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VEGENUT : software to restore the ionic balance of nutrient solutions in recycled system. P. MORARD and S. MARTINEZ Laboratoire d'Ingénierie Agronomique ENSAT BP 107, Auzeville-Tolosane 31326 CASTANET-TOLOSAN



ABSTRACT The nutrient solution recycling of soilless cultures is an economic and ecological necessity. One of the main difficulties of recycled system is to maintain the total concentration in salts and ionic balances among macronutrients. Indeed, the composition of the solution varies according to the different rates of the root absorption of the plants. Thanks to the computer program VEGENUT 3.05 it is possible to calculate the content in macronutrients of the concentrated solution to restore the recycled solution. The formulation takes into account the ionic composition of the drained solution and the water of irrigation. The composition of the concentrated solution can be provided either in simple salts or from several commercial formulations. INTRODUCTION Soilless cultures can be defined as plant cultures with a complete crop cycle without any contact of the plant root system with its natural environment, which is soil. In such cultures, a mineral liquid medium is supplied to the plant roots. Through this medium the plant is provided with the nutrient solution containing water, oxygen in water and the essential mineral elements. Hydroponically grown crops have developed since the early 80s. Within the European Union, greenhouses with soilless cultures cover about 8,000 ha (Netherlands : 4,100 ha ; France : 1,200 ha ; Belgium : 1,000 ha...). The most widespread systems in Europe are based on the utilisation of substrates : the nutrient solution is percolated through the support and feeds the plant roots. In most cases, excess nutrients are supplied so that there is no limiting nutritional factor for the plant : the drainage waters thus constitute 20 to 40 % of the nutrient solution supplied. There is usually no recycling and the drainage waters are released into the soils, the water tables or the streams. The disposal of these effluents has three kinds of obnoxious effects. 1. Ecological. It corresponds to a loss which was estimated, for a tomato crop, 3 to amount to 2,800 m of water, 2.5 tons of salts and 1,700 kg of nitrate per hectare and per annum (MORARD, 1995) ; 2. Economical. The cost of the inputs required by the crop is increased accordingly and the unused nutrient solution, in the case of a tomato crop grown on 2 rockwool, represented a loss of 6,600 EURO/ha/year or 0.66 EURO/m (MUSARD and MOULIN, 1993). Besides, these effluents add their effects to those of various pollutants in soils, run-off waters and water tables : as the effluents contain essential elements for plant growth, the hazards are higher than those due to residual fertilizers which mostly result in nitrate leaching.



3. Legislative. During the last decade, the Dutch Government issued various memoranda (National Environmental Policy Plan, Agricultural Structure Memorandum, Multi-Year Crop Protection Plan) aimed at a drastic reduction of the possible environmental effects related to the uncontrolled release of nutrient solution effluents out of greenhouses, by the year 2000 (VAN OS et al., 1991, 1994). Other European countries (E.U.) are likely follow the same policy (MOLITOR, 1990) : in France, the general regulations about wastes disposal as come into effect regarding the effluents from greenhouses from this year on. Moreover, it will be forbidden to release those effluents into the soil in 2002 (DUBON, 1996). This pollution can be limited by recycling these effluents. Currently, this technique is badly viewed by horticulturists, who fear the risk of phytogen propagation and of providing plants with solutions containing an imbalance of mineral nutrients. This imbalance is due to the fact that the roots consume different mineral nutrients at different speeds and because current techniques for controlling these solutions (Ec, pH sensors) only enable compensation with water or with a balanced concentrated solution. RECYCLING PROBLEM Monitoring of the changes in the concentration of the principal ions and a calculation system for re-adjusting this concentration are prerequisites to recycling. Correct rebalance, involves three mineral composition parameters : - the solution drained through the substrate, which serves as the recycled solution starting material, - the irrigation water, whose mineral nutrient content varies depending on the source, - the balanced concentrated solution, which adjusts the circulating solution to maintain its initial formulation. The VEGENUT 3.05 software integrates all these parameters (as well as the circulating volume) and directly calculates the quantity of mineral nutrients to be supplied, either in the form of simple salts or in the form of commercially available formulations (liquid or solid). THE VEGENUT SOFTWARE DESIGN The VEGENUT 3.05 software was developed under Microsoft QuickBasic, version 4.5. This language was selected to provide a program than can be run on all generations of personal computers, even the oldest. The program comprises an auto-executable file running under DOS. The minimum configuration required for its installation is : a 286 processor including a 300 kb hard disk capacity (possibly run from a diskette) and 64 kb RAM memory. The design of the VEGENUT 3.05 software is based on algorithms which calculate the nutrient solution in function of the crop's mineral nutrient requirements (MORARD, 1995). Data input Use in a recycling system requires the input of two series of data : - a series of data specific to the soilless culture : composition of the required nutrient solution, circulating volume, volume of the drainage tank ; - the results from the analyses performed on the circulating solution (composition of the solution after draining) and the quality of the irrigation water , as well as any adjustment to it pH 5 (acid volume).



Results Based on the calculation, the software supplies the ionic balance of the concentrated nutrient solution (adjustment solution) necessary to return the circulating solution to very close to its initial concentrations. Based on the volume of solution used by the greenhouse grower, the software calculates the quantity of salts necessary for this adjustment, as well as the volume needed to dissolve them. These quantities can be calculated for solutions formulated using simple salts (in function of their purity) or for solutions formulated from commercially available products. Screen-displayed alarms ensure use of this software in all safety : a window displays the detection of any accumulation of sodium chloride, as well as any deviation of more than 10% between the required concentration of any element and the concentration of the formulation proposed. CONCLUSION The VEGENUT 3.05 software provides the solution to re-balancing the mineral composition of nutrient solutions, and you don't have to be a computer expert to use it. Its user-friendly interface makes it easy to use by horticulturists or by the aftersales personnel of companies marketing liquid fertilisers. Its speed and practicality allow you to avoid long and painstaking calculations. This software should allow horticulturists to move safely from open (substrate percolation) to closed systems (NFT - nutrient film technique). It has been designed with environmental protection is mind and meets the regulatory requirements being implemented in the European Union. ACKNOWLEDGEMENT This software has been carried out in partnership with INP, ALGOCHIMIE SA, and ANVAR. REFERENCES DUBON G. (1996) Recyclage : le feu passe à l'orange. Fruits et légumes, 140, 6768. MOLITOR H.D. (1990) The European perspective with emphasis on subirrigation and recirculation of water and nutrients. Acta Horticulturae, 272, 165-173. MORARD P. (1995) Les cultures végétales hors sol. Publications Agricoles, Agen, France, 303 p. MUSARD M., MOULIN P. (1993) Le recyclage des solutions de drainage. InfosCTIFL, Paris, France, 91, 84-88. VAN OS E.A. (1994) Closed growing systems for more efficient and environmental friendly production. Acta Horticulturae, 361, 194-200. VAN OS E.A., RUIJS M.N.A., VAN WELLE P.A. (1991) Closed business systems for less pollution from greenhouses. Acta Horticulturae, 294, 49-57.
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