N

N

Potential maize yields in a Mediterranean environment
depend on conditions around flowering
Simona Bassu, Davide Fumagalli, Andrea Toreti, Andrej Ceglar, Francesco

Giunta, Rosella Motzo, Stefan Niemeyer

» To cite this version:

Simona Bassu, Davide Fumagalli, Andrea Toreti, Andrej Ceglar, Francesco Giunta, et al.. Potential
maize yields in a Mediterranean environment depend on conditions around flowering. ICROPM2020:
Second International Crop Modelling Symposium , Feb 2020, Montpellier, France. hal-02950272

HAL Id: hal-02950272
https://inria.hal.science/hal-02950272
Submitted on 27 Sep 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inria.hal.science/hal-02950272
https://hal.archives-ouvertes.fr

Potential maize yields in a Mediterranean environment depend on conditions around flowering

Bassu Simona! (simona.bassu@ec.europa.eu), Fumagalli Davide!, Toreti Andrea!, Ceglar Andrej!, Giunta Francesco?
Motzo Rosella?, Niemeyer Stefan?

t Joint Research Centre, Ispra, Italy; ? University of Sassari, Sassari, Italy

Introduction

Understanding the effects of different combinations of sowing dates and cultivars on maize yield is essential to
develop appropriate climate change adaptation strategies. Thus, modelling ability in reproducing the observed
response of maize yield to sowing dates and cultivars needs to be assessed. In particular, whether crop conditions
around flowering can entirely explain the variability of potential yields across sowing dates and cultivars in climatic
conditions such as the Mediterranean ones (where high temperatures may occur during the grain filling period)
needs to be explored. Otherwise, also assimilation during grain filling and its duration should be taken into account.

Materials and Methods

Here we test in potential conditions the WOFOST model, based on the partitioning approach, and a simpler model,
based on physiological crop conditions around flowering, built combining WOFOST-simulated above-ground bio-
mass, LAl, anthesis date with the yield estimation method proposed by Otegui et al. (1998) and Gambin et al.
(2006), hereafter Otegui-Gambin. The latter calculates kernel number on the base of the amount of intercepted
photosynthetically active radiation during the critical period of ear elongation, i.e. around flowering, and kernel
weight on the assimilate availability close to flowering, which includes the period of early grain development.
Models evaluation was based on a 2-year field experiment conducted in a Mediterranean environment under fully
irrigated conditions.

Results and Discussion

Both modelling approaches reveal good performance in simulating average maize yield under irrigated conditions.
However, the simpler one based on the conditions around flowering outperforms the WOFOST model in the res-
ponsiveness to changes in sowing date and cultivar, with a RMSD (root mean square difference) reduction and
a higher model efficiency (Willmott, 1982). The yield variability across the six sowing dates, calculated using the
variation coefficient per year and cultivar, was higher in the Otegui-Gambin approach than in WOFOST, as shown
in Figure 1.

Our analyses reveals that crop conditions around flowering time can explain alone maize yield variation through
different sowing dates and cultivars under irrigated conditions. This is because in an environment where crop can
fully take advantage of the growing season, in absence of environmental constraints, such as water shortage, frost
or heat stress, yield is solely determined by radiation and temperature during the yield critical period (Andrade et
al., 2010) Thus, higher temperatures during grain filling may change grain filling duration but not necessarily yields
if they are compensated by high incident daily radiation supporting the findings of Muchow (1990). Therefore, the
variation in duration of the grain filling, the main yield determinant in the partitioning modelling approach, may
produce a simulated yield variability that is different from the one determined by biomass production and inter-
cepted radiation around flowering.

Conclusions
Our findings show that the partitioning approach achieves less accurate estimates of yields across different sowing
dates, whereas an approach mainly based on anthesis conditions performs better.

Acknowledgements

The authors thank Paola Fenu, Roberto Leri and Paolo Manca for their technical assistance and Matteo Serusi for
the supply of 1 year of field data used in the calibration of WOFOST model.

e



Variation coefficient of yield delaying sowing date from 1974 to 2016

CY (%)

300w 400 W 500 W 600 W 700W 800 W 300 Ot 400 Ot 5000t 600 Ot 700 Ot 800 Ot

Cultivars

Figure 1. Variation coefficients of predicted maize yields through six different sowing dates (15th and 30th of each month

from April to June) for each cultivar type (300, 400, 500, 600, 700, 800) during the 1974-2016 period.
Grey and white boxplots correspond to the variation coefficients of the yields simulated by WOFOST (W)
and Otegui- Gambin (Ot), respectively.
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