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Introduction

Olive mill wastewater (OMW) is the liquid effluent generated during olive oil extraction. The annual amount generated worldwide was estimated to about be 30 million m 3 per year in the Mediterranean basin [START_REF] Souilem | Olive oil production sector: Environmental effects and sustainability challenges[END_REF]. OMW production seasonality and toxicity make the implementation of a sustainable management strategy a very difficult and expensive task [START_REF] Smeti | Effects of olive mill wastewater discharge on benthic biota in Mediterranean streams[END_REF]. Several studies showed that OMW could have important negative effects on soil ecosystems, water resources and air due to their richness in organic matter, especially polyphenols [START_REF] Smeti | Effects of olive mill wastewater discharge on benthic biota in Mediterranean streams[END_REF]. In particular, polyphenols affect significantly the microbial activities in soil and water ecosystems and consequently create a major environmental issue in the main olive-producing countries of the Mediterranean region [START_REF] Souilem | Olive oil production sector: Environmental effects and sustainability challenges[END_REF]. Therefore, the development of adapted technologies/strategies for the management of this liquid effluent has been urgently stressed these last decades. Several methods for OMW treatment have been developed and tested in recent years such as: natural evaporation, adsorption, coagulation flocculation, electro-coagulation, biological treatments, and various hybrid technologies [START_REF] Galanakis | Olive mill waste: Recent advances for sustainable management, Olive Mill Waste: Recent Advances for Sustainable Management[END_REF][START_REF] Bargaoui | Optimization of hybrid treatment of olive mill wastewaters through impregnation onto raw cypress sawdust and electrocoagulation[END_REF]. Nevertheless, the majority of these techniques have either low treatment efficiencies, may be cost-ineffective or even could generate more toxic by-products [START_REF] Lee | Treatment technologies of palm oil mill effluent (POME)and olive mill wastewater (OMW): A brief review[END_REF].

Since these OMW are relatively rich in organic matter as well as nutrients (especially potassium and phosphorus), OMW have been tested as an amendment for various agricultural Mediterranean soils through direct spreading [START_REF] Magdich | Olive Mill Wastewater Agronomic Valorization by its Spreading in Olive Grove[END_REF]. However, the use of large amounts of OMW could increase pollution risks of the ecosystem due to the presence of high concentrations of phenolic compounds or salts [START_REF] Sassi | A comparison of Olive oil Mill Wastewaters (OMW) from three different processes in Morocco[END_REF][START_REF] Casa | Reduction of the phenolic components in olive-mill wastewater by an enzymatic treatment and its impact on durum wheat (Triticum durum Desf.) germinability[END_REF][START_REF] El Hadrami | Physico-chemical Characterization and Effects of Olive Oil Mill Wastewaters Fertirrigation on the Growth of Some Mediterranean Crops[END_REF][START_REF] Quaratino | Enzyme and fungal treatments and a combination thereof reduce olive mill wastewater phytotoxicity on Zea mays L. seeds[END_REF]. Indeed, various environmental issues could arise from the non-controlled spreading on agricultural soils of OMW [START_REF] Barbera | Effects of spreading olive mill wastewater on soil properties and crops, a review[END_REF]:

(1) deterioration of the physical, chemical and biological properties of the soil, (2) potential phytotoxic effects on cultivated crops, and (3) groundwater pollution. These serious problems could emerge especially when the spread of OMW is not evenly distributed onto the agricultural soil or when inadequate doses are applied. As an example, El [START_REF] El Hadrami | Physico-chemical Characterization and Effects of Olive Oil Mill Wastewaters Fertirrigation on the Growth of Some Mediterranean Crops[END_REF] studied the effects of the use of different OMW dosages on the growth of some Mediterranean crops (maize, wheat, chickpea and tomato). In comparison with control experiments (without OMW), they showed that OMW addition could negatively influence both plant germination and growth yields. Indeed, reduction of shoot, root weight, ramification, leaf extension rates and overall production yields, were observed for all the studied crops, especially wheat. These authors concluded that the phenolics in the OMWs are the main compounds that suppress germination and their effects are species specific. These risks have led several olive oil-producing countries to enact a series of directives that regulate the direct spreading of OMWs on agricultural soils. Within the European Union, each state has established its own norm for OMW spreading. For instance, Italy has fixed this maximum amount to 80 m 3 ha -1 year -1 [START_REF] Barbera | Effects of spreading olive mill wastewater on soil properties and crops, a review[END_REF].

Biochars, derived from the pyrolysis of biomass resources, are carbon-rich products.

These carbonaceous materials, besides their confirmed effect on mitigation of global warming through carbon sequestration, they could be used as efficient adsorbents for various pollutants [START_REF] Jellali | Biomass-derived chars used as adsorbents for liquid and gaseous effluents treatment[END_REF][START_REF] Xiang | Biochar technology in wastewater treatment: A critical review[END_REF] and also as organic fertilizers for agricultural soils [START_REF] Yu | Biochar amendment improves crop production in problem soils: A review[END_REF]. Under specific conditions, the physicochemical properties of biochar can contribute to increase nutrients, carbon contents and availability, as well as micro-organisms resistance of agricultural soils [START_REF] Ding | Biochar to improve soil fertility[END_REF]. Furthermore, biochar can reduce soil acidity, increase cation exchange capacity (CEC), enhance water retention capacities, and regulate the C, N dynamics [START_REF] Yu | Biochar amendment improves crop production in problem soils: A review[END_REF].

On the other hand, the textural properties of biochar could be used as a reservoir for nutrients, provide slow nutrient release and optimal uptake by the cultivated plants [START_REF] Zheng | Impacts of adding biochar on nitrogen retention and bioavailability in agricultural soil[END_REF]. Various biochars, generated from the pyrolysis or co-pyrolysis of several biomasses including lignocellulosic materials, food wastes and sludges, have been valorized in agriculture [START_REF] El-Naggar | Biochar application to low fertility soils: A review of current status, and future prospects[END_REF]. In this context, [START_REF] Domingues | Properties of biochar derived from wood and high-nutrient biomasses with the aim of agronomic and environmental benefits[END_REF] studied the impacts of biochar physicochemical properties derived from wood (eucalyptus sawdust, pine bark), sugarcane bagasse and nutrients-rich sources (coffee husk, chicken manure) on their potential agronomic and environmental benefits. They found that biochar derived from sugarcane has greater potential for improving carbon storage in tropical soils due to a higher aromatic character, higher C content and lower H/C ratio. However, biochars produced from lignocellulosic materials have generally low nutrient contents, limiting the optimal development of crops [START_REF] Guo | The role of biochar in organic waste composting and soil improvement: A review[END_REF]. In order to tackle this issue, research projects have recently been carried out in order to modify the composition of these biochars and afterwards to increase nutrient concentration through the impregnation with mineral nutrients. In this context, various salts have been tested for the efficient modification of biochars such as CaCl2 [START_REF] Fang | Use of Mg/Ca modified biochars to take up phosphorus from acid-extract of incinerated sewage sludge ash (ISSA) for fertilizer application[END_REF], MgCl2 (Oginni et al., 2020), FeCl2 andFeCl3 (Wu et al., 2020) and La(NO3)2 [START_REF] Li | Investigation into lanthanum-coated biochar obtained from urban dewatered sewage sludge for enhanced phosphate adsorption[END_REF]. The efficiency of biochars in retaining nutrients from effluents mainly depends on biochar characteristics, salt nature and concentration, and nutrient adsorption conditions (concentration, biochar dosage, pH) [START_REF] Akgül | Modification of tea biochar with Mg, Fe, Mn and Al salts for efficient sorption of PO3-4 and Cd2+ from aqueous solutions[END_REF]. However, these methods use chemicals that could negatively impact the environment and are relatively high in cost.

In order to limit the negative effects of the OMW spreading onto agricultural soils, other methods have been tested to find out other OMW valorization pathways with limited environmental impacts. In this context, OMW was composted as a dehydrated raw material or used as a humifying media during wastes co-composting (Assess et al., 2018;[START_REF] Aviani | Co-composting of solid and liquid olive mill wastes: Management aspects and the horticultural value of the resulting composts[END_REF][START_REF] Casacchia | In situ olive mill residual cocomposting for soil organic fertility restoration and by-product sustainable reuse[END_REF]Ceggara et al., 1996;[START_REF] Hachicha | Quality assessment of composts prepared with olive mill wastewater and agricultural wastes[END_REF]. They found that when using adapted OMW ratios, the resulting compost could exhibit interesting agronomic value for various cultivated plants at both laboratory and field scale. Recently, an innovative and eco-friendly strategy for the management of this effluent has been proposed (Haddad et al., 2017b). This strategy consisted in the impregnation of OMW onto a lignocellulosic biomass (raw cypress sawdust: RCS), followed by the slow pyrolysis of the resulting impregnated material. This thermal conversion operation leads to the recovery of biofuels (bio-oil and syngas) for energetic purposes as well as a solid residue (biochar) that could be used as a promising organic fertilizer since it is exceptionally rich in nutrients (particularly potassium and phosphorus). Furthermore, the drying operation carried out before the pyrolysis step allows water recovery that could be reused in agriculture after specific treatments [START_REF] Dutournié | Olive mill waste water: From a pollutant to green fuels, agricultural water source, and bio-fertilizer. Part 2: Water recovery[END_REF]. In the present study, biochar doping with nutrients was carried out through the impregnation of lignocellulosic biomass with OMW that is already rich in potassium, phosphorus, nitrogen and calcium (Haddad et al., 2017b). Therefore, this operation turned OMW from a waste to a source of nutrients.

The aims of this study are: (i) to assess the effect of impregnating cypress sawdust with OMW or synthetic KCl solutions on the physicochemical properties of the produced biochars through a deep characterization, (ii) to evaluate the use of these biochars as organic fertilizers for the development of rye grass through the quantification of potassium bioavailability, soil aggregation stability and pathogens suppression.

Materials and Methods

Raw Biomass and Olive Mill Wastewater collection

Cypress sawdust (CS) was collected from a carpentry manufactory located in the region of Menzel Bouzelfa (North East of Tunisia). It is produced with huge amounts in this region. the CS was initially air dried for one week until reaching a constant weight. Then, it was sieved by using mechanical sieve shakers (Retsch, Haan, Germany). Only the fraction with particle diameters between 0.08 and 2 mm was selected, dried in an oven at 60 °C for 24 h and stored in bags for further use. This material has exhibited good efficiency in removing both organic and mineral pollutants contained in industrial effluents [START_REF] Azzaz | Alkaline-treated sawdust as an effective material for cationic dye removal from textile effluents under dynamic conditions: breakthrough curve prediction and mechanism exploration[END_REF]Haddad et al., 2017c). The OMW samples were collected on December 2016 from an olive oil mill plant (three phases centrifugal steps) located in the region of Touta (North East of Tunisia). It was stored in a refrigerator at a temperature of 4°C and used for all the experiments carried out throughout this study. Its main physicochemical characteristics are presented in a previous work (Haddad et al., 2017b). It is however important to remember that this effluent is very rich in organic matter (COD=197 g L -1 ) and also in minerals, especially K, Mg, NH4, Na, P and Ca with respective contents of 5.9, 2.6, 1.7, 1.8, 1.6, and 0.7 g L -1 (Table S1).

Preparation of the impregnated biomass samples

Two separate samples of impregnated cypress sawdust were prepared under static conditions (batch) by using two different impregnator agents. The first one corresponds to OMW which is relatively rich in potassium, magnesium and phosphorus and the second one consists of a synthetic aqueous solution (SS) of KCl at a concentration of 25 g L -1 . Potassium was selected as the target element to elaborate the synthetic aqueous solution (SS) since it is the major component present in OMW. During these assays, 20 g of RCS were stirred in 400 mL of OMW or SS at 300 rpm for 24 h by using a magnetic stirrer. After this impregnation step, the solid phase was separated by filtering the resulting mixture through a filter paper with pore size of 45 μm. Finally, the solid filtrated sample was dried in an oven at 105°C for a period of 24 h in order to remove the contained residual moisture.

Biochar production

Biochar production from the raw and the two impregnated cypress sawdust samples was performed in a homemade pyrolyzer pilot using a vertical tubular furnace. More details regarding this pilot are given by Haddad et al. (2017b). During the pyrolysis experiments, 2 kg of the biomass were placed in different drawers located inside the pyrolyzer reactor. Then, nitrogen flow was supplied continuously at room temperature during 30 min in order to remove residual oxygen. Afterward, the temperature increased to the setting value (500°C) at a range of 5°C min -1 under nitrogen at a flow rate of 5 NL min -1 . The sample was maintained during 1 h at 500 °C then cooled naturally under nitrogen flow. During the pyrolysis test, emitted gases and volatiles reached a condensing system formed by a refrigerant connected to the liquid collector where they were cooled by circulating cold water in order to collect the recovered bio-oil.

Biochar characterization

In this study, three biochars were produced. They correspond to the pyrolysis of raw cypress sawdust (RCS-B), cypress sawdust impregnated with OMW (ICS-OMW-B) or with KCl solution (ICS-K-B). Physicochemical characterizations were performed as follows: The elemental composition was determined by means of a CHNS-Flash smart apparatus. The proximate analyses were realized in triplicate by using a thermogravimetric analyzer (Mettler TGA/DSC 1) according to the ASTM method. The mineral element contents were measured by an X-ray fluorescence spectrophotometer (XRF, Philips PW2540) equipped with a rhodium target X-ray tube and a 4-kW generator. The morphologic and surface elemental analysis of the biochars were characterized using a Scanning Electron Microscope (SEM).

The specific surface area and porosity of the biochars were evaluated through the isothermal adsorption of CO2 (at 0 °C) by using a Micromeritics ASAP2020 apparatus. Finally, the pH and electrical conductivity (EC) were measured in a suspension of biochar in deionized water (ratio of 1:20; w/w), as suggested by the International Biochar Initiative (IBI, 2020).

Fertilizing potential of biochars on plant growth

Agronomic tests started in April 2017. The use of three different biochars as amendments for a typical plant: rye grass growth (Lolium perenne) was studied in controlled greenhouse plant growth experiments. All these experiments were conducted in 1.5 L flowerpots having an internal diameter of 11 cm and a height of 19 cm. Each pot contains at its bottom four holes (diameter of 0.5 cm, covered with Whatman® cellulosic filters to prevent soil losses) in order to facilitate water drainage. The used agricultural soil was collected from the upper layer (horizon: 0-30 cm) of an agricultural soil in the research field plot of RITTMO Agro-environment institute, located at Colmar (France). This soil has been previously characterized as a loamy soil with mean contents of 76.2% wt, 14.4% wt, and 9.1% wt of sand, silt and clay respectively [START_REF] Adeboye | Assessment of soil quality using soil organic carbon and total nitrogen and microbial properties in tropical agroecosystems[END_REF]. It has a pH and a conductivity of 7.3 and 0.5 mS cm -1 . Furthermore, it is 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 [START_REF] Adeboye | Assessment of soil quality using soil organic carbon and total nitrogen and microbial properties in tropical agroecosystems[END_REF]. The used soil was firstly air-dried for one week and then sieved by using mechanical sieve shakers (Retsch, Haan, Germany). Only the fraction with particle diameters lower than 2 mm was selected and used in this study.

Only potassium bioavailability from biochar was determined because of its existence in both OMW and impregnated biochars at high contents compared to the other major nutrients (Nitrogen or phosphorus). So, impacts of enriched-biochars with potassium on the growth of the rye grass was assessed through a randomized block design with four replicates. Each pot was filled with 1 kg of agricultural soil (dry basis) mixed with precise biochars quantities. These amounts were calculated on the basis of their potassium contents in order to guarantee a constant K supply of 150 Units (kg of K2O per hectare) for all pots. This concentration is an average value of the ray-grass requirements in K2O, which varies from 100 to 200 kg/ha. Therefore, the masses of biochar per pot were fixed to 0.0 g for the control test and to 2.2, 4.6 and 48.9 g for ICS-OMW-B, ICS-K-B and RCS-B biochars, respectively. Moreover, the effect of biochar supply to the agricultural soil was compared to a chemical fertilizer (KH2PO4) supplied at 150 Units of K2O per hectare (K fertilizer assay). This assay was also carried out with four replicates.

All modalities received initial fertilization in pot (10 mL of solution containing : NaH2PO4, 2H2O: 109.86 g L -1 ; Ca(NO3)2, 4H2O at 73.75 g L -1 and 10 mL of solution containing (FeSO4, 7H2O: 0,450 g L -1 ; Mn SO4, H2O: 0,452 g L -1 ; ZnSO4, 7H2O: 0,202 g L -1 ; Cu SO4, 5H2O: 0,189 g L -1 ; Na2B4O7, 10H2O: 0,278 g L -1 ; (NH4)6Mo7O24, 4H2O: 0,013 g L - 1 ). (20 mL of NH4NO3: 5.65 g L -1 ; Mg(NO3)2 6H2O:5.33 g L -1 and (NH4)2SO4: 2.06 g L -1 ).

In order to ensure that the only limiting factor in the nutrition of the plant can be potassium, a weekly nutritive solution was add in all pots are fertilized with 20 mL of a nutritive solution containing NH4NO3 (5.65 g L -1 ), Mg(NO3)2 6H2O (5.33 g L -1 ) and (NH4)2SO4 (2.06 g L -1 ). Afterwards, two grams of rye-grass were seeded in each pot. After sowing, a thin layer (30 g) of Biot sand was placed over the seeds. The water-irrigation was brought to the pots to bring the mixes to a relative humidity of 70% which was maintained throughout the experiment. Watering was carried out by sub-irrigation to avoid leaching losses. The plant growth was carried out at constant temperature of 25°C for 16 h and at 20°C during 8 h, with a minimal brightness of 175 W m -2 during 14 h. For all the experiments, two cuttings of the foliar rye grass biomass were carried out after 4 and 8 weeks. The first cutting is done at 2.5 cm above the substrate (soil) after 4 weeks, while a flush cutting is done for the second one at 8 weeks. Fresh and dried (40°C in oven until mass stabilization) biomasses are weighed to determine the fertilizing impacts.

Bioavailability of potassium-contained-biochars

Potassium bioavailability was carried out through the analysis of potassium contents in the dry biomass samples from two cuttings campaigns performed after 4 and 8 weeks, compared to potassium contents added with chemical products. Potassium contents were measured by using an Inductively Coupled Plasma spectrometry (ICP) device (Agilent Tech 5100 ICP OES) after a mineralization phase. Results were calculated using cumulative results of the first and second cuts, and were expressed in terms of potassium mass per kg of ryegrass dry matter (dm).

Effect of biochar on soil aggregate stability

The effect of biochars on agricultural soil aggregate stability was determined in triplicate by using the wet sieving method described in DIN-Norm 19683-16 and modified by [START_REF] Kemper | Aggregate Stability and Size Dlstributlon[END_REF]. The 500 g blends corresponding to soil + each biochar treatment described in section 2.5 were incubated in greenhouse conditions for 60 days with regular watering (70% humidity). After 60 days, each pot was sampled from 0 to 3 cm depth using three shovel loads per treatment. Samples were then air-dried at ambient temperatures (3 days) before being sieved to obtain the 1-2 mm fraction. The 1-2 mm fraction was ovendried (40 °C, 24 h). 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 with 20 mm amplitude and 1.6 Hz frequency. After 10 minutes, the aqueous phase (containing water unstable aggregates in suspension) was recovered and dried (16 h at 105°C). Meanwhile, undissolved aggregates stayed in sieves, and underneath plastic containers were filled with 150 mL of a dispersing solution (NaOH 2 g L -1 ). The wet sieving device was relaunched for 20 minutes. After this duration, underneath containers containing the liquid dispersant phase (in which water stable aggregates are in suspension) were recovered. Their integral content was transferred in weighed crystallizers and dried at 55°C for 16 hours. Every crystallizer was weighed. Water stable aggregates percentage (SAP) was given by the ratio between the mass of stable aggregates and the sum of stable and unstable aggregates masses.

In vitro effect of biochars on fungi pathogen growth

The effect of biochar on the mycelial growth of three telluric pathogens (Pythium ultimum, Rhizoctonia solani and Fusarium oxysporum) was evaluated in triplicate on Potato Dextrose Agar (PDA) in Petri dishes. During these tests, 1 mL of each biochar extract (2%, w/v) and a control test (free of biochar) were dosed (100 µL) at the two opposite sides of the sterilized Petri dishes (with a diameter of 9 cm). Mycelial discs (diameter of 5 mm), taken from the periphery of an exponential growth phase (PDA solid medium) of each tested pathogen, were placed at the center of the prepared Petri dishes then incubated in the dark for a total duration of 7 days at a temperature of 25 ± 2°C. Diameter of phytopathogenic fungi growing ring was measured 2 times per day or 1 time per 3 days, depending of the growth speed. The assay remained until the Petri dish was not totally colonized. Each treatment was carried out in four replicates. At the end of the incubation period, the diameter of mycelial of the three tested pathogens in the presence of the different biochars were measured and compared to the control sample.

Statistical analysis

Reported experimental data in this study were analyzed using the statistical software 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). A Tukey's honest significant difference test (HSD) was carry out (software STAGRAPHICS Centurion XV©, version 15.2.06) to identify differences between modalities tested.

Results and discussion

Biochars production and characterization

Biochars production yields

In our previous work (Haddad et al., 2017a), thermogravimetric analyses (TG and DTG curves) indicated that no significant RCS mass loss occurred above a temperature of 500°C.

Therefore, the carbonization step ended at about 500°C and only char structural rearrangement occurred above this pyrolysis temperature. In the present work, all biochars were produced for a pyrolysis temperature, a heating gradient and a residence time of 500°C, 5°C/min and 1h, respectively. This slow pyrolysis process resulted in biochars yields of about 26%, 30% and 34% for RCS-B, ICS-K-B and ICS-OMW-B, respectively. It appears that the biochars production yields increase with the impregnation intensity of the cypress sawdust. This behavior is mainly due to the retention by the cypress sawdust of high contents of K (case of the impregnation with KCl) and K, Na, Mg and Ca (case of the impregnation with OMW). Indeed, the presence of such monovalent and divalent cations on the CS favors the cross linking of its components which results in a net decrease in the organic matter carbonization and consequently to a significant increase of the related biochars production yields [START_REF] Uchimiya | Influence of pyrolysis temperature on biochar property and function as a heavy metal sorbent in soil[END_REF]. This finding is in accordance with the one obtained by [START_REF] Chouchene | Energetic valorisation of olive mill wastewater impregnated on low cost absorbent: Sawdust versus olive solid waste[END_REF] who reported that the impregnation of olive mill solid wastes by OMW increased the produced biochar at a temperature of 850 C from 24.0% to about 28.5%. Also, [START_REF] González | Pyrolysis of biomass from sustainable energy plantations: Effect of mineral matter reduction on kinetics and charcoal pore structure[END_REF] demonstrated that poplar wood and giant reeds demineralization (via a 10% HCl solution) reduced biochars yields production from 26.5% to 23.0% and from 25.3% to 22%, respectively.

It is important to underline that besides the initial mineral contents in the biomass, the pyrolysis conditions, especially the final temperature and the residence time could significantly affect the biochars production yields and properties. The higher the pyrolysis temperature and longer the residence time, the lower the biochar production yield and higher the developed surface area and porosity [START_REF] Wang | Preparation, modification and environmental application of biochar: A review[END_REF].

Proximate and ultimate analyses

Proximate analyses (Table 1) showed that the moisture, volatile matter (VM), fixed carbon (FC) and ash contents of the biochar generated from the RCS are in the range of lignocellulosic materials obtained with similar pyrolysis conditions [START_REF] Khiari | Thermal conversion of flax shives through slow pyrolysis process: in-depth biochar characterization and future potential use[END_REF]. The impregnation of RCS by the KCl solution or OMW has significantly reduced the VM contents in the related biochars by about 7.0% and 11.1%, respectively. At the same time, ash contents of these two biochars were about 2.0 and 3.4 times higher than the one of the RCS, respectively. This behavior is mainly due to the increase of mineral content of RCS after its impregnation with KCl or OMW, which likely prevents the devolatilization of a part of the organic fraction during the pyrolysis process [START_REF] Xu | Influences of the heat-treatment temperature and inorganic matter on combustion characteristics of cornstalk biochars[END_REF]. It is important to underline that biochar containing VM contents above 35% wt are generally not stable and could reduce nitrogen availability and then limit plant growth [START_REF] Deenik | Charcoal Volatile Matter Content Influences Plant Growth and Soil Nitrogen Transformations[END_REF]. In the present study, all the biochars have VM contents significantly lower than this threshold, indicating that nitrogen will be available and assimilated by the plant. On the other hand, biochars have comparable fixed carbon contents (between 66.8% wt and 68.0% wt). Similar trend was reported by [START_REF] Xiao | Biochar produced from mineral salt-impregnated chicken manure: Fertility properties and potential for carbon sequestration[END_REF] who showed that the impregnation of poultry manure with different synthetic solutions (MgCl2 and CaCl2 ) did not significantly affect the fixed carbon content.

The comparison of the elemental composition of the different biochars (on dry ash free basis) shows that they have globally similar C, H, and O contents (Table 1). However, as expected, a significant increase of nitrogen contents was observed for the ICS-OMW-B compared to RCS-B and ICS-K-B. This supplementary nitrogen content is provided by the impregnation of OMW. Such a result is very promising in the context of using this biochar (ICS-OMW-B) as an organic fertilizer. For the different biochars, O/C ratios are equal to 0.1 and H/C ratios ranged from 0.45 to 0.49 (Table 1). The calculated O/C and H/C ratios are lower than 0.4 and 0.6, respectively, which indicates that these biochars can be used in agricultural soil [START_REF] Li | Predicting biochar properties and functions based on feedstock and pyrolysis temperature: A review and data syntheses[END_REF]. On the other hand, based on O/C ratio and on fixed carbon contents, the methodology proposed by [START_REF] Crombie | The effect of pyrolysis conditions on biochar stability as determined by three methods[END_REF] indicates that the stability order of the different biochars is as follows: RCS-B< ICS-OMW-B≈ ICS-K-B.

Table 1 here

Mineral composition

The elemental composition of the different biochars is given by Figure 1. The impregnation process carried out with KCl and OMW have significantly affected K contents of the corresponding biochars. Indeed, K concentrations in ICS-OMW-B (15.5 mg g -1 ) and ICS-K-B (7.4 mg g -1 ) were more than 22 and 10 times higher than in RCS-B (0.7 mg g -1 ). In addition, due to the relatively high concentrations of Mg, Na and P in OMW (2.6, 1.8 and 1.6 g L -1 respectively) (Haddad et al., 2017b), their contents in ICS-OMW-B were about 174%, 128% and 631% higher than those of RCS-B (Figure 1). The mineral richness of the ICS-OMW-B biochar indicates that it could be an attractive and promising amendment for acidic agricultural soils. The bioavailability of minerals is an important parameter to ensure an optimal growth of the cultivated crops. On contrary, the Ca content of the ICS-OMW-B biochar is lower than that of RCS-B biochar. This behavior could be due to relatively low Ca contents in the OMW (Haddad et al., 2017b) and also to a promoted cation exchange during the impregnation process.

Figure 1 here

pH and electrical conductivity

The pH and the electrical conductivity were measured for the different biochars to evaluate the impact of KCl or OMW impregnation. The corresponding results are presented in Table 2. The impregnation process has a significant effect on the pH values of the impregnated biochars since they increase from 7.34 for RCS-B to 9.10 and 10.45 for ICS-K-B and ICS-OMW-B, respectively. This behavior is due to the retention of basic minerals that occurred during the impregnation process with KCl or OMW. ICS-K-B and ICS-OMW-B biochars are alkaline, useful for the amendment of acid soils since it will permit to increase their pH and consequently improve plants growth and productivity [START_REF] Zhang | Biochar induces changes to basic soil properties and bacterial communities of different soils to varying degrees at 25 mm rainfall: More effective on acidic soils[END_REF]. The increase of pH observed for these biochars is higher compared to other biochars prepared under similar conditions such as grape marc wastes (Ibn Ferjani et al., 2019), poultry manure [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] and industrial sludges [START_REF] Karim | Nutrient rich biomass and effluent sludge wastes co-utilization for production of biochar fertilizer through different thermal treatments[END_REF]. Such pH values are typically reached for biochars generated at higher pyrolysis temperatures. Indeed, depending on the nature of the biomass, the pH of the biochar increases at a rate between 0.5/100 °C and 1.4/100 °C [START_REF] Li | Predicting biochar properties and functions based on feedstock and pyrolysis temperature: A review and data syntheses[END_REF].

Similarly, the impregnated biochars have relatively high electrical conductivity compared to the one derived from the raw cypress sawdust (Table 2). Indeed, the EC of ICS-OMW-B is more than twice that of the RCS-B. This result can be explained the same way as the one for pH. However, this salinity is not really a problem because: i) low biochar quantities will be used for soil amendment (0.5%-2%wt) and ii) part of these nutrients will be leached. Therefore, such biochars' salinity will not significantly affect seed emergence and germination. The surface of these biochars appears rougher. The impregnation process has favored the formation of small aggregates/particles stabilized on the surface of these biochars (Figure 2). [START_REF] Xiao | Biochar produced from mineral salt-impregnated chicken manure: Fertility properties and potential for carbon sequestration[END_REF] showed that nanoscale mineral particles like quartz (SiO2), sylvite (KCl), or hunite (Mg3Ca(CO3)4) were present on the surface of a biochar produced from mineral saltimpregnated chicken manure. The formation of these phases at the surface of biochars could affect the dynamics and leaching of nutrients in soil.
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Morphology

Figure 2 here

Textural properties of the different biochars

The textural properties of the different biochars were examined through the isothermal adsorption of CO2. The microporous volume and the surface area are given in Table 3. The amount of CO2 adsorbed at (P/P0) = 0.03 has significantly decreased for ICS-K-B and ICS-OMW-B biochars compared to RCS-B (Figure S1), this can be probably due to a partial blockage of the pores with the crystallization of minerals at the surface of the biochars. This hypothesis is confirmed by the decrease of the micropores volume from 0.15, 0.11 to 0.09 cm 3 g -1 for RCS-B, ICS-K-B and ICS-OMW-B biochars, respectively. Moreover, the surface area of the biochars follows the same trend, it varies from 205 m 2 g -1 for the RCS-B biochar to 185 and 175 m 2 g -1 for ICS-K-B and ICS-OMW-B biochars, respectively. Similar results were obtained by [START_REF] González | Pyrolysis of biomass from sustainable energy plantations: Effect of mineral matter reduction on kinetics and charcoal pore structure[END_REF] who reported that the demineralization of giant reeds has increased the specific surface area (from 174 to 378 m 2 g -1 ) and the total pore volume (from 0.049 to 0.191 cm 3 g -1 ) of the derived biochars. [START_REF] Agrafioti | Biochar production by sewage sludge pyrolysis[END_REF] found that the surface area of the biochar obtained from the pyrolysis (500°C) of a pretreated municipal sewage sludge with phosphoric acid was about 78% lower than the one obtained at the same temperature with the raw municipal sewage sludge.

It is important to underline that the surface areas obtained for ICS-K-B and IS-OMW-B biochars are relatively higher than those reported for various lignocellulosic biomasses [START_REF] Li | Predicting biochar properties and functions based on feedstock and pyrolysis temperature: A review and data syntheses[END_REF]. The use of biochars with high specific surface areas could significantly increase the cation exchange capacity of agricultural soils as well as their capacities in retaining both organic and inorganic pollutants coming from fertilizers or pesticides [START_REF] Jellali | Biomass-derived chars used as adsorbents for liquid and gaseous effluents treatment[END_REF][START_REF] Yu | Biochar amendment improves crop production in problem soils: A review[END_REF].
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Effect of biochars on plant growth

The agronomic potential of the different biochars was evaluated through their use as fertilizer for the growth of rye grass, according to the experimental procedure presented in section 2.5. The fertilizing efficiency of these biochars was compared to a chemical K fertilizer and to the use of an agricultural soil without adding of synthetic fertilizer or biochar (control test). Figure 3 gives an overview of the experimental setup that was used to elaborate this test in pots with 4 replicates (this photo has been done after the first cut, 4 weeks).

Figure 3 here

Fresh and dry matter masses of rye-grass were collected after 8 weeks for all the cultivated pots. The amount of dry matter (sum of the two cuts) was very similar between modalities with results between 6.13 g and 6.51 g for RCS-B and ICS-OMW-B respectively.

Compared to the control test, the use of RCS-B, ICS-K-B and ICS-OMW-B biochars, did not significantly impact the yield of fresh and dry matters.

Potassium bioavailability

Figure 4 shows potassium bioavailability from different source of fertilizing agents to rye grass after a growth period of 8 weeks. It clearly appears that the measured potassium contents in rye-grass leaves (dry matter: dm) are extremely dependent on the used fertilizing mode. The statistical analysis showed that the use of biochars has significantly favored potassium transfer to the plant when compared to the results obtained with the synthetic fertilizer or to the blank test (Figure 4). Positive impact of biochars on nutrients bioavailability has already been observed and may result from various effects. For example, some nutrients of biochars directly impact plant growth [START_REF] Tian | Biochar made from green waste as peat substitute in growth media for Calathea rotundifola cv[END_REF]). This can be expected from nitrogen, phosphorus contents [START_REF] Zheng | Using biochar as a soil amendment for sustainable agriculture[END_REF] or microelements as calcium, sodium (Na), magnesium [START_REF] Xu | What is more important for enhancing nutrient bioavailability with biochar application into a sandy soil: Direct or indirect mechanism[END_REF]. Nevertheless, initial fertilization and weekly fertilization brought enough nutrients (except K) for ryegrass growth. It would seem that observed effect of biochars was more related to other impacts such as indirect effects.

Biochars can improve nutrient bioavailability by increasing nutrient retention [START_REF] Zheng | Impacts of adding biochar on nitrogen retention and bioavailability in agricultural soil[END_REF][START_REF] Bai | Wood biochar increases nitrogen retention in field settings mainly through abiotic processes[END_REF][START_REF] Liu | Mechanisms of rice straw biochar effects on phosphorus sorption characteristics of acid upland red soils[END_REF], modify cation exchange capacity [START_REF] Nguyen | Black carbon decomposition under varying water regimes[END_REF], liming capacity of biochar (Van Zwieten and al.2010), … Biochars addition can modify physical, chemical or biological properties of the soil, which have a non-negligible effect on plant development [START_REF] Zheng | Using biochar as a soil amendment for sustainable agriculture[END_REF].

Figure 4 here

The potassium content in the rye-grass corresponds to 30.76 g kg -1 dm for the system using the ICS-K-B biochar. This potassium content is about 7 wt%, 7.5 wt%, 26.5 wt% and 29 wt% higher than the ones observed for the systems fertilized with ICS-OMW-B or RCS-B, K-fertilizer and the blank test respectively. Therefore, the ICS-K-B served as an adequate carrier for increasing plant K nutrition as it permits the assimilation of more potassium by the cultivated plant than for the other fertilizing systems. Similar trend was observed by Abu Zied Amin (2016) who studied the growth of wheat in a calcareous sandy soil amended by biochar (60 t ha -1 ) derived from the slow pyrolysis of corn cob. Results indicated that the potassium content of wheat plants increased from 11.4 to 14.9 g kg -1 compared to conventional cultivation. The release of minerals from carbon materials strongly depends on the functional groups that interact with cation and anion species. As the surface of biochars is negatively charged, the adsorption of cations is favored. The electrostatic forces between cations and the surface of rice-straw-derived-biochars have been classified as follows [START_REF] Tan | Mechanistic study of the influence of pyrolysis conditions on potassium speciation in biochar "preparation-application" process[END_REF]: Ca 2+ > Mg 2+ > Na + > K + . It means that potassium cation is more easily released from the surface of a biochar than others, which improves its bioavailability. Moreover, the cationic exchange capacity of soils in the presence of biochars can be significantly improved, Ca 2+ , Mg 2+ , and Na + cations can be adsorbed by the biochars through cation exchange with potassium [START_REF] Ding | Biochar to improve soil fertility[END_REF]. [START_REF] Widowati | Biochar effect on potassium fertilizer and leaching potassium dosage for two corn planting seasons[END_REF] have studied the effect of adding a synthetic potassium fertilizer and a biochar derived from the slow pyrolysis of mixed organic wastes (at a dose of 30 t ha -1 ) to a silty-clay agricultural soil. After 60 days, they showed that calcium content of the agricultural soil significantly increased from 1.84 g kg -1 dm (control test) to 2.43 g kg -1 dm for the amended soil. This cation exchange process seems to be influenced by cation valency, size and its content [START_REF] Cheney | Principles of Soil Chemistry[END_REF].

Soil aggregate stability

The determination of soil aggregate stability (SAP) was evaluated according to the experimental procedure described in section 2.7. Figure 5 indicates that for the two incubation periods (at the beginning and after 60 days), the best SAP is obtained for the agricultural soil amended with RCS-B biochar. After 60 days of incubation, the SAP of the soil containing RCS-B is 51%, 70% and 100% higher than those observed for the soil samples corresponding to the control sample, ICS-K-B and ICS-OMW-B, respectively. This is mainly attributed to the used biochars masses which were fixed to 0, 2.2, 4.65 and 48.9 g for the control sample, ICS-OMW-B, ICS-K-B and RCS-B biochars, respectively (see section 2.5). It seems that the positive effect of biochar on SAP is for higher biochar amounts. A similar trend was reported by [START_REF] Liu | Effects of biochar amendment on rapeseed and sweet potato yields and water stable aggregate in upland red soil[END_REF] who reported a significant increase of the SAP for an agricultural soil amended with biochars derived from the slow pyrolysis of wheat straw at a dose of 40 t ha -1 compared to the one amended with a dose of 20 t ha -1 . It is important to mention that the SAP depends also on the nature of the used biochar. [START_REF] Sun | Biochars improve aggregate stability, water retention, and pore-space properties of clayey soil[END_REF] demonstrated that the amendment of a loamy agricultural soil with a dose of 90 t ha -1 of straw biochar increased the SAP of about 30%. However, no significant impact was reported for wood-chips-derivedbiochar used with the same dose.

Figure 5 here

It is worth mentioning that several mechanisms could be involved in the improvements of soil aggregation in the presence of biochar. Indeed, biochar might stabilize aggregates by interacting with soil particles resulting from their large CEC, high hydrophobicity, carbon richness and high aromaticity [START_REF] Wang | Effects of biochar application on soil potassium dynamics and crop uptake[END_REF]. Moreover, biochars generally do not act as free particles but as intimately associated with soil stable aggregates [START_REF] Brodowski | Aggregate-occluded black carbon in soil[END_REF]. [START_REF] Piccolo | Role of Hydrophobic Components of Soil Organic Matter in Soil Aggregate Stability[END_REF] reported that hydrophobic components of organic matter contribute more to soil aggregate stability than hydrophilic components. Then, the important aromatic carbon structure of biochar may improve soil aggregate stability, enhancing the resistance of soil aggregates to water and making aggregates more resistant to physical disturbance (e.g. wet/dry cycles). On the other hand, biochars might compromise soil aggregate stability through chemical perturbations (e.g. release of important cation amounts, large increase of the pH, important negative surface charges) [START_REF] Kumari | Effects of Biochar on Dispersibility of Colloids in Agricultural Soils[END_REF]. In addition, the important release of K from the ICS-OMW-B and ICS-K-B could cause dispersion of organic matter and clay particles and consequently negatively influence the soil aggregate stability [START_REF] Chow | Temperature, water content and wet-dry cycle effects on DOC production and carbon mineralization in agricultural peat soils[END_REF].

Influence of biochars on pathogen growth

Mycelial growth was evaluated in the presence of the different biochars through the response of different pathogens (Pythium ultimum, Rhizoctonia solani and Fusarium oxysporum) cultivated in PDA media amended with RCS-B, ICS-K-B and ICS-OMW-B biochars aqueous extracts as explained in section 2.8. Figure 6 shows that the addition of the different biochars in the PDA media suppressed the pathogens growth. There was a significant reduction of pathogens radial growth for biochars compared to the control sample.

The RSC-B Biochar induced a suppressive effect only on Rhizoctonia solani strain while ICS-K-B and ICS-OMW-B biochars reduced growth of all pathogens. The ICS-OMW-B biochar induced the highest reduction in pathogen mycelial growth. Indeed, the average mycelial diameter growth for the control test was estimated to about 84 mm for Rhizoctonia solani, 82 mm for Fusarium oxysporum and 80 mm for Pythium ultimum. These diameters were respectively reduced to 44, 45 and 55 mm for ICS-OMW-B biochar. This behavior could be attributed to the high pH and salinity induced by the presence of the ICS-OMW-B biochar that could have a combined toxic effect on the development of the different pathogens. It was reported that the in vitro fungal radial growth decreased from 78 mm for an unamended control assay to 69 and 59 mm when biochars generated from wood chips and green wastes were used, respectively (Akhter et al., 2016). The suppression of pathogen growth is mainly dependent on the physical and chemical properties of the biochars. Indeed, an increase of soil pH and a decrease of nutrient release (especially iron and zinc) has been pointed out as the main reasons for this suppression phenomenon (Akhter et al., 2016). 
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Table 1 .

 1 Proximate and elemental analysis of the biochars obtained from raw and impregnated

	cypress sawdust			
		RCS-B	ICS-OMW-B ICS-K-B
		Proximate analysis (wt %)		
	Moisture (wb)	3.6	4.1	4.5
	Volatile matter (db)	27.0	24.0	25.1
	Fixed carbon (db)	68.0	66.8	67.8
	Ash (db)	1.5	5.1	3.0
		Elemental composition (wt%. daf)	
	C	84.7	84.7	85.2
	H	3.5	3.3	3.2
	O	11.6	11.2	11.3
	N	0.30	0.74	0.26
	S	0.05	0.11	0.05
	H/C	0.50	0.47	0.45
	O/C	0.10	0.10	0.10

Table 2 .

 2 Effect of RCS impregnation with KCl and OMW on the pH and electrical conductivity of the biochars

Table 3 .

 3 Microporous volume and surface area of the studied biochars evaluated through CO2

		RCS-B	ICS-OMW-B	ICS-K-B
	pH	7.34	10.45		9.10
	Conductivity (mS cm -1 ) 1.99	4.32		3.98
	adsorption at 0°C			
			RCS-B	ICS-OMW-B	ICS-K-B
	Microporous volume (cm 3 g -1 )	0.15	0.11	0.09
	Surface area (m 2 g -1 )		205	185	175
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