Modifying canopy architecture and photosynthesis
to maximize barley biomass and yield for different end-uses
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BarPLUS project - the half way to be completed
BarPLUS consortium is at a stage of evaluation the mutant lines
and elite cultivars that were selected in the first year of the
project. These materials are characterized by the traits that has
the potential to increase to increase barley plant biomass.
The main activities of the
Consortium Partners included field
trials and green house experiments
of the selected genotypes with
improved photosynthesis rate,
smaller leaf angle, larger leaf size
and higher number of tillers.
Mapping populations for the
identification of genes underlying
selected traits of interest have been
developed and the mapping-bysequencing procedure has been
initiated.
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The important part of the project
comprises the development of
model for a new barley ideotype
with higher biomass production
without a yield penalty. The most
significant traits of such ideotype
has bee identified and tested in
current and future environmental
scenarios.
Also, the life cycle assessment has
been initiated in order to predict the
possible environmental impact of
dual purpose barley.
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Field trials
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Germplasm evaluation at Fiorenzuola d’Arda, Italy…
In the years 2017 and 2018 BarPLUS partners have undertaken the effort to
evaluate biomass production of selected barley genotypes on the field trails
A field experiment was run at the experimental station of CREA-GB in Fiorenzuola d’Arda in
the 2017/18 growing season, in order to compare the performance of 10 elite Italian
cultivars, 10 elite European cultivars from the Whealbi project and some mutant lines
selected from the HorTillus population or from International seed banks. The experiment
was sown on 31st October 2017 according to a randomized complete block design, with 3
replicates for each genotype. In the following picture, taken on April 16, the pale green
mutant line hus1 (happy under the sun 1) is reported together with the wild-type cultivar
Sebastian from which it has been generated and the elite cultivar Glacier.

According to a common protocol developed in BarPlus, one-meter samples were taken from
each plot at three developmental stages (jointing, heading and maturity) to evaluate the
production of biomass and its partitioning into stems, leaves and spikes. The picture below
was taken on May 3 and highlights genotypic differences in heading time.
The trial has been visited by the
coordinator of BarPlus, Paolo Pesaresi,
and other colleagues of the University of
Milan and partners of BarPlus, Laura
Rossini and Livia Paleari, in order to
acquire detailed phenotypic information
on plant physiology (radiation use
efficiency and photosystem efficiency)
and architecture (leaf angle and leaf
area index). At present plants are close
to maturity and most probably the 6 m2
plots will be harvested around mid-June.

https://barplus.wordpress.com
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…at the University of Lleida, Spain…
Similar field experiment was also run at the experimental station of University of Lleida, Spain
in the 2017/18 growing season. Here we compare the performance of the same 10 elite
European cultivars from the Whealbi project and mutant lines selected from the HorTillus
population to 10 elite Spanish cultivars. The experiment was sown on 7 November 2017
according to a randomized complete block design, with 2 replicates for each genotype and
phenotyped for biomass production and its partitioning into stems, leaves and spikes.

A general view of the experiment, just after flowering

The trial has been visited by the coordinator of BarPlus, Paolo Pesaresi, and other colleagues
from the project, during the project meeting on 8-9 March at Lleida. At present plants are
close to maturity and the plots will be harvested in the next weeks.

…and at the breeding station in Modzurów, Poland
The same strategy was applied to evaluate project’s genotypes on the field conditions in
Silesia, Poland. Here, the experiment was divided into two parts based on the vegetation type
of specific genotypes. The elite European cultivars from Whealbi collection, representing
winter barley, were sown in October 2017 together with 10 Polish winter cultivars. The
mutants from HorTillus population or from International seed banks, derived from spring
barley genotypes were sown in March 2018 and are now under evaluation for biomass
production using 10 elite Polish spring cultivars as a background. The trials will be soon visited
by Abhisek Biswas, PhD student from the group of Laura Rossini (University of Milan), to take
measurements of the leaf angle and plant architecture.

Mutants from HorTILLUS population

https://barplus.wordpress.com

Polish winter cultivar ’Brosza’
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Happy under the sun – the story continues
The mutant happy under the sun1 (hus1) was identified by
forward genetics within the HorTILLUS mutant population. It is
characterized by more efficient photosynthesis rate compared
to the parent variety
In addition to the improved
photosynthesis performance, the
hus1 plants are characterized by
paler and larger leaves.
The mutant was crossed with its
parent variety Sebastian and with a
cultivar Morex. Two subsequent
generations were analyzed in terms
of leaf color and photosynthesis
rate.
The F1 generation of both crosses
showed its high similarity to
Sebastian or Morex, respectively.
And the analysis of F2 generation
showed a 3:1 segregation for wildtype and mutant phenotype, what
indicates that the hus1 phenotype
is caused by a monogenic recessive
allele. Currently, DNA pool from WT
and hus1-like plants are subjected
to exome sequencing with the aim
to identify the hus1 causal
mutation.

Segregation analysis of the hus1 x Morex F2 population.
Number of plants with WT (dark green) and hus1-like
phenotype (light green) are given. Comparable data
were obtained for the F2 of hus1 x Sebastian.

https://barplus.wordpress.com

Sebastian

hus1

Sebastian hus1

The whole plants and leaves of Sebastian (control genetic background)
and hus1 grown under green house conditions. Leaves are paler and 15%
wider in hus1 with respect to Sebastian control plants.

The effective quantum yield of PSII Y(II) in Sebastian (red line) and
hus1 (orange line) leaves. Clearly, the hus1 photosynthetic
performance is higher than Sebastian at all the different light
intensities tested in the assay
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Phenotypic characterization of broad leaf mutants
The collection of barley broad leaf mutants held by NordGen
(www.nordgen.org) was screened for promising leaf size candidates
The line with the strongest leaf size
phenotype was selected and its phenotype
analysed in detail. Leaves are larger than
wildtype, which is mainly due to an
increase in cell number, revealed by
histological analysis.
Currently, we are analysing whether the
additional cell proliferation observed in

A

B

broad leaf mutant plants is due to an
increase in cell proliferation during
primordia development, an increase in
founder cell number or meristem size.
This is done by deep imaging of cleared
apices (Truernit et al. 2008) and
reconstructing 3D-models (Andrey &
Maurin 2005) from the optical sections.

C

Phenotypic characterisation of the broad leaf mutant. A: Graphical represantation of average size of WT and mutant leaf
blades. B: Example of optical section through WT apex. C: Example of reconstructed WT apex.

Genetic mapping of blf13
The corresponding broad leaf locus has
been mapped successfully to a 20-50 MB
region on Chromosome 2H using an
exome capture based mapping by
sequencing approach (Mascher et al.
2013). Since leaf size is a quantitative
phenotype, fine mapping is currently done
using progeny testing to identify the causal
locus.

https://barplus.wordpress.com

Mapping by sequencing of broad leaf mutant. Only the
results for Chr 1H and 2H are shown. Plotted are allele
frequencies for WT (magenta) and mutant (blue) pools
against chromsomal position.
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Reverse genetics – searching for the mutations in the
candidate genes for biomass production
We used TILLING approach to find mutations in five candidate genes
that may have an impact on biomass production in barley
TILLING is a strategy used for functional
analysis of genes that combines the
classical mutagenesis and a highthroughput identification of mutations
within a gene of interest. To make it work,
it requires a large population of
mutagenized individuals and a molecular
method to detect the mutagenic events
with a DNA sequence.

The BarPLUS project take the advantage
of HorTILLUS population developed at the
Department of Genetics, University of
Silesia, Poland, which currently consists of
nearly 7000 M2 plants.
The consortium has selected five genes
involved in: the process of photosynthesis,
the control of the organ size, tillering,
plant height and leaf angle.

Gene symbol

Gene name

Function

HvVDE

Violaxanthin de-epoxidase-related

Non-photochemical quenching

HvZEP

Zeaxantin epoxidase

Non-photochemical quenching

HvCNR1

Cell Number Regulator 1

HvLBO

Lateral Branching Oxidoreductase

HvXIAO

Xiao

Negative regulation of organ size
Shoot branching
Plant height and leaf angle

Up to date four candidate genes were analyzed. Similar number of mutations that may
have an impact on the protein sequence (STOP and missense mutations) were found in
each gene. Selected mutants are now under phenotypic evaluation in order to find if there
is a correlation between the mutation and the plant characters that are under the control
of studied genes.
The number and types of mutations in the candidate genes
HvLBO
HvXIAO
HvCNR

HvVDE
0
STOP

5
Missense

https://barplus.wordpress.com

10
Silent

15
In the intron

20

25

30

In the non-codding region
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Reverse genetics – mutants in the genes involved in the
process of photosynthesis
Phenotyping the allelic variants in the Violaxanthin de-epoxidase
(HvVDE) gene involved in the Non-Photochemical-Quenching (NPQ)
Currently, five allelic variants of the VDE
gene have been analyzed in therms NPQ
kinetics and the VDE protein level. We
have noticed that all mutant plants show a
Sebastian-like phenotype under greenhouse growth conditions and retain a
comparable amount of VDE protein.

Immunoblot analysis using a VDE specific antibody. The mutants
(VDE-A to VDE-H) accumulate the VDE enzyme at the same level
as Sebastian control plants.

Nevertheless, the mutants show very different NPQ kinetics, thus representing the ideal
material to investigate the impact of NPQ alteration on photosynthetic performance and
biomass accumulation. Their detailed biochemical and physiological analysis are in progress
and their performance will be tested under field conditions in the next growing season.

Identification of photosynthetic variants by exploiting
natural genetic variability
Allelic variants of genes playing key roles in photosynthesis have also been identified by
allele mining using the exome capture dataset obtained within the frame of the WHEALBI
project (http://www.whealbi.eu/). 43 accessions carrying a frame-shift in the PsbR gene,
encoding a main component of the oxygen-evolving complex (OEC) of PSII have been
identified. These natural accessions have been collected from different regions of the planet
and represent an invaluable genetic material to understand how photosynthesis adapt to
the different growth conditions

Distribution of barley accessions and landraces collected within the frame of WHEALBI project (http://www.whealbi.eu/project/).
In red: the accessions that are devoid of the PsbR subunit due to a deletion in the coding sequence of PsbR gene.

https://barplus.wordpress.com
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Modeling for a new barley ideotype
A crop model-based ideotyping experiment was conducted, in order
to identify putative dual-purpose barley ideotypes improved for both
aboveground biomass production and grain yield.
The analysis focused on phenotypic traits
evaluated within the BarPLUS project
(canopy architecture and photosynthetic
efficiency) as well as on other potential
breeding targets (e.g. thermal stress
tolerance, photoperiod sensitivity). At the
moment, the ideotyping study has been
conducted for Italy but the objective is to
extend the analysis to the other areas
involved in the project (i.e., Spain, Poland,
Germany). This would allow to design and
evaluate specific ideotypes for different
agro-climatic contexts.
The ideotypes were designed via sensitivity
analysis techniques (more than 6000
ideotypes tested) and evaluated with a
dedicated index we developed, accounting
for both biomass accumulation and yield as
well as their stability over years. The
ideotyping experiment was conducted
under both current climate conditions and
future climate change projections (four
twenty-year scenarios centered on 2040),
to cope with time resources needed to
develop new varieties.

Preliminary results suggest that increased
radiation use efficiency, leaf erectness and
heat tolerance are the most promising traits
to improve biomass production and grain
yield. Under future climate change
scenarios, the relevance of traits involved
with fast canopy development and with
flowering time is expected to increase,
because of temperatures-driven shortening
of the crop cycle. As compared with current
barley varieties, yield and aboveground
biomass increases achievable via the
adoption of the proposed ideotypes are
around +20% under both current climate
conditions and climate change scenarios.
Currently, the study is being repeated
replacing model parameters distributions
derived from literature with those refined
using phenotyping data collected in the
experimental fields held in Lleida and
Fiorenzuola
d’Arda, with particular
attention to leaf angles distributions,
measured with the dedicated smartphone
application developed in the BarPLUS
project (PocketPlant3D; Confalonieri et al.,
2017).

Example
of
leaf
angle
distribution measured on two
contrasting genotypes of the
BarPLUS collection, one with
erect leaves (a) and one more
planophile (b). The leaf
inclination
angle
θL
is
measured form vertical (θL =0
indicates vertical surface).

https://barplus.wordpress.com
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Environmental impact assessment
An important part of the BarPLUS project is to study the possible
environmental implications of new barley ideotype cultivation
Our concern is to quantify the
environmental performances of current
(BarNow) and dual purpose (BarPlus)
barley ideotypes applying the LCA
methodology. The achievable results
consist in the definition of the differences,
in terms of environmental impacts,
between BarNow and BarPlus cultivation
(e.g. a higher straw production in the
second case usable for energy purposes).
Specifically - the evaluation of the
influence of country specific conditions and
agricultural practices in the barley
cultivation.
Our workflow is the following:
• Bibliographic research,
• ENVIAM model optimization,
• Life cycle inventory (LCI) survey
elaboration,
and it will be carried out for all Partners
countries, grouped in two reference
districts:
• Southern Europe districts (Spain and
Italy, SE_D),
• Central Europe districts (Germany and
Poland, CE_D).

Data collection is based on the survey
gathering the information about barley
cultivation:
• local pedo-climatic conditions,
• agricultural practices,
• production factors (e.g. inputs),
• outputs
(grain
and
straw
yield/composition).
Such information refers to a generic barley
farm, assumed as representative of the
selected barley district for each of the four
Partners’ countries. As a result, four
representative barley farms in which
BarNow and BarPlus ideotypes are and will
be cultivated, will be considered.
We will estimate the direct consumption
and emissions of the field operations using
ENVIAM to calculate mechanical power
requests, directly consumed inputs and
materials
consumption
during
the
mechanical operations of barley cropping,
taking into account soil texture, specific
used machinery and coupling solutions (i.e.,
tractors and implements, defined by the
user).

Logical frame of the ENVIAM model that can be used in LCA study (inventory phase) for field mechanized
operations carried out locally

https://barplus.wordpress.com

9

Environmental impact assessment cont…
We are taking into account fuel/lubricant
consumption, engine emissions, materials
consumption, tyre abrasion and the
exhaust gases emissions from i.c. engine
(CO2; CO; HC, NOx and PM).
Information about other cultivation factors,
like seeds, fertilizers, pesticides are also
necessary to estimate both inputs for their
production and eventual emissions to air
and/or to water, using other model or
assessment methodologies, for example
the STICS model.
Up to date we had performed the analysis
for the Italian representative barley district
(Po Valley area) and farm.

The next steps of our analysis will concern:
• complete districts, farms and barley
cropping information/data from other
project partners (Spain, Poland and
Germany),
• complete the Life Cycle Impact
Inventory (LCI) with N emissions due to
the fertilizers application and emissions
due to pesticides distribution as well,
• implement all the LCI in SimaPro
Software and to run Life Cycle Impact
Assessment (LCIA).

Barley field operations sequence and environmental input/output related to Italian representative barley farm

https://barplus.wordpress.com
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BarPLUS consortium achievements
BarPLUS partners have published the following manuscripts:
•

Confalonieri, R., Paleari, L., Foi, M., Movedi, E., Veselya, F.M., Thoelke, W.,
Agape, C., Borlini, G., Ferri, I., Massara, F., Motta, R., Ravasi, R.A., Tartarini, S.,
Zoppolato, C., Baia, L.M., Brumana, A., Colombo, D., Curatolo, A., Fauda, V.,
Gaia, D., Gerosa, A., Ghilardi, A., Grassi, E., Margarini, A., Novelli, F., Perez
Garcia, F.B., Graziosi, A.R., Salvan, M., Tadiello, T., Rossini, L. (2017)
PocketPlant3D: Analysing canopy structure using a smartphone. Biosystems
Engineering 164, 1-12. DOI: 10.1016/j.biosystemseng.2017.09.014

•

Colombo, M., Tadini, L., Peracchio, C., Ferrari, R., Pesaresi, P. (2016) GUN1, a
Jack-Of-All-Trades in Chloroplast Protein Homeostasis and Signaling. Front
Plant Sci. 2016 Sep 22;7:1427. DOI: 10.3389/fpls.2016.01427

•

Digel, B., Tavakol, E., Verderio, G., Tondelli, A., Xu, X., Cattivelli, L., Rossini, L.,
von Korff, M. (2016) Photoperiod-H1 (Ppd-H1) Controls Leaf Size. Plant
Physiol. 2016 Sep;172(1):405-15. DOI: 10.1104/pp.16.00977

•

Schmidt Rivera, X.C., Bacenett, J., Fusi, A., Niero, M. (2016) The influence of
fertiliser and pesticide emissions model on life cycle assessment of agricultural
products: The case of Danish and Italian barley. Science of the Total
Environment, DOI: http://dx.doi.org/10.1016/j.scitotenv.2016.11.183
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BarPLUS consortium achievements
BarPLUS consortium is also active in several scientific conferences,
where they presented the project’s results:
•

•

•
•

Kurowska M, Janiak A, Pesaresi P, Szarejko I. Toward the isolation of barley
mutants in a violaxanthin de-epoxidase-related gene via TILLING approach. 8th
Conference of Polish Society of Experimental Plant Biology. Bialystok 12 – 16
September 2017, Poland
Shaaf S, Trabanco N, Pesaresi P, Confalonieri R, Paleari L, Tondelli A, Guerra D,
Rizza F, Jost M, Kappel C, Lenhard M, Chmielewska B, Janiak A, Rossini L.
Integrated genetic approaches to modify canopy architecture for improved
barley biomass and yield. EUCARPIA Cereal section meeting. Polydôme,
Clermont-Ferrand, 19 – 21 March 2018, France
Rossini L. Hunting genes for barley shoot architecture through mutant and
germplasm collections. Second International Barley Workshop. Dundee, 25 27 June 2018, Scotland
Shaaf S, Trabanco N, Pesaresi P, Confalonieri R, Paleari L, Tondelli A, Guerra D,
Delbono S., Rizza F, Jost M, Kappel C, Lenhard M, Chmielewska B, Janiak A,
Biswas A, Mohammadi-Aghdam S. Rossini L. Exploring natural and induced
variations for the genetic improvement of barley biomass and yield. 62th SIGA
Annual Congress "Plant development and crop productivity for sustainable
agriculture". Verona, 25 – 28 September 2018, Italy

https://barplus.wordpress.com
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BarPLUS consortium meetings
The third BarPLUS meeting have taken place at the University of Lleida,
Spain on 8th and 9th of March 2018. It was a fruitful time to discuss the
project’s results, exchange experiences and visit the filed trials with
project’s materials.

The next Project’s meeting will be held at the University of Silesia,
Katowice, Poland, and will be combined with a scientific conference
for a broader audience. Details of this meeting will be available soon!

Faculty of Biology and Environmental Protection
University of Silesia, Katowice

https://barplus.wordpress.com
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BarPLUS consortium:

http://www.unimi.it/

http://www.crea.gov.it/

http://www.udl.cat/ca/en/

http://www.uni-potsdam.de

http://www.us.edu.pl/

Partner project:

http://www.whealbi.eu/
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