PGTF INT/NT/22/K01 “Rethinking climate change mitigation strategies by improving
phenological adaptability and tolerance to abiotic stresses in temperate crops”

Narrative Report: The PGTF INT/NT/22/K01 project had three main axes on which work was
carried out throughout the 2024 period. Firstly, an executive summary is presented. Then, the
main results and products obtained in each axis, including publications are detailed.

Executive summary

The project was aimed to (1) design a simple quantitative model of phenology prediction for
temperate cereals and rapeseed, (2) to evaluate the effect of combined abiotic stresses (e.g.
high temperature and waterlogging) in winter crops (wheat, barley, and rapeseed), and (3)
actively disseminate the results of the project among farmers, agricultural technicians, and the
scientific community. All objectives were successfully achieved during 2024, through field
experiments, data analysis, participation in technical meetings, and the publication of scientific
articles. The most outstanding achievements of the project include: (i) the expansion of the
CRONOS models for wheat (CRONOTRIGO http://cronotrigo.agro.uba.ar/) and barley
(CRONOCEBADA http://cronocebada.agro.uba.a) and the development of the new CRONOS
model for canola (CRONOCANOLA http://cronocanola.agro.uba.ar/), available free of charge,
allowing the users establish the best sowing date for each particular genotype of each crop
specie quantifying the risk of environmental stress for the main temperate productive areas of
the Southern Cone, (ii) the establishment of a new plant growth chamber that expands the
facilities for the study of stress in crops, and (iii) the organization of scientific and technical
meetings involving students, advisors, scientist, farmers and technicians, and the publication of
17 papers. In conclusion, the project contributed to strengthening winter farming systems in the
Southern Cone and expanding ties between research groups from Argentina, Chile and
Uruguay.

Axis 1: Phenological Models for Wheat, Barley and Rapeseed

In this modelling area, work has been done on the three crops mentioned, which are the main
winter crops in the Southern Cone region and throughout the world. Phenological prediction
models called CRONOS have been designed within the framework of this project. The
CRONOTRIGO (for wheat)), CRONOCEBADA (for barley) and CRONOCANOLA (for
rapeseed/canola and carinata) models have been completed and are available to users free of
charge upon user registration.

The CRONOTRIGO model is available in Argentina, Uruguay and Paraguay with a wide range
of cultivars not only for baking wheat but also for noodle wheat (commonly known as durum
wheat). The domain where it can be accessed is http://cronotrigo.agro.uba.ar (See Figure 1).
The CRONOCEBADA model, which operates on the domain http://cronocebada.agro.uba.ar/,
includes the main malting barley cultivars used in the Southern Cone region and is available for
the same three countries that have been detailed in the CRONOTRIGO model.
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Figure 1. Examples of information output from the CRONOTRIGO model
http://cronotrigo.agro.uba.ar

The CRONOCANOLA model was uploaded to the domain http://cronocanola.agro.uba.ar/. This
model covers not only rapeseed-canola cultivars but has also incorporated Brassica carinata,
that has been in full expansion in Argentina and Uruguay, Paraguay and Chile. Carinata is an
oilseed crop used to produce biofuel for aviation, and it has surpassed canola in acreage in
Argentina. In the case of Uruguay, the most important cruciferous plant has been and continues
to be rapeseed-canola. The same is true in Chile, where rapeseed is used as a product for
feeding in the fish industry, in addition to the extraction of oil. The CRONOCANOLA model is the
most recent of the CRONOS models and the algorithms are being revised since it will be updated
with the experiments that have been recently carried out at FAUBA in Argentina and FAGRO-
UdelaR in Uruguay (see field experiments in Figure 2).

Figure 2. View of field trials testing genotypes at the School of Agriculture at the University of
Buenos Aires FAUBA (Argentina), and at the Faculty of Agronomy at the Universidad de la
Republica FAGRO (Uruguay).

The project funds made it possible to acquire materials for field experiments, laboratory supplies,
and technical work to carry out the field experiments and data analysis.

In summary, within the framework of the Perez Guerrero project, new CRONOS models have
been developed (for canola and carinata crops) and updated (for wheat and barley). All the
models are free and open access, after a simple registration. CRONOS models are used by
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more than 45,000 users since its launch, including farmers, agronomists, advisors, technicians,
and students of agricultural sciences. During 2024 at least 1500 new users were registered in
the CRONOS but the all the CRONO’s models continue being actively used by most of the
registered users. The models are in Spanish, as the users are mostly from countries of the South
Cone.

Currently, the same working group that forms the Perez Guerrero project is developing a
phenological prediction model based on genomic characterization so that it can be used by plant
breeders to predict the phenology of new materials to be crossed through a combination of
parents. This work derived in a scientific publication accepted with minor revision in Plant
Physiology Journal (see details in Axis 3). The name of the model to be developed is
CRONGENWHEAT and this model can be universally used for farmers and mostly by plant
breeders, and thereby can be used in both languages Spanish and English.

As future perspectives, CRONOS models are planned to be extended not only to other countries
in the Southern Cone region, but the algorithms are also being developed in collaboration with
the University of Lleida in Spain in order to extend the construction and use of these models to
the European continent, starting with Spain.

Axis 2: Productivity loss functions according to the level of abiotic stress
The second axis of the project was aimed to evaluate, by field experiments, the effect of
combined abiotic stresses at different stages of the phenological cycle on productivity of winter
crops (wheat, barley and canola).
Negative effects of increased temperature were observed in wheat and rapeseed, when they
occur at reproductive stages after flowering. Seed yield penalization was more severe in Buenos
Aires (Argentina), with 35% of reduction respect control without heat stress for wheat, and 10%
of seed yield reduction for rapeseed, compared to no reduction in Valdivia (Chile). Interestingly,
a high plasticity of rapeseed seed weight was observed in Valdivia which partially compensated
for the loss of seed number. By contrast, such compensation was not observed in Buenos Aires.
In addition to heat stress, the combination with low irradiance stress caused synergistic effects
on seed yield. The results highlight the climatic impact of high temperature in mid latitude areas
which could move agriculture to higher latitude areas. Also, the results indicate physiological
characteristics of seed plasticity, useful to explore in breeding programs aimed at obtaining
resilient crops capable of facing climatic change.
The occurrence of waterlogging events throughout the crop cycle in winter crops affected seed
yield and end-use quality. In the framework of the project, climatic data from southern South
America was analyzed to anticipate how climate change and variability will affect future food
availability. Also, results from waterlogging treatments applied to wheat, barley, and canola (in
Argentina), and barley, camelina and lupine (in Uruguay) were compared to evaluate tolerance
among new cultivars, and design management strategies to avoid vyield penalizations.
Waterlogging occurring immediately before flowering, combined with high vapor pressure deficit
(VPD) conditions caused by high temperatures, significantly increased vyield losses per plant
compared to temperate control conditions. Rising VPD during waterlogging reduced relative
yield at rates of -0.84 kPa™ in wheat and -1.52 kPa™ in barley. These findings suggest that
waterlogging in low-latitude regions or under later sowing dates, where the likelihood of
increased VPD is higher, intensify its negative impact on yield. The impact of climatic variability
on cropping systems in the southern South Cone was also addressed in the context of
agriculture intensification and efficient use of resources. The results show the relevance of winter
crops in crop rotation, key to the agricultural sustainability of the region.
The project funds made it possible to acquire the materials (panels, lights, cold system) to build
a large plant growth chamber at the FAUBA (Buenos Aires), which expands the capacity to apply
stress treatments to crops. Also, experiments at field were installed in locations sprayed in Santa
Fe (Rosario, Venado Tuerto) and Buenos Aires (Chivilcoy, América) provinces in Argentina, and
visited periodically.

Axis 3: Publications and technical meetings associated with the project



The third axis of the project is the extension of the results to farmers, agronomists, technicians,
decision makers, and the scientific community. The main results have been published in 17
papers and book chapter. Technical publications were also made in national journals, and
preliminary results were shared in symposium and congress. Also, the members of the project
were actively engaged in a wide range of field activities aligned with the objectives of the project.
Among these activities, some of them are highlighted for their significance as the field days were
organized in Chivilcoy (Argentina) and Paysandu (Uruguay) in 2024 as part of the results
dissemination activities of the present project and the 14" IBGS (International Barley Genetic
Symposium) organized in Rosario Argentina that included a Field day. Around 80 and 150
attendees gathered at each events of Chivilcoy and Paysandu, respectively. Both field days
were a gold opportunity to join and share the results of the project. The attendants at the Field
day of the 14" IBGS were ca. 170 mostly scientists from different part of world.

The field day in Chivilcoy was on October 17, 2024 in the technology exchange site and
experimental field of Plexagro company. Farmers, technicians, and researchers visited
demonstrative plots with cultivars of wheat, barley and rapeseed (Figure 3). The event was
posted in social media:

https://www.instagram.com/p/DAJETqtOIzU/

https://www.instagram.com/reel/DAZKvVHyjR2/
https://www.instagram.com/reel/DBbYSP9JUHZ/
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Figure 3. Field day in Ayarza, near hivilcoy (Argentina) on October 17, 2024

The field day in Paysandu was on October 22, 2024 in the facilities of Experimental Station
Mario A Cassinoni (EEMAC) of the Faculty of Agriculture at the Universidad de la Republica,
Uruguay. Technicians, farmers and researchers from Uruguay and Argentina met at the EEMAC
to exchange knowledge and experience in winter crops. They referred to wheat, barley, lupine,
pea, and camelina and the impact that abiotic stress has on these crops, from drought to heat
waves. The event was posted in the press and social media:
https://www.instagram.com/eemac _agronomia/reel/DBeOgKWxeHo/
https://portal.fagro.edu.uy/seminario-sobre-cultivos-de-invierno-una-oportunidad-para-discutir-
y-contrastar-experiencias/
https://www.eltelegrafo.com/2024/10/jornada-sobre-cultivos-de-invierno-en-eemac-permitio-
interesante-intercambio-sobre-los-datos-presentados/
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Figure 4. Field day at the EEMAC in Paysandu (Uruguay) on October 22, 2024.

In September, Dr. Miralles FAUBA-CONICET together with the University of Agrarian Sciences
of Rosario (UNR) organized the 14th International Barley Genetics Symposium (IBGS) at the
Rosario Santa Fe Stock Exchange between October 28 and 31, 2024 (See
https://ibgs14.agro.uba.ar/ ). The IBGS has been carried out since 1963, initially held in the
Netherlands in Wageningen, and since then it has been held uninterruptedly until the present,
being the first time it is held in South America and was held at the Rosario Argentina Stock
Exchange. The objective of the IBGS since its creation is to show the latest advances in the
different topics associated with barley cultivation, not only from a genetic point of view but also
from the biotic and abiotic restrictions that barley cultivation presents and the strategies to
increase productivity by making efficient use of inputs. The symposium promotes the exchange
of knowledge between researchers from all over the world and is an ideal setting for generating
collaboration networks between different working groups for the training of excellent human
resources and for generating synergy and efficiency in future research. The 14th IBGS was
attended by nearly 200 researchers and postgraduate students from all over the world
(Denmark, UK, USA, Spain, Sweden, Germany, Uruguay, Argentina, Finland, Latvia, Estonia,
Spain, ltaly, etc.) (See Figure 5).
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Figure 5: 14" International Barley Genetic Symposium carried out in Rosario City and the Field
Day at Zavalla University of Rosario, Sta Fe Argentina.
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Concluding remarks
The development of the project was extremely positive. Despite the economic constraints in
Argentina and the delay in the design of the funds, the researchers from Argentina, Chile, and
Uruguay were able to achieve all the proposed objectives.
The key achievements of the project were: (i) the update and development of the CRONOS
models for wheat, barley and rapeseed; (ii) the installation of a plant growth chamber that
enhancing the capacity of our research group to study crop stresses under controlled conditions;
(iii.1) the successful organization of different field days with farmers and technicians, and (iii.2)
the publication of scientific papers in academic journals as well as in congresses and
symposiums. In conclusion, the project contributed to strengthening winter farming systems
across the Southern Cone and promoted stronger collaboration among research groups from
Argentina, Chile and Uruguay.



