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4. Relevance of the topic and state of the art 

Recently, European Commission has clearly expressed the will to promote the transition to a 

sustainable food system that, among other goals, should have a neutral or positive 

environmental impact, help to mitigate climate change, and adapt to its impacts and reverse 

the loss of biodiversity. With this regard, the European Commission has defined the Farm to 

Fork Strategy, being at the heart of the European Green Deal, which aims to make food 

systems fair, healthy, and environmental-friendly (EU, 2020). One of the food production 

systems which is promoted and expressly indicated as sustainable is the organic system. 

Research is still needed in this field to quantify the expected environmental benefits at large 

temporal and spatial scales. Mechanistic simulation models are powerful tools that can be 

used to evaluate what-if agricultural management and pedoclimatic scenarios by depicting 

the high-level complexity of the of the soil-crop-atmosphere continuum. However, the 

available soil-crop-atmosphere simulation models do not represent adequately the 

differences between conventional and organic cropping systems (Ballot et al., 2018). In the 

representation of the organic farming, it is important to evaluate the crop growth in response 

to biotic stresses: weeds, insects, and fungi diseases. Especially in the organic farming, 

crops suffer from the competition for solar radiation, soil water and nitrogen availability, so 

there is the need of simulating weeds in response to standard and optimized management, 

sowing density, mechanical (e.g., ploughing, sod seeding) and chemical control (type of 

herbicide, either conventional or derived from bioproducts), crop residues management, and 

the crop and weeds phenological stage. Several process-based models already exist for 

weeds (Holst et al., 2007) and for diseases (Donatelli et al.,2017) but are not still fully 

integrated in the cropping system process-based models. Organic nitrogen (N) and 

phosphorus (P) fertilizers also require to better simulated in terms of environmental losses 

(Autret et al., 2020) 

The objectives of this PhD project are defined with the purpose of overcoming the lack of 

knowledge and the limited capability of the available simulation models in representing the 

organic cropping system. The specific objectives are: 1) to improve the understanding of 

field processes involving weeds management and its simulation, 2) to simulate the effects on 

crop growth and soil variables of the N and P organic fertilization in the conventional and 

organic farming systems, and 3) to evaluate the benefit of organic vs conventional farming 

in terms of climate change mitigation. 
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5. Layout of the project 

5.1. Materials & Methods:  

Five main activities will be carried out during the 3-year period. Details are given below. 

1) Data collection and elaboration: 

• Collection of experimental data related to input (fertilization, tillage, irrigation, 

residues management) and state variables (e.g., crop yield, soil organic carbon) from 

short and long-term experiments where conventional and organic systems were 

compared.  

• Data quality assessment, scaling and building of harmonised datasets. 

• Building simulation scenarios for calibration and validation of the new modules.  

2) Weeds module development and integration into the ARMOSA process-based model: 

• Collection and improvement of the algorithms to describe crop and weed 

competition and intercropping.  

• Development of the weed and intercropping modules. Sensitivity analysis of the 

parameters of the new modules. 

3) Development of the P module and integration into the ARMOSA process-based model: 

• Collection and improvement of the algorithms to simulate at daily time step the total 

soil phosphorus P content (inorganic and organic forms) will be simulated in 

different pools: (i) a stabile pool that includes forms that cannot be taken up by 

plants; (ii) a plant extractable nutrient pool that is postulated to be equivalent with 

the soluble soil phosphorus fraction; and (iii) a plant nutrient pool phosphorus 

balance. The crop residue management, crop rotation, and tillage will affect the 

phosphorus balance at daily time-step. 

• Development of the P modules. Sensitivity analysis of the parameters of the new 

module. 

4) Results of the simulation approaches (ARMOSA with and without the newly developed 

modules) will be evaluated against the measured agro-environmental variables of the 

case studies by computing a set of fitting indices. 

5) The upscaling of the modelling study will be performed at European scale with the crop 

model ARMOSA with the aim of estimating the effect of organic cropping systems on 

crop yield, N and P crop removal, soil carbon sequestration, nitrogen leaching, ammonia 

and nitrous oxide emissions under current and future climate scenarios in comparison 

with conventional tillage. The climatic data of future scenarios, which will be available 

from the EU website Agri4cast, and the LUCAS soil database will be used to 

characterize the homogenous simulation units. FAOSTAT will provide useful for 

retrieving crop yield and defining the representative crop rotations. 

Available facilities: The DiSAA laboratories are equipped for the planned analyses. Our 

research team is the developer and the owner of the ARMOSA code. The software code 

is constantly updated and enriched with new modules. 

       



 

5.2. Schedule and major steps (3 years):  

The schedule of activities is split into three-month periods; details are given in the following 

table.        

1 2 3 4 1 2 3 4 1 2 3 4

Data collection of long-term experiments in Europe about organic vs conventional farming X X X

Development of the module for simulating weeds competition and intercropping X X X

Integration of the weeds and intercropping modules into the ARMOSA crop model X

Development and integration of the module for simulating P forms in soil X X

Calibration of the new simulation modules X X

Preparation of a peer-reviewed paper X X X

Set of the input data for the European scale modelling analysis X X X

Application of the improved ARMOSA model at European scale X X X

Output of the European scale modelling analysis X X X

Preparation of a peer-reviewed paper X X

Writing of the PhD thesis X X X

1
st
 year 2

nd
 year 3

rd
 year
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