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SIMULATION AVEC LE MODELE STICS DE 6 SYSTEMES DE CULTURE A BAS INTRANTS
INCLUANT DES LEGUMINEUSES A GRAINES ET DES CULTURES INTERMEDIAIRES

Daniel Plaza-Bonilla et Eric Justes

INRA, UMR 1248 AGIR, Toulouse, France

Mots clés: culture intermédiaire; systéme de culture; légumes a graines; rotation; simulation; STICS

Introduction

The design of low-input cropping systems is one of the key strategies to reduce the environmental impact
of agriculture while maintaining productivity. In these systems a part of the fertilizer-N applied is usually
replaced by the inclusion of legumes within the rotations while the use of cover crops aimed to better
couple nutrient and N cycling and cash crop requirements. The objective of this work was to analyze the
ability of the STICS model (Brisson et al. 1998, 2002, 2003) to simulate successions of crops in different
rotations to assess the performance of different innovative cropping systems and better analyse the N
balance using STICS outputs.

Materials and Methods

In order to study the sustainability and productivity of the inclusion of legumes and cover crops in the
rotations, a low-input cropping system experiment was established at INRA Auzeville (SW France) in 2003.
The experiment consisted in a split-plot design with three replications. In the main plot, three 3-year
rotations without (GLO), and with one (GL1) and two (GL2) grain legumes were compared whereas the
presence (CC) or absence (F, fallow) of cover crops was compared in the sub-plot. The GLO treatment
consisted in a sorghum — sunflower — durum wheat rotation. The GL1 treatment was based on a sunflower
— winter pea — durum wheat rotation, while the GL2 treatment consisted on a soybean — spring pea —
durum wheat rotation. Mustard, vetch and a vetch — oat mixture were used as cover/catch crops. The use
of cover crops aimed to (i) reduce the losses of nitrate due to leaching and/or (ii) produce a green manure
effect allowing the reduction of mineral N fertilization with the use of a legume.

Crop biomass, grain production, crop N uptake, the amount of mineral N and water in the soil in key stages
of the cropping cycle and the amount of N fixed by legume cash and cover crops by the N natural
abundance method were measured during two successive three-year rotations (6 years). The capacity of
the STICS model to simulate with precision the different cropping systems was tested. In order to do so, a
parameterization of the different crops and varieties of the three rotations was performed using observed
data of all the F treatment. Special attention was paid to well simulate biomass, N uptake and grain
production. The predictive performance of the model was tested by simulating the CC treatments and
calculating the: (i) model efficiency (EF), (ii) mean deviation (MD), (iii) normalized root mean square error
(NRMSE) and (iv) R-square (R%). Crop management practices and pedoclimatic conditions were used as
model inputs.

Results and Discussion

The model performed well when simulating the successive units of simulation (USM) of the different
rotation tested (Table 1). For instance, for the two rotation cycles (6 years) positive efficiencies (EF) were
observed when predicting aboveground biomass and grain yield in the GLO, GL1 and GL2 rotations (Table
1). Accurate successive simulations of grain yield were also obtained when distinguishing between the
different cash crops of the rotation studied (Figure 1). STICS performed correctly when simulating grain
yields of durum wheat, winter pea, soybean and spring pea, while the agreement between observed and
simulated values was lower for sorghum and sunflower (Figure 1). Similarly than crop biomass, a good
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agreement between simulated and observed values of N uptake was also observed for the two cycles of the
3-yr rotations. Similarly, the amount of N fixed by the legumes was correctly simulated in GL1 and GL2
(Table 1). These results confirms the robustness of the STICS model to simulate correctly a wide range of
crops (Coucheney et al., 2015)

Table 1 Model efficiency (EF), mean deviation (MD), normalized RMSE (nRMSE) and R® of the simulation of 2
consecutive 3-year rotations without (GLO) and with one (GL1) and two (GL2) grain legumes with cover crops.

Biomass Grain yield N uptake N, fixed
(t DM ha™) (t DM ha™) (kg N ha™) (kg N ha™)
GLO GL1 GL2 GLO GL1 GL2 GLO GL1 GL2 GL1 GL2
EF 0.90 0.90 0.86 0.59 0.48 0.64 0.74 0.73 0.70 0.79 0.56
MD 0.08 -0.48 0.54 0.24 0.06 0.07 6.79 18.26 16.19 -8.4 -18.49
NnRMSE  20% 24% 25% 24% 28% 18% 28% 34% 32% 43% 32%
R’ 0.90 0.91 0.88 0.59 0.65 0.68 0.76 0.79 0.74 0.79 0.67
9000 - @ Observed
—_ 8000 7 0 Simulated
T 7000
=
6000
2
5 5000
2 4000
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£ 3000
£ 2000
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Figure 1. Grain yield of the different cash crops used in each rotation with cover crops (GLO, GL1 and GL2, 3-year
rotation with 0, 1 and 2 grain legumes, respectively). Values are the mean of seven years of experiment. For each
rotation, each cash crop was grown each year. Vertical bars correspond to the standard deviation.

Conclusion

This preliminary results show the potential of STICS to simulate successions of crops in different rotations
and consequently to assess the performances of various cropping systems including legumes and cover
crops. The outputs could then be use to analyse N dynamic at the rotation level.
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