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Abstract

Fertilizer and irrigation management in European protected vegetable production, i.e. under plastic or glass cover is mostly based on experience, generally with very little scientific basis. Commonly, very high fertilizer and water inputs are used to ensure maximum production of high value crops. To improve greenhouse irrigation and fertilization practices, a fertilization model has been developed in the Netherlands. The above requirements led to the need for application of Information Technology and Communication Technology (ICT) to implement the model of sustainable fertilization named Sustainable Fertilization Model (SFM), which will be based on the fertilization model, including necessary adjustments on the bioclimatic environment and main soil types and greenhouse crops of Greece. The results of the project will deeply impact the conventional greenhouse crop water and nutrient management techniques as researchers, horticultural laboratories and extension services will be provided with a scientific basis for the optimal strategies in water and fertilizer supply. 
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1. Introduction

In Greece, most soils are poor in nutrients and in organic matter and prone to erosion and desertification. In intensive vegetable production it is of critical importance to achieve optimal fertilizer use. The best way to apply the fertilizer is often applied in small doses via irrigation system. To avoid deficiency or toxicity from fertilizer and to avoid salinisation from Na and Cl, the element contents in the soil should be measured. However the method should be should be reliable, cheap and fast. To increase the area of land under fertilization and the optimization of the system under a range of different conditions, a rapid increase in knowledge is required [1,2]. A fertilization model has been developed in Holland by Applied Plant Research-Division Glasshouse Horticulture (PPO) since 1970. The model is based on soil analysis by means of a water extraction, the so-called 1:2 volume extract and the technique has been constantly evolving since then. This model was successfully tested in the region of Messinia, South Peloponnese, for tomato and cucumber under the research program, Marie Curie Host Fellowship for the Transfer of Knowledge on «Sustainable fertilization techniques for vegetable production in Greece» [3]. It provides a very sophisticated tool for addressing these problems and developing ways of identifying optimal and sustainable levels of vegetable production [2,4,5,6,7].

Different aspects of the system are measured and used as basis for advising the grower about the optimal way to manage the fertigation system. Nutrient elements, bicarbonate, sodium and chloride content of the source water will be measured. Soil will be analyzed by a 1:2 volume water extract. From this analysis it can be calculated how much base fertilizer should be supplied to a given crop. With the aid of the analysis, the fertigation concentration of nitrate, ammonium, calcium, magnesium, sulphate, phosphate and boron will be determined. Regular sampling and analysis controls the fertigation system. A standard nutrient solution is used, although the precise composition differs according to the individual crop. The compositions of these standard nutrient solutions will be adjusted to compensate for shortfalls in the chemical composition of the soil extract. The concentration of the nutrient solution applied is assessed on the basis of the nitrogen concentration in the solution and in the soil samples.

The above requirements led to the need for application of Information and Communication Technology (ICT) to implement the model of sustainable fertilization named Sustainable Fertilization Model (SFM), which will be based on the fertilization model.

2. Mathematical rules of the fertilization model
 
The mathematical rules for the fertigation model contain the following thematic sections:
· Calculation of the amount of irrigation water for the leaching of salts from the root zone of the greenhouse crops.
· Calculation of base fertilizer supply. The quantity of fertilizers that have to be given before the establishment of the crop in the green house.
· Calculation of Nitrogen in the fertigation solution.
· Calculation of other nutrients in the fertigation solution.




2.1 Evaluation of the salt content of the soil and recommendation for leaching

When EC, Na and or Cl are too high, leaching of salts is needed. Leaching is both before planting or during the growing cycle.

Table 1. Values of EC, Na and Cl before planting or during the growing cycle
	Crop
	Before planting
	During growing cycle

	
	EC
	Na
	Cl
	EC
	Na
	Cl

	
	mS/cm
	mmol/l
	mmol/l
	mS/cm
	mmol/l
	mmol/l

	Tomato
	2.5
	5.0
	5.0
	2.0
	4.0
	4.0

	Cucumber
	2.5
	4.0
	4.0
	2.0
	3.0
	3.0

	Pepper
	2.0
	3.5
	3.5
	2.0
	3.0
	3.0

	Spinach
	2.5
	4.0
	4.0
	2.0
	3.0
	3.0

	Other
	1.5
	3.0
	3.0
	1.5
	3.0
	3.0



For leaching of salts, the water in the top layer of 25 cm has to be leached and replaced by water with low EC, Na, or Cl. At field capacity soil types have different water content. An average water content of these different soil types is given below as water content in volume percentage. In a clay soil some dispersion occurs, i.e. through big pores water is transported to lower parts of the soil, than the top layer of 25 cm. This dispersion has taken into account. In the table below the volume of water to leach the soil is mentioned.

Table 2. The volume of water to leach the soil

[image: ]

After leaching a new soil sample has to be taken. In the case, this hasn’t been done the following rule can be used. Nitrogen is lowered to zero. Sulphate, potassium, calcium and magnesium are lowered with 50 %. Phophate doesn’t change.



      2.2 Calculation of base fertilizer supply

     The fertilizer dose is calculated based on 1:2 volume water extracts (N, S, K, Ca, Mg), sampled before planting. For P other extraction than 1:2 volume water extract. On an average the 1:2 volume extract will extract so much that 1 liter of soil will give 1.6 liter of extract. It is assumed that the fertilizers are mixed within a layer of 25 cm. Which means that 1 ha of soil has 2500 m3 of soil, which theoretically supplies 4000 m3 of soil extract solution.
 
To increase the concentration of an element in 4000 m3 of soil extract, then 4000 mol is needed.
· 4000 mmol of N is 4000 mol* 14.01 g per mol = 56000 g= 56 kg N
· 4000 mmol of S is 4000 mol* 32.06 g per mol = 128000 g= 128 kg S
· 4000 mmol of K is 4000 mol* 39.10 g per mol = 156000 g= 156 kg K
· 4000 mmol of Ca is 4000 mol* 40.08 g per mol = 160000 g= 160 kg Ca
· 4000 mmol of Mg is 4000 mol* 24.31 g per mol = 97000 g= 97 kg K

2.3 Calculation of N in the fertigation solution

Below an example is given for greenhouse tomato crop. Specifically, the absorption of nutrients K, Ca, Mg, N and S by tomato, shown the next table: 

Table 3. Average nutrient absorption

	K
	Ca
	Mg
	N
	S

	mmol/l
	mmol/l
	mmol/l
	mmol/l
	mmol/l

	3.6
	1.4
	1.0
	7.0
	1.0



The fertigation solution should meet the absorption standards given in the above table. So, the average nutrient composition is set at (Tab.4):

Table 4. Average fertigation composition 

	NH4
	K
	Ca
	Mg
	NO3
	SO4
	EC

	mmol/l
	mmol/l
	mmol/l
	mmol/l
	mmol/l
	mmol/l
	mS/cm

	0.3
	3.6
	1.4
	1.0
	6.7
	1.0
	0.87



EC of this solution can be calculated with McNeal equation [8]. The EC of this solution is 0.87 mS/cm (note this should be calculated; is now a rough guess).

     When the soil delivers N, this should be taken into account. However, when the soil absorbs N, the N in the fertigation solution should increase. Or when uptake of N is not exactly the average. Therefore we need information from the soil; this is the 1:2 volume water extract. The N in the fertigation solution is regulated based on the N content in the 1:2 volume water extract. See the figure below:
[image: ]

Figure 1. Calculation of N in the fertigation solution

a) When N in the soil 1:2 volume extract is lower than value A, the N in the fertigation solution is increased. According the figure. Since no fertigation computer systems cannot measure N, but measures EC, the EC of the solution is increased.
b) When for example the N in the 1:2 volume extract is 0 mmol/l the fertigation solution should be 14 mmo/l. This can be reached by an EC of 2*0.87=1.74 mS/cm.
c) When N in the 1:2 volume extract is higher than B, then the N in the fertigation is lower than the average of 7 mmol/l.

2.4 Explanation of calculation of other elements than N, i.e. K, Ca, Mg, S, P and trace elements

     Fertilizers for base fertilization could be water soluble on non-water soluble. Fertilizers used for fertigation are water soluble. In the modelling no compound fertilizers are being used. A table is used for the molecural weight of various compounds contains the rest of the nutrients in the fertigation recipy.

3. The ISSD structure

The application of Information and Communication Technologies (ICT) in developing targets to required adjustments for the environmental climate and soil of Greece together with automation of the model. The ISSD structure contains the following parts (Fig.2)[9]: 
· Core system (this will be based on the water fertilization model develop at the University Wageningen)
· System of measurements (sensors, network cards, communication network)
· Data Base (DB)
· GUI
The implementation of the ISSD contains the following stages [10,11]:
· Analysis of requirements
· Modeling
· Implementation
· Inspection-testing-correction
· Documentation
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Figure 2. ISSD’s structure

Specifically, The Sensor System contains two parts (Fig.3): Sensor points
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Figure 3. Sensor system’s structure

The measurements consist of: 
· RTM: measurements from sensor system (real time transmission) i.e. Ph, Temperature, humidity, and
· MM: measurements for chemical analysis (manually) i.e. Na, Ca etc.


Measurements MT =  							(1)RTMT
MMT


The core system contains (Fig.4): 
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Figure 4. Core system’s structure

Finally, the proposed ISSD system will enable tools development for accumulation and integration of new knowledge in the greenhouse cultivation of vegetable crops, systems of fertilizer, irrigation, preservation of soil and water. The developed system will be designed to provide stakeholders with a quick and easy way to obtain nutrient and irrigation recommendations vegetables crops. 

	     4. Conclusion

     The proposed system enabled provide stakeholders with a quick and easy way to obtain nutrient and irrigation recommendations vegetables crops. This would benefit the growers by optimizing the supplies of water and fertilizer and by maximizing the production. The model improves irrigation and fertilizer efficiency which is particular crucial due to water shortages and conflictual water requirements while at the same time minimizing the potential environmental impact of applied nutrients. The anticipated benefits from the project will provide a possible opportunity for further long-term collaboration between the involved Institutions at regional and international level. It was concluded that the fertilizer recommendations developed under Dutch glasshouse conditions were useful under conditions in Mediterranean Greece
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