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Introduction

Crop diversification is one of the main strategies of agroecological transition, playing a key role in
enhancing land resource utilization, reducing the agricultural inputs, alleviating biotic and abiotic
stresses, and stabilizing yields and economic returns. At the same time, it is a key adaptive action in
response to weather challenges. In this contest, linseed represents a possible alternative for Tuscany
cropping systems as autumn-winter crop thanks to its ability to withstand low winter temperatures a few
degrees below zero, even in the early stages of plant vegetative development. However, crop
performances, in term of seed yield and quality, can be negatively affected by spring frost during the
flowering stages, as well as by high temperatures and drought occurring from the early flowering stage
to seed development, with adverse effects on flower fertility and seed filling (Cross et al., 2003). On the
other hand, Tuscany region is characterised by a Mediterranean climate with a great interannual
variability in weather conditions with frequent occurrences of spring frost, that usually takes place during
April, and high temperatures and prolonged drought in the late spring. Furthermore, rainfall distribution
and crop evapotranspiration are strongly affected by the orography of the region, as well as minimum
and maximum temperatures are influenced not only by latitude, but also by altitude and distance from
the sea. Finally, the different soil texture gradients determine, under the same weather conditions, a strong
variability in crop responses due to their effect in the soil hydrological properties and, consequently, on
the entire soil-water-crop system. So, within the "SIC-OLEAT - Crop Innovation Systems for Tuscany
Oilseed Crops" project, funded by Tuscany Region (PSR 2014-2020), land suitability to linseed
cultivation in Tuscany was evaluated, starting from the phenological observations directly recorded from
the experimental trials carried out in 2 different locations (San Piero a Grado — Pisa province and Alberese
— Grosseto province) for 2 consecutive growing seasons (2019 and 2020) comparing 5 linseed varieties
and different sowing times.

Materials and Methods

A model for estimating exposure to risks associated with environmental conditions was developed in
plpgsql language, able to perform simultaneous simulations on multiple geographical areas and on
multiple cultivars. The implemented model was based on a specific cultivar module of phenology and on
modules dedicated to the calculation of risk levels from stress associated with cold, heat and water
shortage in the early flowering stages and from full flowering to seed ripening. The inputs of the model
were: (i) daily meteorological data (Tmin; Tmax; rainfall; evapotranspiration) of a climatic series of 42
years (from 1979 to 2020) provided by the AGRI4CAST (JRC, European Commission EU, Science
Hub), in a spatialized grid format, with cells of 25 km on each side; (ii) data of the hydrological constants
of six prevailing soil classes estimated using the Soil Water Characteristics model (Saxthon and Rawls)
starting from the texture and organic matter values of the LAMMA-CRES soil map; (iii)) GDD and
phenology collected from the field trials carried out within SIC-OLEAT project, in 2 different locations
(San Piero a Grado — Pisa province, 43°40°29°°, 10°18’47’and Alberese — Grosseto province,
42°41°38°°, 10°08°29°") for 2 consecutive growing seasons (2019 and 2020) comparing 5 linseed
varieties (Galaad, Libra, Kaolin, Sideral, Szafir) and different 2 sowing times (autumn and spring). Water
stress has been assessed via adimentional index (+1/-1) specific for each cultivar and soil type.
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Results

According to the temperature trend, the model identifies that in the colder areas of Tuscany, the autumn
sowing should be performed at the end of September-mid October, while the spring sowing in April-
May. In the lowland and costal areas, characterized by a warmer climate, autumn sowing should be
accomplished at the end of October-beginning of November and the spring one in March-April. The
model highlighted that in the case of spring sowings, there is no risk of low temperature (Tmin<0 °C)
during flowering, while for autumn sowing the risk is moderate. Areas on which all 5 cultivars are
exposed to frost risk at the beginning of flowering are limited (3 cells out of 66). In Tuscany, the risk of
high temperatures (average daily temperature > 25 °C) during flowering is low for spring sowing and
substantially non-existent for autumn crops. Zero risk (no variety exposed) is present just in a limited
number of cells and the cultivars most likely exposed to high temperature are Sideral and Libra.
Furthermore, the model identified soil type and sowing time as the main factors in determining water
stress risk, independently from the cultivar; the risk tends to increase with both clay content types- due
to the low rain infiltration and water storage capacity - and spring sowing.

Conclusions

The conformation of Tuscany implies a not negligible climatic variability, in terms of rainfall and
temperature across the region. The results obtained in the present study, even if preliminary, have allowed
to highlight that, for each sub-area, the temperature related risk can be reduced by the identification of
the best “sowing time x variety” combination. However, since water deficit is mainly driven by texture
and linseed is a rainfed crop, the reduction of water stress risk could be achieved by growing linseed on
sandy-loam soil. The implemented model has shown that the autumn sowing, in comparison with the
spring one, does not involve an increase in the risks associated with cold/frost during both flowering and
seed development, and a significant advantage in reducing the high temperature and drought related risks
can be achieved.
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