a certain wheat cultivar possesses some specific 
prolamin allele combination at crucial loci, then it appears quite possible to exhibit 
valuable qualitative traits in terms of end-product quality. Initial researches on durum 
wheat quality reported that the gliadins γ-42 (Gli-B1a allele) and γ-45 (Gli-B1b or c 
alleles) were associated with poor and good gluten strength, respectively. Later 
studies concluded that a type of low molecular weigth (LMW) glutenins were the 
ultimately responsible for the gluten quality of durum wheat, although some high 
molecular weight (HMW) glutenins can also influence gluten strength. The 
relationships between glutenin alleles and gluten strength has been analysed in 
different researches. The present study is a review of the contribution of different 
HMW and LMW glutenin alleles to gluten strength based on the results reported in 
the last 30 years. The LMW glutenin alleles are classified by their positive or negative 
effect on gluten strength and ordered from better to poorer according to the results 
obtained in those studies. This information can be useful in breeding for quality for 
selecting or discarding lines based on their prolamin allele constitution. 
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Relationships between glutenin alleles and the genetic structure in 
a core set of Spanish durum wheat landraces 
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Genetic variability is the cornerstone of any breeding program. Wheat landraces 
locally adapted to specific environments provide new alleles that could widen the 
genetic base of modern wheat cultivars. In durum wheat, pasta quality is determined 
by the composition of the endosperm storage proteins, glutenins and gliadins. 
Profiling of these prolamins will facilitate the identification of landraces with favorable 
quality alleles that might be used in breeding programs. 
 
In this work, we have characterized the glutenin alleles in the Spanish durum wheat 
core collection created from the 591 accessions conserved at CRF-INIA. Moreover, 
we have extended this analysis to include an extra set of 97 landraces and 23 
reference varieties when analyzing the high molecular weight (HMW) glutenins. 
Regarding to low molecular weight (LMW) glutenins, we have detected the presence 
of the Glu-B3 u allele, related with enhanced quality, in more than the 25% of the 
landraces analyzed. Furthermore we have identified new alleles not previously 
described in other materials. In HMW glutenins, the presence of subunit encoded by 
the Glu-A1 locus has been linked with enhanced quality. For this locus, almost all 
subspecies dicoccon and turgidum, plus a third of subspecies durum accessions 
presented subunit, while all reference varieties presented the Null allele. When we 
tried to link the variability observed in the glutenins with the genetic diversity of the 
collections, we failed to identify any clear link with LMW glutenins. However, for 
HMW glutenins a clear relation between subspecies and alleles frequency was 
detected. Moreover, accessions with the same alleles were grouped in a Principal 
Coordinates Analysis based on genetic data. The identification of landraces 
harboring good quality glutenin alleles coupled with the description of these 
landraces genetic relations will facilitate the employment of this material in breeding 
programs. 
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Post-Flowering environment affects zein composition and kernel 
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Maize (Zea mays L.) food products processed by the dry milling industry demands 
grains with high kernel hardness. Flint corn presents high kernel quality for dry milling. 
However, due to the low grain yield potential of these hybrids, dent germplasm was 
incorporated in flint maize breeding programs. The resulting hybrids sometimes do 
not fulfill the standards required by the industry.  
 
Kernel hardness is determined by the binding forces between the proteins of the 
endosperm. Maize kernel hardness is largely determined by the genotype. However, 
the environment during the grain filling period may affect kernel composition and 
consequently its hardness. The aim of this study was to identify the effect of post-
flowering environment on zein composition and kernel hardness. 
 
Eight experiments were performed at five locations across the Argentinean maize-
cropping area during 2009-2010 and 2010- 2011 growing seasons. Treatments 
included two planting dates and three maize hybrids with contrasting endosperm 
texture (flint, semident and dent). Kernel hardness was estimated by the coarse-to-
fine ratio that resulted from a standardized milling and kernel total zein (%), zein 
type-1 (zein-1, %) and zein type-2 (zein-2, %) were also determined by an extraction 
with an organic solvent followed by HPLC analysis. 
 
Coarse to fine ratio ranged between 2,40 and 5,97, and 64% of the variation was 
explained by the environment. Besides, the variation in Zein fraction was analyzed, 
showing that the variation originated by the hybrid factor (i.e. clearing the 
environment effect) was associated with the variation in kernel hardness. However, 
the effect of the environment on kernel hardness could not be attributed to its effect 
on zein composition, since the association with hardness was weak or not significant 
for the different zein fractions. Further research is needed to better understand the 
effect of the environment on processes involved in kernel hardness determination. 
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Effect of nitrogen fertilization on the expression of the major α-
gliadin immunogenic complex in two low-gliadin wheat lines 
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Wheat grain has unique nutritional and technological characteristics. However, 
wheat intake is also related with important allergies and intolerances. One of 
the most serious pathologies caused by wheat gluten is celiac disease (CD), 
triggered by particular epitopes as result of the incomplete digestion of gluten 
proteins. Most of the epitopes responsible for CD reside in the gliadin fraction of 
gluten, and especially in the α-gliadins. 
 
We have characterized by using Next Generation Sequencing (NGS) and RT-
qPCR the effect of nitrogen fertilization on the differential expression of an α-
gliadin amplicon in two low-gluten RNAi transgenic lines of wheat. These 
transgenic lines, D783 and D793, contain the same RNAi silencing fragment but 
driven by two different endosperm-specific promoters. 
 
We have estimated that the α-gliadin amplicon expands about 84 different 
putative variant genes. This amplicon encompasses the most immunogenic 
complex for celiac disease. The NGS showed considerable variability among 
the different variants of the amplicon due to length, randomly distributed SNPs, 
and presence of encoded CD epitopes. Results showed that the expression of 
this amplicon is reduced in both D783 and D793 lines in comparison to the wild 
type. Fertilization with high nitrogen regime significantly increases transcripts of 
the amplicon in the wild type, but not in the transgenic lines. The nitrogen 
fertilization regime, does not significantly affect the expression of the silencing 
constructs, so that the greater decrease of α-gliadin expression is probably due 
to the promoter driving the RNAi fragment. Line D793, provided higher and 
more stable silencing through different nitrogen fertilization regimes. Results of 
this study will facilitate a more comprehensive criteria for choosing the promoter 
for the generation of commercial RNAi lines, and for better understanding of 
these RNAi in response to nitrogen fertilization. 
 

Funding: The Spanish Ministry of Economy and Competitiveness (Project AGL2016-80566-P) 
and the European Regional Development Fund (FEDER) supported this research. Technical 
assistance from Ana García is acknowledged.  
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The allelic variation in high molecular weight glutenins (HMW-Gs) has been reported 
to account for up to 60% of the variation in bread making quality. In modern cultivars, 
the HMW-GS allelic variability is not very large and the cultivars used for high quality 
wheat breeding are very similar in their HMW glutenin composition. Wheat landraces 
have a higher allelic variability and could be very useful for broadening the currently 
narrow genetic basis in breeding programs. 
 
In this work, the allelic variation of HMW-Gs has been analyzed in a collection of 189 
Spanish wheat (Triticum aestivum ssp. vulgare L.) landraces provided by the Plant 
Genetic Resources Centre. A set of 28 reference cultivars was also included in the 
analysis. Combining standard electrophoresis techniques (SDS-PAGE) and PCR 
analysis, we identified five different alleles at the Glu-A1 locus, being the most frequent 
the b allele (2* subunit). In the Glu-B1 locus, fifteen different subunits combinations 
were found, the 20x+20y combination, which corresponds to the e allele, was identified 
in half the accessions. Nine different alleles were identified in the Glu-D1 locus, where 
the a allele (2+12 subunits) was the most represented. New allelic variation was found 
for the three loci analysed in the set of landraces. This variation is higher than the 
obtained in previous studies with landraces, and suggests a high degree of genetic 
variability in this collection. Afterwards, we tried to link the variability observed for 
HMW-Gs with the overall genetic diversity of the collection, previously assessed by 
DArT-seq. Interestingly, accessions with the same Glu-B1 alleles were grouped 
together in a Principal Coordinates Analysis based on genetic data.  
 
The complete description of the HMW glutenin composition of all the landraces 
analyzed besides further functional quality analyses may favour the use of these 
valuable materials in wheat breeding programs. 
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Unlocking the polyploid potential of wheat through genomics  
 

C. Uauy 
 

John Innes Centre, Norwich Research Park, Norwich NR86FS, United Kingdom 
 

 
Several developments over the past 18 months have radically changed the way we 
work with polyploid wheat. Both hexaploid and tetraploid wheat now have whole 
genome sequences and reliable gene models. We have developed in-silico mutant 
resources with over 95% of genes with either a knockout or deleterious allele in both 
tetraploid and hexaploid wheat. We recently published a comprehensive gene 
expression atlas in wheat with over 850 RNA-Seq samples along with co-expression 
and transcription factor target networks. All this data is open-access and displayed at 
EnsemblPlants. Novel strategies have accelerated cloning of disease resistance and 
other genes. Using accelerated growth conditions (speed breeding), the community 
now routinely grows wheat in 10-week seed-to-seed cycles compared to the previous 
16-20 weeks. All these developments have dramatically lowered the barriers to 
undertake biological research in polyploid wheat. For many purposes, wheat can now 
be treated (almost) like a model crop species.  
 
The next phase will be to start understanding the biological mechanisms underlying 
the most important traits in polyploid wheat and to design strategies to ensure this 
knowledge is quickly transferred to the field. I argue that given polyploidy, breeders 
have exploited only a fraction of the potential genetic variation in the wheat genome. 
The recent breakthroughs in wheat genomics now allow us to make a decisive effort 
towards exploiting this under-utilised variation, thereby unleashing the full potential of 
the wheat genome. I will exemplify this with our recent work on grain size/weight 
mutants and discuss how identifying the genes underlying these traits allows a more 
rationale deployment of beneficial alleles to the field.  



Session 2

  36

Oral Communication

Nitrogen utilization efficiency in wheat: A global perspective 
 

A. de Oliveira Silva1, I. A. Ciampitti1, G. A. Slafer2, R. P. Lollato1 
 

1Kansas State University, Manhattan, Kansas, USA 
2University of Lleida, Lleida, Spain 

 
Understanding factors underpinning the variability in nitrogen (N) utilization efficiency 
(NUtE) [i.e., grain yield per unit of N uptake at maturity (NupMAT)] is critical to direct 
future breeding and agronomic management strategies. However, no study has 
summarized changes in wheat NUtE across a wide range of experimental conditions. 
Therefore, we performed a synthesis-analysis using published data to provide a 
global perspective of NUtE trends in wheat by (i) benchmarking against yield limited 
by NupMAT, and (ii) assessing factors contributing to the variation in NUtE and grain 
protein. The final database encompassed 55 studies retrieving 529 treatment means 
satisfying a set of pre-established criteria (e.g., field experiments with site-year 
information and no manipulation of natural ambient conditions). We standardized 
data against the mean value from each experiment to remove the influence of 
unknown factors on treatment effects on NUtE. A positive exponential rise to the 
maximum function explained grain yield as a function of NupMAT. The gap between 
actual yield and NupMAT-limited yield was nearly inexistent at the lowest range of 
NupMAT and increased to ~2000 kg ha-1 as NupMAT levels increased. Hence, 
opportunities to enhance yield through improving NUtE would only be possible at 
greater-than-average yield and NupMAT levels. Meanwhile, increases in NupMAT would 
be required to increase yields when the levels of uptake are modest. The negative 
correlation between grain protein and the residuals between NUtE and NupMAT 
indicated a challenge to increase yield without penalizing grain protein. Breeding new 
cultivars contributed to rising NUtE until 1970’s; afterward, newly released cultivars 
did not increase average NUtE. Identifying the determinants of NUtE will enable to 
increase yield and narrow the gap between actual and NupMAT-limited yields.  
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Opportunities to improve an elite barley cultivar using Spanish 
landraces 
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2 Fundación ARAID, Zaragoza, Spain 
 

 
The Spanish Barley Core Collection (SBCC) presents a wide range of adaptation 
traits to Mediterranean environments. Some of the SBCC lines have shown good 
performance in low productivity sites and, thus, they could be good candidates to 
introgress drought adaptation to commercial cultivars. To that purpose, two 
backcross populations (BC2F5) were developed using two SBCC landraces 
(SBCC042 and SBCC073) as donor parents and the elite cultivar Cierzo as recurrent 
parent. Genotyping of 264 lines of each backcross was carried out using the Barley 
Illumina iSelect 50k SNPchip, which provided a good genome coverage for both 
populations. We carried out three years of field trials, in Zaragoza (Spain), the last 
one of them used for QTL validation. The use of two distinct populations led us to find 
interesting hotspots. Among them, QTL for test weight and kernel weight open the 
possibility of exploiting the Spanish landraces as source of variability for agronomic 
and quality traits.  
 
On chromosome 1H, we found a region in 503 – 526 Mb, which involved flowering 
time, kernel weight and test weight, co-locating with the locus Thresh-1 
(threshability1) and an arabinoxylan content QTL2. In addition, a plant height and 
kernel weight QTL on 5H coincided with a region for grain plumpness reported in the 
literature3. Another important region was found on 6H, related with yield and quality 
traits. The confidence interval of this hotspot covered a long extension of the 
chromosome, overlapping yield, height and kernel weight. For this QTL region, lower 
productivity was concurrent with taller plants and heavier kernels, all contributed by 
the landrace allele. Strategies to use the QTL found for breeding and pre-breeding 
purposes will be discussed.  
 
References 
 

1Schmalenbach et al., (2011) G3 1, 187-196 
2Hassan et al. (2017) PLoS ONE 12: e0182537 
3Pauli et al. (2014) The Plant Genome 7:3 
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Relevant traits determining wheat yield in elite germplasm  
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Identifying promising parents is highly relevant in breeding for further increasing 
yield. It is therefore relevant to identify elite genotypes possessing valuable traits 
beyond those already directly selected for, such as: the numerical components of 
yield; time to anthesis; and plant height. A subset of 231 best adapted lines within 
each family of recombinant inbred lines (RILs), differing little in anthesis time and 
height, was selected from a 1,200 NAM population generated from 13 bi-parental 
crosses (between elite genotypes), with three commercial cultivars as checks. The 
results from two consecutive field experiments showed consistency across seasons 
for anthesis time, plant height, harvest index (HI) and average grain weight (AGW), 
whereas a huge GxE interaction for grain yield (GY), biomass and grain number m-2 
(GN) along with individual pre-anthesis phases was found. However, there were lines 
yielding consistently more than the best check. To identify prospective parents and 
traits underpinning their performance we further, selected a smaller group of 93 lines 
with relatively limited GxE interaction. The variation that remained for crop height and 
anthesis date did not explain the observed yield differences. Yield was reasonably 
well explained by GN, which in turn was highly correlated with fruiting efficiency (FE). 
Differences between lines in spike dry weight at anthesis (estimated from chaff 
weight) did not explain their differences in GN, which is consistent with the idea that 
when Rht genes are not involved FE becomes critical. GN differences were not larger 
due to a partial compensation by the negative correlation between FE and chaff 
weight. AGW was negatively related to FE but, since GY was mostly driven by GN, 
this negative relation probably reflects the fact that high FE led to an increased 
proportion of later developed grains which are smaller.  
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A single meiotic gene, ZIP4, is responsible for the Ph1 locus effect 
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The foundation of western civilization owes much to the high fertility of bread wheat, 
which results from the stability of its polyploid genome. Despite possessing multiple 
sets of related chromosomes, hexaploid wheat (AABBDD, 2n=6x=42) behaves as a 
diploid during meiosis. Ph1 is the major locus controlling this behavior. Ph1 ensures 
that only homologous chromosomes recombine, which although necessary for 
successful segregation, is an obstacle for the exploitation of wheat’s wild relatives as 
donors for economically important traits. Understanding this locus has a practical 
application of potentially enabling its effect to be switched on and off, thereby 
enhancing breeding strategies. 
 
The Ph1 locus is defined to a 0.5 Mb region on chromosome 5B containing a 
duplicated 3B chromosome segment carrying the major meiotic gene ZIP4 and a 
heterochromatin segment, inserted within a CDK2-like gene cluster.  
 
Using immunolocalization of key meiotic proteins necessary for synapsis and 
recombination, combined with FISH, we demonstrated that whether Ph1 is present or 
not, only homologous chromosomes can synapse at the telomere bouquet stage. 
However, in wheat lacking Ph1, overall synapsis is delayed, with more synapsis 
occurring after the telomere bouquet, when non-homologous synapsis is also 
possible. Ph1 has therefore a dual effect on both synapsis and recombination, as 
does the ZIP4 gene in Arabidopsis and rice. Next, we used RNA-seq to reveal that 
only two genes located in the Ph1 region were expressed during early meiotic 
prophase I, one of which is the duplicated ZIP4 gene (TaZIP4-B2). Finally, using both 
TILLING mutants and CRISPR-Cas9 technology, 60 years since the discovery of Ph1, 
we could verify that a single gene, ZIP4, inside this locus, is responsible for the Ph1 
effect on recombination. In the future, we recommend the use of the Tazip4-B2 
TILLING mutant lines available at the UK Germplasm Resource Unit 
(https://seedstor.ac.uk/) for breeding purposes. 
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Auxin plays a key role in microspore embryogenesis for doubled-
haploid production and breeding of barley 
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Doubled haploid (DH) technology permits to obtain completely homozygous plants in 
only one generation, increasing the selection efficiency and the genetic gain, and 
greatly reducing the time and cost of cereal breeding programs. Production of DHs is 
mainly approached by microspore embryogenesis, an in vitro process in which haploid 
microspores (pollen mother cells) are reprogrammed by stress treatments towards 
embryogenesis, producing haploid and DH embryos and plants. Even though the 
application of microspore embryogenesis to DH production is currently widely exploited 
by seed companies, its efficiency is very low in many cases because the regulatory 
mechanisms are still not fully understood. 
 
In this study we have analyzed the hormonal regulation of microspore embryogenesis 
in barley, specifically the role of auxin in the process. In vivo, endogenous auxin level 
and expression of auxin biosynthesis and transport genes HvTAA1 and HvPIN1 
progressively decreased in microspore and pollen grains during the gametophytic 
development. In contrast, during stress-induced microspore embryogenesis in vitro, 
HvTAA1 and HvPIN1 were up-regulated, auxin concentration increased and 
accumulated in embryo cells from the first embryogenic divisions. Treatments with 
inhibitors of auxin biosynthesis (kynurenine), auxin polar transport (NPA), and auxin 
action (PCIB) severely impaired embryogenesis initiation and development, indicating 
that de novo auxin biosynthesis, transport and action were required in microspore 
embryogenesis, whereas auxin progressively diminishes during gametophytic 
development, in barley.  These results demonstrate that auxin plays a key role in the 
change of cell fate of the microspore, giving new insights into the regulating 
mechanisms of microspore embryogenesis and opening up new possibilities of 
intervention for improving DH production in barley cultivar development and breeding.  
 
Supported by project grants AGL2017-82447-R of the Spanish MINECO, the European 
ERDF/FEDER. 
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Towards a diversified agriculture: Mixing cereals with legumes in 
Mediterranean farming systems 
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Introducing diversification in the intensive monocropping systems is an essential 
requirement to achieve a sustainable agriculture. Plant mixtures are a useful tool to 
bring about diversification and choosing the right components of those mixtures is 
key to succeed in this strategy. Legumes are a good component for plant mixtures, 
especially for their ability to enrich the fertility of the soil. They can be an ideal partner 
for cereals, both for their complementary ecological behavior and for adding high-
value vegetal protein to the final harvested product. 
 
In the frame of past FP6-GLIP and FP7-LEGATO projects we were involved in a 
series of cereal/legume intercropping experiments to study their effects reducing 
pests, diseases and weeds. Currently, in the frame of H2020-DIVERSify, among 
other activities, we are assessing yield benefits. We describe here experiments 
performed in Almodóvar del Río, Córdoba, started in season 2017-18. In one of them 
wheat was combined with faba bean and in the other one barley was combined with 
pea. In each of them, two cultivars of each crop were used in all possible 
combinations in a randomized block design with four replications. Proportion of crops 
in both cases was 50/50. Plot size was 1.2 x 10 m.  
 
Results from first year on the wheat/faba bean mixture pointed to an increase of up to 
20% in faba bean yield, no effecting wheat yield. On the contrary, in the barley/pea 
mixture, the pea yield was reduced, while barley remains unaffected. This suggests 
that the proportion of pea should be increased in the mixture, what is being tested 
this second season. No reduction was observed on Septoria blotch on wheat, or on 
net blotch on barley. Trials are being repeated for a second season, paying attention 
also to weed, pest and disease suppression.  
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Water stress is the major environmental stresses that affect agricultural production 
worldwide, especially in Mediterranean conditions. Field experiments were conducted 
over three seasons (2010-11, 2011-12 and 2012-13) using twenty durum wheat 
genotypes varying in grain yield in the Tiaret region (Western Algeria). The main 
objective of this study is to relate the wheat yields of the different genotypes with 
season and other plant traits. 
 
Yield variability between sites was mostly due to rainfall, with variability between 
cultivars within a site being due to season. 
 
The observations concern the effects of season constraints on wheat yield and traits 
associated with it. Results confirm particularly that correlations between yield and 
associated characters exist and that various genotypes respond differently with the 
season. Improved genotypes and precocious ensure the best yield. The early stage 
of heading is a trait often sought in Mediterranean areas, since it allows to the ovoid 
the terminal water deficit or deficiency.  
 
Key words: Durum Wheat, season, field, grain yield, growth traits, genotype. 
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Two dominant, closely linked and complementary genes, Btr1 and Btr2 control rachis 
brittleness in barley. Recessive mutations in any of these genes turn the fragile 
rachis (brittle) into a tough rachis phenotype (non-brittle). The cross of parents with 
alternative mutations in the btr genes leads to a brittle F1 hybrid that presents grain 
retention problems. We evaluated rachis fragility at different times after ripening, 
through a mechanical test and under natural conditions, in F1 crosses with different 
compositions at the btr genes. Brittleness was significantly higher in Btr1btr1Btr2btr2 
crosses compared to hybrids and inbred parents carrying one of the mutations 
(btr1btr1Btr2Btr2 / Btr1Btr1btr2btr2), measured by means of a mechanic test and 
spontaneously in the field. This fact could jeopardize the efficient harvest of hybrids 
bearing alternative mutations, reducing the choice of possible crosses for hybrid 
barley breeding, and hindering the exploitation of potential heterotic patterns. 
Furthermore, non-brittle hybrids showed higher brittleness than inbreds, suggesting 
the presence of other dominant factors affecting the trait. Finally, for the first time, an 
increase in rachis fragility over time post-maturation was identified, specific to the 
hybrid genotypes, both brittle and non-brittle types. This increase in rachis fragility 
with time was only observed by mechanical threshing, but could result in an 
agronomic problem if it led to head shattering. In conclusion, this work encourages a 
deeper study of the genetic control of the rachis brittleness trait and urges the 
consideration of rachis tenacity as a target for hybrid barley breeding. 
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Generally, wheat yield can be divided into two main components; grain number per 
m2 (GN) and average grain weight (GW). Yield is commonly strongly associated with 
GN, but there is also a common negative relationship between GW and GN. As this 
may represent a penalty in achievable yield gains should grain growth limited by the 
source strength, it will be important to elucidate whether the reduction in GW in 
response to increases in GN represents a case of source-limitation, and to recognize 
whether GW in elite germplasm is limited by resource availability to fill the grains. We 
selected and studied under contrasting nitrogen conditions a group of modern wheat 
cultivars to quantify, and to analyze the causes behind, the relationship between GN 
and GW. A clear negative relationship was only shown under high N condition, where 
GN was high. The proportion of distal grains, that are constitutively smaller than 
those that are proximal, was increased when GN increased, indicating that the 
negative relationship was at least in part due to a non-competitive cause. However, it 
was also true that the negative relationship was maintained when analyzing the 
weight of particular grains instead of the average of all grains. To explore this more 
specific negative relationship, source-sink manipulations were imposed. Overall, GW 
increased under de-graining, while defoliation resulted in decreasing GW. However, 
the magnitude of the source limitation that can be ascribed to these responses were 
not always in line with GN. 
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Genetic gains in wheat yield have been achieved through increasing number of 
grains per square meter and HI, ergo maximizing partitioning to grains. In the future, 
to ensure that HI is expressed at >0.5 across the major wheat agro-ecosystems, 
assimilates must be optimally partitioned to reproductive structures without sacrificing 
functional integrity of roots and aboveground canopy. Even though past literature 
showed that grain growth has been in generally sink-limited, lines with higher 
biomass at key growth stages would produce more grains with little changes in 
radiation interception during grain filling. Studies evaluating grain sensitivity to 
source-sink balance in high-biomass lines are relevant but scarce. We quantitatively 
analysed under field conditions the responses of grain weight of four elite bread 
wheat lines contrasting in their presumed source-sink balances selected from a High 
Biomass Association Panel. Crops were grown at CIMMYT experimental station 
Norman E. Borlaug located in NW Mexico during 2018. Ten days after anthesis ten 
selected main tillers of different plants were either (i, ii) defoliated (flag-leaf or flag-
leaf and leaf-two lamina removal), (iii) shaded the spike (covering it with an opaque 
textile), (iv) de-grained, (removing all grains along one side of the spike), or (v) left 
unmanipulated as controls. Seven days after manipulation, spike and flag leaf 
photosynthesis was measured in all treatments. None of the lines had differences in 
grain weight in response to defoliation. However, there were significant responses in 
grain weight to de-graining and spike shading for two and three of the four lines, 
respectively. There was not a clear pattern of responses in spike and flag leaf 
photosynthesis to treatments. In the cases where there was no source limitation, it 
was due to the buffer capacity of the accumulated reserves. 

 



Session 2

  46

Poster 2.6

Association between yield and carbon isotope composition 
value in different organs of durum wheat contribution of 
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Carbon isotope composition has been proposed as a criterion for the indirect 
selection to improve transpiration efficiency and grain yield in wheat. Carbon 
isotope composition (δ13C) analyses, however, have mainly been concerned 
with grain or flag leaf tissues and little work has been devoted to other organs. 
The objective of this study was to assess what photosynthetic organs may 
contribute more to grain yield and the different agronomical components and 
their interaction with water regime during growth. Six Spanish durum wheat 
semidwarf genotypes with contrasting yield were used to examine the 
relationships between carbon isotope composition and grain yield and yield 
components under different Mediterranean locations. δ13C was measured on 
the total dry matter and the water soluble fraction of the flag leaf, peduncle and 
ear (lemma, palea, glumes and awns) as well as in mature kernels. δ13CKernel 

was the plant part best correlated (negatively) with grain yield under all growing 
conditions. δ13Cflag was the plant part best correlated with thousand kernels 
weight (negatively) and number of kernels per spike (positively) but it doesn’t 
correlated with grain yield. In fact, δ13CKernel was closer to δ13C of the different 
ear parts, suggesting that photosynthetic parts of the ear had a greater 
contribution to grain filling than flag leaf. δ13Cpeduncle was the plant part best 
correlated (negatively) with spikes per square meter, but it doesn’t correlated 
against grain yield. 
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Stress-induced microspore embryogenesis is an important in vitro process for 
production of doubled-haploid (DH) plants which are widely used in cereal breeding. 
The yield of this process is highly affected by early occurrence of cell death in the 
cultures, because of the stress treatment. We have recently reported production of 
reactive oxygen species (ROS), activation of autophagy (NBR1 degradation, HvATG5 
and HvATG6 up-regulation and autophagosomes increase) and induction of protease 
activities, particularly papain-like Cys-proteases (cathepsins) and caspase 3-like 
proteases, as well as their participation in stress-induced cell death microspore 
embryogenesis of barley (Bárány et al. 2018).  
 
The potential of small molecules in plant biology research has been reported, although 
their efficient application in plants is still quite limited. We have analyzed the use of 
small molecule modulators of autophagy and proteases as new strategies to enhance 
microspore embryogenesis efficiency, in Hordeum vulgare. Pharmacological 
treatments with small compounds that inhibit ROS, autophagy and specific cell death-
proteases led to reduced cell death and increased embryogenesis initiation rate 
(Pérez-Pérez et al. 2018).  The same treatments were tested in microspore 
embryogenesis cultures of other crop plant, the eudicot Brassica napus, resulting in 
similar results what suggests common cell death mechanisms during microspore 
embryogenesis in different plant families, and the possibility that these results could 
be extended to other crop species. The findings open up new intervention pathways 
with small bioactive compounds modulating autophagy and proteases, very promising 
to increase the efficiency of in vitro microspore embryogenesis systems by reducing 
cell death, for biotechnological applications with DH plants for cereal breeding. 
 
Bárány et al. 2018. J. Exp. Bot. 69, 1387-1402. 
Pérez-Pérez et al. 2018. Plant Signaling Behav. In press. 
 
Supported by project grant AGL2017-82447-R funded by Spanish AEI and European 
ERDF/FEDER. 
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Eps genes/QTLs are reported to be important in fine-tuning flowering time in 
wheat independently of photoperiod and vernalisation. Unlike Ppd and Vrn 
genes, Eps have relatively small effect and their physiological effect along with 
chromosomal position are not well defined. Changes in developmental patterns, 
beyond effects on anthesis time, may result in an optimised time allocation to 
pre-anthesis phases, especially that of spike development, determining gains in 
yield through increasing spikelet or and floret numbers. Our study, involving four 
NILs carrying Ppd-D1 and Eps QTL 7D produced from a cross between 
Paragon and Baj, was conducted in growth chambers to evaluate the responses 
of these gene combination and their interaction under 12 and 24 h photoperiods 
(short day, SD and long day, LD, respectively) at two temperatures (9 and 
15ºC). The NIL with Ppd-D1 and Eps 7-D from Baj was the earliest in flowering 
while that carrying Paragon Ppd-D1 and Eps 7-D was the latest under all the 
treatments. All the NILs differed in phenological stages under both 
photoperiods, but the effect was noticeably higher in 15 than in 9ºC. Likewise, 
temperature effects were evidently intensified on all the phases under LD than 
under SD. The photoperiod and temperature sensitivity increased from the 
onset of stem elongation to anthesis in all NILs. Photoperiod sensitivity was 
higher at 15 than at 9ºC and temperature sensitivity was more evident in LD 
than in SD. Further, there were significant differences between NILs, 
photoperiods and temperatures in total number of primordia initiated. Final leaf 
number was different under contrasting photoperiods and temperatures. These 
results suggest possible interaction underlying duration of developmental 
phases and initiation of organs. The complexity of the triple interaction reported 
challenges the capacity to decipher the Eps effects (alone and interactively with 
temperature).  
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At the core of our work is the hypothesis that crop resilience can be improved 
exploiting plant priming phenomenon. Priming is an adaptive strategy triggered by 
different stimuli that enhance the defensive capacity of plants against environmental 
stresses. A primed plant activates faster and/or stronger defense mechanisms after 
the onset of biotic and abiotic stresses. At the same time, the primed state is not 
costly for the plant, in terms of either plant growth and yield. This intriguing 
mechanism is therefore a form of immunological plant memory that can be potentially 
exploited for increasing crop resilience.  
 
Besides improved mineral nutrition, plants colonised by arbuscular mycorrhizal fungi 
(AM) often display increased biomass and higher tolerance to biotic and abiotic 
stresses. Notwithstanding the importance of small grain cereals, their response to 
AM symbiosis and its priming effect have been poorly investigated. To address this 
issue, phenotypical, molecular, proteomic and metabolomic approaches were 
combined to provide new insight into the mechanisms exerted by AM symbiosis to 
enhance small grain cereals resistance to biotic and abiotic stresses. 
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Wild relatives provide an important source of useful traits in wheat breeding. Wheat 
and wild relative hybrids have been widely used in breeding programs to introduce 
desirable characters into wheat. However, successful introgression is limited by the 
low frequency of homoeologous crossover (CO) between wheat and wild relative 
chromosomes. Hybrids between wheat carrying a 70Mb deletion on chromosome 5B 
(ph1b) and wild relatives, have been exploited to increase the level of homoeologous 
COs, allowing exchange between their chromosomes. Recently, it was shown that a 
major meiotic crossover gene ZIP4 on 5B (TaZIP4-B2), within the 70Mb deletion, 
was responsible for the restriction of homoeologous COs in wheat-wild relative 
hybrids, confirming the ph1b phenotype on CO formation, as a complete Tazip4-B2 
deletion mutant (Tazip4-B2 ph1b). 
 
In ph1b-rye hybrids, CO number increased from a mean of 1 CO to 7 COs per cell. 
CO number can be further increased up to a mean of 12 COs per cell in these ph1b 
hybrids, by altering environmental growing conditions. Both lower temperatures and 
the addition of a Hoagland's solution to the soil increased the level of homoeologue 
COs. With the aim of determining the Hoagland solution constituent responsible for 
this increased chiasma frequency in Tazip4-B2 ph1b mutant-rye hybrids, chiasma 
frequency at meiotic metaphase I was scored in the absence of each Hoagland 
solution macronutrient (NH4 H2PO4, KNO3, Ca (NO3)2・4H2O or Mg SO4・7H2O). 
This study revealed a significant decrease in homoeologous CO frequency when the 
Mg2+ ion was absent. On the contrary, a significant increase of CO frequency was 
observed when plants were irrigated with a 1mM Mg2+ solution. These observations 
indicates that variations in temperature and the nutrient composition of the soil can 
be used to promote an increase of homoeologous COs between wheat and relative 
species.  
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Root system architecture is crucial for wheat adaptation to drought stress, but 
phenotyping for root traits in breeding programmes is difficult and time-consuming 
owing to the belowground characteristics of the system. Identifying quantitative trait 
loci (QTLs) and linked molecular markers and using marker-assisted selection is an 
efficient way to increase selection efficiency and boost genetic gains in breeding 
programmes. Hundreds of QTLs have been identified for different root traits in the 
last few years. In the current study, consensus QTL regions were identified through 
QTL meta-analysis. First, a consensus map comprising 7352 markers was 
constructed. For the meta-analysis, 754 QTLs were retrieved from the literature and 
634 of them were projected onto the consensus map. Meta-analysis grouped 557 
QTLs in 94 consensus QTL regions, or meta-QTLs (MQTLs), and 18 QTLs remained 
as singletons. The recently published genome sequence of wheat was used to 
search for gene models within the MQTL peaks. As a result, gene models for 68 of 
the 94 Root_MQTLs were found, 35 of them related to root architecture and/or 
drought stress response. This work will facilitate QTL cloning and pyramiding to 
develop new cultivars with specific root architecture for coping with environmental 
constraints.  
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Yield improvement in response to abiotic stresses, such as water stress, is 
considered a challenge due to the complexity of the molecular mechanisms 
underlying the stress responses. This is particularly relevant for wheat production in 
the Mediterranean basin, where climate change will intensify the negative effects of 
water scarcity. Our aim was to study the central metabolism in photosynthetic organs 
of low- and high-yielding modern (i.e. semi dwarf) cultivars during grain filling to 
understand the whole plant level processes associated with high yield under 
contrasting water regimes. For that, we integrated measurements of the agronomic 
yield components, spectral vegetation indices of the canopy, and gas exchange, 
together with the isotope composition, transcript levels, and metabolite and proteome 
profiles of different photosynthetic organs (leaves, stems and ears). We chose Don 
Sebastian (DS) and Pelayo (PE) as low- and high-yielding cultivars, respectively, 
among a panel of 24 elite cultivars grown in three crop seasons. Water stress 
strongly reduced grain yield, total grain C and N content, plant biomass, and leaf 
photosynthesis, together with the downregulation of C/N-metabolism genes and 
protein content of key enzymes, mainly in leaves compared to other organs. Between 
cultivars, PE showed a higher yield associated with a better C fixation and N 
metabolism, the latter mainly at rainfed conditions. Compared with DS, PE exhibited 
higher levels of chlorophylls, glucose and fructose in leaf and ear organs, together 
with an upregulation of aquaporins and N-metabolism genes and, particularly in 
rainfed conditions, higher content of central metabolism proteins. In conclusion, our 
study provides a comprehensive overview of the C/N-metabolism and source-sink 
coordination associated with high yield under contrasting water regimes. This 
understanding may help to better define the mechanisms increasing genotypic 
resilience of wheat in present and future climate scenarios. 
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In the last years the decline of the cost of sequencing and increase in throughput 
have resulted in tremendous amounts of genomic data, creating many new 
opportunities, but at the same time making phenotyping the major bottleneck in plant 
breeding and fundamental plant science. This is particularly true for the assessment 
of plant diseases where in addition to the time consuming evaluations we have to 
manage sometimes with the subjectivity of macroscopic visual assessments. 
Furthermore, macroscopic assessments to not allow to discern the particular 
resistance mechanisms underlying the resistance response. This is crucial for 
breeding since some of these mechanisms have been proved to be durable in the 
field whereas others such as the hypersensitive response are usually easily 
overcome by new emerging pathogen isolates. In this work we set up a semi-
automated method for evaluating the powdery mildew disease in oats obtaining great 
performance by using a simple smartphone camera and the free image software Fiji 
(developed from Image J). To this aim, we designed a detailed script for assessing 
rapidly high number of pictures through two steps. The first script can open an array 
of image files and apply a plugin to extract the leaf from the background. The second 
script, convert the picture in a black (leaf) and white (micellium) image, which can be 
confirmed or modified if necessary by the user through a threshold, and then, 
calculates the proportion of black (non-diseased) respect to white (diseased) pixels 
showing the disease severity in a table. We have also correlated this disease severity 
index with the percentage of haustoria within the cells. This will ease microscopic 
assessments by screening fast susceptible genotypes and focussing in the 
resistance mechanisms of resistant plants and allowing association studies that link 
markers not only with resistance but with durable resistance mechanisms.  
 
This research was financially supported by the Project AGL2016-78965-R (Spanish 
Ministry of Economy and Competitiveness) and the European Regional Development 
Funds (ERDF). 
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Allelopathy is any positive or negative interaction between plants and between 
plants and microorganisms that affect the growth of crops. Allelopathy has been 
explored in weed management, usually focusing on negative interactions. On line 
with this, we reported previously inhibitory activity of cereal root exudates against 
Orobanche crenata both under field and controlled conditions. Using in vitro 
experiments we demonstrated that scopoletin and benzoxazolinones strongly 
inhibit the germination of O. crenata seeds and ulterior growth of seedlings. 
Variation in the exudation of both allelochemicals has been reported in oat and 
wheat. Therefore, we are selecting oat and wheat germplasm by their content of 
these allelopathic substances, and their ability to inhibit O. crenata infection.   

 
In addition, we are exploring positive allelopathic interactions between 

wheat and Orobanche species, which lead in the suicidal germination of 
Orobanche seeds. Our results indicate genetic variation for this trait in wheat, 
making possible to select wheat germplasm with increased exudation of 
germination stimulants for O. crenata, O. cumana, O. minor and O. ramosa that 
could facilitate the development of wheat as a trap crop against broomrapes.  
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Under drought stress conditions plants reduce transpiration by closing stomata 
as a method to save water. However, stomata closure uncouple the electron 
flux for CO2 reduction and promote oxidative stress and a decrease in carbon 
fixation and plant growth. As an alternative to cope with drought, some plants 
species follow another strategy according to which, plants exhibit higher 
stomata control showing lower sensitivity to evaporative demand and soil 
moisture, and allowing larger fluctuations in leaf potential, maintaining 
photosynthesis and avoiding oxidative stress. However, such strategy expose 
plants to a higher risk of xylem embolism. In this work, we studied the response 
to water deprivation of a drought resistance and a drought susceptible oat 
genotype. We observed that the susceptible genotype increased dramatically 
the abscisic acid reducing stomatal conductance. Despite this, leaf water 
potential decreased concomitantly due to a decrease in root hydraulic 
conductivity (total and per root length) in this genotype that showed early 
drought symptoms. By contrast, the resistance genotype, showed a mild and 
slow increase in abscisic acid that allowed maintaining transpiration longer. This 
was associated with an increase in the total root hydraulic conductivity that were 
associated with an increase in total root length and in the length of the thinnest 
roots. In addition, root conductivity per root surface increased in the resistant 
genotype. In order to determine whether the increase in root conductivity per 
root surface was correlated with changes in root anatomy we carried out a 
histology study. Preliminary results show that root cortex keep thinner in 
resistant genotype compared with the susceptible. This strategy might allow 
less resistance to water transport maintaining higher water potential, reducing 
drought symptoms and promoting growth under water deficit conditions.  
 

This research was financially supported by the Project AGL2016-78965-R 
(Spanish Ministry of Economy and Competitiveness) and the European 
Regional Development Funds (ERDF). 
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Wheat is one of the most important cereal crops worldwide as a staple food. It 
possesses high phenotypic plasticity, due to the presence of a large, polyploid 
and complex genome with three homoeologous genomes (A, B and D). This 
success facilitates its adaptation to most agricultural conditions across 
temperate regions, as Mediterranean environments, where thermo-
pluviometrical factors are highly erratic and unpredictable. As a consequence of 
these changeable conditions, drought can be a major stress which affects the 
growth, development and grain filling stages of wheat crops at the molecular 
and physiological levels. Nevertheless, the mechanisms and gene networks 
involved in wheat field drought stress responses, are still largely unknown. We 
have integrated different agronomic and genomic approaches to assess stress-
responses in several wheat panels and lines, grown under field conditions in 
different environments of Andalusia. Physiological measures, together with 
hyperspectral and thermal imagery analyses, were used to determine the 
nutritional, photosynthetic and water status in the field. These data, when 
evaluated together with transcriptomic analyses, can be used to assess the 
molecular basis of wheat drought-responses under field conditions. As result, 
transcriptional changes were found related to alterations at the physiological 
level. At the molecular level, a complex structure for drought-responses was 
found, comprising the presence of gene clusters with differential expression 
patterns, the influence on biosynthetic pathways such as carotenoids or the 
implication of gene families such as dehydrins. In addition, the genome-wide 
association (GWAS) approach was used for the assessment of marker-trait 
associations (MTA) in agronomic performance and quality traits. Transcriptomic 
data were used to inform the candidate genes selection process. These results 
and approaches can be useful for current wheat breeding programs in 
Andalusia focused on wheat adaption to stress conditions and quality 
improvement. 
 
Funding from Junta de Andalucía project P12-AGR0482 is gratefully 
acknowledged. 
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Powdery mildew disease caused by Blumeria graminis DC (Speer) ff. spp., constrain 
cereal production in temperate regions. A durable resistance mechanism that prevents 
powdery mildew cell penetration is the formation of papillae, localized cell wall appositions 
at attack sites. Papillae provide a race non-specific defense conferring broad-spectrum 
resistance. Barley genotypes carrying the mlo gene display highly effective papilla-based 
penetration resistance to powdery mildew that has proved durable for over 30 years. 
However, the mlo barleys shows adverse pleiotropic effects such as large 
necrotic/chlorotic flecks on leaves, accelerated leaf senescence and reduced grain yield. 
These adverse effects are particularly dramatic under stress conditions and for this 
reason, mlo cannot be used in winter barleys. Despite its importance for crop production, 
the mechanism(s) leading to these pleiotropic effects are still not understood nor are its 
molecular and cellular bases. In a previous work, we observed that the damages related to 
the resistance responses were associated with particular genetic backgrounds and were 
linked to stomatal and photosynthetic dysfunctions but did not relay in the generation of 
reactive oxygen species. In this work we studied the role of xanthophyll cycle metabolites 
and chlorophyll degradation pathway in two sets of mlo-isogenic lines with different genetic 
background. Data showed a decrease in chlorophyll a and b and in pheophitin in the 
resistant isoline characterized by necrotic flecking. Overall, xanthophyll metabolites 
increased following pathogen inoculation in the resistant mlo line lacking lesions. 
Furthermore, anteroxanthin increased in all genotypes following pathogen challenge but 
with higher increases in the resistant mlo genotype lacking lesions.         
 
This research was financially supported by the Project AGL2016-78965-R (Spanish 
Ministry of Economy and Competitiveness) and the European Regional Development 
Funds (ERDF). 
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In winter barley, vernalization and photoperiod cues must be integrated to promote 
flowering. The promoter gene under short days, HvFT3, could have an adaptive role 
in Mediterranean conditions in plants that have not satisfied their vernalization 
requirement. HvOS2, ortholog of FLC, is a flowering repressor also downregulated by 
vernalization in barley. In this study, we characterize the role of HvFT3 and HvOS2 
as possible players of winter barley’s flowering under incomplete or null vernalization. 
We carried out two independent experiments involving gene expression analysis, 
apex dissection and phenotyping of flowering-related traits in two winter cultivars, 
Hispanic and Barberousse, carrying different HvFT3 alleles. In the first experiment, 
plants sown in weekly sequential sowings in absence of cold were sampled on a 
fixed date (19th May 2015). HvFT3 expression depended on age and occurred only in 
Hispanic plants sown under shortest photoperiod. HvFT3 expression was concurrent 
with expression of other flowering promoters and with no expression of HvOS2. We 
sequenced HvOS2 and found new variation that could explain the differences found 
in expression between the two cultivars. A second experiment was developed under 
controlled conditions, with short photoperiods (12 h), to find out the factors affecting 
HvFT3 expression, involving incomplete or null vernalization treatments, and 
sampling at different plant ages. HvFT3 transcript levels were present in Hispanic, 
only after a certain plant age and after plants experienced some cold. This was 
associated with low levels of HvOS2 and accelerated development. We provide new 
information on the complex mechanism of flowering in suboptimal conditions. As 
rising winter temperatures will reduce vernalization potential in many regions, winter 
cultivars will have to be adjusted to new conditions. HvFT3 and HvOS2 could have a 
role in adaptation to non-inductive conditions for winter barley, and in the 
development of new ideotypes for future climatic conditions.  
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Wheat leaf rust (Puccinia triticina) has been a traditional disease causing 
damage in wheat, both bread and durum. In the South of Spain, it was 
considered one of the most important constraint in durum wheat cultivation until 
the beginning of the millennium, when the sowing of resistant cultivars managed 
to reduce the infection levels in the field. Nevertheless, the last two seasons, 
gentle spring temperature and rain have raised the presence of the pathogen in 
our cropping area. For that reason, plant breeding programs cannot ignore new 
resistant sources for this pathogen. A collection of 26 cultivars and 22 breeding 
lines of durum wheat, together with 5 bread wheat cultivars as controls, was 
evaluated against two isolates of wheat leaf rust. Both isolates were collected in 
natural infected fields in Córdoba (Spain), one on bread wheat and another on 
durum wheat. The 22 breeding lines belong to the wheat breeding program 
being developed at IFAPA, and the 26 cultivars have been selected from the 
Red Andaluza de Experimentación Agraria (RAEA). Plants were inoculated 
under controlled conditions in growth chamber and evaluated at seedling stage. 
Disease Severity (DS) and Infection Type (IT) were used as evaluation criteria. 
Preliminary results show that DS presented higher values in general with the 
isolate from bread wheat (ranging from 42.5% to 5%) than durum wheat 
(ranging from 20% to 0.5%). From all the tested accessions, 22 showed low DS 
values with both isolates. Regarding IT, 12 accessions presented 
hypersensitive type against bread wheat isolate and 8 accessions against the 
durum wheat one. Amongst them, 7 entries showed low IT against both 
isolates. Only two commercial cultivars of durum wheat exhibited low values for 
both evaluation parameters, DS and IT. Additional experiments are being 
performed to confirm and validate these initial results.  
 

This research was financially supported by the Project RTA2015-00072-C03-02 
(INIA-Spanish Ministry of Science and Technology). 
    



Session 3

      62

Poster 3.7

Using the ChiP-Seq technique for the detection of chromatin 
interactions with the flowering repressor HvVRN2 

 

J. Ramos1, B. Contreras-Moreira1,2, E. Igartua1, B. Trevaskis3, A. Casas1  
 

1Estación Experimental de Aula Dei-CSIC, Zaragoza, Spain 
2 Fundación ARAID, Zaragoza, Spain 

3CSIRO, Camberra, Australia 
 

 
Before setting flowers, barley winter varieties need appropriate ambient conditions, a 
vernalization period and a day length above a certain threshold. Until then, flowering 
is repressed by gene HvVrn2. VRN2 is a putative transcription factor with a 
CONSTANS and Zinc finger binding domains. It is unclear whether it binds directly to 
DNA or through other proteins. HvVrn2 could also have other functions besides 
flowering repression, as reported for the rice orthologue OsGdh7. 
 
We decided to attempt the identification of VRN2 binding regions in nuclear DNA, 
using the ChiP-Seq technique, whereby the chromatin-protein complexes are 
selected by immunoprecipitation and the DNA isolated and sequenced. First, we 
obtained an antibody from Agrisera (Sweden), anti-ZCCT against a 14 amino acid 
specific peptide. As plant material, we have used the barley near-isogenic lines 
CSIROB01 and CSIROB03 from Australia. These lines are identical except for the 
presence of HvVrn2 in CSIROB01, which is absent in CSIROB03. CSIROB03 flowers 
without vernalization, and constitutes a good control for ChiP-Seq. We could detect in 
nuclear fractions the presence of a band of the expected VRN2 molecular weight in 
CSIROB01 but not in CSIROB03. For the hybridization of DNA to protein, we used a 
double cross-linker assay. To the usual formaldehyde, we added a second, longer 
arm, cross-linker, EGS, to cross-link proteins that are associated with DNA but do not 
bind it directly. In order to stablish and optimize conditions and obtain preliminary 
results the samples were sent to Diagenode ChIP-seq Profiling service (Belgium), for 
performing the steps of chromatin purification, shearing, inmunoprecipitation, library 
construction and sequencing (over 30 million reads per sample). As these results are 
promising we are setting course for a deeper sequencing (60 million reads).  
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Cereal production is highly dependent on environmental conditions. Elevated 
temperature is a key factor currently affecting crop yield and grain quality. Tritordeum 
is fertile amphiploid derived from the crosses between Hordeum chilense, and 
Triticum durum (tetraploid or hexaploid). This cereal has been described to display 
important grain nutritional properties. One high yielded bread wheat genotype 
(Togano) and four tritordeum lines (HTC15432, HT435, HT621, Bulel T1) were 
selected for this study. Bulel T1 is the commercial tritordeum line, HTC15432 is a 
new line with high yield and both HT435, HT621 were selected for their high lutein 
content. These plants were grown in greenhouses under two temperature levels 
(ambient temperature, Tambient versus elevated temperature, Tambient +4ºC) in order to 
test the impact of temperature increase on crop productivity and nutritional traits. 
Together with the agronomic characterization (aboveground biomass, grain yield, 
kernel number/plant, spike number/plant, thousand kernel weight (TKW) and harvest 
index (HI), starch, C/N % and protein concentration were determined in grains. Grain 
yield analyses showed that temperature effect on crop production varied depending 
on the analysed variety. While HT15432, yield decreased, HT435 production 
significantly increased. In other cases, no significant effects were observed. Absence 
of significant differences between varieties and temperature treatment on TKW 
values pointed out to grain number as the target parameter linked with the grain yield. 
HI data revealed that, in general terms, tritordeum plants invested more resources on 
plant biomass rather than on grain production. Elevated temperature effect on grain 
starch, N and protein concentration varied depending on the analysed cultivar. In 
summary, the current study highlighted unknown agronomical characteristics of 
tritordeum lines (HT621 and HT435) and reveals the homogeneity of productivity of 
both commercial genotype of tritordeum and wheat under high temperature 
conditions.  
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The carotenoids are a group of organic pigments that it has been reported to present 
health benefits when they are incorporated into the diet. Within carotenoids, 
xanthophylls can react with fatty acids and are naturally found in both free form and 
esterified with fatty acids. Some studies have detected that the absorption efficiency 
in the human digestive system of xanthophyll esters is higher than the one of the free 
forms. Additionally, the presence of xanthophyll esters confers higher stability and 
slower degradation of the carotenoids during its storage, therefore, increasing the 
availability of carotenoids when they are ingested. The projections of climate change 
suggest that the CO2 concentration will reach 700 ppm by the end of the 21st century 
and the temperature will increase by an average of 4 °C and their interactive effect 
on the carotenoid content of wheat has not been tested. The objective of this work 
was to evaluate the grain carotenoid concentration and degree of esterification in 10 
wheat genotypes (8TH HTWSN nursery from CIMMYT including a genotype from 
Castilla y León) under the future global climate scenario. To achieve this aim, the 
wheat genotypes were grown under future global climate conditions (700 ppm and 
temperature 4 °C above-current temperatures). The line 23 showed the highest 
carotenoid concentration and the highest degree of esterification. The lines 41, 43, 
61, 94 and 95 also showed higher carotenoid concentration than the Castilla y León 
line. The esterification degree was also higher in lines 41 and 94 than in the Castilla y 
León line. In conclusion, these lines would present an opportunity to increase the 
intake of carotenoids in the human diet and, especially, in a high degree of 
esterification which would imply health benefits. 
 
Acknowledgments: Grants CSI083U16, AGL2016-79589-R (ERDF). Boyero, Verdejo, 
Calvo and González for technical assistance. 
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High throughput plant phenotyping (HTPP) is considered as one of the current 
bottlenecks limiting the efficiency of the breeding process. However, in order to apply 
HTPP in an efficient way it is important to define what traits may be most relevant to 
select for. One of the approaches to determine these traits is a purely empirical one, 
consisting in identifying, through retrospective studies where cultivars released 
during past years are grown together, what morphophysiological traits have been 
involved in the genetic gain. Through this approach the importance of traits such as 
high stomatal conductance, stay green, phenological adjustment or even early 
ground cover has been highlighted for cereals and other crops. Importantly different 
HTPP approaches for these traits already exist. However, in the case of wheat and 
other small grain cereals the observed multiyear tendency for growth in yield is 
decreasing or even in some cases has stagnated in recent years. Current and 
expected future relative rates of progress in yield potential and abiotic stress 
adaption in wheat are a matter of real concern and are insufficient to meet the 
projected demand for cereals by 2050. There are three specific major challenges: 
increasing yield potential, protecting yield potential from stresses, and increasing 
resource use efficiency to ensure sustainability. The need to speed genetic advance, 
bridging conventional breeding with the vast panoply of molecular breeding 
techniques, will require a wider implication of HTTP. In that context some examples 
of potential avenues are presented.  
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Enhancing nitrogen (N) fertilization efficiency for improving yield is a major challenge 
for smallholder farming systems, particularly in developing countries. Rapid and cost-
effective methodologies with the capability to assess the effects of N fertilization on 
crops and to estimate grain yield (GY) are required in order to facilitate the 
management decision making. This study evaluates a set of leaf and canopy-based 
measurements as crop monitoring tools for assessing maize performance under 
different tillage, residue coverage and top-dressing conditions in Zimbabwe. Single-
leaf measurements included leaf-pigment readings from spectroradiometers (using 
clamp meters) and Red-Green-Blue (RGB) indexes (based on leaf image scans). 
Among the leaf pigment measurements, chlorophyll readings and the 
chlorophyll/anthocyanin ratio were the best indicators for both N content and GY. The 
RGB indexes derived from the leaf scans performed better for N content 
assessments than for GY prediction, with the green tonalities of the leaf being highly 
correlated with leaf N content. Concerning the canopy scale assessments, RGB 
images were taken at the ground level from a height of 4 m a.g.l. (above ground 
level) using a “pheno-pole” and from a height of 50 m a.g.l. using an unmanned aerial 
vehicle (UAV). Indexes from both platforms performed very similar, reporting higher 
correlation coefficients when assessing GY but lower correlations against foliar N 
content compared with the leaf readings. In this case, the indexes that best 
performed were those based on the measurements of the vegetation plot density. 
Although leaf-based measurements demonstrated their usefulness in monitoring N 
content, canopy measurements outperformed the leaf readings assessing both N and 
GY parameters, while providing an additional value derived from the high-throughput 
capacities of the UAVs. 
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Ear density is one of the main agronomical yield components in wheat. Ear counting 
is usually performed manually, which is time consuming and prone to errors. Ear 
counting in the field, performed automatically from an aerial platform under natural 
light conditions, may represent a high throughput alternative. In the present study 
RGB images were acquired from an Unmanned Aerial Vehicle (UAV) flying 25 
meters above the field trials in natural light conditions. Wheat field trials were carried 
out during the 2017/2018 crop season in the experimental station of the institute for 
Agriculture and Fisheries Research (ILVO), located in Melle (Belgium). A set of 12 
varieties of winter wheat were grown in optimal conditions and three Nitrogen (N) 
treatments were assayed (+70 N, standard N and -50 N). The field trial belongs to the 
research network of the European Consortium for Open Field Experimentation 
(ECOFE). Images were used to build orthophotos with a resolution value of 0.24 
cm/pixel using Agisoft Photoscan Professional software. Halcon Image Analysis 
software was used to extract each plot. The algorithm for ear counting uses three 
steps (i) filtering (ii) feature extraction and (iii) classification for segmentation using 
ImageJ and Matlab software. We have calculated the number of wheat ears per 
image for the complete plot and also for subplot images in order to compare the data. 
The results show high accuracy between the algorithm counts and the manual ear 
counts (image-based). To the best of our knowledge this is the first study 
successfully reporting for wheat automatic ear counting from an UAV. 
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Oat (Avena sativa L.) is an important cereal crop. During the last 20 years, the 
oat cultivated area in the Mediterranean rim has steadily increased by 
approximately 7500 ha per year. This almost equaled the oat cultivated area 
between Northern Europe and Mediterranean rim. However, the oat yield in 
Northern Europe remains much greater than that of the Mediterranean area 
(approximately 2.7-fold), because it is not particularly well adapted to hot and 
dry weather. As a consequence, there is a need for breeding oats for resilience 
to current Mediterranean and future climate conditions. Two of the bottlenecks 
in breeding are the availability of diverse genetic resources and appropriate 
selection tools. To speed breeding of resilient oats under Mediterranean 
conditions, we performed a field phenotyping of an oat collection consisting on 
707 cultivars and landraces, under Mediterranean environments. Accessions 
were mapped in a virtual map, recording site and year of harvest, morphological 
and agronomical traits. Phenotyping was carried out in 3 different environments 
at two contrasting locations in Spain. To evaluate the influence of environmental 
factors on the agronomic traits, climatic and edaphic factors for each 
environment were recorded. A total of 18 climate variables (maximum 
temperature, minimum temperature and rain during pre-flowering, flowering and 
post-flowering period) obtain from the AEMET database and 16 edaphic 
variables were combined with agronomical data and subjected to redundancy 
analysis. This ordination technique determined the relative impact of the 
selected climatic variables on agronomic traits and genotype performances and 
through portioning of the effect highlighted the variable class with higher effect. 
The knowledge of the impact of the environmental variables in the different 
accessions will help to improve the oat crop for adaptation to current and future 
Mediterranean growing conditions. 

This research was financially supported by the Project AGL2016-78965-R 
(Spanish Ministry of Economy and Competitiveness) and the European 
Regional Development Funds (ERDF). 
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The development of high spectral resolution systems has encouraged the 
quantitative estimation of biochemical and physiological traits of single plants and 
communities, including crops. These advances can undoubtably serve as excellent 
tools in plant ecophysiology and phenotyping, but their potential can still be further 
exploited. In this study we aimed to predict the metabolite profiles of flag leaves and 
ear bracts of durum wheat using the reflectance spectra of these individual organs as 
well as that of the corresponding canopy. GC-MS profiling was performed in the flag 
leaves, ear glumes and lemmas whereas VIS-NIR-SWIR reflectance spectra were 
recorded in the field for the respective leaves, ears and plot canopies with a 
FieldSpec4 spectrometer. For the regression analyses and variable selection, a 
LASSO statistical approach was performed. When the tissue spectrum was used, 
regression models achieved above 50% of explained variation (according to their adj-
R2 in the training sets) for at least 15 metabolites in each tissue. These metabolites 
were principally sugars (glucose, sucrose, fructose, raffinose, maltose, xylose, 
rhamnose, fucose and erythrose), sugar alcohols (myoinositol, 3-phosphoglycerol, 
galactinol and glycerol), organic acids (malate, citrate, glycerate, fumarate, glycolate 
and pyruvate) and amino acids (proline, serine, threonine, GABA, alanine and 
tryptophan). The best prediction models were shown for malate, sucrose and 
glycerate (adj-R2=82%, 68% and 63% respectively) in leaves; for myoinositol, proline 
and glucose (adj-R2=81%, 74% and 71%, respectively) in lemmas and for glycolate, 
proline and 3-phosphoglycerol (adj-R2=80%, 72% and 72%, respectively) in glumes. 
On the other hand, the use of canopy spectra for the estimation of leaf and ear bracts 
metabolite profiles resulted in slightly worse determination coefficients as compared 
to that of the VIS-NIR-SWIR models on average. Our study can significantly 
contribute to the development of in-situ metabolite profiling and could open the door 
of a new generation of phenotyping approaches.  
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Breeding advance under Mediterranean semi-arid conditions is challenged by climate 
change. This study aims to compare distinct phenotypic approaches to assess wheat 
performance under different growing temperatures and vernalization needs. A set of 
38 wheat commercial (winter and facultative) cultivars were planted in Valladolid 
(Spain) under support irrigation and two contrasting planting dates: normal (late 
autumn), and late (late winter). The late plating trial exhibited a 1.5 ºC increase in the 
average crop temperature compared with the normal planting. For both trials, remote 
sensing evaluation was performed at heading and grain filling stages. Measurements 
were assessed aerially, using an unmanned aerial vehicle (drone) carrying out RGB, 
thermal and multispectral cameras, and from ground, with a hand-held RGB camera, 
infrared thermometer and spectroradiometer. As for the isotopic composition, flag 
leaves, sampled during the first half of grain filling and matured kernels were dried 
and carbon (δ13C) and nitrogen (δ15N) isotopic compositions, and total N content 
were analyzed. The loss of yield associated to delaying planting time accounted for 
43.5% and 30.2%, respectively, for winter and facultative genotypes, with the formers 
exhibiting a delayed albeit irregular flowering in the late planting. Considering the 
whole set of genotypes both RGB and multispectral indices related better to grain 
yield (GY) in the normal compared with the late planting, while canopy temperature 
correlated negatively with GY in the normal planting only. The same trend was 
observed within winter and facultative genotypes separately. Regarding laboratory 
traits, δ13C and %N of matured kernels, related significantly albeit negatively with GY 
in both trials. For both planting dates and categories of genotypes, the best GY 
prediction models were achieved when combining remote sensing indices with δ13C 
and N of mature kernels. Implications for phenotyping in the context of increasing 
temperatures are further discussed.  
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Oat is a cereal crop of Mediterranean origin. Avena sativa L. is the main 
cultivated oat including the white and red oats. White oats are preferred for 
milling and are used for human food and fodder, especially poultry and horses 
whereas red oats (formerly known as A. byzantina K. Koch) are preferred for 
hay. During the 20th century, landraces have increasingly been replaced by 
modern cultivars resulting in significant reduction in genetic diversity. Thus, the 
loss of genetic diversity has become an important problem for both natural plant 
populations and crops. While modern cultivars may perform better than 
landraces under high input systems, landraces have considerable potential to 
improve disease and abiotic stress tolerance and may outperform cultivar under 
low input system. Studies of genetic diversity provide essential background 
information for further focused research and help understanding the ability of 
wild species to adapt to different environments. In this work 709 oats genotypes 
(including both white and red oats), including 669 landraces, were genotyped 
with 17,288 single-nucleotide polymorphism (SNP) loci to evaluate population 
structure, linkage disequilibrium (LD), and to perform a genome wide 
association study (GWAs) for heading date. Principal component analysis 
(PCA) accounted for 51,3% of genetic variation. Population genetic analysis 
using both Structure and PCA separated the oat collection in two main groups 
composed of the red and white oats respectively. The white oats group was 
further divided into two, depending on their geographic origin. LD decay was 
slower within white lines in MRG01, 02, 04, 12, 13, 15, 23, 33, whereas it was 
slower within red lines in MRG03, 05, 06, 11, 21, 24, and 28. Association 
analysis showed several significant markers associated with heading date on 
different linkage groups mainly on MRG01, 06, 12, and 15. 

This research was financially supported by the Project AGL2016-78965-R 
(Spanish Ministry of Economy and Competitiveness) and the European 
Regional Development Funds (ERDF). 
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Optimal design of training populations for genomic prediction  
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2 Cornell Statistical Consulting Unit, Cornell University, Ithaca, NY, USA. 
 

 
Given the improved capacity in genomics, phenomics and biotechnologies many 
aspects of the selection and breeding process are being examined, not just to see 
how technologies can enhance crop performance, but also to study optimal breeding 
designs. When designing a genomic selection scheme into a breeding program, 
breeders need to select the optimal method based on i) selecting a training 
population that maximise genomic prediction accuracies and ii) reducing phenotyping 
cost. Here we compared methods for selecting training populations under two 
scenarios: Firstly, when the objective is to select a training population set (TRS) to 
predict the remaining individuals from the same population (Untargeted), and 
secondly, when a test set (TS) is first defined and genotyped, and then the TRS is 
optimized specifically around the TS (Targeted). The genetic material used in this 
study consists of two datasets of wheat downloaded from triticeae  toolbox database 
(https://triticeaetoolbox.org/)  The first population comprised 2075  lines evaluated in 
four experimental trials in 2012 and 2013. The second population comprised 537 
lines evaluated in three phenotype trials. From the R package STPGA four 
algorithms (D-Optimal, A-Optimal, CD and PEV) and two optimization procedures 
(Untargeted and targeted) were used to find optimal design of the TRS using four 
different size targets. Our results show that optimization methods that include 
information from the test set (targeted) showed the highest accuracies, indicating that 
a priori information from the TS improves genomic predictions.  
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Oat cultivation in the Mediterranean area is steadily increasing. However, its 
yield in these regions lacks far behind oat yield obtained in Northern regions. 
This is mainly due to the low adaptation of current oat cultivars to 
Mediterranean environments. Therefore, increasing yield in Southern regions 
through improvement of oat crop resilience is urgently needed. Landraces are 
known as good reservoirs of favourable traits including disease resistance and 
abiotic stress tolerance and, consequently, they could contribute to increase oat 
resilience. In order to drive the selection of agro-climate adapted genotypes, we 
integrated genome wide association approaches with analysis of the 
phenotypes of genetic variants and the weight of associated markers across 
different environmental variables. Different association models, taking into 
account oat population structure, were applied to five agronomic traits to ensure 
robust identification of associations. The meta-analysis of the six joint 
environments (mega-environment) identified 5 markers associated with yield, 3 
with biomass, 4 with HI, 5 with flowering date and 7 associated with rust 
severity. Four of these associated markers were located within expressed 
genes. These associations were only mildly influenced by climatic variables 
indicating that these markers are good candidates to improve the genetic 
potential of oat under Mediterranean conditions. In turn, models highlighted 
several marker-trait associations, strongly affected by particular climatic 
variables including high rain pre- or post-flowering and high temperatures, 
revealing a high genetic plasticity of oat. These results will contribute to 
increase oat resilience for particular climatic conditions and the strength of 
breeding programmes for plant adaptation to a wider range of climatic 
conditions in the current scenario of climate change.   

 

This research was financially supported by the Project AGL2016-78965-R 
(Spanish Ministry of Economy and Competitiveness) and the European 
Regional Development Funds (ERDF). 
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Root phenotyping. From seed stage to adult plant. From lab to field.  
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It is expected that global crop yields would not be enough to meet the growing 

population demand. In addition, climate change will affect crop production, posing 

particular challenges in drought prone regions. Breeding programs focus on different 

approaches to increase crop yield, but crop root systems have not been thoroughly 

explored until recently. The roots of monocot and dicot crops develop in a different way, 

but both define their own root system architecture (RSA), which may be expressed as 

the spatial configuration of roots inside the soil. Therefore, studying RSA and other 

derived parameters could lead to a better understanding of the patterns of root 

development in relation with soil exploration for the acquisition of water and nutrients. 

Here, we will review current methods devoted to the study of root systems. 

 

RSA can be analyzed using laboratory or greenhouse methods. Clear pots, growth 

pouches or rhizoslides are low-cost, high-scale and non-destructive methods that allow 

measuring RSA components at seedling stage under controlled and repeatable 

conditions. Images can be analyzed in real time, but the environmental conditions are 

artificial and, therefore, the physiological and agronomic relevance are uncertain. 

Specific software is needed to analyze and quantify RSA parameters, providing 

enough throughput for screening materials in genetic studies. 

RSA can also be evaluated at adult stage, using field-based methods. Shovelomics is 

one of the main methods used to extract and inspect adult roots directly from soil. It is 

expected that physiological and agronomic relevance achieved with shovelomics will 

be superior to methods in controlled conditions, in spite of the variability in 

environmental or soil conditions. RSA parameters using field-based methods can be 

measured visually or using ad-hoc software. 

 

Both kinds of methods are suitable to phenotype roots, bringing out a better 

understanding of that organ, and expanding possibilities in breeding programs.  
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High throughput phenotyping of winter wheat growth using an UAV 
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Ruiz1,3, P. Lootens1 

 
1 ILVO, Melle, Belgium 

2 KULeuven, Leuven, Belgium 
3Ghent University, Ghent, Belgium 

4VIB, Ghent, Belgium 
 
Non-destructive field measurements of height are cumbersome and are a source of 
error as these are typically conducted manually using a ruler. Therefore, we are 
currently developing a methodology, based on the use of unmanned aerial vehicles 
(UAVs) combined with an RGB camera, to monitor wheat growth in a remote way 
without disturbing the field. It allows us to estimate the crop height at different 
moments of the growing season and follow-up closely and frequently without the 
need of field measurements. 
 
The field experiment was located in Merelbeke (Belgium) as part of a multi-location 
trial run by the ECOFE consortium (www.ecofe.eu). Twelve winter wheat varieties 
were grown in plots of 1 x 12 m under three different N-treatments (standard / 
standard +30% / standard -50%) with four replicates. As this set of accessions 
displayed phenotypic diversity for growth characteristics, it provided an ideal dataset 
for the development of the methodology.  
 
Frequent flights at low altitudes were performed to collect RGB imagery (DSLR 
camera 6000, Sony, Japan) at high spatial and temporal resolution throughout the 
growing season in 2018. Digital Elevation Models (DEMs) were built for each date 
and used to estimate the P90 canopy height of each plot. Moreover the data 
extracted was used to fit a sigmoid growth curve per plot and to estimate parameters 
such as maximum absolute growth rate (AGRmax), maximum height (L_max), time 
when maximum height was achieved (t_e), and time when growth rate was maximal 
(t_m) in growing degree days (GDD). These high-throughput phenotyping data 
allowed the comparison between treatments.  
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RGB and multispectral sensors mounted on a drone platform allow non-destructive 
phenotyping of many spaced plants or plots simultaneously in a realistic and 
agriculturally relevant environment. These cheap, high-resolution sensors enable 
constructing orthomosaics with high spatial resolution (up to 0.5 cm (RGB) and 3.6 
cm (multispectral)) if needed, depending on the flight altitude and lens used. As a 
consequence, drone-based phenotyping approaches are already being implemented 
in practical breeding programs, as a replacement or complement to traditional 
phenotyping tools.  
 
In this study we used vegetation indices (VIs) calculated using orthomosaics derived 
from an RGB DSLR camera (6000, Sony, Japan) and a multispectral camera 
(Parrot Sequoia, France) to determine the chlorophyll content of 12 winter wheat 
varieties grown at three levels of nitrogen fertilization. The field trial was set-up as a 
split-plot design with 4 replicates comparing 12 varieties grown under 3 N-regimes 
(standard, +30% and -50%) in plots of 1 by 12 m, and is part of a multi-location field 
trial of the ECOFE consortium (www.ecofe.eu). Vegetation indices derived from RGB 
data (e.g. ExG, ExGR) and multispectral data (e.g. NDVI, NDRE, GNDVI, GRVI) 
were calculated. The correlation between these values and SPAD measurements on 
the flag leaves were determined. NDVI and NDREI (r=0.78) were well correlated to 
SPAD measurements, as well as to the high resolution ExGR (r=0.76). A significant 
interaction between N treatment and varieties was also found. 
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3Syngenta Seeds SAS, 12 Chemin de l’Hobit, 31790 Saint Sauveur, France 

 
 
Crop productivity can be expressed as the product of the amount of radiation 
intercepted, radiation use efficiency and harvest index. Genetic variation for 
components of radiation use efficiency have rarely been explored due to the lack of 
appropriate equipment to determine parameters at the scale needed in plant 
breeding. On the other hand, responses of the photosynthetic apparatus to 
environmental conditions have not been extensively investigated under field 
conditions, due to the challenges posed by the fluctuating environmental conditions. 
The field fluorimeter MultispeQ was developed as a portable device that allows 
medium throughput measurements in any experimental conditions. This device 
provides the determination of a suite of chlorophyll fluorescence-derived 
photosynthetic parameters as photosystem II quantum efficiency (ɸII) or non-
photochemical quenching (NPQ), absorbance-based parameters as relative 
chlorophyll content (SPAD), and water status indicators as leaf temperature 
differential (LTD) in less than 15 seconds, avoiding extensive dark acclimation 
periods required by traditional measurements. 
 
Here we report genotypic differences found in a set of barley germplasm consisting 
of two female parents, 46 male parents, and the corresponding 92 hybrids. Each 
genotype was represented by a single plot. The analyses have been performed 
grouping the genotypes in hybrids, female, and male parents. Therefore, genotypes 
in each set are considered as replicates. Extensive measurements were taken in two 
relevant moments, after a period of mild water stress, and after an episode of 
abundant rain.  
 
Significant differences were found for SPAD, ɸNPQ and LTD between groups of 
genotypes. Hybrids presented an asymmetric inheritance of traits, resembling the 
females in superior SPAD values, and resembling the males in higher LTD and ɸNPQ. 
The combination of traits detected in hybrids seems favorable, and could indicate 
higher plant nitrogen content and improved photoprotection. 
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facilitate the transfer of desirable agronomic traits from related 
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Understanding the genome organization of wheat, which is one of the most important 
crops in the world, is crucial for geneticists and plant breeders. Particularly, how 
chromosomes specifically recognize each other to pair at the beginning of meiosis, 
the cellular process to produce gametes in sexually reproducing organisms, is of 
fundamental importance for plant breeding and has a big influence on the fertility of 
wheat plants. By understanding the molecular bases of chromosome 
specificity/pairing at the onset of meiosis, we can manipulate interspecific 
chromosome associations in hybrids or interspecific genetic crosses developed in 
breeding programs with the aim of introgressing desirable agronomic traits from 
related species into crops such as wheat. Thus, the development of new genetic 
combinations can be facilitated, to be used directly as new crops or indirectly to 
widen the genetic basis of actual crops. 
 
Chromosome recognition and pairing is initiated at the terminal regions of the 
chromosomes, which include telomeres and subtelomeres. We present here a study 
of wheat subtelomeres to explore the possible consequences of the variability and 
plasticity of these subtelomeric regions on homologous chromosome associations, 
rather than focusing on features that are common to all chromosomes like telomeres. 
Results suggest that the subtelomeric region is important for the process of 
homologous chromosome recognition and pairing during early meiosis in wheat. The 
results as well as their biological implications are discussed in this work.  
 
Supported by grant AGL2015-64833R (Spanish MICINN/MINECO), co-financed by 
EU FEDER. 
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The general objective of the present study was to analyze the correlation between 
different rapid phenotyping tools and production parameters in the two most 
cultivated bread wheat varieties in Navarra (Camargo and Marcopolo). In the present 
study, 17 parcels in Navarre distributed in the north, center and south of the 
community were analyzed. During the months of May and June, in vivo measures 
were carried out with SPAD equipment, GreenSeeker and infrared thermometer. 
Parallel to these measurements, samples of flag and second leaves were taken. 
Upon reaching the maturity period, samples of mature grain were taken and the yield 
of the crops was quantified. With the aforementioned samples, the following 
parameters were quantified: d13C, d15N, C/N, alveographic parameters, gliadins and 
glutenins. 
 
The study identified as one of the key factors in the final yield of the two crops the 
rainfall recorded in the month of November (coinciding with the emergence of the 
plant). The SPAD and GreenSeeker determinations taken in May (with plants from 
booting to beginning of anthesis stages) showed a positive correlation with the grain 
yield, although this effect was dependent on the variety analyzed. The foliar analyses 
of May identified d15N as the parameter with the highest correlation with the yield and 
glutenin concentration of the mature grain. On the other hand, the study also allowed 
us to identify the positive relationship between leaf N concentration and glutenin 
concentration. The foliar d13C only showed significant correlation with the 
performance in the samples taken in June (in milky to dough grain stages). Although, 
in general terms, the study has allowed the identification of rapid phenotyping 
parameters that correlate with the grain yield and quality traits, the study notes that, 
in some cases, these correlations vary depending on the cultivar and the location 
analyzed. 
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