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Production of a biofertilizer from exhausted grape marc waste: agronomic and environmental impact on plant growth

Keywords: Exhausted grape marc waste, biochar, biofertilzer, soil stability, suppressive effect

Biochars produced from exhausted grape marc waste were considered as a potential source for agriculture biofertilization. Results indicated that the biochar application didn't show a significant effect on Ryegrass fresh weight increase. The pyrolysis temperature influenced the fresh and dry matter yield since it interferes with phosphorus bioavailability for plant growth.

Potassium intakes were positively affected but not statistically significant. The % of soil stable aggregates decreased after 60 days. In the short term, there is no significant effect on soil structural stability. Biochar incorporation led to domination of large macro-aggregates, which are instables comparing to small macro-aggregates. A dose of 15 t ha -1 considerably reduced the leached soil and thus improved water retention by changing soil porosity. Soil pH and electric conductivity markedly increased for all treatments after 60 days of incubation. Biochar extract had a significant inhibitory effect on Fusariun oxysporum and Phytophtora sp.The use of exhausted grape marc waste to produce a biochar has shown a good potential for carbon and water sequestration in soil.

Introduction

Annually, an amount of 282 million hectolitres of wine is produced all over the world [START_REF] Oiv | World vitiviniculture situation[END_REF]. The grape marc (GM), also called grape pomace, is a residue of the vineyard processing industry. It mainly consists of skins, stalks and seeds that remain after grape pressing (Vitis vinifera). The GM contains high amounts of flavonoids, anthocyanins [START_REF] Auger | Phenolics from commercialized grape extracts prevent early atherosclerotic lesions in hamsters by mechanisms other than antioxidant effect[END_REF], fat, tanins [START_REF] Spanghero | Chemical composition, including secondary metabolites, and rumen fermentability of seeds and pulp of Californian (USA) and Italian grape pomaces[END_REF], and phenols [START_REF] Spigno | Cellulose and hemicelluloses recovery from grape stalks[END_REF].

Thus, the direct diposal of GM in the environment is of great impact on water resources' biochemical oxygen demand. The grape marc represents 10 to 30 wt% of the total mass of grapes processed in winemaking industries [START_REF] Muhlack | Sustainable wineries through waste valorisation: a review of grape marc utilisation for value-added products[END_REF]. The Food and Agriculture Organization (FAO) of the United Nations estimates that the grape marc generated worldwide from winemaking industries exceeds 70 million tons annually, which need to be valorized [START_REF] Oiv | World vitiviniculture situation[END_REF].

Various methods were apropriated to valorize this residue such us moderate or intense lowoxygen combustion to be used as biomass fuel [START_REF] Saha | Burning characteristics of grape marc under mild combustion conditions[END_REF]; crimping and silage to be used as ingredient in cattle diet [START_REF] Caetano | Effect of ensiled crimped grape marc on energy intake, performance and gas emissions of beef cattle, Animal Feed[END_REF]; microbial bioconversion to produce a functional ingredient, dietary supplement or pharmaceutical preparation [START_REF] Campanella | Exploitation of grape marc as functional substrate for lactic acid bacteria and bifidobacteria growth and enhanced antioxidant activity[END_REF], composting [START_REF] Bustamante | Study of the composting process of winery and distillery wastes using multivariate techniques[END_REF] and distillation for ethanol and alcohol production [START_REF] Corbin | Grape marc as a source of carbohydrates for bioethanol: Chemical composition, pre-treatment and saccharification[END_REF]. Some processes have rather focused on the extraction of valuable substances contained in GM like polyphenols and specially proanthocyanidins to be used as antioxidant, anti-aging, preventing cardiovascular deseases and anti-microbial substances [START_REF] Natolino | Kinetic models for conventional and ultrasound assistant extraction of polyphenols from defatted fresh and distilled grape marc and its main components skins and seeds[END_REF][START_REF] Rockenbach | Phenolic compounds and antioxidant activity of seed and skin extracts of red grape (Vitis vinifera and Vitis labrusca) pomace from Brazilian winemaking[END_REF][START_REF] Sessa | Exploitation of polyphenolic extracts from grape marc as natural antioxidants by encapsulation in lipidbased nanodelivery systems[END_REF], lignocellulose, cellulose and lignin to be used as a source of fermentable sugars [START_REF] Spigno | Cellulose and hemicelluloses recovery from grape stalks[END_REF].

Hence, recent studies have focused on the exploitation of GM for its potential as renewable energy generation. The thermochemical conversion of GM has been carried out through various processes [START_REF] Muhlack | Sustainable wineries through waste valorisation: a review of grape marc utilisation for value-added products[END_REF] namely, combustion [START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF] , gasification [START_REF] Lapuerta | Effect of biodiesel fuels on diesel engine emissions[END_REF] , hydrothermal carbonization [START_REF] Mäkelä | Experimental design and response surface methodology in energy applications: A tutorial review[END_REF],

and pyrolysis [START_REF] Ferjani | The use of exhausted grape marc to produce biofuels and biofertilizers: Effect of pyrolysis temperatures on biochars properties[END_REF]. The major issue associated to GM combustion is the NO x emission [START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF].

The pyrolysis is proposed as an adequate alternative ensuring efficiency and eco-friendly treatment of this residue [START_REF] Ferjani | The use of exhausted grape marc to produce biofuels and biofertilizers: Effect of pyrolysis temperatures on biochars properties[END_REF]. The recovery of GM through this technique generates three different fractions; gazeous and bio-oil fractions that could be used as biofuels for energy generation [START_REF] Jeguirim | Olive mill wastewater: From a pollutant to green fuels, agricultural water source and bio-fertilizer. Biofuel production[END_REF]; and a solid fraction called biochar mostly used as soil biofertilizer and bioremediation tool. The pyrolysis temperature is the key parameter to determine the characteristics and appropriate applications of biochar [START_REF] Khiari | Thermal conversion of flax shives through slow pyrolysis process: in-depth biochar characterization and future potential use[END_REF][START_REF] Sun | Effects of feedstock type, production method, and pyrolysis temperature on biochar and hydrochar properties[END_REF].

Interest on using biochar as soil amendement for its biofertilizing potential, has recently increased [START_REF] Shalini | Biochar from biomass waste as a renewable carbon material for climate change mitigation in reducing greenhouse gas emissions-a review[END_REF]. Many studies demonstrated and reported positive effects of biochar on soil physical properties by altering soil porosity and increasing soil surface area [START_REF] Hardie | Does biochar influence soil physical properties and soil water availability?[END_REF], soil moisture retention and hydraulic conductivity [START_REF] Obia | In situ effects of biochar on aggregation, water retention and porosity in light-textured tropical soils[END_REF]. The application of biochar can also affect the soil chemical properties like pH [START_REF] Tian | Biochar derived from corn straw affected availability and distribution of soil nutrients and cotton yield[END_REF][START_REF] Butnan | Biochar characteristics and application rates affecting corn growth and properties of soils contrasting in texture and mineralogy[END_REF], cation exchange capacity (CEC) [START_REF] Agegnehu | Benefits of biochar, compost and biochar-compost for soil quality, maize yield and greenhouse gas emissions in a tropical agricultural soil[END_REF], carbon content [START_REF] Jiang | Controls and dynamics of biochar decomposition and soil microbial abundance, composition, and carbon use efficiency during long-term biochar-amended soil incubations[END_REF], nitrogen (N) bioavailability [START_REF] Levesque | Mitigation of CO 2 , CH 4 and N 2 O from a fertigated horticultural growing medium amended with biochars and a compost[END_REF] and phosphorus (P) [START_REF] Chathurika | Woodchip biochar with or without synthetic fertilizers affects soil properties and available phosphorus in two alkaline, chernozemic soils[END_REF] for culture use. Moreover, biochar amendement significantly impacted the biological properties of the soil by decreasing the metabolic quotient of carbon value (qCO 2 ) used to estimate the stress level of microbial communities [START_REF] Levesque | Mitigation of CO 2 , CH 4 and N 2 O from a fertigated horticultural growing medium amended with biochars and a compost[END_REF], increasing the bacteria-to-fungi ratio [START_REF] Khadem | Responses of microbial performance and community to corn biochar in calcareous sandy and clayey soils[END_REF], enhancing the microbial diversity [START_REF] Wang | Biochar stability in soil: meta-analysis of decomposition and priming effects[END_REF] and reducing soil-born pathogens [START_REF] Jaiswal | Linking the belowground microbial composition, diversity and activity to soilborne disease suppression and growth promotion of tomato amended with biochar[END_REF]. Consequently, the biochar application on the soil increased the plant productivity and crop yield under differents pedoclimatic conditions [START_REF] Hussain | Biochar for crop production: potential benefits and risks[END_REF][START_REF] Warnock | Mycorrhizal responses to biochar in soil-concepts and mechanisms[END_REF]. Biochar is also receiving increasing attention as a remediation tool in agricultural soils by immobilizing heavy metals and reducing their bioavailability [START_REF] Khalid | A comparison of technologies for remediation of heavy metal contaminated soils[END_REF] as well as their great potential for sorption of organic compounds like pesticides [START_REF] Khorram | Biochar: a review of its impact on pesticide behavior in soil environments and its potential applications[END_REF]. However, it is worthy to mention that the biochar effect on agronomic and biological properties of the soil is highly dependant on biomass, pyrolysis operating conditions and soil types [START_REF] Sun | Assessment of herbicide sorption by biochars and organic matter associated with soil and sediment[END_REF][START_REF] Brassard | Effect of six engineered biochars on GHG emissions from two agricultural soils: A short-term incubation study[END_REF].

As far as we know, the reuse of GM-derived-biochars as amendment for agricultural purposes in comparison with synthetic fertilizers and their effect on plants growth, nutrients (P and K) bioavailability, phytopathogens suppressive effect and agricultural soil stability has not yet been investigated. Thus, the aim of this work is to evaluate the potentialities of exhausted grape marc derived biochars produced at three pyrolysis temperatures: 300, 400 and 500°C; to be used as soil biofertilizer. The biochar amendement on the soil was performed under different doses with analysis of nutrients bioavailability, soil aggregates stability parameters, physico-chemical parameters monitoring and suppressive effect on phytopathogens.

Materials and Methods

Biochars production and characterization

Prior to be used in agronomic tests, exhausted grape marc (EGM, supplied by the industrial distillery located in Sigolsheim, France), obtained after ethanol extraction by distillation process, were subjected to pyrolysis in a vertical tubular furnace under three pyrolysis (slow) temperatures (300, 400 and 500°C) as described previously [START_REF] Ferjani | The use of exhausted grape marc to produce biofuels and biofertilizers: Effect of pyrolysis temperatures on biochars properties[END_REF]. Obtained biochars were grounded and fractions with size between 250 and 400 µm were collected and characterized (Table 1). BC1, BC2 and BC3 correspond to biochars obtained respectively at 300, 400 and 500°C. 

Biodisponibility of potassium and phosphorus

Bioavailibilities of biochars nutrients, K and P, were assessed using the three biochars (BC1; BC2; BC3). The micro-cultures technique was used as summarized by [START_REF] Lombaert | Micro-cultures methode Chaminade[END_REF] [START_REF] Lombaert | Micro-cultures methode Chaminade[END_REF].

The italian Ryegrass, used as a model plant, was cultivated in pots containing 1 kg of dry soil with seeding density of 1.2 g pot-1. It was a loamy sandy soil, it contained 76.2%wt, 14.4%wt, and 9.1%wt of sand, silt and clay respectively. It had a pH and a conductivity of 7.3 and 0.5 mS cm-1. Furthermore, it was a relatively poor soil with organic matter content of 0.75% wt and low contents in N, P, K with average contents of 0.03% wt, 0.036% wt, and 0.13% wt, respectively. Experimentations was done in greenhouses at constant temperature of 25°C during 16 h and at 20°C during 8 h, with a minimal brightness of 175 W m -2 during 14 h.

Watering was realized by sub-irrigation to avoid leaching losses and maintained to a relative humidity of 70% throughout the duration of plant growth. The use of exhausted GM derived biochars for soil amendement was performed using 15 modalities described below ( For soil structural stability estimation, we used the method of [START_REF] Kemper | Aggregate stability and size distribution[END_REF] [START_REF] Kemper | Aggregate stability and size distribution[END_REF] with slight modifications. In brief, soil pots containing 500 g dry matter (DM) of soil with increasing doses of biochar were incubated at 28°C in the darkness for 60 days. Soil humidity was maintained constant at 70% humidity during the assay to maintain the microbiological activity of the soil. Soil surface samples were sampled at defined times to test the stability of the aggregates (0, 7, 14, 28, 45 and 60 days). Soil pots were replicated for eah sampling period.

Samples were then air-dried at ambient temperatures (3 days) before being sieved to obtain the 1-2 mm fraction. Air-dried 1-2 mm fractions were inserted in the 200 µm sieves of the Bartoli device. Cylindric containers were filled with 150 mL of distilled water, in order to soak sieves in a 0.5 cm layer of water. The device was launched for 10 minutes of 20 mm amplitude and 1.6 Hz sieving. After 10 minutes, the aqueous phase (containing water unstable aggregates in suspension) was recovered and dried (16h at 105°C). Meanwhile, undissolved aggregates stay in sieves, and underneath plastic containers were filled with 150 mL of a dispersing solution (NaOH: 2g L -1 ). The wet sieving device was relaunched for 20 minutes. After 20 minutes, underneath recipients containing liquid dispersant phase (in which water stable aggregates in suspension) were recovered. Their integral content was transferred in weighted crystallizers and dried (55°C, 16 h). Every crystallizer was weighed. Water stable aggregates percentage was given by the ratio between mass of stable aggregates and the addition of stable + unstable aggregates masses.

Tested modalities with soil at different biochar doses were (DM basis):

 Control : soil without biochar  Soil+BC1 (300°C) : 5 t biochar ha -1 (15g BC1/kg) , 12.5 t biochar ha -1 (39g BC1/kg) , 15 t biochar ha -1 (47g BC1/kg) (BC1/5, BC1/12.5 and BC1/15 resp.)

 Soil+BC2 (400°C) : 5 t biochar ha -1 (15g BC2/kg), 8.33 t biochar ha -1 , 15 t biochar ha -1 (47g BC2/kg) (BC2/5, BC2/8.33 and BC2/15 resp.)

 Soil+BC3 (500°C) : 3.13 t biochar ha -1 (9.8g BC3/kg), 5 t biochar ha -1 (15g BC3/kg), 6.25 t biochar ha -1 (19g BC2/kg), 15 t biochar ha -1 (47g BC3/kg) (BC3/3.125, BC3/5, BC3/6.25 and BC3/15 resp.)

The monitored parameters are the aggregates stability and soil losses under water action (erosion of soil particles).

The rate of stable aggregates (SAG water ) was calculated as follows (Eq.( 1)):

Eq.( 1)

The mean weight diameter MWD of aggregates (corresponding to the same samples used to determine SAG water ), was estimated according to equation (2):

Eq.( 2)

With:

 w >200 : weight of particles which real diameter is higher than 200 µm (resistant to water degradation)

 w <200 : weight of particles which real diameter is less than 200 µm  w tot : total weight of the tested dry soil

Impact on soil losses

To estimate soil losses by water infiltration, the trays containing the different pots used on §2.3.1

were placed under a rain simulator, in term of 60 days' incubation. The trays were placed on slope plan of 6% and cutted to the surface to allow water to trickle out of the tray. Rain simulator (SPRAI, P-B24-IN-NF0-0032, France) was used with a continuous standard rain scenario during 4h for a final volume between 40 to 60 mm of water. Surface water and leached water were collected in pots every hour, and dried at 60°C. Once dried, pots were weighed to assess the mass of dry soil particles transported by water.

pH and conductivity

Soil samples collected for aggregates stability were used to measure pH and electrical conductivity for each modality.

Suppressive effect of biochars on phytopathogens

The suppressive effect of amended biochars on the soil was assessed using four telluric The suppressive effect is estimated by measuring the colony radial diameter of fungi grown on petri dishes and then compared to control. All modalities were repeated 3 times.

Statistical analysis

All reported data were analysed using SPSS for Windows with one-way analysis of variance (ANOVA). This analysis enables the discrimination of average values according to the procedure of Fisher's minimum significant differences, at the 5% threshold (P<0.05). Each value was represented as the mean ± standard deviation of three or four individuals (n = 3 or 4).

Results and discussions

3.1. Effect of biochar amendement on P and K biodisponibilities 3.1.1. Effect of biochar amendement on ryegrass growth Fig. 1.a reported the cumulative fresh matter average of ryegrass after the first and second harvest. Corresponding results showed no significant effect of all tested modalities on the ryegrass fresh matter (P-value= 0.0802); the higher fresh matter increase observed for BC3-200 treatment was around 2 wt% compared to control sample. However, the dry weight monitoring (Fig. 1.b) showed a significant effect of the treatment (P-value=0.0026). The amendement of BC1 and BC2 on the soil have a slight negative effect on dry matter of the ryegrass. This result could be explained by a limited availability of nutrients with biochar amendements treatment as well as a possible phytotoxic effect of these biochars on ryegrass growth. Indeed, Spokas (2011) [START_REF] Spokas | Qualitative analysis of volatile organic compounds on biochar[END_REF] showed that volatile organic compounds (VOCs) such as acetone and benzene in biochar were found to have severe phytotoxic effects. The P content for BC1-300, BC2-400 and BC3-500 was 3.4, 4.9 and 6.2 g kg -1 and K content about 11, 16.40 and 21.70 g kg -1 respectively (Table 1).

Moreover, carbon content increased considerably with increasing pyrolysis temperature.

Hadroug (2019) [START_REF] Hadroug | Pyrolysis Process as a Sustainable Management Option of Poultry Manure: Characterization of the Derived Biochars and Assessment of their Nutrient Release Capacities[END_REF] demonstrated that P and K concentrations increase when increasing the pyrolysis temperature; the P and K contents increased by 53.9%, 19.5% for biochar produced at 400°C and by 88.7% and 73.7% for biochar obtained at 500°C. Thus, an amendement with BC3 (produced at 500°C) generated an increase in dry matter with a dose of 200U. BC3-200U

treatment showed an increase in dry matter of 6% compared to the control treatment. The biochar application could act directly on soil by promoting the carbon release and reducing the nutrients leaching, which positively influence the improvement of crop yield [START_REF] Hussain | Biochar for crop production: potential benefits and risks[END_REF]. Chen et al.

(2018) [START_REF] Chen | Effects of biochar on the ecological performance of a subtropical landfill[END_REF] have reported that enhanced plant growth after biochar application was mainly attributed to modifications on soil bacterial and fungal communities. Some bacterial functions mainly related to nutrient cycling including ammonia and nitrite oxidation and sulphur respiration were emphasized. The biochar acts also by increasing available nutrients for plants and enhancing water retention by soil [START_REF] Zhao | Apply biochar to ameliorate soda saline-alkali land, improve soil function and increase corn nutrient availability in the Songnen Plain[END_REF]. As shown in the previous results, the pyrolysis temperature influenced the fresh and dry matter yield as it can interfere with P bioavailability for plant growth.

When applying inorganic fertilizers such as KNO 3 (for K fertilization) and TSP (for P fertilization) with respect of the same doses provided by biochars, a significant enhancement of fresh and dry weights was observed compared to the control and biochar amended soils. This result is explained by the high bioavailability of contained nutrients. Thus, many reports have recommended mixing biochar with an organic or inorganic fertilizer for a better crop yield and soil productivity and a synergetic effect would be involved [START_REF] Hussain | Biochar for crop production: potential benefits and risks[END_REF]. 3.1.2. P and K biodisponibility Fig. 2 reported the average of K intake in the ryegrass plant for 2 cumulative harvests under the modalities described previously. The average of exported K was significantly different for all modalities (P-value = 0.0005). Interestingly, the application of biochar BC1, obtained at 300°C, generated a potassium adsorption significantly high compared to the control, and very similar to the Ref K-200 treatment in which the soil was amended with 200 U of inorganic fertilizer KNO 3 .

When applying BC2 and BC3 amendement to the soil, the K intakes was positively affected but not statistically significant which explain the dry matter increase for BC3 treated cultures. The increase of K intakes was mainly achieved through the CEC improvement and others conductive nutrients [START_REF] Gul | Biochemical cycling of nitrogen and phosphorus in biochar amended soils[END_REF]. Previous studies have shown that biochar amendement enhanced the K exported amounts via their absorption by biochar pores and slow release to the soil [START_REF] Xu | What is more important for enhancing nutrient bioavailability with biochar application into a sandy soil: direct or indirect mechanism[END_REF]. It is worthy to notice that the K intakes for treatment with addition of KNO 3 and TSP were less than treatment with KNO 3 alone, possibly due to the effect of TSP. The measurements of P intakes under the described modalities (Fig. 3) showed no significant effect for all tested treatments (p-value = 0.0763). The P intakes in modalities using mineral TSP fertilizer are increasing when higher doses are used, and it is considerably important for the synthetic K-100+TSP-60.5 amendment. A synergetic effect seems to be existant between mineral fertilizers for low doses. The amendement with BC3-100 positively affected P adsorptions without significant effect. When adding BC1-200, BC2-200 and BC3-200, P adsorptions are similar to the control. It was previously reported that pyrolysis temperatures affected the P bioavailability to the soil; high pyrolysis temperature enhances the P bioavailability with a slow release for plants [START_REF] Tan | Returning biochar to fields: a review[END_REF]. Actually, biochar produced at high pyrolysis temperatures provided important surface areas with the presence of microporosities and consequently P release [START_REF] Lehmann | Biochar sequestration in terrestrial ecosystems: a review[END_REF]. [START_REF] Deluca | Biochar effects on soil nutrient transformation[END_REF] have shown that P content was significatly enhanced when using biochar produced at temperature higher than 300°C. However, pyrolysis temperature higher than 700°C could significantly increase P retention [START_REF] Zhang | Roles of biochar in improving phosphorus availability in soils: a phosphate adsorbent and a source of available phosphorus[END_REF]. To overcome the inavailability of P in biochar amended soils, inoculation with P-solubilizing fungi like Penicillium fungi or Penicillium aculeatum was suggested [START_REF] Efthymiou | Augmentation of the phosphorus fertilizer value of biochar by inoculation of wheat with selected Penicillium strains[END_REF]. 

Deluca et al. (2009)

Effect of biochar amendements on soil physico-chemical characteretics

Biochar incorporation into soil affect: physical (porosity, stability), chemical (pH, conductivity) and biological (bacterial communities, enzymes) properties of the soil depending on biochar production conditions and dose. The direct impact of biochar amendement on aggregate stability, soil losses by water runoff and soil pH are decribed below.

Aggregate stability

The structural stability of the soil was assessed by the amount of stable aggregates to water action comparing to unstable ones. A high amount of stable aggregates is considered as an indicator of an improvement in soil structure to prevent soil runoff and erosion.

As shown in Fig. 4, the evolution of the stable aggregates rate in water is almost similar for all treatments (P-value = 0.6111). The % SAG water was between 10 and 15% in the begining of the experiment and decreased to about 5 to 11% at 60 days. The decrease of %SAG water is not related to biochar amendement. In the short term, there is no significant effect on soil structural stability.

Similar results were demonstrated by Hardie (2014) [START_REF] Hardie | Does biochar influence soil physical properties and soil water availability?[END_REF] showing that after thirty months of biochar incorporation into soil (acacia green waste biochar), no siginificant effect was observed on aggregate stability, soil water retention parameters and permanent wilting point. [START_REF] Peng | Temperature-and duration-dependent rice straw-derived biochar: characteristics and its effects on soil properties of an Ultisol in southern China[END_REF] [52] also reported that the amendement with rice straw biochar had no effect on aggregate stability despite of its positive impact on soil fertility. Contreversial results have reported a significant positive effect of biochar on aggregate stability in laboratory and field experiments [START_REF] Obia | In situ effects of biochar on aggregation, water retention and porosity in light-textured tropical soils[END_REF]. The differences regarding this parameter are mainly due to initial fedstock and amended soil characteristics.

Figure 4 Water-stable aggregates (%SAG water ) for soil containing different biochar types and quantities.

To have an insight on the biochar effect on stable aggregate size, the mean weight diameter (MWD) of aggregates was estimated according to equation (2) (Fig. 5). From the first experimental day, the average of aggregates diameter was around 0.5 mm for all tested modalities which means that initially the soil was instable. Along with time, the mean weight diameter decreased due to the loss of stable agregates. In term of 60 days, the MWD slightly decreased to 0.4 mm giving more instability to the soil. Although, there is no significant difference between biochar produced at different temperatures and added in different doses (P- [START_REF] Wang | Sorption of four hydrophobic organic contaminants by biochars derived from maize straw, wood dust and swine manure at different pyrolytic temperatures[END_REF] demonstrated that the pyrolysis temperature can significantly impact the sorption capacity of biochars for hydrophobic organic compounds. Biochar pyrolysed at temperatures between 250 and 400°C contain more aliphatic organic compounds and cellulose structure while biochar produced at higher temperatures (400-700°C) showed rigid surfaces colonised by considerable pores adapted to the adsorption of hydrophobic organic compounds. 

Soil losses

Fig. 6 reported the cumulative weight of soil particles recovered by leaching or by runoff, for the same modalities than tested for aggregates stability. After 4 hours of simulated rain, soil losses by surface runoff were insignificant or weak for all modalities except for control and soil amended with BC1 at a dose of 5 t ha -1 (BC1/5), and a thin crust of clap was created. However, an important decrease in the soil losses by leaching was observed in all the modalities amended with biochar compared to the control. A dose of 15 t ha -1 for BC1, BC2 and BC3, which is the maximum applied dose in this study, considerably reduced soil leaching, especially for BC1 treated soil. Thus, it is obviously clear that the biochar amendement reduced the soil losses and improved water retention by changing the soil porosity [START_REF] Basso | Assessing potential of biochar for increasing water-holding capacity of sandy soils[END_REF][START_REF] Han | Biochar's stability and effect on the content, composition and turnover of soil organic carbon[END_REF], which considerably influences soil moisture and hydraulic conductivity. However, the relationship between pyroloysis temperature and water retention abiliy is still subject of debate ; Yi at al. (2015) [START_REF] Yi | The origin and reversible nature of poultry litter biochar hydrophobicity[END_REF] have shown that biochar produced at temperatures below 450°C retained hydrophilic organic compounds, however Kameyma (2014) [START_REF] Kameyama | Influence of biochar incorporation on TDR-based soil water content measurements[END_REF] demonstrated that biochars produced at high temperatures have high water retention capacity due to their pore volume and pore tortuosity.

The ability of biochar to retain water and other chemicals is a function of its surface area, its porosity and its functionnal charged groups. These properties are mainly conditionned by originated feedstock [START_REF] Bolognesi | Biochar production from sewage sludge and microalgae mixtures: properties, sustainability and possible role in circular economy[END_REF] and pyrolysis temperatures [START_REF] Gul | Physico-chemical properties and microbial responses in biochar-amended soils: mechanisms and future directions[END_REF]. It is worthy to mention that physicochemical properties of biochar are not maintained constant over the time; the retention capacity of biochar might be reduced with time due to decrease of pH, loss of reactive surface sites and weathering parameters such as erosion [START_REF] Spokas | Impact of biochar field aging on laboratory greenhouse gas production potentials[END_REF].

It was demonstrated in the section 3.2.1 that the biochar amendment had an insignificant effect on the structural stability of soils. Thus, it is highly probable that there is no effect on the resistance of soils to water losses by runoff in time. Others soils properties (microbial activities, pH, nutrient retention, …) need to be measured to confirm this finding. 

pH and CEC

The biochar application also affected the pH of amended soils. The measurement of pH and CEC of treated soils after 60 days of incubation (Fig. 7) showed a significant impact of biochar on pH (P-value = 0.0001). Most of tested biochars increased the soil pH excepted the BC1 amended with a dose of 5 t ha -1 (BC1/5). For a given biochar, the pH increased with the used amended dose. Except for BC1/5, the effect is significant and it increases with the pyrolysis temperature of the biochar. Intersingly, the pH of amended soil is as higher as the pyrolysis temperature and used dose are high. The pH increased by one unit for all doses of BC3 doses. The initial pH of biochar could impact the final pH of the soil; the pH for BC1, BC2 and BC3 biochars is 7.2, 8.7, 9.9 respectively (Table 1). At identical dose, the pH increase is higher for BC3 in any case, as expected. It was previously reported that biochars can alter the pH of amended soil [START_REF] Ren | Biochar and PGPR amendments influence soil enzyme activities and nutrient concentrations in a eucalyptus seedling plantation[END_REF] with alkalizing effect on the soil [START_REF] Brassard | Biochar for soil amendement[END_REF][START_REF] Han | Biochar's stability and effect on the content, composition and turnover of soil organic carbon[END_REF]. This alkalizing effect is probably due to the basic cations (potassium, calcium and magnesium) in biochar decreasing the exchangeable ions of aluminium and hydrogen by adsorption [START_REF] Tan | Returning biochar to fields: a review[END_REF], and its chelation with organic compounds contained in biochar [START_REF] Butnan | Biochar characteristics and application rates affecting corn growth and properties of soils contrasting in texture and mineralogy[END_REF]. pH increase of soils in the range of 5.5 to 7 could improve the nutrients availability on agricultural soils and consequently facilitate their uptake by plant roots which favorised their growth [START_REF] Matsubara | Incidence of Fusarium root rot in asparagus seedlings infected with arbuscular mycorrhizal fungus as affected by several soil amendments[END_REF]. However, biochar amendement (1% and 2% w/w) in alkaline soils significantly increased the pH values (until 9.5) which limits the bioavailability of nutrients for plants [START_REF] Chathurika | Woodchip biochar with or without synthetic fertilizers affects soil properties and available phosphorus in two alkaline, chernozemic soils[END_REF]. The pH variation on soils may also affect the bacterial and fungal communities' distribution in the soil as well as the fungi-to-bacteria ratio since these two communities operate differently in the incorporation and turnover of carbon. An increase of pH also highly impacts the rates of carbon loss from soils [START_REF] Chen | Effects of biochar on the ecological performance of a subtropical landfill[END_REF].

As biochar amendement significantly increased the pH, it also affects the cation exchange capacity CEC of soil. The CEC evolution is similar to pH evolution; CEC values increased with amended dose and the pyrolysis temperatures of biochars as shown in Fig. 7. This is due to the reduction of cation leaching by establishment of bonds with negatively charged sites of biochars, organic matter and organo-mineral complexes [START_REF] Gul | Biochemical cycling of nitrogen and phosphorus in biochar amended soils[END_REF]. Thus, the magnitude of CEC variation is dependant on initial organic matter content of soils. The CEC enhancement could be also explained by the presence of an electrostatic attraction force initiated by carboxylic and phenolic groups present at the surface of biochars [START_REF] Tian | Biochar derived from corn straw affected availability and distribution of soil nutrients and cotton yield[END_REF].

Suppressive effect of amended biochars on phytopathegens fungus

The biochar amendement as reported to have significant effect on biological properties. Thus, the suppressive effect of amendend biochar against selective phytopathogens was investigated in this study. Fig. 8 (a, b, c) reported the average radial diameter of fungi for soil amended biochar, under different doses, in the presence of four telluric phyotopathogens fungi; Rhizoctonia solani, Fusarium oxysporum, Pythium ultimum and Phytophtora sp.

The effect of treatment using soil extract and BC1 extract (Fig. 8.a) on Rhizoctonia solani is significant compared to the control (p-value: 0.001), but obviously this effect is only due to the soil since there is no statistical difference between the soil effect and different doses of biochar (p-value = 0.6017). Same behaviour was noticed for Pythium sp. in which the suppressive effect is due to the soil and not to biochar BC1 (p-value=0.2229). However, interesting results were noticed for Fusariun oxysporum and Phytophtora sp. assay in which the inhibitory effect of BC1 extract is significant comparied to the soil extract (p-value of 0.0001 and 0.0004 respectively), and interestingly for B1/12.5 treatment.

By observing the treatment using BC2 extract (Fig. 8.b), the significant effect of biomass reduction of Rhizoctonia solani and Pythium.sp was entirely related to the soil, since no statistical difference between the soil and biochar (p-value = 0.3474 for Rhizoctonia sp., p-value = 0.2979 for Pythium sp.) was noticed. The amendement of BC2 biochar didn't affect significantly Fusarium oxysporum growth. Thus, the 4 treatments using soil and BC2 biochar have a significant effect on tested phytopathogens, but this effect is mostly due to the soil since 1 the difference between soil and BC2 treatment is not significative (p-value = 0.0769). However, 2 a small dose effect with BC2 was observed on Fusarium oxysporum for BC2/15 treatment.
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Possibly for higher doses of BC2 biochar, a significant suppressive effect will be noticed in a 4 better way. Moreover, for Phytophtora sp, a significant effect of BC2 could be observed between 5 soil and BC2 treatments (p-value = 0.0355). Using the BC3 biochar (Fig. 8.c), there is no significant effect of the biochar amendement on the suppressive effect of phytopathogens. The inhibitory effect is mainly due to the soil since the statistic differences between modalities using soil and biochars are insignificant; (p-values are respectively 0.1099 ; 0.0579 ; 0.0712 ; 0.1656 for Rhyzoctonia solani, Fusarium oxysporum, Phytophtora sp., Pythium ultimum respectively). However, it is important to mention that low doses of BC3 biochar could have a significant suppressive effect on Phytophtora sp. Surprinzingly, nevertheless the BC3 amendement seems to promote Rhyzoctonia growth.

Regarding the results reported above, the treatment using BC1 biochar limited the phytopathogens growth and clearly have a suppressive effect, especially on Fusarium sp. and Phytophtora sp. The addition of BC2 biochar to the soil has a suppressive effect on phyotophtora sp. and a potential effect on Fusarium oxysporum at high doses. However, there is no significant effect of BC3 biochar for the tested soil borne phytopathoegens. The suppressive effect of biochar was previously reported for soil borne pathogens [START_REF] Matsubara | Incidence of Fusarium root rot in asparagus seedlings infected with arbuscular mycorrhizal fungus as affected by several soil amendments[END_REF][START_REF] Zwart | Biochar amendment increases resistance to stem lesions caused by Phytophthora spp. in tree seedlings[END_REF] and fungal phyto-pathogens in tomato, sweet pepper, and strawberry [START_REF] Elad | The biochar effect: plant resistance to biotic stresses[END_REF]. In our case, better suppressive effect was observed for biochar obtained at 300°C rather than for biochars BC2 and BC3 obtained at 400°C and 500°C respectively. Increasing pyrolysis temperatures could reduce the biochar effect on phytopathogens. Contrarily, previous researches have shown that biochar produced at high and low temperatures have an equal effect on Rhizoctonia solani [START_REF] Jaiswal | Rhizoctonia solani suppression and plant growth promotion in cucumber as affected by biochar pyrolysis temperature, feedstock and concentration[END_REF] and Fusarium sp. [START_REF] Jaiswal | Linking the belowground microbial composition, diversity and activity to soilborne disease suppression and growth promotion of tomato amended with biochar[END_REF].

Moreover, it was demonstrated that increasing pyrolysis temperature lead to a decrease in fungibacteria ratio in amended soil [START_REF] Khadem | Responses of microbial performance and community to corn biochar in calcareous sandy and clayey soils[END_REF]. Therefore, the biochar effect on phytopathogens growth is not attributed to any indigenious consortium of microorganisms on biochar but it is mainly due to its content on organic compounds, which is directly related to the feedstock source, pyrolysis temperature and concentration of the added amendment [START_REF] Jaiswal | Linking the belowground microbial composition, diversity and activity to soilborne disease suppression and growth promotion of tomato amended with biochar[END_REF][START_REF] Swagathnath | Influence of biochar application on growth of Oryza sativa and its associated soil microbial ecology[END_REF]. The biochar contains tars with multiple organic compounds [START_REF] Schnitzer | The conversion of chicken manure to biooil by fast pyrolysis II. Analysis of chicken manure, biooils, and char by curie-point pyrolysis gas chromatography/mass spectrometry (Cp Py-GC/MS)[END_REF] and some tars fractions are involved in biocidal effect and seed germination promoting [START_REF] Amonette | Characteristics of biochar: microchemical properties[END_REF].

As shown in Fig. 8, the biochar effect is improved with increasing amendement levels. Thus, it is important to define the best dose stimulation for a high inhibition effect [START_REF] Graber | Biochar impact on development and productivity of pepper and tomato grown in fertigated soilless media[END_REF]. It also important to mention that biochar can promote the abundance of soil biota and important modifcations on microbial communities [START_REF] Lehmann | Biochar effects on soil biota-a review[END_REF]. These changes may have an important effect on fungi suppression.

Conclusion

The application of biochar from EGM waste at three pyrolysis temperatures (BC1-300°C, BC2-400°C and BC3-500°C) and at different amended doses increase the K and P intakes on Ryegrass, specially for BC3-100U; which have a direct influence on the dry weigh of ryegrass.

Although, the applied biochar didn't have a significant effect on soil structural stability in short term conditions, the soil losses by runoff or leaching were significantly reduced for high amended doses of biochar (15 t ha -1 ). These transformations were followed by an alcanisation of inoculated soils as well as an increase on their CEC specially for biochar produced at high temperatures. However, pronounced phytopathogens suppressive effect was observed for BC1 produced at 300°C, probably due to VOC residues. Thus, an extended scale for long-term studies were required to have a comprehensive insight for the use of EGM biochar impact as biofertilizer in soil as well as agroenvironnemental impact. The transformation of EGM waste into valuable biochar can be of interest for carbon and water sequestration in the frame of a circular economy approach.

  phytopathogens species: Rhizoctonia solani, Fusarium oxysporum, Pythium ultimum et Phytophtora sp. The phytopathogens were grown on PDA (Potato Dextrose Agar) solid medium in presence of soil and biochar extract (aqueous extraction 2% w/v). The soil and biochar mixture used in this test were collected from structural stability test after 60 days of incubation for all tested modalities. Mycelial discs (diameter of 5 mm), taken from the periphery of an actively growing PDA culture of each tested pathogen, were placed at the center of the PDA Petri dishes. 1 mL of each extracts were dropped-off (100 µL) at the two opposite sides of the Petri dishes. Resulting Petri dishes were incubated in the dark at 25 (± 2)°C for 12 days. In this experiment, the considered control sample is the phytopathogen grown on PDA without soil and biochar extract.

Figure 1 .a

 1 Figure 1.a Cumulative weight average of the fresh ryegrass harvest (g) obtained for all the tested modalities (BC1, BC2, BC3 amendment, references and Dose 100 U K 2 O) after the second harvest.

Figure 2

 2 Figure 2 Average of cumulative exported potassium obtained for all the tested modalities (BC1, BC2, BC3 amendment, references and Dose 100 U K 2 O) after the second harvest (g of potassium per kg of dry rye grass).

Figure 3

 3 Figure 3 Average of cumulative exported phosphorus obtained for all the tested modalities (BC1, BC2, BC3 amendment, references and Dose 100 U K 2 O)after the second harvest (g of phosphorous per kg of dry ryegrass).

Figure 5

 5 Figure 5 Mean Weight Diameter (MWD) of soil aggregates depending on biochar type and quantity.

Figure 6

 6 Figure 6 Evaluation of soil losses through leaching or runoff experiments on soil containing different amounts of the different biochars compared with a control (soil only).

Figure 7

 7 Figure 7 Evolution of soil pH and conductivity after 60 days of contact with the different biochar modalities.

Figure 8

 8 Figure 8 Evaluation of the average radial diameter of fungi for different phytopathogens colonies in presence of soil and biochar BC1(a), BC2 (b), BC3 (c) under different doses.

Table . 1

 . Main biochars' characteristics of produced biochars (BC1-300°C ; BC2-400°C ; BC3-500°C)

Table 2
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Table 2 .

 2 Summary of modalities used for the assessment of K and P bioavailabilities under K 2 O (kg ha -1 ) and P 2 O 5

	(kg ha -1 ) amendements

Sample name Experiment K 2 O (kg ha -1 ) amendement P 2 O 5 (kg ha -1 ) amendement

  

	Control	Soil	---	---
	B1-200	Soil+BC1(39g BC1/pot)	200 (12.5 t DM biochar ha -	106
			1 )	
	B2-200	Soil+BC2 (26g BC2/pot)	200 (8,33 t DM biochar ha -	93
			1 )	
	B3-100	Soil+BC3 (9.8g BC3/pot)	100 (3.13 t DM biochar ha -	60.5
			1 )	
	B3-200	Soil+BC3 (19g BC3/pot)	200 (6.25 t DM biochar ha -	121
			1 )	
	Ref K 100	Soil+mineral K fertilizer (KNO 3 )	100	0
	Ref K 200	Soil+ KNO 3	200	0
	Ref TSP 60.5	Soil+mineral P fertilizer (TSP)	0	60.5
	Ref TSP 93	Soil+ TSP	0	93
	Ref TSP 106	Soil+ TSP	0	106
	Ref TSP 121	Soil+TSP	0	121
	Ref K 100 + TSP	Soil+KNO 3 +TSP	100	60.5
	60.5			
	Ref K 200 + TSP 93	Soil+KNO 3 +TSP	200	93
	Ref K 200 + TSP 106 Soil+KNO 3 +TSP	200	106
	Ref K 200 + TSP 121 Soil+KNO 3 +TSP	200	121
	DM : Dry Matter			
	2.3. Aggregates Stability and soil losses by infiltration and runoff	
	2.3.1. Structural stability		

,33 BC2 /15 BC3 /3,125 BC3 /5 BC3 /6,25 BC3 /15 value

  = 0.2705). The decrease of MWD was rapidly achieved for soils amended with BC3 amended with a dose of 15 t ha -1 .Wang et al. (2016) 
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