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Air Culture System comprising a Management System. 

Field of the Invention 

PCTIEPP7/80407 

The present invention relates to an air culture system on fixed or 

movable benches, having a management system {comprising a central 

5 logic unit and one or more peripheral units disposed in the 

greenhouses used for the air culture) which allows to grow plants to 

be cultivated (such as, for example, flowers. vegetables. ornamental 

plants and/or half standard fruit trees; hereinafter referred to as 

"plants") in conditions which should be as similar as possible to the 

10 ideal ones. 

Each greenhouse is managed by at least one peripheral unit which 

controls and adjusts a plurality of parameters (temperature inside the 

greenhouse, physical and chemical characteristics of the nutritive 

solution, etc. } • keeping them as near as possible to the reference 

15 values recorded in the peripheral unit. values which correspond to the 

best vegetative conditions for the plants disposed on benches inside 

the greenhouse governed by the peripheral unit. 

The central unit allows an operator to control and manage the working 

of the management system, by modifying the reference values recorded 

20 in each peripheral unit: moreover, the ce,ntral unit gathers and 

processes for informative and statistic purposes the values of the 

above-mentioned parameters detected (and, if it's the case, previously 

processed} by the peripheral units. 

The present invention also relates to a particularly advantageous 

25 formulation ~f the nutritive solution. 
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Prior Art 

An air culture system comprises a plurality of benches (which can be 

fixed or movable) disposed inside one or more greenhouses: plants are 

hold and sustained by support means which are parts of the benches so 

5 that their roots, jutting out of the support means. are free "in the 

air" inside the bench; to supply plants with water and nutritive 

elements necessary to their growth, roots are sprinkled with a 

nutritive solution coming from one or more containers, such solution 

being periodically sprinkled in the area of the bench underneath the 

10 support means of the plants, by means of pipes having nozzles (cir 

other similar means) disposed on the bottom of the bench. 

Known air culture systems often present high overheads and operating 

costs which are (or might be) due to the fact that the prototype state 

has not (very often) been overcome and/or to the fact that 

15 complicated and expensive engineering solutions have been used, 

unjustified by the possible gains obtained. 

'!be present invention relates to an air culture system, which can be 

made on an industrial scale, comprising modular benches and a 

management system which makes it possible to use the system to grow 

20 plants in the best manner under any environmental condition, by 

avoiding and/or eliminating the above-mentioned limits and /or defects 

concerning the known air culture systems; such a management system 

allows to obtain particularly advantageous results if the nutritive 

solution, which has a novel and original formulation and is disclosed 

25 herein. is used. 

Summary of the Invention 

The present invention relates to an air culture system (made of a 
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plurality of benches disposed inside one or more greenhouses) 

comprising a management system comprising a central logic unit and at 

least one peripheral unit, disposed inside a greenhouse. which manages 

the greenhouse by controlling and adjusting at given values a 

5 plurality of parameters (modifiable by the central unit) to obtain the 

best vegetative conditions for the plants grown inside the greenhouse. 

Moreover, the central unit gathers and processes for informative and 

statistic purposes the values of the 

above-mentioned parameters, detected from the peripheral units. 

10 The parameters controlled and adjusted at given values by a peripheral 

unit comprise the period and the duration of plant sprinkling with a 

nutritive solution, the pH value and the conductivity of the nutritive 

solution and the concentration of the nutritive elements in the 

nutritive solution. 

15 The present invention also relates to a particularly advantageous 

formulation of the nutritive solution. 

List of the Drawings 

The present invention will be clarified, now, by referring to a not 

limiting example of embodiment, wherein 

20 - Figure 1 shows schematically an air culture system comprising a 

management system.according to the present invention; 

- Figure 2 shows a semplified flowchart showing the cyclic sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

control and adjust at given values the frequency and the duration of 

25 plant sprinkling with the nutritive solution; 

- Figure 3 shows a semplified flowchart showing the cyclic sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

··--------··-------------
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control and adjust at a given value the pH value of the nutritive 

solution; 

- Figure 4 shows a semplified flowchart showing the cyclic sequence of 

functional steps performed by the periph~ral unit 2 of Figure 1 to 

5 control and adjust at a given value the conductivity of the nutritive 

solution; 

- Figure 5 shows a semplified flowchart showing the sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

control and adjust at given values the concentration of the nutritive 

10 elements in the nutritive solution; 

- Figure 6 shows a semplified flowchart showing a further sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

control and adjust at given values the concentration of the nutritive 

elements in the nutritive solution; 

15 - Figure 7 shows schematically a sectional and modular bench; 

- Figure 8 shows schematically the elements which form the bench of 

Figure 7, 

In Figures which are enclosed herein, the corresponding elements will 

be identified by means of the same alphanumeric reference. 

20 Detailed Description 

Figure 1 shows schematically an air culture system made of a plurality 

of benches disposed inside one or more greenhouses and comprising a 

management system which comprises a central logic unit and one or more 

peripheral units disposed inside the greenhouse(s). 

25 The central logic unit is preferably disposed outside the 

greenhouse(s) 1, but, without going beyond the scope of the present 

invention. it might be disposed inside a greenhouse, provided that it 
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is correctly protected from the environmental conditions inside the 

greenhouse. 

The present embodiment shows a greenhouse 1 managed by a peripheral 

unit (PER) 2, but, without going beyond the scope of the present 

5 invention. it is possible to instal two or more peripheral uni ts 2 

inside a greenhouse. one of which controls the environment inside the 

greenhouse and. if it's the case. parts of the benches 4. while the 

other peripheral units 2 control the benches 4 (or parts of the 

benches Lf). 

10 Figure 1 shows the greenhouse 1: the peripheral unit 2 which manages 

the greenhouse 1; the central unit (PC) 3 disposed outside the 

greenhouse 1 and able to "dialogue" with all the peripheral units 

(PER1 - PERui) disposed inside the greenhouses 1 which constitute the 

air culture system; a plurality of benches 4 (B1 - Bic> ; a tank 5 

15 containing the nutritive solution; a pump (P) 6 which makes it 

possible for the nutritive solution to circulate inside the circuit 

which comprises the feed pipe 7 and the runback 8; a plurality of 

tanks S (S1 - Sn) containing water and other chemical compounds (or 

bends thereof), as it will be clarified hereinafter; sensors which 

20 detect the parameters (temperature and luminosity inside the 

greenhouse. chemical and physical characteristics of the nutritive 

solution. etc.} which are adjusted by the peripheral unit 2 and 

actuators controlled by the peripheral unit 2 to adjust the above-

mentioned parameters. 

25 Sensors comprise at least some sensors associated with the tank 5 (not 

shown in figure and known) which measure pH, conductivity. temperature 

of the nutritive solution and concentration of the nutritive 
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elements in the nutritive solution, a photometer FO which measures the 

luminosity L inside the greenhouse 1. one or more hygrometers (not 

shown in figure) which measure the temperature of different zones 

inside and outside the greenhouse 1. 

5 In reply to the values measured by the sensors, the peripheral unit 2 

activates means RT (not described as they are known) to keep at the 

best values (in a known manner) the moisture and the temperature 

inside the greenhouse 1 and the temperature of the nutritive solution, 

controls (as shown for example in the flowchart of Figure 2) the pump 

10 6 and the electrovalves EV {EV1 -EVk) which connect the benches 4 to 

the feed pipe 7 to control the frequency and the duration of the 

plants sprinkling with the nutritive solution and drives (as shown for· 

example in the flowcharts of Figures 3 - 6) the electroval ves EVS 

(EVS1 - EVSn) which connect the tanks S to the tank 5 to adjust and/or· 

. 15 to keep at the best values the pH value and the conductivity of the 

nutritive solution an~ the concentration of the nutritive elements in 

the nutritive solution. 

The peripheral unit 2 also transmits the values detected from the 

sensors and the control signals transmitted to the actuators (means 

20 RT, pump 6, electrovalves EV and EVS) to the central unit 3: the 

central unit 3 gathers and processes for informative and statistic 

purposes the informations given by the peripheral units 2. 

Without going beyond the scope of the present invention, it is 

possible to substitute the electrovalves (EV1 - EVk; EVS1 - EVS
0

} with 

25 other functionally similar means. 

If the peripheral unit 2 detects engine troubles of the devices 

(pumps, electrovalves, ecc.) and/or if the values measured by the 

111111r1w1r 
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sensors do not belong to given values ranges. the peripheral unit 2 

transmits alarm messages to the central unit 3 and/or activates optic 

and/or acoustic alarm systems. 

To keep overheads down by means of the intervention of the staff 

5 solely in cases of real necessity. the alarm messages can be different 

according to the risk (at least the potential risk) that each abnormal 

above-mentioned condition detected by the peripheral unit 2 involves 

(or might involve) to the air culture: for example. it can be 

considered sufficient that the peripheral unit 2 informs the central 

10 logic unit 3 (without activating the alarm systems} that one or more 

values measured by the sensors "go out" of the correspondent range of 

values given in a desultory manner. while it is necessary that·· the 

peripheral unit 2 activates the alarm systems to ask an immediate 

intervention if it detects a device trouble and/or if one or more 

15 values detected by the sensors "go out" of the correspondent range of 

values for a given time. 

In Figure 1 the signal from the peripheral unit 2 which controls the 

pump 6 is indicated by P and. globally. the signals from the 

peripheral unit 2 which control the electrovalves (EV1 - EVk; EVS1 -

20 EVSn} are indicated by EV. 

Long and exhaustive experimental studies allowed to obtain a novel and 

original formulation of the nutritive solution which can be used for 

all growd plants, by modifying the concentration of the nutritive 

elements in the nutritive solution from time to time; the same 

25 nutritive solution can be used to grow a plurality of plants. 

Such a nutritive solution is prepared starting from the water 

available "in loco", in which given amounts of nutritive elements in 
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form of salts (potassium nitrate; calcium nitrate or aragonite; 

monohydrogen or dihydrogen potassium phosphate or potassium 

tetrapyrophosphate; magnesium sulphate) and very small. given amounts 

of "microelements" (such as iron, copper, silicon. spel ter, 

5 molybdenum. boron and manganese) which are absorbed by the root system 

of plants. are dissolved: when determining the amounts of the 

"microelements" and of the salts of the nutritive elements to be 

solved in water, the presence of the above chemical elements dissolved 

in the water must be taken into consideration. 

10 To prepare a nutritive solution according to the present invention, 

into 1000 litres of water are dissolved 500-3000 g of .potassium 

nitrate, 700-4000 g of calcium nitrate or aragonite. 200-1500 g of 

monohydrogen potassium phosphate or 150-1350 g of dihydrogen potassium 

phosphate or 50-1050 g of tetrapyrophosphate potassium and 300-1800 g 

15 of magnesium sulphate. 

The concentration of the "microelements" in the nutritive solution 

changes during the culture and it can be adjusted by the addition. if 

and when it is necessary, of small amounts of a concentrated solution 

of' the "microelements" or of the single deficient salts to the 

20 nutritive solution; the conductivity of the nutritive solution and the 

concentration of the nutritive elements in the nutritive solution 

(elements which are absorbed in a different rate by the root system 

of the plants) are controlled and adjusted at the given values by the 

peripheral unit 2. as it will be illustrated referring to Figures 4. 5 

25 and 6. 

The tank 5 is filled to the brim, if necessary. by the addition of the 

necessary amount of nutritive solution prepared by dissolving in water 
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given amounts of nutritive elements in form of salts; alternatively. 

it is possible to fill the tank 5 to the brim with water and adjust at 

the given values the concentration of the nutritive elements in the 

nutritive solution and the pH value of the nutritive solution, as it 

5 will be illustrated referring to Figures 3, 5 and 6. 

Without going beyond the scope of the present invention, it is 

possible to grow two or more plants inside the same greenhouse which 

need a different best formulation of the nutritive solution by 

installing two or more sprinkling systems inside the greenhouse (each 

10 comprising a tank 5, a pump 6, a feed pipe 7, a runback 8 and a 

plurality of electrovalves EV) each supplying the benches 4 on which 

the different plants are grown, with the needed nutritive solution:· 

the peripheral unit 2 controls the frequency and the duration of the 

plant sprinkling with the nutritive solution by managing the 

15 correspondent pump 6 and the correspondent electrovalves EV (for 

example. as shown in the flowchart of Figure 2). 

Sensors which measure the pH value. the temperature and the 

conductivity of the nutritive solution and the concentration of the 

nutritive elements in the nutritive solution are connected to each of 

20 the tanks 5: in reply to the data coming from the correspondent 

sensors, the peripheral unit 2 controls the correspondent 

electrovalves EVS, for example as shown in the semplified flowcharts 

of Figure 3 - 6. 

Figure 2 shows a semplified flowchart showing the cyclic sequence of 

25 functional steps performed by the peripheral unit 2 of Figure 1 to 

control and adjust at given values the period T and the time of the 

plant sprinkling t with the nutritive solution which (preferably, but 
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not necessarily) continously flows from the pump P inside the circuit 

which comprises the feed pipe 7 and the runback 8. 

Such a cyclic sequence comprises at least the step of opening the 

electrovalves EV (AEV; step 21) to connect the benches 4 to the 

5 distribution circuit (6. 7. 8} of the nutritive solution. the step of 

sprinkling the plant roots with the nutritive solution for a time t 

(step 22). the step of closing the electrovalves EV (CEV; step 23) and 

the step of awaiting a given time T (step 24) before repeating the 

cyclic sequence. 

10 If the nutritive solution does not flow continously inside the circuit 

which comprises the feed pipe 7 and the runback a. the cyclic sequence 

also comprises the step of starting the pump 6 (AP; step 25) before 

opening the electrovalves EV (step 21} and the step of stopping the 

pump 6 (FP; step 26) after closing the electrovalves EV (step 23). 

15 The sprinkling time t can be a given value, but it is preferably 

directlty proportional to the luminosity L measured by the photometer 

* FO of Figure 1 (tipically: t = t 0 + K L wherein K is a constant 

value) : the period T and the sprinkling time t (which correspond to 

the parameters t 0 and K of the time t. respectively) can be modified 

20 by the central unit 3 for the entire greenhouse 1 or for each bench 4 

(or group of benches 4) to feed plants grown in the greenhouse 1. on 

each bench (or groups of benches), respectively, in the best manner. 

The period T is preferably, but not necessarily, of about 15 minutes 

and the sprinkling time t is of about 15-20 seconds. 

25 The not limiting flowchart of Figure 2 comprises the further 

functional step of verifying the condition of the electrovalves EV and 

of the pump 6 at the beginning of each cycle (step 27) and the step of 

---- --- --------------·-
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controlling that. in reply to the control signals from the peripheral 

unit 2. the electrovalves EV opened (EVA; step 28) and closed (EVC; 

step 29), respectively and. if it's the case. that the pump 6 started 

(PA; step 200) and stopped (PF; 201), respectively. 

5 If one or more of the above-mentioned verifications (which can be 

completely or in part omitted without going beyond the scope of the 

present invention) reveals a device trouble, the peripheral unit 2 

emits the correspondent alarm message ALL, after having repeated said 

verification for a given number of times. if it is the case. 

10 Analogously, also the cyclic sequences shown in the flowcharts of 

Figures 3 - 6 involve that the peripheral unit 2 verifies the 

condition of the electrovalves EVS. at the beginning of each cycle, 

controls that (in reply to control signals emitted by the peripheral 

unit 2) the .electrovalves EVS opened and closed, respectively and 

15 emits. if necessary. the correspondent alarm messages ALL; to semplify 

description and drawings, the correspondent functional steps have been 

omitted in Figures 3 - 6. 

Figure 3 shows a semplified flowchart which illustrates the cyclic 

sequence of functional steps performed by the peripheral unit 2 of 

20 Figure 1 to control and to adjust at a given value the pH value of the 

nutritive solution. 

Acquired (Ma. step 31) the pH value {a) measured by the correspondent 

sensor associated with the tank · 5. the peripheral unit 2 verifies 

(step 32) if the measured value (a) belongs to the range of acceptable 

25 values, defined by a maximum value aM and by a minimum value 8m: if 

the measured value (a) doesn't belong to such range an alarm message 

ALL is generated. otherwise the peripheral unit 2 verifies (step 33) 
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if the measured value Ca) belongs to the range of best values. which 

is internal to the range of acceptable values and is defined by a best 

maximum value a1 and by a best minimum value a2: if the measured value 

(a) belongs to such best range, the peripheral unit 2 awaits a given 

5 time T (step 34) before repeating the cyclic sequence. 

If the measured value (a) doesn't belong to the range of the best 

values. the peripheral unit 2 verifies (step 35) that the measured 

value (a) is greater than the best maximum value a1 and puts a given 

amount of an acid into the nutritive solution by opening (AEVSa. step 

10 36) an electrovalve EVS (Figure 1) associated with a tank S containing 

the acid and by closing the electrovalve EVS (CEVSa, step 38) after a 

given opening time (ta) (step 37) and awaits said given time T (step 

34) before repeating the cyclic sequence. 

If the measured value (a). belonging to the range of acceptable 

15 values, doesn't belong to the range of the best values and is not 

greater than the best maximum value a1 , the measured value (a) is 

lower than the best minimum value a2 : therefore, the periphe~ai unit 2 

puts a given amount of a "base" into the nutritive solution by opening 

(AEVSb, step 360) an electrovalve EVS (Figure 1) associated with a 

20 tank S containing said "base" and by closing the electrovalve EVS 

(AEVSb, step 380) after said given opening time (ta) (step 370) and 

awaits said given time T (step 34) before repeating the cyclic 

i:;equence. 

If the peripheral unit 2 controls and adjusts at the given values the 

25 concentration of the nutritive elements in the nutritive solution by 

performing the sequence of f'unctional steps shown in Figure 6, the 

(nitric. sulphuric or phosphoric) acid put into the nutritive solution 
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by opening (step 36) an electrovalve EVS for the time ta. is 

determined within such sequence of functional steps on the basis of 

the nutritive element which has been much more absorbed by plants as 

percentage value of itself. 

5 For example. if (being 100 the given concentration values of nitrogen, 

sulphur and phosphorus) the concentration values measured by the 

peripheral unit (Figure 6, step 61) are 70 for nitrogen, 30 for 

sulphur and 60 for phosphorus, sulphuric acid is put into the 

nutritive solution to adjust at the given value the pH value of the 

10 nutritive solution, as sulphur is the nutritive element which is much 

more absorbed by plants. 

The waiting time T (long enough to let the acid or the "base" spread 

. uniformly in all the. nutritive solution contained inside the tank 5 

and flowing in pipes 7 and 8 and, if it's the case, in benehes 4). 

15 the opening time (ta) of the electrovalves EVS, the maximum value aM, 

the minimum value 8m• the best maximum value a1 and the best minimum 

value a2 are given and can be modified by the central unit 3; in a 

preferred embodiment T = 15 minutes, ta = 10 seconds, aM = 6.5, 8m = 

20 Figure 4 shows a semplified flowchart showing the cyclic sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

control and to adjust at a given value the conductivity of the 

nutritive solution. 

Acquired (Mc. step 41) the value of the conductivity (c) measured by 

25 the correspondent sensor associated with the tank 5, the peripheral 

unit 2 verifies {step 42) if the measured value (c} belongs to the 

range of acceptable values, defined by a maximum value cM and by a 

-------·--------



W097/30580 PCT/EP97/00407 

- 14 -

minimum value cm: if the measured value ( c) doesn't belong to such 

range an alarm message ALL is generated. otherwise the peripheral unit 

2 verifies (step 43) if the measured value (c) belongs to the range of 

best values , which is internal to the range of acceptable values and 

5 is defined by a best maximum value c1 and by a best minimum value c2 : 

if the measured value (c) belongs to such best range. the peripheral 

unit 2 awaits a given time T (step 44) before repeating the cyclic 

sequence. 

Ir the measured value (c) doesn't belong to the range of the best 

10 values, the peripheral unit 2 verifies (step 45) that the measured 

value (c) is greater than the best maximum value c1 and puts a given 

amount of water into the nutritive solution by opening (AEVSA, step 

36) an electrovalve EVS (Figure l) associated with a tank S containing 

water (or with the water pipe) and by closing the electrovalve EVS 

15 (CEVSA, step 48) after a given opening time (ta) (step 47) and awaits 

said given time T (step 44) before repeating the cyclic sequence. 

If the measured value (c) doesn't belong to the range of the best 

values and is not greater than the best maximum value c1 , the measured 

value (c) is lower than the best minimum value c2 : the peripheral unit 

20 2 emits (ASF, step 49) an alarm message (alarm for deficient solution) 

and starts a sequence of functional steps (for example. shown in 

Figure 5 or 6) to control and to adjust at a given value the 

concentration of the nutritive elements in the nutritive.solution. The 

waiting time T (long enough to let water dilute \ll'liformly all the 

25 nutritive solution contained inside the tank 5 and flowing in pipes 7 

and 8 (and. if it's the case. in benches 4), the opening time (ta) of 

the electrovalve EVS. the maximum value cM, the minimum value cm, the 

-··----------------·--
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best maximum value c1 and the best minimum value c2 are given and can 

be modi:fied by the central unit 3; generally cM = 6000 microSiemens, 

cm = 1000 microSiemens, c1 = 4000 microSiemens and c2 = 2000 

microSiemens, T is comprised between 5 and 60 minutes and ta is 

5 comprised between 5 end 60 seconds. 

Figure 5 shows a semplified flowchart showing the sequence of 

functional steps performed by the peripheral unit 2 of Figure 1 to 

control and to adjust at a given value the concentration of the 

nutritive.elements in the nutritive solution. 

10 Long and accurate experimental researches have showed that the 

nutritive elements (particularly potassium, nitrogen and phosphorus) 

are absorbed by plants according to precise ratios which depend upon 

plants and upon vegetative condition of the plant. 

Particularly, ratios of nitrogen, phosphorus and potassium absorbed by 

15 the plant are comprised between 1:0,2:2 and 1:2:6. 

The sequence of Figure 5 comprises at least the functional steps of: 

- acquiring (MK, step 51) the concentration of potassium in the 

nutritive solution; 

- calculating (step 52) the amount of potassium to be added to the 

20 nutritive solution to adjust the value of the given concentration 

Ko; 

- calculating {step 53) on the basis of the said ratios between 

nitrogen and potassium and betweeen phosphorus and potassium, 

respectively. the amounts of nitrogen and phosphorus to be added to 

25 the nutritive solution to adjust at the given values of concentration 

No and P0 ; 

- adding the amounts of potassium, nitrogen and phosphorus thus 
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detected to the nutritive solution by acting (AVSK, EVSN. EVSP; step 

54) on the electrovalves EVS (Figure 1) associated with tanks S 

containing potassium, nitrogen and phosphorus, respectively (in form 

of salt or of solution of given concentration). 

5 Without going beyond the scope of the present invention, it is 

possible to adjust at the given values the concentration of the 

nutritive elements in the nutritive solution by adding said amounts of 

nutritive elements to the solution. as they are detected. 

The concentration of the potassium ion (also called "guide ion") in 

10 the nutritive solution is measured in a known manner by means of an 

ion-specific electrode or other similar mean and the amount of 

potassium to be added to the nutritive solution to adjust at the given 

concentration Ko is easily determinable by a specialized chemist. 

According to a further sequence of functional steps which the 

15 peripheral unit 2 of Figure 1 can perform to control and to adjust at 

the given values the concentration of the nutritive elements in the 

nutritive solution, it is possible to measure (in a known manner) the 

concentration of each nutritive element in the nutritive solution and 

the thus obtained values (expressed, for example, in parts per 

20 million) are "loaded" in the peripheral unit 2. for example through 

the central unit 3: the peripheral unit 2 adjusts in an ordered way 

the concentrations of the nutritive elements at the given values in a 

given order. by detecting the amounts of salts of the nutritive 

elements to be added to the nutritive solution. 

25 Take, for example, A, B. C, D •... as nutritive elements, whose 

concentrations in the nutritive solution are meant to be adjusted, in 

order, at given values. 
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For such purpose: 

their concentration in the nutritive solution is measured: 

- the amount of a salt containing the elements A and B (AB salt) to be 

added to the nutritive solution to adjust the concentration of the A 

5 element at its given value, is calculated; 

- the amount of the B element put into the nutritive solution by 

adding said amount of AB salt is calculated and it is summed up to 

the measured value of the B element; 

- taking into consideration the measured value of the B element and 

10 the amo\lllt of such element put into the nutritive solution by adding 

the AB salt, the amount of a salt containing the B and C elements (BC 

salt) to be added to the nutritive solution to adjust at its given 

value the concentration of the B element is calculated; 

- the amount of the C element put into the nutritive solution by 

15 adding said amount of BC salt is calculated and it is summed up to 

the measured value of the C element; 

- taking into consideration the measured value of the C element and 

the amount of such element put into the nutritive solution by adding 

the BC salt, the amollllt of a salt containing the C and D elements (CD 

20 salt) to be added to the nutritive solution to adjust at its given 

value the concentration of the C element is calculated; and so on, 

till the concentrations of all the nutritive elements are adjusted at 

their given values. 

In the semplified flowchart of Figure 6, the peripheral unit 2 

25 calculates in an ordered way the amounts of salts of the nutritive 

elements (monohydrogen or dihydrogen potassium phosphate or potassium 

tetrapyrophosphate; potassium nitrate~ calcium nitrate or aragonite; 
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and magnesium sulphate) to be added to the nutritive solution and the 

(nitric. sulphuric or phosphoric) acid to be put into the nutritive 

solution to control and to adjust at a given value the pH value of the 

nutritive solution. 

5 The concentrations of the nutritive elements are adjusted at their 

given values according to the following order: phosphonis. potassium. 

calcium. nitrogen, magnesium and sulphur. 

The sequence of Figure 6 at least comprises the functional steps of: 

- acquiring (MEN. step 61} the concentration of the nutritive elements 

10 in the nutritive solution; 

- calculating (step 62) the amount of monohydrogen or dihydrogen 

potassium phosphate or of potassium tetrapyrophosphate to be added to 

the nutritive solution to adjust at the given value Po the 

concentration of phosphorus: . 

15 - calculating (step 63) the amount of potassium put into the nutritive 

solution by adding said amount of monohydrogen or dihydrogen potassium 

phosphate or of potassium tetrapyrophosphate and summing it up (step 

64) to the acquired value of potassium: 

- calculating (step 65) the amount of potassium nitrate to be added to 

20 the nutritive solution to adjust at the given value K0 the 

concentration of potassium; 

- calculating (step 66) the amount of nitrogen put.into the nutritive 

solution by adding said amount of potassium nitrate; 

- calculating (step 67) the amount of calcium nitrate or of aragonite 

25 to be added to the nutritive solution to adjust at the given value ca0 

the concentration of calcium; 

- calculating (step 68) the amount of nitrogen put into the nutritive 
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solution by adding said amount of calcium nitrate or of aragonite; 

- calculating (step 69) the total concentration of nitrogen in the 

nutritive solution by summing the amounts of nitrogen put into the 

nutritive solution by adding said amounts of potassium nitrate and of 

5 calcium nitrate or of aragonite up to the measured value of nitrogen; 

- verified (step 601) that the total concentration of nitrogen in the 

nutritive solution is lower than the given value N0 , adding to the 

nutritive solution (step 602) nitric acid to adjust at the given v8lue 

the pH value; 

10 - calculating (step 603) the amount of magnesium sulphate to be added 

to the nutritive solution to adjust at the given value Mg0 the 

con.centration of magnesiilm; 

- calculating (step 604) the amount of sulphur put into the nutritive 

solution by adding said amount of magnesium sulphate and summing it up 

15 (step 605) to the measured value of sulphur to calculate the total 

concentration of sulphur in the nutritive solution; 

- verified (step 606) that the total concentration of nitrogen in the 

nutritive solution is not lower than the given value No and that the 

total concentration of sulphur in the nutritive solution is lower than 

20 the given value s0 • adding sulphuric acid to the nutritive solution 

(step 607) to adjust at the given value the pH value; otherwise 

calculating (step 609) the nutritive element (nitrogen. sulphur or 

phosphorus) which has been much more absorbed by plants in percentage 

value of itself and adding the acid comprising such nutritive element 

25 to the nutritive solution to adjust at the given value the pH value; 

- adding {step 608) the amounts (FP, NP, NC, SM) of monohydrogen or 

dihydrogen potassium phosphate or of potassium tetrapyrophosphate; of 
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potassium nitrate; of calcium nitrate or of aragonite and of magnesium 

sulphate thus calculated to the nutritive solution by opening the 

electrovalves EVS (Figure 1) associated with the tanks S which contain 

(in form of salt or solution qf known concentration) monohydrogen or 

5 dihydrogen potassium phosphate or potassium tetrapyrophosphate; 

potassium nitrate; calcium nitrate or aragonite and magnesium 

sulphate; respectively. 

Without going beyond the scope of the present invention, it is 

possible to adjust at the given values ( P 0 • K0 • ca0 • Mg0 } the 

10 concentration of the nutritive elements in the nutritive solution by 

adding said amounts (FP. NP, NC, SM) of salts of the nutritive 

elements to the solution itself, as they are calculated. 

A skilled chemistry can easily calculate in known manner the amolints 

of monohydrogen or dihydrogen . potassium phosphate or of potassiwa 

15 tetrapyrophosphate (step 62): of potassium nitrate (step 65): of 

calcium nitrate or of aragonite (step 67} and of magnesium sulphate 

(step 603) to be added to the nutritive solution to adjust at the 

given values (P0 , K0 , Ca0 • Mg0 ) the concentration of phosphorus, 

potassium, calcium and magnesium; the amount of potassium put (step 

20 63) into the nutritive solution by adding said amount of monohydrogen 

or dihydrogen potassium phosphate or of potassium tetrapyrophosphate; 

the amount of nitrogen put (step 66 and 68) into the nutritive 

solution by adding said amounts of potassium nitrate. of calcium 

nitrate or of aragonite and the amount of sulphur put (step 604) into 

25 the nutritive solution by the addition of said amount of magnesium 

sulphate. 

Figure 7 shows schematically a modular bench 4. whose tank 71 is 
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movable laterally in relation to the support 72 to increase (at equal 

covered area) the number of benches 4 disposed inside each greenhouse 

1. 

The benches 4 are connected with the feed pipe 7 and the runback 8 of 

5 the nutritive solution (Figure 1) through the flexible pipes 73 and 

74; preferably, but not necessarily, the bench 4 is also connected 

(through further flexible pipes not shown in Figure 7} with a further 

circuit (not shown in Figure 1) in which a hot fluid flows. 

By heating (for example, by gathering part of the residual heat of the 

10 waste smoke of means RT of Figure 1 by means of a heat exchanger) the 

nutritive solution and/or the hot fluid flowing in the tank 71 of the 

benches 4, the root system of the plants can be kept at the best 

temperature and it is therefore possible to keep the room temperature 

inside the greenhouse 1 at a lower value, with subsequent energetic 

15 saving. 

Support means of the plants grown on the bench are made of covering 

panels 75, having different width and having holes of different form 

and dimension [Figure 8 e)], which lay on supports 76 got on the 

internal side wall of the tank 71 next to the superior edge of the 

20 tank itsel:f. 

The panels 75 can be placed on the bench 4 in a horizontal or in an 

inclined position and sustained by a structure 77 fixed along the 

longitudinal axis of the bench 4, thus increasing the number of grown 

plants (or plants which might be grown) for each linear meter of the 

25 bench. 

If necessary, the supports 78 which sustain nets (not shown in Figure 

7) to which plants during their vegetative cycle are anchored. can be 

·-----. 
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also fixed to the tank 71. 

Figure 8 shows schematically the elements which form the bench of 

Figure 7: as it is clearly evident in Figure 8a). each modular element 

is closed by one or more covering panels 75 (Figure 7). one next to 

5 the other and sustained by supports 76 and it comprises at least two 

"L-shaped" lateral parts 81 [Figure 8b) J which carry the supports 76 

and the female element (male) or a male-female coupling. one or more 

flat parts 82 [Figure 8c)]. whose number changes on the basis of the 

desired width of the bench, which connect the two lateral parts 81 and 

10 which are provided at the opposite sides with the male element 

(female) or with the female element (male) of a male-female coupling. 

respectively. ·and at least a male-male (female-female) junction 

element 85 [Figure 8d)] used to connect (if necessary) two parts 

having the female (male) element. 

15 Parts (81. 82) which form a modular element are connected one another 

by means of male-female couplings; the modular elements are connected 

one another and to the closing headers 79 of the bench (Figure 7) by 

means of male-female couplings. 

As for Figure 8. it's also possible to see: 

20 - some embodiments (Figure 8 e)] of the covering panels 75, which have 

holes of different form and dimension to sustain different plants: 

- pipes 86, having nozzles. incorporated into the parts 81 and/or 82 

and used to sprinkle the plant roots with the nutritive solution; 

- pipes 87 (incorporated into the parts 81 and/or 82} wherein the 

25 fluid which heats the root system of plants sustained by the panels 75 

flows. 

Moreover, in Figure 8, 88 indicates seals [obtained by extrusion (or 

-~-------
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by other similar way} together with the coupling elements 83 and 84] 

which, by clasping one another when mounting the bench, guarantee 

tightness of the bench itself, while seals which, by clasping one 

another when mounting the bench, guarantee the tightness of the pipes 

5 (86 and/or 87) incorporated into the parts 79, 81 and 82 have been 

omitted to semplify the drawings. 

In Figure 8 each part (81, 82) comprises a pipe 86 and a pipe 87, but, 

without going beyond the scope of the present invention, each part 

{81, 82) can contain only one type of pipe (86, 87) and/or two or more 

10 pipes of the same type. 

The modular bench shown in Figures 7 and 8, preferably made with 

plastics and particularly suitable for air culture, can be also 

advantageously used for soil culture or hydroponics in the 

greenhouses. 

15 Without going beyond the scope of the present invention. a shilled man 

can make to the air culture system disclosed herein any change and 

improvement according to experience and natural evolution of technics. 

------- -------
ll1iWi~iID1Jr 
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1. Air culture system comprising a management system, said air culture 

system including a plurality of benches disposed in at least one 

greenhouse, characterized in that said management system comprises a 

5 central logic unit (3) and at least one peripheral unit (2) disposed 

inside said at least one greenhouse (1). each of said at least one 

greenhouse (1) being managed by at least one of said peripheral units 

(2) able to control and adjust at given values a plurality of 

parameters to keep best vegetative conditions for the plants grown 

10 inside said greenhouse (1). 

2. Air culture system according to claim 1. characterized in that said 

given values of said plurality of parameters are modifiable through 

said central unit ( 3) • 

3. Air culture system according to claim 1. characterized in that said 

15 central unit (3) gathers and processes for informative and statistic 

purposes the values of said parameters detected by said at least one 

peripheral unit (2). 

4. Air culture system according to claim 1, characterized in that said 

at least one peripheral unit (2) transmit to said central unit (3) 

20 alarm messages in reply to abnormal conditions detected in said 

system. 

5. Air culture system according to claim 4, characterized in that said 

at least one peripheral unit (2) transmit to said central unit (3) 

said alarm messages in reply to devices troubles and in reply to the 

25 fact that said parameters controlled and adjusted by said at least one 

peripheral unit (2) go out of a range of given values for a given 

time. 
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6. Air culture system according to claim 4. characterized in that said 

alarm messages transmitted by said at least one peripheral unit (2) to 

said central unit (3) are different according to the risk that each 

of said abnormal conditions involves for said air culture system. 

5 7. Air culture system according to claim 1, characterized in that said 

parameters controlled and adjusted at given values by said at least 

one peripheral unit (2} comprise the period (T) and the sprinkling 

time (t} of said plants with a nutritive solution, the pH value and 

the conductivity of said nutritive solution and the concentration of 

10 nutritive elements in said nutritive solution. 

8. Air culture system according to claim 7, characterized in that said 

nutritive solution is a water solution containing given amounts of 

potassium nitrate; of calcium ni.trate or of aragonite; of monohydrogen 

or dihydrogen. potassium phosphate or of potassium tetrapyrophosphate·; 

15 and of magnesium sulphate. 

9. Air culture system according to claim 8, characterized in that said 

nutritive solution comprises. dissolved in 1000 litres of water, 500 -

3000 g of potassium nitrate ; 700-4000 g of calcium nitrate or of 

aragonite; 200-1500 g of monohydrogen potassium phosphate. or 150-1350 

20 g of dihydrogen potassium phosphate or 50-1050 g of tetrapyrophosphate 

potassium and 300-1800 g of magnesium sulphate. 

10. Air culture system according to claim 7. characterized in that 

said nutritive solution also comprises very small, given amounts of 

further chemical elements absorbed by the root system of said plants. 

25 11. Air culture system according to claim 7. characterized in that 

said at least one peripheral unit (2} controls and- adjusts at given 

values said period (T} and said sprinkling time (t) of said plants 
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with said nutritive solution through a cyclic sequence of functional 

steps comprising at least the steps of: 

- opening electrovalves (EV) able to connect said benches (4) to a 

distribution circuit (6, 7. 8) of said nutritive solution, 

5 - sprinkling for said time (t) the roots of said plants with said 

nutritive solution; 

- closing said electrovalves (EV); 

- awaiting said period (T) before repeating said cyclic sequence. 

12. Air culture system according to claim 11, characterized in that 

10 said cyclic sequence also comprises the steps of starting a pump (6) 

belonging to said distribution circuit (6, 7, 8) before opening said 

electrovalves (BV) and of stopping said pump (6) after closing said 

electrovalves (EV). 

13. Air culture system according to claim 11, characterized in that 

15 said sprinkling time (t) is directly proportional to the luminosity 

{L) inside the greenhouse (1). 

14. Air culture system according to claim 11, characterized in that 

said period (T) is of about 15 minutes and in that said sprinkling time 

(t) is between 15 and 20 seconds. 

20 15. Air culture system according to claim 7, characterized in that 

said at least one peripheral .unit (2) controls and adjusts at a given 

value said pH value of said nutritive solution by performing a cyclic 

sequence of functional steps comprising at least the steps of: 

- acquiring a value of said pH; 

25 - verifying if said value belongs to a first range of values. defined 

by a maximum value (aM) and by a minimum value (8m); 

- if said value doesn't belong to said first range, generating an 

---··-------·-------
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alarm message (ALL). otherwise verifying if said value belongs to a 

second range, internal to said first range and defined by a best 

maximum value (a1 ) and by a best minimum value (a2}; 

- if said value belongs to said second range. awaiting a given time 

5 (T) before repeating said cyclic sequence; 

- if said value doesn't belong to said second range. verifying if said 

value is greater than said best maximum value (a1 ), putting into said 

nutritive solution a given amount of an acid by opening an 

electrovalve (EVS} connected to a tank (S) containing said acid and by 

10 closing said electrovalve (EVS) after a given opening ti.De (ta) and 

awaiting said given time (T) before repeating said cyclic sequence; 

- if said value is lower than said best minimum value (a2 ), putting 

into said nutritive solution a given amount or a "base" by opening an 

15 electrovalve (EVS) connected to a tank (S) containing said '"base" and 

by closing said electrovalve (EVS} after said given opening time (ta) 

and awaiting said given time (T) before repeating said cyclic 

sequence. 

16. Air culture system according to claim 15. characterized in that 

20 said given time (T} is of about 15 minutes. said opening time (ta) of 

said electrovalves (EVS) is of about 15 seconds. said maximum value 

(aM) or said pH is 6.5, said minimum value (8m) of said pH is 5, said 

best maximum value (a1) of said pH is 5.8 and said best minimum value 

(a2) of said pH is 5.6. 

25 17. Air culture system according to claim 15, characterized in that 

said given time (T) lets said acid, respectively said "base" , to 

spread uniformly in said nutritive solution. 

18. Air culture system according to claim 7, characterized in that 
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said at least one peripheral unit (2) controls and adjusts at a given 

value said conductivity of said nutritive solution through a cyclic 

sequence of functional steps comprising at least the steps of: 

- acquiring a value of said conductivity; 

5 - verifying if said value belongs to a first range of values, defined 

by a maximum value ( cM) and by a minimum value (cm} ; 

- if said value doesn't belong to said first range, generating an 

alarm message (ALL) • otherwise verifying if said value belongs to a 

second range, internal to said first range and defined by a best 

10 maximum value (c1) and by a best minimum value (c2); 

- if said value belongs to said second range, awaiting a given time 

(T) before repeating said cyclic sequence; 

- if said value doesn't belong. to said second range, verifying if said 

value is greater than said best maximum value { c1 ) , putting into said 

15 nutritive solution a given amount of water by opening an electrovalve 

(EVS) and by closing said electrovalve (EVS) after a given opening 

time (ta) and awaiting said given time (T) be~ore repeating said 

cyclic sequence; 

- if said value is lower than said best minimum value {c2 ), generating 

20 an alarm message and adjusting at given values said concentrations of 

said nutritive elements in said nutritive solution. 

19. Air culture system according to claim 18, characterized in that 

said given time (T} is between 5 and 60 minutes, said opening time 

(ta} of said electroval ves (EV} is between 5 and 60 seconds, said 

25 maximum value (cM) of said conductivity is 6000 microSiemens. said 

minimum value (Cm) of said conductivity is 1000 microSiemens, said 

best maximum value (cl) of said conductivity is 4000 microSiemens and 
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said best minimum value (c2 } of said conductivity is 2000 

microSiemens. 

20. Air culture system according to claim 18. charactel'ized in that 

said given time (T) lets said water to uniformly dilute said nutritive 

5 solution. 

21. Air culture system according to claim 7, characterized in that 

said at least one peripheral unit (2) controls and adjusts at given 

values said concentration of said nutritive elements in said nut~itive 

solution through a sequence of functional steps comprising at least 

10 the steps of: 

- acquiring the concentration of potassium in said nutritive solution; 

- calculating the amount of potassium to be added to said nutri tiv~ 

solution to adjust atsaid given value of concentrationi 

- calculating the.amounts of nitrogen and phosphorus, related by given 

15 proportionality ratios to said amount of potassium, to be added to 

said nutritive solution to adjust said given values of 

concentration. 

22. Air culture system according to claim 21, characterized in that 

said sequence of functional steps comprises the further step of adding 

20 said amounts of potassium, nitrogen and phosphorus to said nutritive 

solution by acting on the electrovalves (EVS) associated with tanks 

($) containing potassium, nitrogen and phosphorus, respectively. 

23. Air culture system according to claim 21, characterized in that 

said given proportionality ratios of nitrogen, phosphorus and 

25 potassium are comprised between 1:0,2:2 and 1:2:6. 

2ll . Air culture system according to claim 7. characterized in that 

said at least one peripheral unit (2) controls and adjusts at given 
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values said concentration of said nutritive elements in said nutritive 

solution by adding salts of said nutritive elements to said nutritive 

solution. 

25. Air culture system according to claim 24, characterized in that 

5 the concentrations of said nutritive elements are adjusted at said 

given values in a given order. 

26. Air culture system according to claim 24, characterized in that 

said at least one peripheral unit (2) also determines the acid 

(nitric, sulphuric or phosphoric acid) to be put into said nutritive 

10 solution to control and adjusts at a given value said pH value of said 

nutritive solution. 

27. Air culture system according to claim 24. characterized in that 

said at least one peripheral unit (2) controls and adjusts at given 

values said concentrations of said nutritive elements in said 

15 nutritive solution through a sequence of functional steps comprising 

at least the steps of: 

- acquiring said concentt:'ations of said nutritive elements in said 

nutritive solution; 

- calculating the amount of a first salt containing said first and 

20 second nutritive elements to be added to said nutritive solution to 

adjust at said given value said concentration of said first nutritive 

element; 

- calculating the amount of said second nutritive element put into 

said nutritive solution by adding said amount of said first salt 

25 and summing it up to said concentration of said second nutritive 

element; 

- taking into consideration said concentration of said second 
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nutritive element and said amount of said second nutritive element put 

into said nutritive solution by adding said amount of said first 

salt. calculating the amount of a second salt containing said second 

and third nutritive elements to be added to said nutritive solution to 

5 adjust at said given value said concentration of said second nutritive 

element; 

- calculati.ng the amount qf said third nutritive element put into 

nutritive solution by adding said amount of said second salt and 

summing it up to said concentration of said third nutritive element; 

10 - taking into consideration said concentrations of said third 

nutritive element and said amount of said third nutritive element put 

into said nutritive solution by adding said amount of said second 

salt, calculating the amount of a third salt containing said third and 

fourth nutritive elements to be added to said nutritive solution to 

15 adjust at said given value said concentration of said third nutritive 

element; 

- repeating in sequence the above-mentioned functional steps till the 

concentrations of all said nutritive elements are adjusted at said 

given values. 

20 28. Air culture system according to claims 24 and 25. characterized in 

that said salts added to said nutritive solution are said monohydrogen 

or said dihydrogen potassium phosphate or said potassium 

pyrophosphate, said potassium nitrate, said calcium nitrate or said 

aragonite and said magnesium sulphate and by the fact that said 

25 nutritive elements whose concentrations are adjusted at said given 

values in a given order are phosphorus. potassium. calcium, nitrogen. 

magnesium and sulphur. 
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29 . Air culture system according to claim 28. characterized in that 

said at least one peripheral unit (2) controls and adjusts at given 

values said concentrations of said nutritive elements in said 

nutritive solution through a sequence of functional steps comprising 

5 at least the steps of: 

- acquiring said concentrations of said nutritive elements in said 

nutritive solution; 

- calculating the amount of said monohydrogen or of said dihydrogen 

potassium phosphate or of said potassium nitrate to be added to said 

10 nutritive solution to adjust at said given value (P0 ) said 

concentration of said phosphorus; 

- · calculating the amount of said potassium put into said nutritive 

solution by adding said amount of monohydrogen or of dihydrogen 

potassium phosphate or of potassium tetrapyrophosphate and summing it 

15 up to said concentration of said potassium; 

- calculating the amount of said potassium nitrate to be added to said 

nutritive solution to adjust at said given value {Ko) said 

concentration of said potassium; 

- calculating the amount of said nitrogen put into said nutritive 

20 solution by adding said amount of potassium nitrate; 

- calculating the amount of said calcium nitrate or of said aragonite 

to be added to said nutritive solution to adjust at said given value 

(Ca0 ) said concentration of said calcium; 

- calculating the amount of said nitrogen put into said nutritive 

25 solution by adding said amount of calcium nitrate or of aragonite; 

- calculating the total concentration of said nitrogen by summing said 

amounts of said nitrogen put into said nutritive solution by adding 
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said amounts of potassium nitrate and of calcium nitrate or of 

aragonite up to said concentration of said nitrogen; 

- verified that said total concentration of said nitrogen in said 

nutritive solution is lower than said given value (N0). adding to said 

5 nutritive solution nitric acid to adjust at said given value said pH 

value; 

- calculating the amount of said magnesium sulphate to be added to 

said nutritive solution to adjust at said given value (Mg0 ) said 

concentration of said magnesium; 

10 - calculating the amount of said sulphur put into said nutritive 

solution by adding said amount of magnesium sulphate and summing it up 

to said concentration of said sulphur to calculate the total 

concentration of said sulphur; 

- veriried that said total concentration of said nitrogen in said 

15 nutritive solution is not lower than said given value (No) and that 

said total concentration of said sulphur in said nutritive solution 

is lower than said given value (S0 }. adding sulphuric acid to said 

nutritive solution to adjust at said given value said pH value; 

otherwise 

20 - calculating the nutritive element (nitrogen, sulphur or phosphorus) 

which has been much more absorbed by plants in percentage value of 

itself and adding the acid comprising said nutritive element to said 

nutritive solution to adjust at said given value said pH value. 

30. Air culture system according to claim 29. characterized by 

25 comprising the further step of adding said amounts of monohydrogen or 

dihydrogen potassium phosphate or of potassium tetrapyrophosphate, 

potassium nitrate, calcium nitrate or aragonite and magnesium sulphate 
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to said nutritive solution by opening electrovalves (EVS) associated 

with tanks (S) containing said monohydrogen or said dihydrogen 

potassium phosphate or said potassium tetrapyrophosphate. said 

potassium nitrate, said calcium nitrate or said aragoni te ancl said 

5 magnesium sulphate. respectively. 

31. Bench for soil culture, hydroponics or air culture, comprising a 

tank laterally movable in relation to the corresponding support. 

characterized by being modular. by being connected to the feed pipe 

(7} and to the runback (8) of said nutritive solution through flexible 

10 pipes (73. 74) and by the fact that said plants grown on said bench 

(4) are sustained by covering panels (75) which lay on supports (76) 

got on the internal side wall of said tank (71) next to the superior 

edge of said tank. 

32. Bench according to claim 31, characterized by being connected to a 

15 further circuit wherein a hot fluid flows through further flexible 

pipes. 

33, Bench according to claim 31, characterized in that said covering 

panels (75) have different width and have holes of different form and 

dimension. 

20 34. Bench according to claim 31, characterized in that said covering 

panels {75) are placed on said bench (4) in a horizontal or in 

an inclined position and are sustained by a structure (77) fixed along 

the longitudinal axis of said bench (4). 

35. Bench according to claim 31. characterized in that each modular 

25 element of said bench comprises at least two "L-shaped" lateral parts 

(81), carrying said supports (76) for said covering panels {75) and 

first male-female coupling means (83). at least a flat part (82) able 
---- ·-----···---------
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to connect said lateral parts (81) and provided at the opposite sides 

with said first coupling means (83). respectively with second male­

female coupling means ( 84) • which are complementary to said first 

coupling means (83); and at least a junction element (85} provided at 

5 both sides with said first (83) or with said second (84) male-female 

coupling means, said parts (81, 82} forming each of said modular 

elements being connected one another by means of male-female 

couplings. 

36. Bench according to claim 35, characterized in that said modular 

10 elements are connected one another and to the headers (79) of said 

bench (4) by means of male-female couplings. 

37. Bench according to claim 35. characterized in that said first (83) · 

and second (84) male-female coupling means have seals (88) realized at 

the same time of said first (83) and second (84) male-female coupling 

15 means. 

38. Bench according to claim 35, characterized in that said lateral 

parts (81) and said at least one flat part (82) include at least one 

first pipe (86), having nozzles and able to sprinkle the roots of said 

plants with said nutritive solution, and/or at least one second pipe 

20 {87) wherein a bot fluid flows. 

39. Bench according to claim 35. characterized in that said headers 

(79) of the bench (4). said lateral parts (81). said at least one flat 

part (82) and said at least one junction element (85) are made of 

plastics and realized by extrusion. 

--------------·--·--


