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Résumé

Description du sujet. Les plantes de couverture ont un fort potentiel pour fournir des services écosystémiques tels que le contrôle des mauvaises herbes, des parasites ou de l'érosion, ainsi que la fixation de l'azote. En raison de la grande diversité des plantes de couverture disponibles, le choix d'une plante pour fournir ces services est crucial car les combinaisons spatiales et temporelles avec la culture principale détermineront les performances du système de culture.

Objectifs. Dans cette étude, nous avons évalué la croissance et la réponse des traits de 16 espèces de plantes de couverture en fonction de quatre dates de semis à la Réunion.

Méthode. La comparaison des espèces s'est fondée sur divers traits tels que la biomasse aérienne, la couverture du sol, la hauteur ou l'efficacité d'utilisation de la lumière.

Résultats. Certaines espèces ont été performantes à la fois en saison chaude et en saison fraîche (e.g. Penisetum glaucum, Guizotia abyssinica), tandis que d'autres étaient plus spécifiques à la saison chaude (e.g. Crotalaria juncea, Canavalia ensiformis) ou à la saison fraîche (e.g. Avena sativa, Pisum sativum). Au sein des espèces et des dates de semis, la couverture du sol et la hauteur des plantes furent positivement corrélées avec le rapport entre la biomasse foliaire et aérienne.

Conclusions.

En tenant compte de la hauteur maximale des espèces et de leur efficacité d'utilisation de la lumière, nous avons discuté d'une sélection basée sur les traits des espèces adaptées au mélange des cultures ou à la jachère avec la canne à sucre à la Réunion. Cette approche, même si fondée sur quelques traits, nous a permis d'identifier des plantes de couverture à tester dans les systèmes de culture de la canne à sucre.

Mots clés: plantes de service; plantes compagnes; traits fonctionnels; canne à sucre; température ; services écosystémiques

INTRODUCTION

Cover cropping has a long history of research documenting benefits for farmers and the environment.

Nowadays, cover or companion plants are being increasingly used in innovative cropping systems to favor biological regulation and to deliver agro-ecosystem services such as weed, pest or erosion control, as well as nitrogen fixation [START_REF] Altieri | Enhancing Crop Productivity via Weed Suppression in Organic No-Till Cropping Systems in Santa Catarina, Brazil[END_REF][START_REF] Koohafkan | Green Agriculture: foundations for biodiverse, resilient and productive agricultural systems[END_REF]. Among many services, cover plants have a strong potential to control weeds in tropical agrosystems as an alternative to chemical inputs such as herbicide (e.g. [START_REF] Bhaskar | Living mulch performance in a tropical cotton system and impact on yield and weed control[END_REF][START_REF] Ranaivoson | Is mulching an efficient way to control weeds? Effects of type and amount of crop residue in rainfed rice based cropping systems in Madagascar[END_REF].

Due to the large diversity of cover plants available, the choice of a plant to deliver these services is crucial because the spatial and temporal combinations with the main crop will determine the performances of the cropping system [START_REF] Malézieux | Mixing plant species in cropping systems : concepts , tools and models . A review cite this version : Review article Mixing plant species in cropping systems : concepts , tools and models[END_REF].

The choice of cover plant species for rotations or crop mixtures will be influenced by their performance, itself resulting from plant traits (morpho-physio-phenological features, which are measurable at the plant or group of plants level, [START_REF] Violle | Let the concept of trait be functional![END_REF], in accordance with the services sought and the main crop characteristics. Therefore, trait-based approaches can be used as a mechanistic method to design multispecies agrosystems [START_REF] Barot | Designing mixtures of varieties for multifunctional agriculture with the help of ecology[END_REF][START_REF] Wood | Functional traits in agriculture: agrobiodiversity and ecosystem services[END_REF]. For example, to control weeds, species which perform well in terms of soil cover will be sought, taking into account the soil-climate conditions where the main crops can be found [START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF][START_REF] Tixier | Model evaluation of cover crops, application to eleven species for banana cropping systems[END_REF]. The selection of species based on their traits can serve two purposes. On the one hand, this choice can be based on the search for traits to be favored or avoided. For example, in the case of mixtures, low height species should be favored to avoid shading with the main crop. On the other hand, traits can be considered as proxies of plants performances and make it possible to compare wide ranges of cover crops. As an example, [START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] identified representative plant traits to characterize the light acquisition strategies of 21 different species (e.g. soil coverage negatively correlated with plant height). Although trait-based approaches have been extensively used in natural ecosystems, applications of these approaches to agrosystems are still currently increasing [START_REF] Damour | Leaf area development strategies of cover plants used in banana plantations identified from a set of plant traits[END_REF][START_REF] Damour | A trait-based characterization of cover plants to assess their potential to provide a set of ecological services in banana cropping systems[END_REF][START_REF] Garnier | A trait-based approach to comparative functional plant ecology: concepts, methods and applications for agroecology[END_REF][START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF][START_REF] Tixier | Model evaluation of cover crops, application to eleven species for banana cropping systems[END_REF].

In Reunion Island, sugarcane represents more than 50% of the cultivated area and, consequently, a significant portion of the island's economy [START_REF] Agreste | Réunion : enquête pratiques culturales canne -Le désherbage de la canne à sucre (No. 101)[END_REF]. Sugarcane is still mostly cultivated as intensive monoculture, using large amounts of herbicides [START_REF] Antoir | Les bonnes pratiques de désherbage de la canne à sucre -Ile de La Réunion 2016, à sucre -Ile de La Réunion[END_REF]. In these systems, the use of cover plants to control weeds is currently investigated as a fallow between two cycles of cane or in intercropping as an alternative to herbicides [START_REF] Christina | Crop cover selection to improve weed control in multi-species agrosystems in Reunion Island[END_REF][START_REF] Mansuy | CanécoH : mise au point de leviers pour une Canne à sucre économe en Herbicide à La Réunion[END_REF].

Reunion island present extremely diverse climate. Agricultural cane areas range from sea level up to 1000 m, inducing a gradient of 7-8°C between low and high altitude [START_REF] Jumaux | Atlas climatique de la Réunion[END_REF].

Precipitation is highly variable and range from <50 mm y -1 in the East Coast to >5000 mm y -1 in the West Coast. Additionally, Reunion Island is characterized by a wet and warm summer and a dry and cool winter.

In such context, the choice of cover plants will be critical and will depend on the climatic conditions which will vary depending on agricultural areas and sowing season. In the current study, we aim to assess the cover plant growth response to climate variability of 16 different cover plants in Reunion Island. The objectives of this study were: i) to assess the influence of climatic conditions on the species ability to cover the soil and produce aerial biomass, ii) to assess the species traits that could be used as proxies for cover plants coverage and biomass and iii) to select the species the more adapted to crop mixture or fallow, based on traits and performances.

MATERIALS AND METHODS

Plant species and experimental conditions

The experiment was located at the CIRAD experimental station of La Mare in Reunion Island (-20.902, 55.529) at an altitude of 65 m a.s.l. The soil was a typical nitisoil (pH 6.1, organic C 21.5 g kg -1 , organic N 1.79 g kg -1 , CEC 10.6 cmol kg -1 with 42% of clay, 38% of silt and an apparent density of 1.36). Four sowing dates were performed during the year (Table 1) in a field previously used as a permanent fallow. 16 cover plant species were chosen among a collection of tropical cover plant species (Christina et al., 2020a) studied by CIRAD in Reunion (Table 2). At each sowing date, plant species were sown in separate plots of 16 m². Before sowing, a tillage has been carried out and herbicide was applied to control weeds. Seeds were sown manually following lines spaced by 40 cm. Seed densities are indicated in Table 2. During the growth, weeds were regularly removed by hand to ensure non-limiting conditions of plant growth and to assess their potential growth and development. Cover crops were harvested after three months of growth. All plots were irrigated (10 mm weekly) and not fertilized. Climate data were measured in a nearby Campbell weather station in the same site: average daily temperature (TMEAN, °C), global radiation (RG, MJ m -2 ), potential evapotranspiration (mm d -1 ) and precipitation (PPT, mm d -1 ). 

Coverage, height and leaf number measurements

Different plant traits were measured along the growth. Soil coverage (Cov, in %) by plants were measured weekly the first month and every two weeks afterwards, using a visual notation methods described in Table S1 and used in previous studies [START_REF] Mansuy | CanécoH : mise au point de leviers pour une Canne à sucre économe en Herbicide à La Réunion[END_REF][START_REF] Marnotte | Influence des facteurs agroécologiques sur le développement des mauvaises herbes en climat tropical humide[END_REF][START_REF] Mathieu | L'enherbement des sols à Muskuwaari au Nord-Cameroun[END_REF]. Between two dates of measurements, daily coverage vas linearly extrapolated. Then, we calculated an aboveground coverage index (ABVCOV) over the 3 months of growth as the area under the curve of the daily dynamics of plant coverage:

𝐴𝐵𝑉 𝐶𝑂𝑉 = ∑ 𝐶𝑜𝑣(𝑖) 𝑖=𝑑𝑎𝑦 ∑ 100%
𝑖 ABVCOV ranges from 0 with no soil coverage to 1 where plant cover 100% of the soil all the time.

For each species, we then calculated the relative coverage index (rABVCOV) in each sowing dates as the ABVCOV divided by the maximum ABVCOV across sowing dates. At the same date that coverage, measurements of heights and leaf number were performed on 5 individuals per plot. Then, the plant height and number of leaves were averaged per plot. A growth rate in height (HGR, cm d -1 )

was assessed for each species as the maximal height divided by the number of days after sowing to reach this height. The leaf appearance rate (LeafRATE, d -1 ) was assessed as the slope of the curve between the number of leaves per individual and the number of days after sowing. Variables are described in Table 3.

Biomass and radiation use efficiency measurements

Aboveground dry biomass was measured at 1, 2 and 3 months after sowing in each plot. At each date, three squares of 50 x 50 cm were sampled and weighed after being dried at 60°C over 3 days.

For 9 species (DOLLA, CTVJU, CAJCA, PESGL, BRSCA, GUIAB, CNAEN, VIGSIa and VIGSIb), leaves were separated from the other aboveground part. For each species and sowing dates, we defined the maximum aerial dry biomass (ABVDM, kg.m -2 ) that each crop has reached over growth.

For most of the species, ABVDM was the biomass at 3 months, but for a two of them with shorter life cycle, the ABVDM was the biomass at 2 months (VIGSIa, RAPSR). For each species, we then calculated the relative aboveground dry biomass (rABVDM) in each sowing dates as the ABVDM divided by the maximum ABVDM across sowing dates. At the same date, we calculated three additional traits from these measurements: the aboveground humidity (ABVHUM, %), the ratio between the leaves dry biomass and ABVDM (LeafRATIO) and the leaf humidity (LeafHUM, %).

During the last sowing date trial, measurements of the fraction of intercepted photosynthetic active radiation (fiPAR) were performed at 1 and 2 months using a ceptometer (SS1 Sunscan Canopy Analysis System). A relation between fiPAR and plant coverage was built (Figure S1). This relation was used to estimate the daily fiPAR during growth based on the dynamics of coverage. The sum of intercepted photosynthetic active radiation (siPAR) at 1 and 2 months was then calculated as:

𝑠𝑖𝑃𝐴𝑅 = ∑ 0.48 * 𝑅 𝐺,𝑖 * 𝑓𝑖𝑃𝐴𝑅 𝑖 𝑖=𝑑𝑎𝑦
Where RG,i is the daily global radiation (MJ m -2 ) and 0.48 accounted for the RG to PAR conversion.

Finally, the radiation use efficiency (RUE, g MJ -1 ) of each species in each sowing date trial was estimated as the slope between aboveground dry mass and siPAR between one and two months.

Variables are described in Table 3. 

Optimal temperature calculation

The optimal temperature for plant growth in terms of coverage (ToptCOV) and aerial dry biomass (ToptDM) were estimated. For each trial, the average daily temperature (TMEAN) was calculated over the three months of growth. ToptCOV and ToptDM were assessed as the average temperature (TMEAN) over the trials weighted by the aboveground coverage index (ABVCOV) and the maximum dry biomass (ABVDM) respectively, as followed: 

𝑇𝑜𝑝𝑡 𝐶𝑂𝑉 = ∑ (

Data analysis

All data used in this study are freely available on CIRAD dataverse (Christina et al., 2020b). First, a hierarchical clustering analysis was performed on ToptCOV and ToptDM (R package FactoMineR).

Based on this analysis, three clusters were defined. In each cluster, a non-linear regression was performed between the rABVDM and the TMEAN of each sowing date, using a normal distribution:

𝑟𝐴𝐵𝑉 𝐷𝑀 = 1 𝜎√2𝜋 𝑒 -1 2 ( 𝑇 𝑀𝐸𝐴𝑁 -𝜇 𝜎 ) 𝑛
Where rABVDM is the relative ABVDM and σ, μ and n are parameters. The same equation was built

for the relative rABVCOV. The confidence interval of each curve was assessed using the predictNLS function from the propagate R package.

Data were then separated into variables measured in the warm season (e.i. the two sowing dates with TMEAN > 25°C) and cool season (e.i. the two sowing dates with TMEAN < 24°C). For each dataset, a principal component analysis (PCA) was performed on ABVDM, ABVCOV, HGR and RUE (R package FactoMineR and missMDA). Finally, correlation among plant traits including previous ones and LeafRATE, LeafRATIO, LeafHUM and ABVHUM, were assessed with a spearman correlation (R package stats). All data analyses were performed with R 3.6 (R Development Core Team, 2019).

RESULTS

Dry biomass and coverage response to temperature

Using a hierarchical clustering analysis, three clusters of species were defined based on the optimal temperature for growth in dry biomass and coverage (Figure 1a). The first cluster was composed of species with an optimal temperature for growth in dry biomass and coverage around > 25°C and thus more adapted to warm season (Figure 1b,c). The second cluster was composed of species with similar response of dry biomass (e.i. optimal temperature > 25°C), but the coverage performance remained similar among the sowing dates (Figure 1d,e). The third cluster was the opposite of the first one, composed of species with optimal temperatures < 24°C and thus more adapted to cool seasons (Figure 1f,g).

Figure 1. Species composition of the three clusters (named c1, c2 and c3) obtained after a hierarchical clustering analysis on ToptDM and ToptCOV (a). In each cluster, the relative ABVDM and

ABVCOV response to TMEAN, the daily average temperature over the growth of each sowing date, were plotted (b-g). A non-linear regression using a normal density function was added in each plot.

Shaded gray represents the confidence interval of the regression curve.

Dry biomass and coverage performance of species

During the warm season the most productive species were found in clusters 1 and 2 (Figure 2). In these clusters, aboveground dry biomass varied from 0.5 to 2 kg m -2 , with the highest average values found for Crotalaria juncea, Canavalia ensiformis, Crotalaria spectabilis, Lablab purpureus, Guizotia abyssinica and Pennisetum Glaucum. During the cool season, the highest ABVDM around 0.7 kg m - 2 were found for 3 species from all three clusters (Crotalaria spectabilis, Pennisetum Glaucum, Avena sativa).

In terms of coverage, the difference between warm and cool seasons were less pronounced. During the warm season, the species with the highest ABVCOV were found in cluster 1 (Lablab purpureus, Crotalario juncea) and cluster 2 (Pennisetum glaucum, Guizotia abyssinica). During the cool season, these four species were also covering. Additionally, species from the cluster 3 had a high coverage index, in particular, Avena sativa and strigosa, Vicia villosa and Pisum sativum. 

Species selection based on traits and performances

In addition to dry biomass production and coverage, two traits were used to classify species: the maximum plant height (HMAX) and the radiation use efficiency (RUE). These traits were chosen because in case of crop mixtures, an adapted cover plant should have a moderate height to avoid light competition with the main crop, as well as a high RUE, considering that it will grow in the shadow of the main crop.

In both principal component analyses performed in the warm and cool season, the first component was mainly determined by ABVCOV, ABVDM and RUE, while HMAX contributed more to the second component (Figure 3). Considering the warm season (Figure 3a), species with high ABVDM, ABVCOV, RUE but moderate HMAX were Lablab purpureus, Canavalia ensiformis, Vigna unguiculata. Other species also showed high production and coverage but high HMAX, such as Guizotia abyssinica, Pennisetum glaucum or Crotalaria juncea. Considering the cool season (Figure 3b), the species with the highest production and coverage but moderate height were Guizotia abyssinica, Avena sativa, Avena strigosa. Pennisetum glaucum and Crotalaria specitabilis also produced high biomass but with high HMAX. Values of HMAX and RUE per species and season were presented in Figure S2. Dark gray zone include species with low height.

Correlation between plant traits and performances

Despite changing with the growing season, plant height and LeafRATIO were indicators of plant performance in terms of coverage and biomass (Figure 4). Plant coverage (ABVCOV) and dry mass (ABVDM) were positively correlated with RUE (, HMAX and HGR during the warm season (Figure 4a).

On the contrary, during the cool season only ABVCOV was correlated with HMAX and HGR but not with RUE (Figure 4b). In the cool season, plants with high ABVCOV values in the cool season were also 

DISCUSSION

Cover plant growth response to climate

Our results show that cover plant's performances vary strongly with the sowing dates in the context of North Reunion. Reunion Island presents a climate with high spatial and temporal variability, similarly to many tropical islands. Depending on location (sea level up to more than 1000 m), average daily temperature change from around 22 to 27 °C near the coast in cool and warm seasons, respectively, and from 13 to 22°C around 1000 m [START_REF] Jumaux | Atlas climatique de la Réunion[END_REF] In our study, cover plant performance was strongly conditioned by its climatic origin. As expected, tropical cover plants were more productive than temperate ones during summer. Among tropical species, C4 plants (such as P. glaucum) are often more productive than C3 plants, particularly in tropical environments [START_REF] Brown | Agronomic Implications of C4 Photosynthesis[END_REF], which is consistent with our results. Moreover, previous studies have shown that biological fixation in the temperature legume used in the study (Vicia villosa and Pisum sativum) strongly decrease from cold (10°C) to warm (20°C) soil temperature [START_REF] Power | Relative Nitrogen Utilization by Legume Cover Crop Species at Three Soil Temperatures[END_REF]. In winter, temperate species were found among the most productive species (e.g. Avena, Vicia villosa) in terms of aerial biomass but there were not more productive than tropical species such as Pennisetum glaucum, Guizotia abyssinica, Crotalaria spectabilis or Canavalia ensiformis. Nevertheless, climatic conditions in the North Reunion winter (with an average temperature around 22°C) that these winter conditions are relative because they correspond to temperatures observed in a temperate climate in spring or summer. Consequently, except for areas in very high altitude, temperate species should not be put forward, even in tropical winter conditions.

Cover plant traits and performances

Functional traits approaches have a high potential to evaluate different services [START_REF] Duru | How to implement biodiversity-based agriculture to enhance ecosystem services: a review[END_REF][START_REF] Garnier | A trait-based approach to comparative functional plant ecology: concepts, methods and applications for agroecology[END_REF] such as weed control (e.g. [START_REF] Damour | Leaf area development strategies of cover plants used in banana plantations identified from a set of plant traits[END_REF][START_REF] Damour | A trait-based characterization of cover plants to assess their potential to provide a set of ecological services in banana cropping systems[END_REF][START_REF] Tixier | Model evaluation of cover crops, application to eleven species for banana cropping systems[END_REF] or erosion [START_REF] Altieri | Enhancing Crop Productivity via Weed Suppression in Organic No-Till Cropping Systems in Santa Catarina, Brazil[END_REF][START_REF] Koohafkan | Green Agriculture: foundations for biodiverse, resilient and productive agricultural systems[END_REF]. However, measurements of these traits are still limited [START_REF] Damour | Leaf area development strategies of cover plants used in banana plantations identified from a set of plant traits[END_REF][START_REF] Damour | A trait-based characterization of cover plants to assess their potential to provide a set of ecological services in banana cropping systems[END_REF][START_REF] Garnier | A trait-based approach to comparative functional plant ecology: concepts, methods and applications for agroecology[END_REF][START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF][START_REF] Tixier | Model evaluation of cover crops, application to eleven species for banana cropping systems[END_REF] compared to the range of trait values measured in wild species worldwide [START_REF] Kattge | TRY plant trait databaseenhanced coverage and open access[END_REF].

In our study, different relations between species traits and performances have been characterized.

In particular, plant performances in terms of coverage and biomass were correlated with height (HGR and HMAX). The growth rate in height was itself negatively correlated with the leaf mass fraction (LeafRATIO). In other words, the more performant species in our context were plants which invest carbohydrates in a support structure to grow in height rather than investing in leaves biomass, allowing them to be in the top layers of the canopy.

Moreover, the sowing dates and so the climatic conditions seem to affect these correlations, highlighting a high variability between species in terms of plant response to conditions. Two studies [START_REF] Damour | Leaf area development strategies of cover plants used in banana plantations identified from a set of plant traits[END_REF][START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] in tropical banana cropping systems allowed some comparisons with our results. For the biomass and the leaf mass fraction traits, these studies were contradictory in their results. Indeed, [START_REF] Damour | Leaf area development strategies of cover plants used in banana plantations identified from a set of plant traits[END_REF] showed a positive correlation while [START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] showed a negative one (not correlated in the current study). [START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] also showed that the height was negatively correlated with the LeafRATIO and positively with biomass. In the current study, these relations were also observed but only in the warm season, which is consistent with the fact that [START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] mostly used cover plants adapted to the warm climate (e.g. C. spectabilis, C. cajan and V. unguiculata).

In most studies, plant performances in biomass or coverage are associated with plant traits that could increase competitiveness for light (e.g. height, crown width or specific leaf area, [START_REF] Lambers | Inherent Variation in Growth Rate Between Higher Plants: A Search for Physiological Causes and Ecological Consequences[END_REF][START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF] or soil resources (e.g. diameter roots and specific root length, [START_REF] Moreau | Effects of species and soil-nitrogen availability on root system architecture traitsstudy on a set of weed and crop species[END_REF][START_REF] Tardy | Trait-based characterisation of soil exploitation strategies of banana, weeds and cover plant species[END_REF]. Nevertheless, such competitiveness could be harmful depending on the spatial and temporal combinations with the main crop [START_REF] Malézieux | Mixing plant species in cropping systems : concepts , tools and models . A review cite this version : Review article Mixing plant species in cropping systems : concepts , tools and models[END_REF].

Assessing cover plants based on multiple traits allows identifying species adapted to different cropping system such as intercropping or cover cropping [START_REF] Ripoche | Modeling spatial partitioning of light and nitrogen resources in banana cover-cropping systems[END_REF][START_REF] Tixier | Model evaluation of cover crops, application to eleven species for banana cropping systems[END_REF].

Identifying species and traits adapted to crop mixture or fallow in Reunion

Plants' traits can be used to select species for a specific function in a cropping system [START_REF] Damour | A trait-based characterization of cover plants to assess their potential to provide a set of ecological services in banana cropping systems[END_REF][START_REF] Martin | REVIEW: Plant functional traits in agroecosystems: a blueprint for research[END_REF]. The service sought as much as the context (fallow or intercrops, crop management, climate) will drive the choice of service plant species [START_REF] Garcia | Management of service crops for the provision of ecosystem services in vineyards: A review[END_REF]. In Reunion, sugarcane is the predominant crop, and weed management is a major constraint in these cropping systems where soil and water resources are not particularly limiting (high fertilization rates, high rainfall). Therefore, light competition strategies of cover plant species can help to select bestsuited species for controlling weeds in sugarcane cropping systems.

We assume that the combination of high demand (i.e. high biomass production) and high coverage would maximize weed control in Reunion Islands (Christina et al., 2020a). Several studies report that a "shading" strategy is very efficient to control weeds [START_REF] Liebman | Crop-Rotation and Intercropping Strategies for Weed Management[END_REF][START_REF] Tardy | Trait-based characterisation of cover plants' light competition strategies for weed control in banana cropping systems in the French West Indies[END_REF].

During fallow period, erected species with high biomass and coverage could be good candidates to control weeds. Thus, cover crop species should have high ABVCOV, ABVDM, HMAX and HGR. In our panel, Guizotia abyssinica, Pennisetum glaucum, and Crotalaria juncea fit very well with this description during the warm season. Guizotia abyssinica and Pennisetum glaucum are also good candidates for the cool season with lower height and biomass but still high coverage.

Concerning cover crops association with sugarcane, the objectives pursued and the constraints imposed are different. Despite being considered as a giant grass, slow growth rate during the initial stages of sugarcane make it sensitive to competition [START_REF] Marion | Harmfulness of weed coverage on sugarcane[END_REF]. Species that grow in width rather than height are required to minimize competition for light with sugarcane. Twining species should be avoided because they have the disadvantage of climbing on and damaging sugarcane. Thus, the choice should be more focused on creeping species with high coverage. In addition, as it will grow in the shade of the main crop, an adapted species should have a high RUE.

The combination of traits sought are: high ABVCOV and RUE, low HMAX, HGR and ABVDM. In the range of species considered, Canavalia ensiformis and Vigna unguiculata seem adapted to compete with weeds without negative impacts on sugarcane growth during the warm season. Despite being semitwining, these species are currently tested. No lianas have been observed for Canavalia ensiformis and the short cycle of Vigna unguiculata prevents damage to the cane. Moreover, such Fabaceae species have the advantage of fixing nitrogen from the atmosphere that makes them less competitive for soil resources. During the cool season, Avena sativa and Avena strigosa Schreb could be candidates to control weeds (Christina et al., 2020a) but this study also highlights the summer

species Guizotia abyssinica as a potential winter intercrops.

CONCLUSIONS

Our study aimed to identify cover plant species and traits which optimize ground coverage and aerial biomass depending on sowing date in Reunion Island. Three types of species were identified with summer species (e.g. Canavalia ensiformis), winter species (Avena sativa) or indeterminate species (Pennisetum glaucum). Nevertheless, tropical species were often as producing than temperate species when sown in winter. Species were then compared with additional traits (height, radiation use efficiency) to identify those adapted to fallow or mixture in a perspective of weed control.

Canavalia ensiformis and Vigna unguiculata seemed to be the best candidates in warm season while Guizotia abyssinica would be the best during the cool season. They are currently tested in the field with farmers. 

Figure 2 .

 2 Figure 2. Change in optimal temperature for growth in dry biomass (ToptDM, a) and coverage (ToptCOV, b), average ABVDM (c) and ABVCOV (d), depending on cover crop species. ABVDM and ABVCOV were averaged per sowing dates in the warm season (TMEAN > 25°C) or cool season (TMEAN < 24°C). ABVDM and ABVCOV were ordered per cluster (c1, c2 and c3). Only one ABVCOV value was available per sowing dates so only the mean is represented.

Figure 3 .

 3 Figure 3. Principal component analyses (PCA) performed on average aboveground dry mass (ABVDM), coverage (ABVCOV), radiation use efficiency (RUE) and maximum plant height (HMAX) in warm season (a) and cool season (b). The first two axes of the PCA are plotted with the contribution of each variable (arrows). Species EPPO code were put in their specific coordinates. Light and dark gray were added for visual purpose. Gray zones include species with high ABVCOV, ABVDM and RUE.

  plants with low LeafRATIO (Figure4c), contrary to the warm season. Considering the plant height, HMAX and HGR were with RUE but only in the warm season, as well as HGR and LeafRATE (Figure4e). Finally, plants with high LeafRATIO were plants with low HGR (Figure4d). Values of plant traits per species and growing season were presented in Fig S2.

Figure 4 .

 4 Figure 4. Correlation between traits during the warm (a) or cool (b) season. Within each case, the spearman correlation value is indicated. When significative (p.val<0.05) a blue or red circle was added for positive and negative correlation, respectively. As an illustration, c, d and e presented the change in ABVCOV and HGR with change in species traits (LeafRATE and LeafRATIO) during the warm (WS, red) and cool (CS, blue) season. Spearman correlation between the two variables are indicated. A polynomial smooth regression was added (line) with standard deviation (transparent).

Figure S2 .

 S2 Figure S2. Change in RUE, ABVHUM, HGR, HMAX, LeafRATE and LeafRATIO depending of cover crop species. Variables were averaged per sowing dates in the warm season (TMEAN > 25°C) or cool season (TMEAN < 24°C). Only one RUE, HGR, HMAX and LeafRATE value was available per sowing dates so only the mean are represented. Variables are ordered by the ABVDM (Fig. 2) in each cluster (c1, c2 and c3)

  

  

  

Table 1 .

 1 Sowing date, harvest date and climate data in each of the trials: average daily temperature

	(TMEAN), average global radiation (Rg), average potential evapotranspiration (ETP) and total
	precipitations (PPT) over the experiment. Standard deviations are shown in parentheses.
		Sowing	Harvest	TMEAN (°C d -1 )	PPT (mm)	RG (MJ/m²) ETP (mm d -1 )
	trial 1	20/02/2018	24/05/2018	25.6 (±1.3)	535	18.0 (±5.4)	4.4 (±1.0)
	trial 2	12/04/2018	24/07/2018	23.5 (±1.4)	194	15.4 (±3.3)	3.7 (±0.8)
	trial 3	13/06/2018	21/09/2018	22.0 (±0.9)	140	16.3 (±2.9)	3.9 (±1.0)
	trial 4	05/11/2018	05/02/2019	26.7 (±1.3)	448	24.6 (±5.0)	6.2 (±1.2)

Table 2 .

 2 Companion crop species described in this study. The European and Mediterranean Plant Protection Organization (EPPO) identification is used in the following figures.

	Code EPPO	Common name	Latin name	Family	Type	Area	Growth habit	Seed density (kg/ha)
	DOLLA	Hyacinth bean	Lablab purpureus (L.) Sweet	Fabaceae	Annual	Tropical	Twining	50
	AVESA Oats	Avena sativa L.	Poaceae	Annual	Temperate Erected	90
	AVESG Bristle oat	Avena strigosa Schreb. Poaceae	Annual	Temperate Erected	40
	CVTJU Sunnhemp	Crotalaria juncea L.	Fabaceae	Annual	Tropical	Erected	40
	CVTSP	Showy rattlepod	Crotalaria spectabilis Roth	Fabaceae	Annual	Tropical	Erected	20
	CAJCA Pigeonpea	Cajanus cajan (L.) Huth Fabaceae	Perenial Tropical	Erected	10
	PESGL Pearl millet	Pennisetum glaucum (L.) R.Br.	Poaceae	Annual	Tropical	Erected	20
	BRSCA	Abyssinian mustard	Brassica carinata A.Braun	Brassicaceae	Annual	Temperate Erected	6
	GUIAB Niger	Guizotia abyssinica (L.f.) Cass.	Asteraceae	Annual	Temperate Erected	10
	PIBSX Garden pea	Pisum sativum L.	Fabaceae	Annual	Temperate Creeping 100
	CNAEN Jack bean	Canavalia ensiformis (L.) DC.	Fabaceae	Annual	Tropical	Semi-twining	40
	RAPSR Radish	Raphanus sativus L.	Brassicaceae	Annual	Temperate Erected	10
	FAGES buckwheat	Fagopyrum esculentum Moench	Polygonaceae	Annual	Temperate Erected	40
	VICVI Vetch	Vicia villosa Roth	Fabaceae	Annual	Temperate Twining	20
	VIGSIa Cowpea (40d)	Vigna unguiculata (L.) Walp.	Fabaceae	Annual	Tropical	Semi-twining	15
	VIGSIb Cowpea (red)	Vigna unguiculata (L.) Walp.	Fabaceae	Annual	Tropical	Semi-twining	15

Table 3 .

 3 Description of the main variables. Details on the variable calculation can be found in material & methods.

	Variables	Units	Description
	ToptDM	°C	Optimal average temperature for growth in dry biomass
	ToptCOV	°C	Optimal average temperature for plant coverage
	ABVDM	kg m -2	Maximum above-ground dry biomass over growth
	ABVCOV	dimensionless	Coverage index over growth
	HMAX	cm	Maximum plant height
	HGR	cm d -1	Growth rate in height up to the maximum height
	RUE	g MJ -1	Radiation use efficiency between one and two months
	LeafRATE	n d -1	Leaf appearance rate over growth
	LeafRATIO	kg kg -1	Aboveground leaf / total aerial biomass ratio
	LeafHUM	%	Leaf water content
	ABVHUM	%	Aboveground water content

  𝐴𝐵𝑉 𝐶𝑂𝑉,𝑖 * 𝑇 𝑀𝐸𝐴𝑁,𝑖 )

		𝑖=𝑡𝑟𝑖𝑎𝑙𝑠
		∑ 𝑖=𝑡𝑟𝑖𝑎𝑙𝑠	𝐴𝐵𝑉 𝐶𝑂𝑉,𝑖
	𝑇𝑜𝑝𝑡 𝐷𝑀 =	∑ 𝑖=𝑡𝑟𝑖𝑎𝑙𝑠 ∑ 𝑖=𝑡𝑟𝑖𝑎𝑙𝑠 (𝐴𝐵𝑉 𝐷𝑀,𝑖 * 𝑇 𝑀𝐸𝐴𝑁,𝑖 ) 𝐴𝐵𝑉 𝐷𝑀,𝑖
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Table S1. Visual notation methods to assess ground coverage by plants (weeds or cover plants).