Air culture System conpri sing a Managenent System Field of the

[ nvention The present invention relates to an air culture system on
*fixed or novabl e trays, having a nanagenept—sssst=tm (conprising a
central logic 5 unit and one or FT“T’“—EE5E@ﬁﬁ¥§ﬂh\ts dispﬁg&ﬂﬂ* he

gr eenhouses u¥¥Q9730880f or the air c‘l cpLNGED al lgws to g pl'ants to
be cultivated (such as, for exhnple -flewers==veget abl es, ornanment al

pl ants and/ or . half standard fruit treeas;- hereinafter referred to as
"plants™) in condi ti ons which should be as simlar.as possible to the
| deal ones. 10 Each greenhouse is nmanaged by at |east one peripheral unit
whi ch controls and adjusts a plurality of paraneters (tenperature

i nside the reenhouse, physical and chem cal characteristics of the
nutritive sgmtcvbwree%vé.sns cREREESIng & MeRiEsEeSYSt88- possible to the
reference vg%gsgﬁr%&g&gggng&‘the peri pheral unit, val ues which

correspond to t
- 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 omes.
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 wvalues 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 advan'tageous

25 formulation of the nutritive solution.
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15 best vegetative conditions for the plants di sposed on trays inside the
gr eenhouse governed by the - . The central unit allows an
*operator to control and na agﬂlS&H&'MM%BﬁEN of the managenent system
by modi fying the reference lival ueREPbAGERed in each peripheral unit:
mor eover, thwooenessal unit and 20 processes for i PCAEPATRMY and
statistic purposes the values of the above- nenti oned paraneters
detected (and, if it's the case, previausly processed) by the
peri pheral units. :
AVENDED SHEET

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 underr_:eath the
10 support means of the plants, by means of pipes having nozzles (or
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 wused,
unjustified by the possible gains obtained.
The 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 culfure 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 inverition relates to an air culture system (made of a
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Prior Art An air culture systen1conpr|ses a plurality of trays (which
can be fixed or novabl e) dlsposed ' g, Of nNDre greenhouses:

*pl ants are hol d and sust aized— Qgggan. s which are parts of the
trays so 5 that their roots, a0 ipae f thelsupport e ee
"in the aMO973 ¥ de the trip %Eﬁaﬂ'- s with matggﬁé @k@iitive
el enents necessary to their grown, roots are sprinkled with a

nutritive solution comng fromone or nmure containers, such solution

being periodically sprinkled in the area of the tray underneath the 10

support neans of the plants, by neans of pipes having nozzles (or ot her
simlar neans) pliwased oh bdrehbot dixposkdt imsiideayne or Kavengeeenhoukes) e
systens often present high overheads and operating costs which are (or

m ght be) due teomPRESIngCE MapageneRfe SPFEROLPPELSipg 13 centra, Jloghe unit \Andy at
often) been overcone an

expensi ve engi m]e%’rsl nge BT q‘BP?r(?ﬁ ?ia\fiés%"(ﬁ%] msh‘% Fee&u?u’srﬁ#c‘?p% *Y he
possibl e gains a%:.%%ﬁh ouse lﬂ§ %mﬁtz%‘ﬁiﬁ’?z x&pa}dﬂ%ﬂé)% Aely Juppani £

culture system positione e a greenhouse and conprising a
management sY%st gilirafity &f %hbiﬂét@zfs (modieigb18Tbyattisl eshtpanahst) $opesain BRe t he

grown plants) novable along the 20 floor of the greenhouse and hydroponic
sol uti on sprayi beptnecgesatineceanditiond fonatbagelants soowxt trnide rghei sresnlpusent r ol
unit which is able to ,

- _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 CJerr] concentration. WO A- 95

08260 (D2) discloses an hydroponic control
‘unit which controls at le : i
gr eenhouse, whi ch i ncl udesj| setS &t
paraneters amo9m30888 for pphwer R

appar at us nmanaged by a logic
evice, 25 positioned inside a

I'1ing a plurality of
swi tches: ¥q¥?“3éwvgheral

devi ces do not include a | iT and the signals :

AMVENDED SHEET - 4 - - 2a - emtted
by the sensors belonging to a peripheral device are directly sent to the
| ogic unit which, in response to the received signals, operates the

control switcheentpel omgi AGIusy phea EdNer gl HdeaPH qeglivgeof theyguprifzigsg 019
(D3) di scl oses‘f_‘cg1 sel f-contained tray for aeroponics 5 including a tank, a

cl osed structu

UEHPi ndi vi dual nmeans for circulating a nutritive

sol uti Oh I nsi de Ftig'@recho&%gs %t Qé&ﬁﬁ.yﬁgd ﬁ%jﬂgxart showing the cyclic sequence of

10

15

20

functional steps performed by the peripheral unit 2 of Figure 1 to
control and adjust at a given value the conductivity of the nutritive
solution;

- Figure 5 shows a semplified flowchart showing the seguence 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;

- 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;

- 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.

Detailed Description

Figure 1 shows schematically an air culture system made of a plurality
of benches disposed inside one or more greenhousés 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 1logic unit is preferably disposed outside the
greenhouse(s) 1, but, without going beyond the scope of the present

invention, it might be dispose}i inside a greenhouse, provided that it
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cl osed structures in turn conprising a front panel (sustaining the

plants grown on the tray), side panels and a back panel: the |ower edges
‘of the closed structure are secured b tertight and 10

i ght-tight manner in rabbets ends of the tg § The
present i nvenWoRi3P8Pates to al whi ch cdi 0047 de on
an industrial scale, conprising ndu-: yS—and a naenagenent system
whi ch nakes it possible to use the systensto grow plants in the best
manner under any environnental condition, by avoiding and/or

| 5el i m nating the above-nmentioned limts and /or defects concerning the
known air cul t G ecaryeeidiys pratected fnem dhe nenviranpentah gengitdonso igpidg the
particul arly advantageous results if the nutritive solution, which has a
novel and orlgﬁﬁﬁwh? | ation and is disclosed herein, is used. Summary

of the Inventigp, £Qsdfi®eRb&HEM: AN L' SRehithal 6F dafaddl BY' a ChllribhérasySLEM

(made of a

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

5 invention, it is possible to instal two or more peripheral units 2
inside a greenhouse, one of which controls the environment inside the
greenhouse and, if it's the case, parts of the bencl_xes 4, while the
other peripheral units 2 control the benches 4 (or parts of the
benches 4).

10 PFigure 1 shows the greenhouse 1; the peripheral unit 2 which manages
the greenhouse 1; the central unit (PC) 3 disposea outside the
greenhouse 1 and able to "dialogue" with all the peripheral ‘units
(PERy - PER;) disposed inside the greenhouses 1 which constitute the
air culture system; a plurality of benches 4 (Bl - Bk); 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 (Sl - 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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AM ENDED SHEET

peri pheral unit, disposed inside
greenhouse bwooendess®! | i ng and ad]
(nodifiable by the

par amet ers

-3-

and at | east one
manages t he

vegetative conditions for the plants gro i nsi de the greenhouse.
Moreover, the central unit gathers and processes for informative and
statistic pur poses the val ues of the above-nentioned paraneters,
detected f rometét%nt?@ inPhes ﬂutaeiJeSsoluwonThg pREERHERLCHE wHREY mehduds and
adj usted at given val ues by a peripheral unit conprise the period
t he duration Qfminodidy 3PRh&ide HRe \rebnliduse 1, one or more hygrometers (not

10

15

20

25

shown in figure) which measure the temperature of different zones

inside and outside the greenhouse 1.

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
6 and the electrovalves EV (EV, -EV)) which connect the benches 4 to

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

plants sprinklihg with the nutritive solution and drives (as shown for’

example in the flowcharts of Figures 3 - 6) the electrovalves EVS

(EVS, - EVS;)) which connect the tanks S to the tank 5 to adjust and/or

to keep at the best values the pH value and the conductivity of the
nutritive solution and 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
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 (EV; - EV,; EVS; - EVS)) with
other functionally similar means.

If the peripheral unit 2 detects engine troubles of the devices

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

houses) conpri sing

*"ﬁﬂtélues a MCIYERPTAYOT
unit) to obtain the best

5

and
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nutritive solution, the pH value and the conductivity of the nutritive
solution and the concentration of the nutritive elenents in the

snutritive solution. 15 List of the Draw ngs The present invention wll
be clarified, now, by referring to a not limting exanpl e of

enbodi nent, w8180 . Figure | shows schematically an ai FCE’&H7M7
system conprising a managenment system according to the present

i nvention; 20 - Figure 2 shows a senplifi®d flowhart showi ng the cyclic
sequence of functional steps perfornmed by the peripheral unit 2 of
Figure 1 to control and adjust at given values the frequency and the

duration of sgnspre dpmchkbelene ot BLYeRe VRYEF | Tan§es < JihAt PRffPheral uniti ¢r e
3 shows a senplified,.flowhart showng.the i c.sequence of,.. 25 .
Ol epternirs SRR mhy AR Bortreihf! i ? SUIRE, Biosuedey oqrge

functi onal eral” uni gure
- 4 - conth@lordiduadidgiarat sydt@isven val ue the pH value of the
nutritive

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
cons__idered 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
valqes given in a desultory manner, while it is necessary that ' the
peri_iaheral 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 tﬁe 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 indicatea by P and, globally, the signals from the
peripheral unit 2 which control the electrovalves (EVl - EVii EVS; -
20 EVS,) 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 belused 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



sol ution;
sequence of
Figure 1 to
nutritive

showi ng t he WOpI808® of

Figure 4 shows a serrpvvchart showi ng the cyclic

functi onal r'“' e
5 control and ayj

sol ution; senplified fl owchart

onal

unit 2 of Figure 1 to control and adjust at given val ues the

concentration of the nutritive 10 elenepts in the nutritive solution;

- Figure 6 shows a senplified flowharf Showi ng a further sequence of
functional steps performed by the peripheral unit 2 of Figure 1 to

control and adipustomtsadivyelpotaksfm B*ﬂ@r&%mwﬂﬂ:‘m‘
elenents in the nutritive solution; - Flgure

WS Sche

sectional andmondhitdrogtn aywyr dlhydrodéhgwd&agsﬁho\/\@hégﬂm,l{at il byeddl8 um

el ements which formthe tray of Figure 7. In Figures which are
encl osed her eltﬂtrameo@ew!@gsommgm gninhase)iahd very sadl, @etédr fabeshtlY

means of the sang, al umarlwc eference, 20 Detailed Description
CeReRRTTE

Figure 1 shovvg

5

10

15
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25

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 ip water, the presence of the above chemical elements dissolved
in the water must be taken into consideration.

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

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
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 systen
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
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

d¢BN thhe peripheral unit 2 of
ue the conductivity of the

steps performed by ROTEPITOMpher al

2EPYS an %H‘:rh Af t1F°8 5 \FOPRAT nudélbfony pinrgltiersy
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of -trays di sposed inside one or nore greenhouses and conprising a
managenent system which conprises a central logic unit and one or nore
peripheral units disposed inside the greenhouse(s). 25 The central

logic unit is referably disposed =de the gre

but, without Wﬁﬁ’”ﬂ’é’yon f&ﬁ SERRE HAk BEEN fir esent inveﬁ%%s’w)’m ght
be di sposed inside a gree %Eheﬁlébé ed thlat it .

AVENDED SHEET —=g = - 5 - S
correctly protected fromthe environmental conditions inside the

gr eenhouse. The present enbodi nent shows a greenhouse 1 managed by a
peri pher al givent afoRBER) of nitutitivel élepedtsgdn nproeydradltdre adcapetivlely he
pr esent Sinvention, it is possible to instal two or nore peripheral
units 2 i nkt d& Rosgitlentr GEEL thmsank Suka the bEH Mot vatrr end iadinavest

i nsi de the

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 wvalue, the temperature and the
conductivity of the nutritive sclution 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 wvalues the period T and the time of the

plant sprinkling t with the nutritive solution which (preferably, but
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greenhouse and, if it's the case, parts of the trays 4, while the
other peripheral units 2 control the trays 4 (or parts of the trays
4). .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 WaAHSM e to "dilalg, ,gtg,; g m e peri pher aPCEEPYIPO407

(PERL - PERjerr]) disposed 'nS| eﬁg%&ﬁ% nhouges 1 which constitute the
air culture system a plurals Bllerr] - Blerr]); atank 5 15

containing the nutritive sol ution; a punp (P) 6 which makes it
possible for the nutritive solution to circulate inside the circuit

whi ch conpri sast tiecedsapilly)i pentinausdy tflews Fntmacke Sump Blinsddel tye @fircuit t anks
S (S[err] - S cont ai ni ngevvater and ot her chem' cal conpounds (or

bends t her eof erczi‘s):‘?"’tpris\ﬁsl the Teed,ping &Endethe ﬁ‘él’le%‘f - sensors which 20
detect the paﬁggipterc§c1 p’%gﬁe%tcgrgo rlsesuqnf Eytﬂs{lsit%g ctﬁ (QReping, the

gr eenhouse, em cal Si cal aract eri strcs

sol ution, etceleadtiorhlve< eRdjABLedely 2t1het9€‘£dnBQ‘é£ aéhé”i:'e‘hc?reéﬂﬂ to the
actuators controlled by the peripheral unit to adjust the above-

ment i oned [Far dbstirébstion A5 r&eItS 06 S 7C08upbfsnmeaiutlreasé SELUCLdhG NEHY StepS$OCi at ed
with the tank 5 (not shown in figure and known) which neasure pH,
conductivity, spgﬁbbﬁngt tihee 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 8, 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 = tg + K*L wherein K is a constant
value): the period T and the sprinkling time t (which correspond to
the parameters t; 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 U
(or group of benches 4) to feed plants grown in the greenhouse 1, on
each bench (or groups of benchés) » 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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of fhe nutritive solution and concentrati on of the nutritive

AVENDED SHEET - 6 - el enent s
in the nutritive solution, a photoneter FO which neasures the

lum nosity L inside the greenhouse 1, one or nore hygronet ersg&ggy
shown in fi gu™%%W¥h neasure the tenperature of different 00407
I nsi de and outside the greenhouse 1. 51nreply to the val ues neasured by
t he sensors, the peripheral unit 2 activat es nmeans RT (not described as
they are known) to keep at the best values (in a known manner) the

noi sture and the tengerature i nside the greenhouse 1 and the
tenperature of EPRETALITE: FRAL. 1o BRRIENto the OBRRALOPiEELS fxp®\ihef RATicbemsp| e

e, 11O e o B Sy bR R oo B 105 SHF RH PSSR
control the f reQWQy) 2Rdsddei vy anliONi£0§ t tshendPlcBEH,S 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 peripherél
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 ay and by a minimum value ay:

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

‘ALL is generated. otherwise the peripheral unit 2 verifies (step 33)



sprinkling with the nutritive solution and drives (as shown for exanpl e
i'n the flowharts of Figures 3 - 6) the electroval ves EVS (EvS[err] -
‘EVS[ err]) which connect the tanks Sto the tank 5 to adjust and/or 15 to
keep at the best val ues the pH value and the conductivity of the

nutritive sowowraessnd the concentration of the nutritive FCERERTPNT,

the nutritive solution. The peripheral unit 2 also transmts the val ues
detected fromthe sensors and the copbrol signals transmtted to the
"actuators (nmeans 20 RT, punp 6, electrovalves EV and EVS) to the central
unit 3: the central unit 3 gathers and processes for informative and
statistic FUERO SR Estrae va1hOT (ARt bl BAgsD itk Etheb¥arigdcoP ek phRiiabs Unhich 2.

Wt hout going beyond the scope of the present invention, it is . possible
t 0 substitut e ishéntelregl tovheveogg EV[mca?tablEV[ab\uaS] andy§| defijed bF\ASpestr | )
with 25 other functionally simlar neans. t he ripheral wunit 2
detects engi MExifumoyalugsa; #Rd PRe2 hesf pindoun "a%‘ﬁﬁjﬁ'gs if gTeeEﬁsBV%ﬂ \yatue

ecc.) and/or (l f) éeq%ngsalt%egucgegessl%r gg:ggy éhgepempher St ]t 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 a; 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 seguence.
" 1f the measured value (a), belonging to the range of acceptabile
15 valhes. doesn't belong to the range of the best wvalues and is not
greater than the best maximum value a;, the measured value (a) is
lower than the best minimum value ay: therefore, the peripheral unit 2
puts a given amount of a "base" into the nutritive solution by opening
{AEVSb, step 36_0) 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
sequence.

If the peripheral unit 2 controls and adjusts at the given values the
25 concentration of the nutritive elements in the nutritive solution by
performin.g the sequence of functional steps shown in Figure 6, the

(nitric, sulphuric or phosphoric) acid put into the nutritive solution
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- 7 - sensors do not bel gl e ‘hges, t he peri pheral
unit 2 transmits al arm nmessafjedt nit 3 and/or activates
optic and/ or acoustic alarm § ——— 0 Keep over heads dw by
means of the WYt on of the 5 solely in cases JRCT/ERS/00407
necessity. the alarm nessages can be different according to the risk
(at least the potential risk) that each akhmornal above-nmenti oned
condition detected by the peripheral unit 2 involves (or m ght
involve) to the air culture: for exanple, it can be consi dered

suffici ent thatbyhergrdpgplieter 36i mn2eleftapnalichEVSerfioralthel1ine ofpc imit 3
(wi thout activati n%t he al arm s‘{cst ens) thak gne. or re vtgl ues .measured
by the sensors GETBRD BHEAIRSYCH, FRAUBRGRI Gt ‘F‘&ﬁ‘g"é’ fsters of the PG i n a

desul tory manne [ et | C ry. t ' r |
activates the a t?ier \r%ng{}gtl {éémseIF %&gs\%‘%gﬁ %ﬁ@%‘a&gﬁl nors %tg éé@gﬁt@oﬁfﬁtgi %s
detects a devi cgadceRtdpeCrald/ g itderpNe or nore 15 values detected by the
sensors "go out" of the correspondent range of

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 benches 4),

15 the opening time (ta) of the electrovalves EVS, the maximum value ay,
the minimum value a,, the best meximum value a; and the best minimum
value a, are given and can be modified by the central unit 3; in a
preferred embodiment T = 15 minutes, ta = 10 seconds, ay = 6.5, ay =
5, a; = 5.8 and a, = 5.6.

20 Figure 4 shows a semplified flowchart showing the cyclic seqguence 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 cy and by a

This Sheet Has Been Rerlaced :
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val ues for a given tine. In Figure 1 the signal fromthe periphera

ontrol the el ectroval ves

unit '2 which controls the punp 6 is indicated by P and, globally, the

signals fromthe . perip
(EV[err] - EV[err]; EVSerr]
and exhausti WO ®530880i nent al

coriginal formulation of the

bt ai n a novetTEFde0407
ol uti on which can be used for

S

all growd plants, by nodifying the cdnqpthqtion of the nutritive
elenments in the nutritive solution fromtinme to tine; the sane 25

nutritive solution can be used to grow a plurality of plants. _
nutritive sol iin@Bui Srapie Rt g Sihar hiddirdd UAENE YOBEIsn"t bed¥A | @PlGen | N

| oco”, in which given amounts of nutritive elenents in
- 8 - f orrangé apahlasm(yessees ALIMiA| denetatpd C akidruwlisd)ithe dedigherad AGONI t €;

nonohydr ogen

or dihydrogen potassium phosphate or potassium

t et r apyr ophos ph¥EEFiRRJFESR (A1 8| Heameasupsi)vakiey (a)nhelongs)itpcthearmngeat of

10

15

20

25

best values, which is internal to the range of acceptable values and
is defined by a best maximum value ¢y and by a best minimum value €yt
if the measured value (c) belongs to such best range, the peripheral
unit 2 awaits a given time T (step U44) before repeating the cyclic
sequence.

If the measured value {(c) doesn't belong to the range of the best
values, the peripheral unit 2 verifies (step 45) that the measured
value (c) is greater than the best maximum value c; and puts a given

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

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

water (or with the water pipe) and by closing the electrovalve EVS
(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 ¢1. the measured
value (c¢) is lower than the best minimum value ty: the peripheral unit
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 tb let water dilute uniformly all the
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 Cpme» the minimum value Cpo the

Such a
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of "mcroelenents” (such as iron, copper, silicon, spelter, 5

mol ybdenum boron and manganese) which are absorbed by the root system

of plants, are dissolved: when determ ning the amounts of the

"mcroel ements” and of the salts of the nutritive el enents tg::,p sol ved
in water, the Y& of the above chenical elenments dissol vedEI” I'n the
wat er nust be taken into consideration. 10 To prepare a nutritive solution

into 1000 litres of water are di ssolvesl 500- 3000 g of potassium
nitrate, 700-4000 g of cal cium nitrate or aragonite, 200-1500 g of
nonohydr ogen pot assi um phosphat e or 150-1350 g of dihydrogen potassium

phosphat e or 50beeb@agimm valuetqyt paghyhe Hest FaRimmOYALNS St Are R veD@nd 830 ¢
of magnesi um sul phate... he concentration of the "mcroel enents” in the
nutritive sol ut ib8n"‘°d"fl?%§ﬁg§? SERTFRAY UPht BuPTISFRNGniT %00% HETRIPESed by
the addition, if, _ M\ﬂf@@ bipdnS NECEss f ts, of_
concentrated sol8ti Or{ﬁ&fi’ 0 tshén.'ép%i'cr@bel e@rr%d/n% sﬁ.cg?'gg%et e as:&ngclze. dgaazfoiogi ent
salts to the  piBrddichbN®, 30lilt éibribdlf veoBERIClS Yhl V6@ ninleBULLd taV es

solution and the 20 concentration of the nutritive elenents in the

nutritive sol Bt icomprised betwsenrfi sndubOcdecands.absorbed in a different rate by
the root system of -the plants) are controlled and adjusted at the given
val ues by the Fieprs pHhoyF anpenrlified jflojrhary,showingt the eslequenger ofig to

Figures 4, 5 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 (#tep 52) the amount of potassium to be added to the

20 nutritive solution to adjust the wvalue of the given concentration
Kq:

- calculating (step 53) on the basis of the said ratios between
nitrogen and potassium and betweeén 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 Pg;

- adding the amounts of potassium, nitrogen and.phosphorus thus



and 6. 25 The tank 5 is filled to the brim if necessary, by the addition
of the necessary anount of nutritive solution prepared by dissolving in

‘wat er

AMENDED SHEET -9 - gi ven
amount s of nWPO7TRESHL el ements in formof salts; alternativ®CFEPI00QL | s
possible to fill the tank 5 to the brimw th water and adjust at t he
gi ven val ues the concentration of the nutgi tive elenents 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. W t hout goi ng
beyond t he scoiféeefiedt he theenwirdtiveysotution biytadting (AVSKIS EVEN,e EVEP;gE685 t WO

or nore plant%winsid%]tgﬁ sane ?reenhouse whi ch need a different
best fornul atd1gn°" ot EHECLIAYRIYRS FUS Chieyreoh) Associated with tanks S

containing potassium, nitroggn 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 (aléo called “"guide ion") in
10 the nutritive solution is measured in & 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.



installing two or nore sprinkling systens inside the greenhouse (each 10
conprising a tank 5, a punp 6, a feed pipe 7, a runback 8 and a
plurality of electroval ves EV) each supplying the trays 4 on which the
different plants are grown, with the needed nutritive sol uti gerebifed?
peripheral uniWO%R%% rol s the frequency and the duration of ?ﬁe pl ant
sprinkling with the nutritive solution by managi ng the correspondent 15

punp 6 and the correspondent el ectroval veslE\W-(for exanple, as shown in
the flowhart of Figure 2). Sensors which neasure the pH val ue, the
tenperature and the conductivity of the nutritive solution and the

concentration off9FH¥CB PUTRORS: | tj ve el enents in the nutritive solution are

connected to each pli. dhcehfiBtid &7 cBe nubbieifdshiieich 18 akfr&em ng T rom

t he correspondent sensors, the peripheral unit 2 controls the

correspondent - ¢gd @E&urRVed WeSalkeVernthiing HAETH1en@tsSAQNE B AR Ra1S)erplvel | ed
flowcharts of Figure 3 - 6. Figure 2 shows a senplified fl owhart

showi ng t he cycldd@ed equhecautrttivaSsoltivnt t@pdjusst epe pontartratiobyofl ke A
peripheral unit 2 of Figure 1 to control and adjust at given values the
period T and Bhelepens #f itpaiven vplugntissppicikttiedy t with the nutritive

sol ution which (-prt%];egn?'ot\).\ln ’op u1'[:}1e 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 wvalue of the- B element and
10 the amount 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 amount of a salt containing the C and D elements (CD
20 salt) to be added to the nutrit-ive 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;



AVENDED SHEET - 10 - not
necessarily) continously flows fromthe punp P inside the circuit whi ch
conprises the feed pipe 7 and the runback 8. Such a cyclic sequence
conprises at |least the step of opening the el ectroval ves EV (AEV;
step 21) twooameseet the trays 4 to the 5 distributACIEPEIN0LTI t (6,
7, 8) of the nutritive solution, the step of sprinkling the plant roots
with the nutritive solution for a tinme-tis - (step 22), the step of closing
the el ectroval ves EV (CEV; step 23) and the step of awaiting a given
time T (step 24) before repeating the cyclic sequence. 10 If the
nutritive sol an¢ dasersdyn Fydpiately toobr iadéris k9 thashutaitive edlutian and thehi ch

conprises the feed pipe 7 and the runback 8, the cyclic¢c sequence . . also
conpri ses t he MEiFap GRIBHUFLE; or, PRRPNGETR] BSIOASO b Rt E)0 Ao, WEFLLIVE Do ng

the el ect rovalsE{ﬁ.ﬁ:ig'\x/ t(:sé&@rgll)m@'%g H}&tﬂagg ineﬁt %ﬂgnﬁxetﬁ?value of the

nutritive solution.

5 The concentrations of the nutritive elements are adjusted at their
given values according to the following order: phosphorus, 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 Py 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 Ko 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 Caj
the concentration of calcium;

- calculating (step 68) the amount of nitrogen put into the nutritive



punﬁ 6 (FP; step 26) after closing the electroval ves EV (step 23). 15 The

sprinkling time t can be a given value, but it is preferably directlty
proportional to the lumnnosity L neasured by the photoneter FO of
Figure 1 (tipically: t =t0 + KL wherein Kis a constant '7the
period T and "W@? kling time t (which correspond to ﬁéﬁ%% ters
t[err] and:K of the tinme t, respectively) can be nodified 20 by the
central unit 3 for the entire greenhouse. L3pr. for each tray 4 (or
group of trays 4) to feed plants grown in the greenhouse 1, on eadh
tray (or groups of trays), respectively, in the best manner. The
period T is prebsehalby byaddimosait emsmarafl yzlcdhm alhrateldr of rarhgsnite; and
the sprinkling tine t is of about 15-20 seconds. 25 The not |imting

flowchart of FrgGrlsulatingnfstene®d) the tqhet neqncentratigcof oRiirogensinofthe
verifying the condL%%on o$ t.he el ectrovalves

the beginni ng of*W¥a&h @ ‘éti(’gtlylp Syming ke rF&E'\é/‘ttggg& nitrdgen FDEF P?’m‘)’ e
. 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 6b1) that the total concentration of nitrogen in the
nutritive solution is lower than the given value Ng. adding to the
nutritive solution (step 602) nitric acid to adjust at the given value
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 Mgo the
concentration of magnesium;

- 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 coqcentration of sulphur in the nutritive solution ié lower than

20 the given value SO' 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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- 11 - controlling that, trol signals fromthe
‘peri pher al unit 2, the ele ed (EVA, step 28) and

cl osed (EVC, step 29), res ’ t's the case, that the
punp 6 st ar typger3osso (PA;, step 2 g pped (PF; 201), PETEBLNG0HT| y. 5

If one or nore of the above-nenti oned verifications (which can be
conpletely or in part omtted wthout gd#dhg beyond the scope of the
present invention) reveals a device trouble, the peripheral unit 2
emts the correspondent al arm nessage ALL, after having repeated said
verification Pwsangﬁ pEYF aﬁ%mﬁér“é?”’f"l RigTaty priof pragpmitecandof ‘“f@“esmm

Anal ogousl vy, o the cycl S, sh e

Figures 3 - 6° ‘?]I?sﬁ'ﬁleq‘f’ﬁafa]lt éaﬁfg mivi s°q t$'| "es yt h°é’enmg the
condi tion of éﬂ%@é&ﬁ%@t@é wﬁﬁ?ﬁy&)aasgdaeaéaagﬁmlm £4nk8aF UnEAE kontain
controls that (in reply to control signals emtted by the peripheral
unit 2) the elRCcitoayIfVesitEYd splatm anknobd sencenteayion) inoablydeaogkn b
emts, if necessary. the correspondent alarm nessages ALL; to senplify
descri pti o adthyfirasemgeotashtun phosphatadentPIuaseivm nks trapypepinaphabeen

omtted in Figures 3 - 6. , . .
potassium nitrate; calcium nitrate or aragonite and magnesium

sulphate; respectively.
Without going beyond the scope of the present invention, it is
poss_ibl'e to adjust at the given values (PO. -Ko. Cao. Mgo) 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 amounts
of monchydrogen. or dihydrogen  potassium phosphate or of potassium
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 (Pg. Kg, Caqg, Mgo) 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 60l4) 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

This Sheet Hai |i3|een|||eilaced




Figure 3 shows a senplified
sequence of functional step$
‘Figure 1 to control and to adjius ' val ue the pH val ue of the
nutritive sol ution. Acquired (M, step 31) the pH val ue mggﬂﬁﬂg d by
t he correspond@ﬂ?”m”"“sensor associated with the tank 5. the"perip ergf
unit 2 verifies (step 32) if the nmeasured val ue (a) belongs to the
range of acceptable 25 values, defined khy2a maxi mumval ue aM and by a

m ni num val ue aferr]: if t he neasured value (a) doesn't belong to such
range an al arm nessage ALL is generated. otherw se the peripheral unit
2 verifies (stepuo3ghle laterally D 12IABEPSSE the support 72 to increase (at equal
PCT/ EP97/ 00407 if the
measured val ue (SVeB¥ SRR the t"H'ébeFa%é’e’b?heBe%tdi%ﬂsﬁ@sms&\ﬂ‘ﬁ @Ach greenhguse
internal to the yange of acceptable values and is defined by a best
HHX|nun1vaIue a[err] and by a best mininumvalue a2: if the neasured val ue

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

ustrates the cyclic
eri pheral unit 2 of 20

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 eriergetic

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 itself.

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

N




(a) f)él ongs to such best range, the peripheral unit 2 awaits a given 5

~time T (step 34) before repeating the cyclic_sefguence. I f the nmeasured
val ue (a) doesn't belong to the .-=----"’/ \ val ues, the
peripheral unit 2 verifies (s gasur ed val ue (a) is
greater than woo7/3088¢ naxi nu \ T —and put s a gi ven PCT/EPYIROMTt of
an acid into the nutritive soli=soF open| ng (AEVSa. step 10 36) an

el ectroval ve EVS (Figure 1) associ ated w a tank S containi ng t he
acid and by closing the electroval ve EVS VSa. step 38) after a

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

- 34) before repepkbnxbdeoCite tamksgpruence. | f the neasured value (a),

bel onging to the range of acceptable 15 values, doesn't belong to the
range of the bedigune|8ighowndschenmatdtally thegredateitst haicht ferbetie MeXEHTLLR
value aferr], the neasured value (a) is | ower than the best m ninum
val ue a2: t her diigyee 7f tas Merlﬁpﬁ@?’é?ly gvfident in Figupg,Ba) .aegth spduisp sieneit a

"b to th | ut \EVSDb. t 360
e oot r oval ve. mus Fidesh, B Fp Lt BRe, AbuSRE Fillers, g5, LEEIRS it ob, eet o
"base" and by q;hgsa,mrtm gﬁmuéavag%f%% 76 and ﬁ?&t}mﬁ&@s‘)aiﬁ@a@fé&r

said given open| ng time (ta) (step sard giventine T
(step 34) bef ore-simpeat ilagetadlepartel 81 [Figure S8)Jewieh carry tHe Ehﬂmﬂ@é i4gher al

unit 2 controls and adjusts at the given values the
and the female element (male) of a male-female coupling, one or more
flat parts 82 [Figure 8c)], whose number changes on the basis of the
desired width of thé 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 anéther 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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25 concentration of the nutritive el ements in the nutritive sol ution by
perform ng the sequence of functional steps shown in Figure 6, the

{nitric, sulphuric or phosphoric) a % the nutritive solution

- 13 - by openi ng (st ep35, EVS for the ?@wﬂls
det er mi ned wi V@ #7398R0h sequef) eps on the basI &0
nutritive el enment which has h___, el=For e absor bed by plants as
percent age val ue of itself. 5 For exanmpl gz Lf (being 100 the given
concentration val ues of nitrogen, sul phur and phosphorus) the
concentration val ues neasured by the peripheral unit (Figure 6, step
61) are 70 for hyi bthegesinil8d wap) togetl@llmbrtmdommmrﬂmbhﬁi @nd 84]
sul phuric acid is put into the nutritive solution to adjust at the

gi ven val ue t he WiiFRraltye B£SRIRE oD Fmgthert Wher Jupting, th%lsbé'ﬁ?‘phﬂ'faria%tﬁehe

ey e TR e B (RO, OB A0 By, aareTHE coe

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
onitted 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 oﬁly 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.

TTTe———
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-uniformy in
flowng in
‘opening tine

the mini numvalue aferr], the Rest nﬂﬁP#ﬁ'
val ue a2 ar ewgisrpessend can be d

all the nutritive sol utlon conta|
pi pes 7 and 8 ang 51

(ta) of the elect oygisvs!sEﬂi\)’fﬁA

inside the tank 5

axi num val ue aferr]

=By the central unit PETERI70P407

preferred enbodinent T = 15 mnutes, ta = 10 seconds, a[err] 6.5, .am

5, a[err] = 5.8 and a[err] = 5.6. 20 FEi que 4 shows a—S‘Eﬂ?H—f—I—ed—f—L—e%ha-l’-t
showi ng the cyclic sequence of functional steps perf
peripheral unit 2 of Figure 1 to control and to adj i,[@ mﬂ“" lit Iue
the conductivity of the nutritive sol ution. Acqu

t he val ue of tdiaig®nductivity (c) neasured by 25 the correspondent sensor

associated with the tank 5, the peri pher al unit 2 verifies (step 42)

t he neasured vhl & (cé}tlb‘el s;ﬁggm CORRIAAING & MepAgRmeRt SYEEeEy: AIAAIFafidyre

defined by a

maxi mum v

AVENDED SHEET System inc % gfn er{) ura?:.ty &4’ genches disposed in at least one

10

15

20

25

greenhouse, characterized in that said management system comprises a
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
inside said greenhouse (1).

2. Air culture system according to claim 1, characterized in that said
gﬁven values of said plurality of parameters are modifiable through
é;id central uﬁit (3). |

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

L. Air culture system according to claim 1, characterized in that said
at least one peripheral unit (2) transmit to said central unit (3)
alarm messages in reply to abnormal conditions detected in said
system.

5. Air culture system according to claim l, 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
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.

, intrays 4), 15 the

and

and the best m ni num

i f
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- 14 - m ni rum val ue cm if the—%&s&r—eel—vm—ue—ec) doesn't belong to
such . range an al arm nessage ALL is genera erwi se the peripheral
uni t 2 verifies (step 43) if th lmum ﬁ;ﬂ%l{c) bel ongs to the
range of best val ues, which is i nge of accegt abl £

val ues and SWO78e89 ned by a best maxi num "val ue c[err] and BGF

m ni mum val ue cl[err]: I f the nmeasured value (c) belongs to such best
range, the peripheral unit 2 awaits a given tine T (step 44) before
repeating the cyclic sequence. the measured val ue (c) doesn't
bel ong to the range of the best 10 values t he peripheral unit 2 verifies
(step 45) that the neasured value (c) is greater than the best nmaxi num
val ue c[err] andc.pAirs cal tyiry aiysten acodidingt toklaint &1 chatartetized ulnr thdtyeaid

sol ution by opening (AEVSA step 36) an el ectroval ve EVS (Figure 1)
associ at ed wi t h adarmARSSDEES rranswiftpd by S%Pérleeﬁ? %t%rilmerﬁ\bt"e?t gPper

and by cl osing the el ectrovalyv S Clgv tep 48) aft.e Y
opening tine (tHMY RS %7)\111%1%335\\//%%%&?&(«9 s?fca §irEekC ¢ ithe TS [‘S%@S 256?‘
before repeat i ng,gt b CYiGolrfalS GMMERERs involvek fdrBafREN LRItuE! 48 tdif)
doesn't belong to the range of the best

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 nitrate or of aragonite; of monohydrogen -
or dihydrogen.potassium phosphate or of potassium tetrapyrophospﬁate'; '
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



values and is not greater than the best maxi mum val ue c[er

- value (c) is lower than the best m nimum val ue c2: the per I! :"P !m;ﬂglnmib
2 emts (ASF, step 49) an al arm nessage ¢ deficie 30 Ion)s  *
and starts a sequence of funct o?‘q‘lsﬁggqs;-h(\sf,aEEﬁx npl e, shown in

Figure 5 or Y4p9730880 cont r ol nd 't azpdpOsD at |la gi ven vEFTEPINORET
concentration of the nutritive : _ ritive solution. The
waiting time T (long enough to let water %ilute uniformy all the 25
nutritive sol ution contained inside the t#hK 5 and fl ow ng in pipes 7

and 8 (and, if it's the case, in trays 4), the opening tine (ta) of t he
el.ectroval ve EVS, the maxi numvalue Clerr], the m ninumvalue cm the
AMVENDED SHEET with said nM€ridi{a3(oBétion through a cyclic sequence of functional

PCT/ EP97/ 00407 15 - best

maxi mum val ue stepsr¢omprisingeatbdeastnihel steps\afl:ue c2 are given and can

- 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 (EV) and of stopping said hump (6) after closing said
electrovalves (EV).

.13. Adir 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 (ay) and by a minimum value (ag);

- if said value doesn't belong to said first range, generating an
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be nodified by the central unit 3; generally cM = 6000 m croSi enens,
c[err] = 1000 mcroSienmens, cl[err] = 4000 m croSienmens and c[err] = 2000
mcroSienens, T is conprised between HH and tais 5
conpri sed bet ween 5 and 60 seconds. ﬁ“m alm"mllm a se /h:

fl owchart shoW@§¥® sequence of * £ dncti ohal 3 st®eps perforned by the
peripheral unit 2 of Figure 1 to control and to adjust at a given
val ue the concentration of the nutrd tgve el enents in the nutritive
solution. 10 Long and accurate experinental researches have showed that
t he nutritive elenments (particularly potassium nitrogen and

phosphor us) are absorbed by plants according to precise ratios which
depend upon alarmamessage d(Abbbn ovesywise veBiY3ng ifi Gﬁlq)f"aﬂ'l’f?e hslopgs, to a

Particul arly, ratlos of nitrogen,. phosphor nd_pot assi absqr bed

the plant are c8PsPP sEﬂf‘%etﬂx% ngl Cf°2‘sg ‘gmd‘r:‘[él %'P and ‘%?e sdz& encé’g%'f

Figure 5 conprises, at va ‘zliest( % gcg 'b8£@knir?{]mﬁﬂsva%e - acquiring (M
e

step.51) the coRFERER JB5h 3¥ stumint ?rltlve sol ution;

- calculating (stepsad Jéieemwgts 06 ek aswbNieagdle aasiriady o dilen tife
nutritive solution to adjust the value of the given concentration
Klerr] 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 (al) , putting into said
nutritive solution a given amount of an acid by qpening' an
electrovalve (EVS) connected to a tank (S) containing said acid and by
10 closing said electrovalve (EVS) after a given opening time {ta) and
awaiting said giveti time (T) before repeating said cyclic sequence;
- if said value is lower than said best minimum value (az). putting
~ into said nutritive solution a given amount of a "base" by opening an
15 electrovalve (EVS) connec;ed 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) beft;re 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
(ay) of said pH is 6.5, said minimum value (a,) of said pH is 5, said
best maximum value (al) of said pH-is 5.8 and said best minimum value
(ap) 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



- calculating (step 53) on the basis of the said ratios between
nitroegen and potassi um and bet weeen—phosphorus and pot assi um

respectively, the amounts of nitrog to be added to 25
the nutritive solution to adjust at Tgm W ﬁ nlu of concentration
dntes o

Nl err] and PW@P730s8 - adding the pot assi um nPEFEREMOEA
phosphor us t hus WO 97/ 30580 o

PCT/ EP97/ 00407 _ _ - 16 - detected to
the nutritive solution by acting (AVSK, E%N, EVSP; step 54) on the

el ectroval ves EVS (Figure 1) associated with tanks S cont ai ni ng
potassi um nitrogen and phosphorus, respectively (in form of salt or
of sol ution of sgid et Denstenter pértipheral wbit\¥2) heantraiai ag Aaywtd i@ ghepe of
the present invention, it is possi ble to adjust at the given val ues

t he concent r at V8He Baid conductipify, of | faideopilivitive Felutihen rtireush we cyolligt i on

by addi ng sai d_anpbunts o;, . aTutritive Iementi to the solution. as they
are det ected 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 (cq) and by a best minimum value (c5);
- 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 (cq), 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} before repeating said
cyclic sequence;
- if said value is lower than said best wminimum value -(cz) » generating
20 an alarm message and adjusting at given vilues 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 electrovalves (EV) is between 5 and 60 seconds, said
25 maximum value (CM) of said conductivity is 6000 microSiemens, said
ninimum wvalue ( cm) of said conductivity is 1000 microSiemens, said

best maximum value (cl) of said conductivity is 4000 microSiemens and



The concentration of the potassi umi—mﬂ-(—aclr%e—c—aH—edigui de ion") in 10 the
nutri-tive solution is neasured in a ner means of an

t on-specific el ectrode or other si mnmﬂﬁww am)unt of

potassiumto be added to the nutriti jUSt at th
concentration WQYPPSEs easily determ nabl e by a speC| al i zed T4 Z'FH%?’E‘&H’
According to a further sequence of functional steps which the

peripheral unit 2 of Figure 1 can perform#$e control and to adj ust at

t he given values the concentration of the nutritive elenents in the
nutritive solution, it is possible to neasure (in a known manner) the
concentration of each nutritive elenent in the nutritive solution and

the thus obtai nedidalhges EARPRWSsesluef ofCdx Afpl 831G neopducdipéty 26 M000; on)
are "l oaded" in the peripheral unit 2, for exanple through t he central
unit 3: the peri®BfEPAP Tt 2 adjusts in an ordered way t he

concentrations Oiget ks Wi & % Yt ﬁa[ég ‘?.ngt T°t Q?aﬁ?nl ‘iﬁ” ARrUGERri b in that

glven order, tectlng 1 he "anou e nutritive
el enents to be adde Eiben thde NYS nbtd bRid® Qhtdr 66 unifrnllee1udeOs ai@X AR BiveA,

B, C D ... as nutritive elenents, whose concentrations in the
nutritive sol Gt isodueios- neant to be adjusted, in order, at given val ues.

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 nutritive

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 nutritive

solution to adjust atsaid given value of concentration;

- 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

.(S) containing potassium, nitrqgen and phosphorus, respectively.

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

said given praoportionality ratios of nitrogen, phosphorus and
25 potassium are comprised between 1:0,2:2 and 1:2:6.

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

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



WO 97/ 30580 PCT/ EP97/ 00407
- 17 - For such purpose: - their concentration in the nutritive

solution is measured: - the az“"l"!"ﬂ““"ﬂﬂlﬂl ntai ning the elenents A
and B (AB salt) to be added t mglfution to adjust the
concentrati onwaf9onsbssoA 5 el enent dt ftstgiVer® vdl ue, is cal RCH/ERIZID07 -
the anmpunt of the B elenment put into the nutritive solution by addi ng
said amount of AB salt is calculated and B is sumred up to t he
measured val ue of the B el enent; - takrng into consideration the
measured val ue of the B elenent and 10 the anount of such el enment put
into the nutritive solution by adding the AB salt, the anount of a
sal t contai ni ngallies Basindorcett@itidi 6f (34 nutritidé teleddhtbainddarinterithe
nutritive solution to adjust at its given val ue the concentration of
the B el enent isoletdlonhyaedding salts oft feidapatnitivef elements cloesmidt nphrtitivet O
the nutritive solution by 15 adding said anount of BC salt is calculated
and it is sunm&@eiopo

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 adjustg 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 concentrations 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



t he neasured value of the C el enent;___;_;_i_aki—ng—i—n%-o consi deration the
measured val ue of the C el enent and t he anbunt of such el enent put

Cal © containi ng {he C and b of enent Qﬂlllllllllﬂllmmﬂil o' be adied ig de
I (0]

nutritive sol uOHAF®adj ust at its gl vén "val ue the conc

the C elenent is calculated; and so on, till the concentrations of all
the nutritive elenents are adjusted at . gjheir given val ues. In the
senplified flowhart of Figure 6. the peripheral unit 2 25 calculates in
an ordered way the amounts of salts of the nutritive el enent s
(nonohydrogen or di hydrogen potassi um phosphate or potassium

t et r apyr ophospha® ,riéy@aglsqmem #nd said aveuntcof Srifl speand mutrikixgogliement put
WD 97/ 30580 , . s . 3 PCT/ EP97/ 00407

- 18 - and*HEgA%S ARFEEEYHAPRIEED We AYHRE «PifhePRYPFiYh &S JINEET on

and the (N L4t e BIMRE CenQT addBRSRIORT Skofi it CedBaddthe (48 ddiEna

nutritive
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;
- calculating the amount of 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 seid 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 ordér are phosphorus, potassium. calcium, nitrogen.

magnesium and sulphur.



solution to control and to adjust at a given value the pH value of the
nutritive solution. 5 The concentrations of the nutritive elenents are
adjusted at their gi ven val ues ' follow ng order:
phosphorus, potassium cal ci U”Hmmmm“mﬂ sium and sul phur.

The sequence WOF¥¢%#0e 6 at | east cenpsi ses M hé feancti onal sPEHEPIINE40T -
acquiring (MEN, step 61) the concentration of the nutritive elenments 10

in the nutritive solution; - calculating (step 62) the amount of
nonohydr ogen or di hydrogen pot assi um phosphate or of potassium
tetrapyrophosphate to be added to the nutritive solution to adjust
at the given value P[err] the concentration of phosphorus; 15 -

cal cul ating (st2p @3) tdlcuenyatenobc@rBiRsitantipin 28\ Ghhletatiizedt i/ &hat
solution by adding said anount of nobnohydrogen or di hydrogen potassium
phosphat e or of S§ét a8slanstt erer Rpsirberads pridt d2hrrenttahm aed iadivgrs( st egiven
64) to the acquired val ug of o%assi um .- calculating (step 65) the
amount of pot asSPHESHSAF At EOTGPEEAHERR GO 052U PWNFAtAYE  PHERRRtSSAPUBRLY to

adj ust at t he gjyeRti We1uelhe rtﬁ:l-ougsxhg sequenceCDf %E?}%&ng{' Q:fe g Oé[og?;:ﬂslnj.gé
- calculating (step 66) the amobunt of nitrogen put rnto the RutFrETva
sol ution by aldingessd dnaiZREgE off potassiumnitrate; _
- 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 solut.ion to adjust at said given value (PO) 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 (Ky) 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
(Cag) said concentration of said calcium;
- calcﬁlating 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



- calculating (step 67) the amobunt of calciumnitrate or of aragonite 25
to be-added to the nutritive solution to adjust at the given value Ca[err]

t'he concentration of cal cium - [ 68) the anount of
nitrogen put into the nutritive Cl m, Imlﬂmt 00407
O 97/30580 * € L M 0§ -% PCT SOVUtIOﬂ

PCT/ EP97/ 00407 W 9 -

by addi ng said anount of calciumnitrate or of aragonite,;

calculating (step 69) the total concentrat+i@B8of nitrogen in the
nutritive solution by sunm ng the anbunts of nitrogen put into the
nutritive solution by adding said anbunts of potassiumnitrate and of 5
calciumnitrate or o to .the neasured yal ue of nitrogen;

- . . :

- verified (step 8 a?‘%a g{“hg?t ?f{‘)’éf‘ssc}a'ﬁcéﬁttf‘%"tel of® f°anPJr°d§‘érf“itﬁg't%é’r of

nutritive soluti ogz,%ggn“gmgg %ohg&dtgqugljm\{,ggioylaéygam g fdoeafiding to the
step 602

nutritive solution nitric acrd to adjust at € given val ue
the pH val ue; ~ verified that said total concentration of said nitrogen in said

nutritive solution is lower than said given value (No) » 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 sclution to adjust at said given value (Mgo) 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;

- ver_ified 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 (Sy), 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



10 - cal cul ati ng (step 603) the amobunt of magnesi um sul phate to be added

to the nutritive solution to adjust at the given value My[err] the
concentration of magnesi um = - ' 604) the amount of

sul phur put into the nutritive
magnesi um sulWaareesehd sumr ng | f
of sul phur to calculate the total

THESHEETORADREEN ng sai d anount of

of sul phur 1 n the

nutritive solution; - verified (step QO@) that the t
of nitrogen in the nutritive solution is not |ower tm l’lﬂmmwﬂl

val ue N err]

and that the total concentration of sul phurcintt s

nutritive solution is lower than 20 the given value S err], adding
sul phuric aci d to0 shite natiitivé \sd1GKHotit hy0 Bpening €Xeceiovadves t(BVSYdjalSdcidted he
gi ven val ue the pH val ue; otherw se calculating (step 609) the

nutritive el enmotith( fpaksoSn, centainipe waid mongliydsphen ue) swidc ihadrdmsen

much nore absorbed b |l ants i.n percentage . value of itself and adding
%‘U’EW% %ﬁ%ﬁﬂs“z’é’"’c FatiarKERosPhateol 2ai%n to

' vl : - [ 08 he_.
R PEShE Biy ien goncn 6, B 4Bl e
phosphat e or 50TnapRésiSs|shbiidte! R¥pRRBAIPhAL €; Of

the acid conpr iPotAES

adj ust at the
anounts (FP,

10

15

20

25
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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
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
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.

34. Bench according to claim 31, characterized in that said covering
panels (75) are placed on said bench (#) 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
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

up BEP(BCEP 605)jito the RETFRITN47a| ue

i
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- 20 - potassiumnitrate; of calciumnitrate or of aragonite and of
nmagnesi um sul phate thus calculated to the nutritive solution by opening
the  electrovalves EVS (Figure 1) associated with the tanks S which

contain (in formof salt or pset oncentrati_on

monohydr ogen oWO 9780589 hydr ogen. pm&li&s&ﬁ&ﬁ'ﬁ@%%ﬁ%t% or pot assi 100407
tetrapyrophosphat e; pot assi Wm ni t REPEACE Bl ci nit r‘t\orharaqem—t_e—and
magnesi um sul phat e; respecti _V§g hout goi ng sco e of
the present invention, it is p033| ble to adjust at t ,m m& ’uj
(Plerr]. Klerr]. Ca[err], M[err]) the 10 concentration

elenments in the nutritive solution by addi ng sai d anounts (FP NP NC
SM of salts of ttRecomnesh spike 1ateraé|‘@ﬁ§$1t(§1)c ang W‘é’(ﬂeﬂt?bﬁhﬁ! {opppsiteasidenecy

| | d h | | k
o Che arountith e38 bR ChER RXa o0 HeokefENY St Feati ies
of potassium 15 dglif aex&a&ﬂg%mﬂé e(ausste&u@ﬁ)are %mp?tstg%%ggw' g&&tﬁm

(step 65); of calciumnitrate or of aragonite
magnesi um sul phatcgupling (dekfP (891 ah® dhcicadtad jietidie eedenict {855 SIviliddORLt O
adj ust at the given values (P[err], Klerr] Cal[err], Mlerr]) the

concentration Df bpHosplesr 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 (8Y4) male-female coupling means have seals (88) realized at
the same time of said first (83) and second (84) male-female coupling
15 nmeans.
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 hot fluid flows.
39. Bench according to claim 35, characterized in that said headers
{79) of the bench (U#), 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.
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pot assi um cal ci um and magnesi um the anount of potassium put (step 20 63)
into the nutritive solution by adding said anount of nonohydrogen or

di hydr ogen pot assi um phosphate or of  potassiumtetrapyrophosphate; t he
anount of nitro quput (step 66 and 68) into the nutritive sol uti on by
addi ng said anﬂ%ﬁ? 080 potassium nitrate, of cal ci um nitr 0007
aragonite and the amount of sul phur put (step 604) into 25 the nutritive
solution by the addition of said anpbunt of nagnesium sul phat e.

Figure 7 shows schematically a nodular,tray 4, whose tank 71 is
[err] 1/5 - 21 - novabl e
laterally in relation to the support 72 to increase (at equal cover ed
area) the nunber of trays 4 disposed inside each greenhouse 1.

1 | PC —3
/ PeR, — T +—pem,
"
s, |----{s, | —
PER ---}EV
iﬁvs1 {EVS), —
------ 12— m
]—* —~~5 :

e 4

FIG. 1



The trays 4 are connected with the feed pi pe 7 and the runback 8 of
the nutritive solution (Figure 1) through the flexible pipes 73 and 5 74,

preferably, but not necessarily, the tray 4 is al so connected (t hrough
further flexib ' not shown in Figure 7) with a further circuit
(not shown in %gﬁf’g?@) in which a hot fluid flows. By heSRFEIF 0040
exanpl e, by gathering part of the residual heat of the wast e snoke of
nmeans RT of Figure 1 by neans of a heauyexchanger) the 10 nutritive
solution and/or the hot fluid flowng in the tank 71 of the trays 4,
the root systemaf 1B® plants can be kept at the best tenperature and

it is therefop€ psSsible to keep the r ergyure I nside the
gr eenhouse—3 £Y2 I~A=-A&dl wi t bshﬂmenF’énergetic saving. 15
Support nmgans\g? WG| ant s gromn ! are made of covering

panel s 75,| haviNgg dlfferent wi dt h NNg holes of different form

and di nens]i on (quure 8 e)], whic s 76 got on the

i nternal sji de of the tank 71 t ank
itself. 20| Thay panels 75 can be 4 a4 N a horizontal or
In an Ilnc ned position and susTN W | e 77 fixed al ong
t he Ionglt 13l axis of the S i ncreasing the nunber of
gr own pl ap (o pl ants whi ch £ grown) for each linear neter of
t he
ALL
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tray. 25 If necessary, the supports 78 which sustain nets (not shown in

Fi gur.e 7) to which plants during their vegetative cycle are anchored,
can be - 22 - also fixed to
the tank 71. Fiﬁgure 8 shows schematically the elenents which formthe
tray .of Fi QYQ&P580,5 it is clearly evident in Figure 8a), PeHER™MTUI ar
el ement is closed by one or nore caysering panels 75 (Figure 7), one
next to 5 the ot ler—amd—pustai ned by supports 76 and~TtT CO /r'5$es at
| east two ' thifyed" | ateral parts 81 [Figure 8b) MHEN Farry the
supports 76 emal e el enent (nmale) of a e ‘T/c..a e coupling,
one or nore fAat Xart #4282 (Figure 8c)], whose nersertehan m t he
basis of the | 4ldesfred’gidth of the tray, which cﬁt-?he ateral
parts 81 and 10 whEtekhesae e s\ dEd at the opposite lsi : t he mal e
el enent (flemal €5 ith the femal e el enent (ne ] e-femal e
coupl i ng, r' eel y, and at | east a mal e- nal kg&n;q p-fgn'ﬁﬁe)
junction 1
' 64
K=K+K |~
2 -. 65
.
a ' N- dz-dK
{CEVSA T
dc,=ca- Cal~ ¥
Vv

FIG. 4 N:N' . N" /59
: M r—'51 . 602
K Z st 1
AN

FIG. 5
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el ement 85 (Figure 8d)] used to connect (if necessary) two parts
having the fenale (male) element. 15 Parts (81, 82) which form a. nodul ar

el enent are connected one anot her by neans of nmal e-femal e couplings;

t he nodul ar q&gg%a%gge connect ed one another and to the closing
headers 79 of t (Figure 7) by means of mal e-f enmal e PETETP1/00407.
As for Figure 8, it's also possible ta/ssee: 20 - sonme enbodi nents

[ Figure.8 e)] of the covering panels 75, which have hol es of different
formand di mension to sustain different plants; - pipes 86, having
nozzl es, incorporated into the parts 81 and/or py and used to sprinkle

the plant roots with the nutritive solution;
into the parts 81 and/or 82) wherein the
system of plants sustai ned by the panel
Figure 8, 88 indicates seals [obtaine
AVENDED SHEET
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- 23- by other simlar way) together with the coupling elenents 83 and
84] - whi ch, by cl aspi ng one anot her when nounting the tray, guarantee
tightness of the tray itself, while seals which, by clasping one

anot her when npunting the tray, guarantee the tightness of the pipes 5
(86 and/ or. 87)VOPHBPhorated into the parts 79, 81 and 82 ha\?é"‘%i!’gﬂ”“‘”’
omtted to senpli fy7%he dr awi ngs. 5/6n Figure 8 eachfpart (81, 82)
conprises a pipe 8¢ and a pipe 87, but, wi t hout @Oi ng beyond t scope
ention, each part (81..82) car contai
and/or _two or nore 1@api pes of igee sane tygp.

of the present i
of pipe (86, 87)

nmodul ar tray shg gure8/ 7 and 8/ preferably/nmade with

and particul arl y = grt - D] 10N O Miin: y
used.for soil culfuf TcpNnEhe inhegsell  H15HW Hhddt
goi ng beyond t he “scOpe sent ggnventiongza shill ed\man can make

to the air culture systemdisclosed herein any change and 6 i nprov nt
according to experi ence?asnat ural evolution of technics.

—
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(54) Title: AIR CULTURE SYSTEM COMPRISING A MANAGEMENT SYSTEM

(57) Abstract

‘The air culture systern (realized on )
fixed or movable benches (4) disposed in- 1
side one or more greenhouses (1)) com-

prises a management system comprising

a central unit (3) and onc or more pe-

ripheral units at least one peripheral unit S,

(2) is disposed inside each greenhouse
(1). The central unit (3) allows to control
and to manage the working of the sys-

tem, by modifying the reference values

of the parameters (greenhouse tempera-
ture, physical and chemical characteristics F)

of the nutritive solution, etc.) controlled
by each peripheral unit (2) to grow the

6
plants disposed on the benches (4) inside .‘)p‘ﬁ

the greenhousc (1) managed by the pe-
ripheral unit (2), under conditions which /
should be as similar as possible to the
ideal ones. Morcover, the central unit (3)

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 pe- -

ripheral units (2). Morcover, a particu-
larly advantageous formulation of the nu-
tritive solution is discloged.
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1. Air culture system conprising a managenent system said air culture--_ _--.
system including a plurality of trays disposed in at least .one " ... -
greenhouse, characterized in that said nanagenent systemconprises.a ,5°°
central logic unit (3) and at |east one peripheral unit (2) disposed

i nside said at |east one greenhouse (1), &adh-of said at |east one
greenhouse (1) being nmanaged by at | east one of said peripheral units

(2) able to control and adjust at given values a plurality of
paranmeters to keep best vegetative conditions for the plants grown 10

I nsi de sai d greenhouse (1). - 2. Air culture systemaccording to claim1l,
characterized: ip, i Lven valu of said.plurality of paraneters
are nodifiabl e Bh% tolﬁ%ﬁézae g.ysst:'eﬁmdg%m neral ﬁﬁ‘?%“?%‘}“‘tnt § ™ Air culture system
‘according to claim1, characterized in-that said 15 central unit (3)

gathers and progesisess e rfERL 1 Ve and statistic pur poses the val ues
of said paranetérs detected by said at |east one peripheral unit (2).

4. Ar culture oSt ERsaRE OlrilleRElidnO rel&le® Lo hAUBCIRNEEA dy3rthadn SBkEd or
at | east one peripheral unit (2) transmt to said central unit (3) 20

al arm nmessages mébvhbleptiayis) ROAaENRImanegdiidnt | Stem dRioRptBfingl & &eatehal logic
system , : - .
5 unit and one or more peripheral units disposed in the greenhouses used
for tﬁe air culture) which allows to grow plants -to be cultivated
(s;ch as, for example, flowers, vegetabies, orgamen£al plants and/or
half standard fruit trees; hereinafter ;eferred to as "plants") in
conditions which should be as similar .as possible to the ideal omnes.
lb Each greenhouse is managed by at least one peripheral unit which
céntrols and adjusts a'plurality'of parameters (temperature inside the
greephouse, .physical. and chemical characteristics of the nutritive
solution, etc.), keeping them as near as possible to the reference
values recorded in the peripheral unit, values which correspond to the -
15 best vegetaﬁive conditiqns for the plants disposed on trays inside the
greenhouse governed by the peripherai unit. |
The central unit allows an operator to coné;ol.and manage.the‘working
of the management system, by modifying the reférence'values recorded
in each peripheral unit: moreover, the central unit gathers and
20 prdcesses for informativé and statistic purposes the values of the

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

processed) by the peripheral units.

AMENDED SHEET



5. Air culture systemaccording to claim4, characterized in that said -
at | east one peripheral unit- (2) transmt to said central unit (3)
said alarm messages in reply to devices troubles and in reply to the 25 -
fact that said paraneters controlled and adjusted by said at | east one

peripheral unit (2) go out of a range of ¢iv&erm values for a given tinme.

AMENDED SHEET

[err] - 25 -

6. Air culture s¥s,tem according to claim4. characteri zed in that said

al arm nessages t
sai d central uniPEn (a32_. are different according to the ri

sai d abnornmal cdBdiPtT oRs TRS o REE™ BPREATEF of rPIRFRTIRYe d§y§f§¥ﬁ

ed by said at |east one peripheral unit (2) to -
(kb GRED g B

culture system 3R dlNGob Qi) % Bpbsed NALAE FhbZ6 dole {flenf@leds: plants are

10

15

20

25

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

~

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

air* inside the tray; to supply plants with water and nutritive
elements necessary to their growth, zroots are sprinkled Qith a
nutritive solution coming from one or more containers, such solution
being periodically sprinkled in the area of the tray upderﬁeath the
support means of the plants, by means of pipes having nozzles (or
other similar meaﬁs) disposed on the bottom of the tray.

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
complicatéd and: expensive enginegring solutions have been | ﬁsed,
unjustified by the possible gains obtéined.

US-A-4 965 962 (D1) discloses an hydroponic culture system positioned
insidée a greenhouse and comprising a management system, a plurality of
sets of angled panels (supporting the grown plants) movable aloné the
flooxr of the greenhouse and.hydroQonic_solution spraying means, wheré
the manageﬁépt' system comprises a control unit. which is able Eo
codtfol and adjﬁst at a given value the co, concentration.

WO-A-95 08260 (D2) discloses an hydroponic conﬁ:ol apparatus managed
by a logic uni; which controls at lgast one peripheral device,
pdéitioned inside a-greenhoﬁse, which includeé sensors for contrqlliné

a plurality of parameters and means for power supply control switches:

" the peripheral devices do not include a logic unit and the signals

AMENDED SHEET
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parameters controll ed and adjusted at given values by said at |east . one
peripheral unit (2) cenprise the period (T) and the sprinkling ti.me. (t)
of said plants with a nutritive solution, the pH val ue and t he . ;
conductivity of said nutritive solution and t he concentration of- 10
nutritive elenments in said nutritive sol uti Zh.” 8. Air culture system
according to cIa|n17 characterized in that said nutritive solution is

a water soluti oG @ Ib@" Rfe gée\ﬁggr BRYHgin ft:o a pep.%l'?e%%igﬁ%ﬂggrﬂee;di%ctly

fid
calciumnitrate or Oé aragonite; nononyar ogen

pot assi um phosphat,e o5 &fe %&;é‘é&lﬂim LEIEAPYRORLGRRBAt €5 tHe z@@gncgd s:.gnals, .
magnesi um sul phate. 9. Air culture systemaccording to claim 8,

characterized i rbp%b@@essahg contrdlUkHiddnh¥s b%@.bhgllngnt&cmrs&@speﬂlpasﬁlvaéme
1000 litres of water, 500 - 3000 g of potassiumnitrate ; 700-4000 g of

calciumnitrate m;r-p.o:f 869 0abagoni tdscPédds120Q eyt @onbBitay diragefo) ieasdrik:
phosphate or 150-1350 20 g of di hydrogen potassi um phosphate or 50-1050 g
of tetrapyroptosiplrauding apetassi am bexkdl0Er1860rg afid mhgdteiduals wiephat €or
10. Air culture systemaccording to claim?7, characterized in that sai d
nutritive solLn|a;mcuﬂ&n@mgonpnMEmyylwer50h9na¢d ingiidentigrocknsed oftructufer tdagd
chemical elements absorbed by the root systemof said plants. 25 11. Air
cul ture system adesedli shyuceuxdsaiim purn meraeisdrpzad fFrenpt eanel (sustaining the

plants érown on the tray), side panels and a back panel: the lower
edgés of the closed structure'are secured by screws in watertight apd.'

10 light-tight manner in rabbets positioned at upper ends of the tank.
.The present invention relateé to an air culture system, which can be
made on an industrial scale, comprising modular trays and a management.
.system which makes it possible to use the system to Qrow plants in the
best manner under any environ@entai condition, by avoiding and/pr

15 eliminating the aone-mentiéned limits and /or defects concerning the
known air culture systems} such a management system allows to obtain
 particu1ar1y advantageous results if the nutritive solution, which has
a novel and original-formulation.and is disclosed herxein, ié used.
Summa;x'of'the Invention

20 The present invention relates to an air culture system (made of a

AWIENDED SHEET
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said at | east one peripheral-unit (2) controls and adjusts at given UL
val ues said period (T) and said sprinkling time (t) of said plants . -~ :

T

[.err] with said nutritive solution-through a cyclic sequence. of. T
functi onal steps conprising at |east the, steps of: - opening .

el ectroval ves (EV) able to connect said trays (4) to a di stribution
circuit (6, 7, 8) of said nutritive solution, 5 - sprinkling for said

time (t) the roots..qQf_sal lants w th said nutritive solutjon; _. . -
Cl 51 ny Bai d el SLETHISY vl T et it cns oRiREEL i Eaiath] Shppgtetns

repeating said ' . A r t accordi Rg_ §.0
cl gi m 11,g char a%%lg%ﬂ’a%gg% ‘339 ﬁge-[‘“ c%pz]si%%aédc{/ cﬁcél&{(%&sh’egﬁ é%% e‘ﬁg}ts ggéz)oaqrr;o rlilgas%s “The

steps of startiBg-GHYEP (fie, disgsééaﬁg+md;0asa§z@egxh§;sel bubion middgit b8,

7, 8) before opening said ~electroval ves (EV)” and of stopping said punp

(6) after closiggesdodse by @&ﬁﬁ%ﬁpﬂ-@l!ﬁ& adfYating at given values a plurality of

5 pérameters . (modifiable by the central unit) to obtain the best

vegetati&e conditions_for'the plants grown inside the greenhouse.
Moreover, the central unit gathers and processes for iﬁformative and
statistic purposes the values of the above-mentioned parahéters,
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 pl;nt sprinkling with a
nutfitive solution, the pH value and the conductivity of the nutritive
solution -and the concentrétion of the nutritive elements in the
nutritive solution.

15 List of the Drawings
The presént invention will be clarified, now,-by refer:ihg to a not
limiting example of embodiment, wherein
- PFigure 1 shows schematically an air cﬁlture system comprising a
management system according to the preéent igventipn;

20 ;.Figuré 2 shows a semplified flowchart éhbwing the cyclic sequence of
functional steps performed by the peripheral ﬁnit 2 of Figu;e 1 to
cofitrol and adjuét'at given values.the-frequency and the duraﬁion of
plant sprinkling with the nutritive solution;

- Figure 3 shows a semplified floﬁéhart_showing'the cyclic sequence of .

25 functional steps performed by the peripheral unit 2 of Figure 1 to
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13. Air culture systen1accord|ng to claim1l, characterized in that 15'~."
said sprinkling tinme (t) is directly proportional to the lumnosity . (L)

.nside the greenhouse (1). 14. Air culture system according.to. clalm

11, characterized in that - said period (T) is of about 15 m nutes and in
that said sprinkling time (t) is betmeeﬁ 15 and 20 seconds. 20 15. Air

cul ture systenlaccordlng to claim7, characterized in that sai d at

| east one peri p?&{&lalugﬁci dBhs €O r@'g?w@ﬂdv?ﬂeu%é gl Gaile V%FI the Mx?éz‘i@me

said pH value of said nutritive solution by performng a cyc
sequence of fungdiRRah; Steps conprising at |east the steps of: -
acquiring a value of said pH, .25 - verifying if said value belongs to a

first range of vatidase dehbmed semplD¥icd FBNICHNAR \sBbithg( BRETdyvk) i AREqIBACE of
m nimumvalue (am; - - if said value doesn't belong to said first range,

genereul Ng an functional steps performed by the peripheral unit 2 of Figure 1 to
~AMENDED SHEET . S
: 5 control and adjust  at a given value the conductivity of the nutritive’
solution;
- Figqure 5 shows: a semplifiéd. flowchart showing the sequence of
functional'éteps'ﬁgrformed by the peripheral unit 2 of Figure‘1 to
control and adjust-ag'givén values thelconcentration of the nutritive
10 elements in the nuéri;ive so1ution; |
- Figure 6 shows a semplified flowchart éhowing_a further sequence of
func;ional steps éerformed'by the peripheral unit 2 of Figuie 1 to
control and adjust. at giQen values thg'concentration‘of the nutritive
elements in the nutritive solution;
15 - figuré 7 shows séhematically.a sectional and modular tray;
~ Figure 8 shows schematically the eléments which form thé_tray of
Figurg 7.
In Figureé which are enclosed herein, the corresponding elementg will
be identified by means of the same alphanumeric reference.
20 Detailed Description
Figure 1 shows schématically an air culture syétgm made of a plurality
'of-trays.disposed'inside one or more.greenhbuses and comprising a
manaéement systeh which comprises a central logic unit and one or more
peripheral units disposed inside the greénhouse(s).
25 The central 1logic unit is préferably disposed outside the
greénhouse(s) 1, but, w1thou; g01ng beyond the scope of the present.

1nventzon, it might be dlsposed inside a greenhouse, provided that it
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WO 97/30580 ' ' - 27 - al arm nessage

‘(ALL), otherw se verlfylng I f said value belongs to a second range,
internal to said first range and defined.by a best WBX|nun1vaIue
(a[err]) and by a best mninmumval ue (a2); - if said value belongs to’
said second range, awaiting a given tine § (T) before repeating said
cyclic sequencé - if said value doesn't belong to said second range,
verifying if SQEdcorrecy]’?}} Ltﬁro't@c&rde%&-&'ﬁ Eﬁ@%n@ﬂ&m@ﬁé‘h mhm%¥akﬁ'§de the
(aferr]), putting into said nutritive solution a given anount of an

acid by open|ngragﬁmuseﬁlectrovalve (EVS) connected to a tank (S)
containing said acid and by 10 closing said electrovalve (EVS) after a

gi ven openi ng trhéepfdsapt adibodimentWehdidG HRbéhrBu¥EM thdiBgéd )by af @eipheral
repeating said cyclic sequence; - if said value is lower than said best

m ni mm val'ue @azy, (gERdt 2ngbut, withouts agdingUbeydridvecheOlddbpOnNofl ghe/ EfreaBmint
of a "base" by opening an 15 electroval ve (EVS) connected to a tank (S)
cont ai ni ng s@i dnvdasdet, aird is podaibie 05 nipssal drwel ent movel periphdF1 ahies 2
said given opening tine (ta) and awaiting said given tinme (T) before
repeating sai dlg§p€ge| e greenge\eﬁ;engzee_ of which ;ontrols the environment inside the
| greenhouse and, if it’s the case, parts of the 'trays 4, while the
oth_er" peripheral units 2 control the trays 4 (or parts of the trays
4) .

10 Figure 1 shows the greenhouse 1; the peripheral unit 2 which manages
the greenhouse 1; the c¢entral unit (PC). 3 disposed_ outside the
greenhouse 1 and able to "dialogue" with all the peripheral' unité
(PER, : PER,) disposed ins;i.de_the greenhouses 1 which constitute the
air culturé system; a plu;;li_ty of trays 4 (Bl - B); a tank S

15 containing the nutritive solution; a pump (P) 6 which makes it
possible for the nutritive solution to circulate inside the vcir.cuit
which comprises Ehe feed pipe 7 and the runback 8; a plurality of
tanks § (S; - S§,) containing water and other chemical compounds (or
bends thereof),. as it. will be clarified hereinafter; sensors which

20 detect t;he parémetefs ({temperature and lum_inos_ity inside the
greenhouse, f:hemical and physical characteristics of the nutri.tive
solui:ion, etc.) which are adjusted by .the peripheral unit 2 .and
actuators controlled by the pe;.fipheral ‘unit 2 to adjust the ébove-
lmentid_ned parameteré. '

25 Sensors comprise at least some s.ensors. 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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16. Air culture systemaccording to claim15, characterized in that 20
-said given tine (T) is of about 15 minutes, said opening tinme (ta) of -
-said el ectroval ves (EVS) is of about 15 seconds, said maxi mum val ue - -

(aM of said pHis 6:5. said mninumvalue (a[err]) of said pHis 5, said'

best maxi num value (a[err]) of said pHis 8.8 and said best nininmum val ue
(a2) of said pHis 5.6. 25 17. Air culture systemaccording to claim 15,
characterized ip that ., . said given tine (T) lets said acid -

respectively sﬁ?ﬁ“e“gasle“' the onutrlgv§p?°éé(‘&"?fhi PoPHIS P TP 7s &P dmigh repeYEes the
sol ut i on. 1&'%3@5% g,g's}ggriﬁe S¥sd GRageoLd P9 o %535/"?6% hb&@%&é‘&e&%r ' z&d

i n that

- 28 - ' i | ong.:per i I i traql s..and adj usts at
2 given  vaRue S PAEIOROR PIRRE A Lot O R el Bk,
cyclic segheneeaf oLHads eRalyradgRSsganpPrising at |east the steps of:

5 I1:1 reply to the w.ralues me;s‘ured by the sensors, the peripheral unit 2
activates meéns 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 lnutritive solt;xtion,
controls (as shown for e_xampl]..e in the flowchart of Figure 2). t;he pump

10 6 and the electrovalves EV (Evl -EVy) which connect the trays 4 to the
feed pipe 7 to control the frequency and the duration of the plants
sprinkling with the nutritive soiution and drives (as shown for
example in the flowcharts of Figures 3 - 6)l the electrovalves EVS
(EVS; - EVS)) thch connect the tanks S to the tank 5 to édjust_: ahd/or

15 to keep at the best values the pH value and the conduc;:ivit':y"of the
nutfitive solution and the concentration of the nutritive elements in
thé nutritive soluﬁion.

The peripheral unit 2 'also transmits the. values detected from the
' sensors ‘and the control signals transmitted to the ‘actuators (means

26 RT, pumé 6, electrbvalves- EV and EVS) to the central unit 3: the
central 'unit, 3 gathers and i)rocesses for informative and statistic
i:uiposes*the informations given by the peripheral units 2.

Without -going beyond the scope 'of' the present invention, it is
possible to subs't.:itut:e_ the electrova_lves (‘r‘:Vl - BV l'::VS.1 - EVSn) with_

25 other funcﬁionally similar means.

If the periphe_ral unit 2 detects engine troubles of the devices

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

J
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- acquiring a value of said conductivity, 5 - verifying if said: value-

belongs to a first range of val ues, defined by a HBX|nun1vaIue
(Cferr]) and by a m ninmum value (c[err]); - if said value-doesn t :32
belong to said first range, generating an al arm nessage (ALL), 7
ot herwi se verifying if said val ue bel ongs-t® =a second range, internal
to said first range and defined by a best 10 maxinmum value (c[err]) and
by a best m ni num val ue (cFer ]% - i'f said _value belongs to said
second range, a’?ﬁéf“t |°r?g SPLGPvelForfgpdum nityage:pfalriun o BaRatRg Wai BFAFPRIGSE
sequence; 5o oh al val ue esn' t belon% to said second rang
verifying if said >~ % atu€tis ’Q}Yé‘éPSFnt SELH™ h P REREFuR ™ a ?J'éas(s&u)“

.putt t | ut t of
DUt PG 0t S8 oo AL Gt LoD B3P ol Vosdro srevsy
after a given Qﬂeem'rﬁzgcroelemtebxc "(t(g)icﬁn%sa\’\@gri ngcéﬁeq: gi yep; 1 e ép%lter

before repeating said | C sequence; Sai d val Ug i ower
than said best y¥10bdaiihnYaldien (&lChidaneSONGHAL Bde ARoridl 8l AHD W@&eﬁnd

adjusting at given values said concentrations of said nutritive
el enents in saidgk Pilamitkl VareokubiOved: whkd dAter&ihisl ecify/ SdineCQEdicRg
to claim 18, characterized in that said given tinme (T) is between 5 and

60 m nutes, saithiopsyliemgntis"'NMand of(td¢ ehlisaidE elmrCimayatimes «1EMIntisS to be

_betmeen 5 and 60 seconds, said
solved in water, the presence of the above chemical elements dissolved
in the water must be taken into con51deration.

10 To prepare a nutritive solution into 1000 litres of water aré
dissolved 500-3000 g of potaséium nitrate, 700-4000 g of calcium
nitrate or éragonite, 200—1500 g of monohydrogen potassium phosphate
or 150—1356 g of dihy&rogen potassium phosphate or $0-1050 g of
tetrapyrophosphate potassium and 300-i800 g of.magnesium sulphate.

15 The concentration of the "microelements in the nutritive solution

* changes dﬁting the culture and it can be adjusted by the addition, if
and when it is necessary, of small amounts of a coﬁcentrated solution
of the "microelements" or of the single deficient salts .to the
nutritive solution; the conductivity of the nutritive solution and the

20 .concentratipn of the‘ nutritive elements in the nﬁtritive solution
(elements which are absorbed in a diffe;ent'rate by the root system
of "the plants)'are controlled and édjusted at thg given values by the
periphéfal-unit 2, as it will te illustrated referring to Figures 4, S.
;nd é.

o5 :The tank 5 is filled to the btim, if necessary. Sy,thé addition of the

necessary amount of nutritive solution prepared by dissolving in water
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25 maxi nrum val ue (CMerr]) of said conduct|V|ty I's 6000 m croSienens,.

said =~ mnimmvalue (cm of said conductivity is 1000 mi croSi emens, sal d
best maxi mum value (cl) of said conductivity is 4000 m croSi enens .and ., ..
W) 97/ 30580 , PCT/ EP9 5{ 00407

- 29 - sai d best mninum value (c[err]) of said conduct|V| ty is 2000
m cr oSi enens. 20. Air culture systemaccording to cI ai m 18.

dilute said nuttitive uti.on Air eul tur € System-accor

to claim7.” chanaglidszethd Rol #1834 the tamdis dcétcﬂeegﬁtm Qb6 %Eéngﬁﬁ?fdjﬁgét .

(2) controls and adjusts at given val ues sai d concentration sal

nutritive el emayes ghﬁex@ aJadu@éf'ttfHet I¥centraciS@l HET QL trﬁﬁ:?i‘&nea ePEIAELNCEn Q:fhe
functional steps conprising at |east 10 .the steps of

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

characterized #llvreﬂaémoungs <§tTal an.tgitJ.%Q éieﬁ%iés—r il €h8n S YR LT 10, unll_{ae :Ygrjﬂ Y |

5 will be illust_rated referring to Figures 3, S and §.
Without going _beyon@ the scope of the present inventiqn, it is
possible to grow two or ﬁore plants inside the same greenhbqse which
need a different best 'fomuiation of the nutritive solution by
installiﬁg two. or more sprinkling systems inside tﬁe greenhouse (each
10 comprising a tank $, a pump 6, a feed pipe 7, a runback 8 and a
plurality of electrovalves EV) each supplying the trays 4 on which the
diffe_rent plants are grown, wilth the needed nutritive. soiution: the
perili.)heral unit 2 controls the frequency and the duration of the plant -
sprinkling with the ;'mtritive' solution by mainéging the cor.resp.ondent
15 pumé 6 and the correspondent'electrovalv;as EV (for example, as shown
in the flowchart of Figure 2).
Sensors which méas’ure the‘ pH value, the temperature and the
conductivity of the nﬁtritive solution and the .conc.entration. of the
nutritive elements in the nutfit:ive solution are connected. to each of
20 the tanks 5: in repiy to the data coming from the c_orréspondent
.'_sensors, the peripheral wunit 2 conﬁrols the correspiondent
eléctrovalves EVé, for example as shown in the semplified flowcharts
. of Eigure 3 - 6.
Figure 2 shc;ws a sémplified 'flowchart showing the cyclic .se'qt.;lence of
25 func.t:'Lo'nal. steps performed by the peripheral unit 2 of Fi‘gure l.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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- acquiring the concentration of potassiumin said nutritive solution;--
- calculating the amobunt of potassiumto be added to said nutritive
solution to adjust atsaid given value of concentration; . -+ cal cul at i- ng
the anpunts of nitrogen and phosphorus, related by given 15
proportionality ratios to said amunt of. pd‘Pasm um to be added to

said nutritive solution to ' adJ ust - .said given values of
concentrati on. t pec ssarAi"l ure ng em a: 'cordiﬂ to clai n%
characterized PR™tHat y§ é%‘a’ﬁ CRHO8F FARTCFRORAFP sF B8 18 P SHRSuthe

further step of,addin ggr:.%gs gh% gee%ng?%ts, Of‘b RELassiYm gnitrogen and
t .

phosphorus to &Y nu tive act ng on 't he eI ectroval ves

(EVS) associ at gl § NofARKS sequeped Yol g gl 28 Uhepnk " OGN 3" 0

phosphorus, respectively culture system acco d| ng

21. characterizegedBvhi\ls mv (5, d ByeB1Pr QBOTdhROA | E¥e T &Ld fQS 40f to the
ni trogen, phosphorus and 25 potassium are conprised between

1:2:6. 24. afbdrioutidy eisygte®,aggosdidtgchd mukaldnve, sehrLas! %ézad:pl- af
t hat sald at- |'east one peripheral unit (2) controls and adjusts at
gi ven sprinkling the plant roots with the nutritive solution for a time t

(step 22), the steﬁ of closing the electroQalves EV (CEV; step'23) and
the step of ;waitfpg a given time i (step 24) before repeating the
‘cyclic sequence.

10 If the nutritive s;lugion does not flow continously inside the circuit
which comprises the feed pipe 7 and the runb;ck 8, the cyﬁlic sequence
_also comprises the step of starting‘the pump 6 (AP; step 25) before
oééning the electrovalveg EV (step -21) and the step of stopping thé
pump 6 (FP; step 26) after closing thé electrovalves EV (step 23).

15 The sprinkling time t can be a given Value', but i_t is preferably
directlty proportional to the luminosity L measured by the photometer
FO of Figure. 1 (tipically: t = ty * K'L wherein K is a constant
value) : thg period;T and the sprinkling.time t (which correspond to
the parameters t, and. K of the time t, respectively) can be modified

20' By the central unit 3 for the éntire greenhouse 1 or for each tray 4.
(or group of{tfaYé 4) to feed plants grown in the greenhouse 1,.on
each tray {or groups of traYs), respectivelf, in the beét manner.

The period T is preferably, but not necessarily, of about 15 minutes
and the sprinkling time t is of about'ls-zo seconds.

25 The not limiting flowchart of Figure 2 compfises the fu?thér
functional étep of.verifyiﬁg the éondition of the electrovalves Eﬁ and

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

Anvi«_i\’DEu Swest
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- 30 - ~val ues said concentration of said nutritive elenents in sai-d
nutritive solution by adding salts of said nutritive elenents to sai-d
nutritive sol ution. 25. Air culture _systemaccording to claim?24,
characterized in that 5 the concentrati&ns3of said nutritive elements are
adj usted at said given values in a given order. 26. Air culture

t di t i 4. ter. din,th saj . t
ot pheral _uni P7(3PeStE "dtkn N 3R RIEERG R 0hys  pof L Thinf 08, OLF
phosphori c aci dled iR mitthﬁ.xgt%ﬁﬁsg %Jemgglafv nctford@! WELAN 50 £ONIQL s0d

adj usts at a given val ue sail sal nutritive solution.

27. AT cul turensyrkem acCaidiend fich! AhdNedn A aBLETd%Bdodd byNBiants as
said at | east one peripheral unit (2) controls and adjusts at given

val ues sai d copeghinkadd Qasudforsdidiputritive elements in said 15 nutritive
solution through a sequence of functional steps conprising at- | east
the steps of% For example, if (being 100 the given concentration values of nitrogen,

sulphur and phosphorus) the concentration values measured by the
peripheral unit (Figure é, step 61) are 70 for nitrogen, 30 for
sulphur and 60 for phosphorus, gulphuric acid is put -into the
nutritive solutioﬁ 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 aéid 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 tréys 4),

15 the opening ﬁime (ta) of the electrovalves EVS, the maximum value ay:
the minimum value &, the bes; maximum value a, and the best minimum
value a, are given and can be modified by the central unit 3; in a
prefe;red embodiment T = 15 minuteé, ta = 10 seconds, aM'= 6.5, a, =
5,.a1 = 5.8 and a, = 5.6.

20 Figure 4 shows a semplified flowchart showing the cyclic sequence of
functional steps performed by thé'peripheral unit 2 of Figure } to
control and to adjust at a given value the c§nductivity of. the
nutritive solution.

Acquired (Mc, step 41) the value'of the ponductivity-(c) measured by

25 the cofrespondent sensor associated with the ténk 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 Cy and by a
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- acquiring said concentrations of said nutritive elenments in said

nutritive solution; - calculating the anount of a first salt. .-
containing said first and 20 second nutritive elenments to be, added to sald
nutritive solution to adj ust at sald gi ven val ue said concentration of
said first nutritive elenent; - -~cH cul ating the anount of said
second nutritive elenent put into said nutritive solution by adding

said arount of il | (LS8l 29800 ST " B osild eoncenLratign

of said second

;g'T ngggfggz Bgtfaqleeoin 325 6h $EEON AL is genedR Y/ §9r?e§§f>me the peripheral unit

el enent and saigl appunt feepahsh %@%&%@Mﬁ&'%@u@' Fé’feﬂélé?z% to- the ' lhGe 32! 0

nutritive solution by adding said amount of said first
best values, which is intermal to the range of acceptable values and

5 is defined by a best maximum.value c, and by a best minimum value %
'if the measured value (c) belongs to such best range, the peripheral
unit 2 awaits a given ﬁime T (step 44) befofe.repeating the cyclic
sequence.

If 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 vaiue = and.puts a given
amount of watef into the nutritive solution by opening (AEVSA, step

36) an electrovalve EVS (Flgure 1) associated with a tank S containing
water (or with the water pipe) and by c1051ng the electrovalve EVS

15 (CEVSA; step 48) aftéf a given opening time (ta) (step 47) and awaité
said given_time T (étep 44) béfore repeating the cyclic sequence.

If the measured value (c¢) doeén't'belong to the range of the best
values and is not greater than the best maximum value ¢, the measured
value (c) is lower.than the best minimum value cy: the peripheral unit

20 2 emits (ASF, step 49) an alarm message (alarm for deficient solution)
and starts a sequencé of functional steps (for example, shodn in
Figure 5 or 6) ~to control and td adjdst at a given value the
concentration of the nutritive elements in the nut;itive'solution. The
wai;ing timelT (long enodgh to let water dilute uniformly'all.the‘

25 nutridive solution contained inside the tank 5 and flowing in pipe§ 7
and 8 (aﬁd, if it’s the case, in trays 4), the qpening time (ta) of

the electrovalve EVS, the maximum value ¢y, the minimum value c_, the
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salt. calculating the anbunt of a second salt containing said.second
and third nutritive elenents to be added to said nutritive sol:ution. to 5

adj ust at said given value said concentration of ;said second.fnutritive .~
el enent ; - calculating the anount of_  sg d third nutritive el enent put
into nutritive solution by adding said anbunt of said second salt and
sumring it up to said concentration of said third nutritive elenent; 10 -

taking into copstgasiah @tx88éd 0NN HikPs of @'aga%cmﬂ:g and of‘%&ﬁéél\ﬂﬁ
el ement and said anount of said third nutritive el enent put into sai

nutritive sol utshbphdry adds ngalmilgtaamisntenef nﬁ@-fﬂ:158098ﬂ1tlon $2| bpening the
calculating the amount of a third salt containing said third and fourth.

nutritive el emredestdovabesaduedFiguailll ddgbeiddedewithl thd @ankd s dhickdisigdaiat
sai d given value said concentration of said third nutritive el ement ;
- repeating in (seqtmmceft smltalooveslventn arfednbumcnoaairasi®@ps mbndHydtdigen or
concentrations of all said nutritive elenments are adjusted at said

gi ven val ues® d3bydgoasy. pat@issine myasmdwtac our BPhas $ ot | weitnBpPdophmb 2B e ;
characterized in * ~that said salts added to said nutritive solution are
sai d nmonohydr o§@Rassium oRitrate dioh}aivHenl por e s? TNt PrAFPITSt cansk magingsium

pot assi um .
sulphate; respectively.

Without going .-beyond the scope of the present invéntion, it is
possible to adjust at the given valﬁes (Py, Ky, Cab, Mg,) the
10 concentration of the'nﬁtritive .elements in the nutritive sol.ution hy
adding said amounts (FPI, NP, NC, SM) of salts of the nutritive
elements .to the solution itself, as.they are calculated.
A skille.d.chemis.try can easily calculate in known m-anner the amounts
of monohydrogen or dih}lrdrogen _potassium phosphafe or of potassium
15 tetfapyrophoéphate (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 wvalues (P

Kor Cag, Mgg) the concentration of phosphorﬁs,.

0r
potassium, calcium and magnesium; the amount of potassium put (step
20 63) into .the nutritive 's_'olution' by adding said .am_ount of monohydrogén
or dihydrogen po{:assium phosphate or of potassium tetrapyrophosphat:e;.
the amount of. ni&rogen 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 pf magnesiun

sulphate.

Figure 7 shows schematically a modular tray 4, -whose tank 71 is
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pyrophosphate, said potassiumnitrate, said calciumnitrate or. said . --
aragoni te and said nmagnesi um sul phate and by the fact that sai'd 25.

[

snutritive el enents whose concentrations are adjusted at said given
values in a given order are phosphorus. pogggsiun1_calciun1 ni t rogen.

magnesi um and sul phur. WD 97/3

0o I [err]

- 32 - 29. Air culture systemaccording to claim28, characteri.zed
in that Saldadie 168841991 PGEIANRNAL . WHel slphrf O Q! $n 1T @UaUSL G0t
gi ven val ues said concentrations of 3aid nutritive el enents in salg

nutritive sol utdRBrdd1QUEN tRe SRAMER R 0fayfsURCAispBaa SheRR QP HrsddiBuse 2.l
| east the steps of: - acquiring said concentrations of said nutritive

elenents in saie

sai d nonohydrogen or of said di hydrogen

10

15

20

28

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

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

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

circuit (nof shown in Figure 1) in which a hot £luid flows.

By heating (for example, by gathering.part of the residual heat of the
waste smoke of‘meang RT of Figuréll by means of a heat exchanger) the
nutritive solution and/or the hot fluid flowing in the tank 71 of the
trays 4, the root system of the plants can be kept at the best
temperature and it is therefore possible to keep the room temperature
insi@e the greenhouse 1 at é lower value, with subsequent energetic

saving.

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

panels 75, having different width and having holes of diffgrgpt form.
and dimension [Figure 8 e)], which lay on supports 76 goﬁ on the
intérnal side wall of the tank_71 next to the superior edge oﬁ the
tank itself.

The banels 75 can be placed on the tray 4 in a horizontal or in an
inclined position and sustained by a structure 77 fixed along the

lorgitudinal axis of the tray 4, thus increasing the number of grown

trays U4t bié | dtmeeled! WOHE the feed @AbSUY adrndN@hd hawnBaaIt o0f

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

tray.
If necessary, the supports.78 whiéh sustain nets (not shown in Figure

7) to which plants during their #egetative cycle are anchored, can be

ALSIRITTN 4
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‘pot_assi um phosphate or of said potassiumnitrate to be added to.said 10
hutritive solution to adjust at said given value (P[err]) sai d..

concentration of said phosphorus; . - calculating the anount . of sai d
pot assium put into said nutritive - . sol on by adding said anount of
nonohydr ogen or of di hydrogen pot assi um phosphate or of potassium

t etrapyrophosphate and summng it 15 up to said concentration of said
pot assi um a1s6ak Gidhatd nget Hgappunt of said potassiumnitrate to be
added to said nutritive solution .to-adjust at said given value

(k[err]) said riqur60BCERbWAliMRmAEicoBil¢ P aSHimdAts which GBRRULRL | Byt R
anount of said nitrogen put into said.nutritive 20 solution by adding said

amount of pot assigupe Ni:t katid; is clear.ly:abmarﬁt ingribhte BaPUNEachimezal gk @abhdngm

nitrate or of said aragonite - to be added to said nutritive solution to
adj ust at sai d i§ wensemlbyeone or (Gad e:rolv]aﬁr@alpdnemaent(rmumem)of i fext to
cal ci um - calculating the anount of said nitrogen put into said
nutritive 25 steubtiar byd atiditatpesabyl supponts O0F ead citurrombtises eatorlegst two
aragonite; - calculating the total concentration of said nitrogen by

summing said "L-shamndfit $aradapartai 8F ogEauprutst) ht shichi ¢amin thei swppsstutTton
by addlng aﬁd the female elément (malé; éf a male-female coupling, one or more
flat parts 82 [Fighre 8&)], whose numbe? changes on the basis of the
desired width of tﬁe'tray, which connect the two lateral.parts 81 and
10 which are providéd .at the opposite sides with thé male element
(femaie) or with thé'female element (male) of a male—femalg coupling,
resééctively, ané at least a'male-malg (female-female) junction
elément 85 [Figuré 8§)]. used to connect (if necessary) two parts
having the female (male) element. |
15 Parts (él, 82) whi;h form a modular element are connected one another
by means ;f male—femaié éouplinés; the modulax élements are connected
one apother and to the closing headers 79 of the tray (Figure'7) by
means of male-female céupliﬁgs{ | |
As for Figure 8, it’s also possible to sée:
20 . some embodiments [Figure 8 e)] of the covering panels 75, which have
holes of difﬁerent'form and dimension to sustain.different plants;
- pipes 86, haviné'nozzles, incorporated into the parts 81 and/or 82
and used ﬁo sprinkle the plahg roots with the ﬁutritivé solution;
- pipes 87 (incorporated into the parts 81 and/br ezf wheréin 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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sai d .anmounts of potassium nitrate and of calci unT nltrate or of

aragonl te up to said concentration of sai d nitrogen; *.. - veri fied that:

said total concentration of said nitrogen in said nutritive sol ution’

is lower than said given value (Nerr]), 'a&’tﬂn‘g to said 5 nutritive

sol'ution nitric acid to adjust at said given value said pH val ue;

- calculating mount f sai nesi unj hate to _be a

sard it it e HoPHiToA e £t e e R e S REE]

concentration qf. gﬁu

10 cgalculatin appun f sa
sul phur put into sai d'blﬁu‘?f| vgone s u'fl on nby %ﬁ%l n%J SE% dEra%bur%tuag?ntee
magnesi um sul phﬁ%ﬁt@e@g %‘é”‘E‘th tkdy UPcself &911%3'&&?“%{%( atﬂyorblgépﬁx@' %ne

sul phur to cal culate the total .“concentration of said sul phur;

verified that sabehdOlakn GRAGEMY hbOfrf, §@dnREd raQeR; l\ffr&néé‘é tbe LBe pipes
nutrltlve solution is not |ower than said given value (N err]) and that

5 (86 and/or 87) incorporated into the parts 79, 81 and 82 have been
omitted to semplify ;he drawings.
In Figure 8 each part.(sl, 82).comprises a.pipe 8§ and a pipe 87, but,’
without going beyond the scope of the present invention, each part
(81, 52) can contain only one type of pipe (86, 87) and/or‘two'or'more

10 pipes of the same type. |
The modular tray shown in Figures 7 and 8, preferably made with
plastics and particularly suitable for air culture, can 'be. also
advantaggously .used for soil culture or hydroponics in the
greenhouses.

15 wWithout going beyond thé 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.
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said total concentration of said sulphur in said nutritive solytion _--

1ower than said given value (S[err]). adding sul phuric.acid to said,
‘nutritive solution to adjust at said given value said pH val ue;.-

otherwise 20 - calculating the nutritive gl enent (niw
phosphor us) whi ch has been nuch nor-e “afsbrbed by ants in percentage

itself and adding the acid conprising sai “um‘\m‘ﬂﬂﬁt
to said nutritive solution to adjust at said given “\“Q“ . u

val ue of

o

30. Air culturergma emaccording to claim29, characterized by 25
conprising the further step of adding said anounts of nonohydrogen or

di hydrogen pot assiismephaskhaff Rl cdtbr PndSs indihb&ldndPYyRRROSRANAt &ir culture
potassiumnitrate, calciumnitrate or aragonite and rmagnesi um sul phate

to said nutritisyeteéol iddlaaiiy @peDuFrilicy €6k @rayy eqisdde¥®) iasSCi Ala@d one
wi th tanks (S) containing said nonohydrogen or said. di hydrogen

pot assi um phos gle¢rhoose S ahdrpotexssediint ehatapul d phospghadr®, syatsh comprises a.

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

10

15

20

25

inside said at least one greenhouse (l), each of said at least one

greenhouse (1) being managed by at least one of said.peripheral units
(2) able to .coﬁtroi and adjust at given véiues a plurality of
parameters to keep best veéetati#e conditions for the plants grown
inside saia'greenhouse (1) . . |

27 Air éultufe system according to claim 1, characterized in that said

given values of said ﬁlurality of parameters are.modifiable through

. said central unit (3).

3. Air culture system according‘to c¢laim 1, characterized in that said
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).

+ s

e.

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

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

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

facr that said parameters controlléd 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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-'pot assiumnitrate, said calciumnitrate or sai d ar agonite and said 5- --

""rragnesi um sul phate, respectively. 31. Air culture system -accordl g to
»claim 1, where each tray (4) conprises a tank Taterally. novable ih:
relation to a corresponding support and_is chaj g’
modul ar, by being connected to a feed pP pe (7) J/_E“ﬂjg m Bm)mﬂn (8) of
a nutritive solution through 10 flexible pipes , by the fact
that said plants grovvn on said = ~tray (4) are sustal ned by coverl ng
panels (75) whi orts 76 ocated.on the int i

wal | of said tactlz1 %/L‘} rﬁlé:)%!t[l o2 fution é%rﬁ%g}?i%rcyggb% TSR ?a%ﬂ““mnal
32." Air cul tur %l - Yolotel) g{: gg Sleal char acterized by being 15
connected to a art clrcuit erein a IU|d fl ows through

further flexiblesif8g. electrodatved (el Ll c | ai
characterized in llt%hat§ said gg\lvéfl};g;%anet%g%%glga&h;s\%egd???};e{e%) eydtz‘%
and have hol esaf¥tributiofli éfrRue01(6f OF Magnske @hﬂ@nﬁltgﬂtlve29ol%41°rﬁl r culture
system according to claim 31, characterized in that -sai d covering
panel s (75) smre ShAARILMN Hai daid aimed)c] NN dobes i dEdsaid plRQS Wiien a4
are sustained by a structure (77) positioned between said covering .

panel s (75) ammhtsadkives sppories; (76) .

- closing said electrovalves (ﬁV);
-'éwaiting said peridd (T) before repeating said cyclic_sequence.
12. Air culture system according to claim 11, characterized in that

'10 said cyclic sequ;ﬁce also comprises thé steps of étarting a pump (Sf
belonging'to said distribution circuit (6, 7, 8).before opening said

' electrova}yes (EV) and of stopping said pump (6) after closing said

electrovalves (EV). |
13. Air cultﬁre system accordiﬁg to claim 11, chéracterized in that

15 said sprinkling time (tf‘is directly proportional to the luminosity
(L) inside the greenhouse (1).

14. Air culture system according to claim 11, characterized in thaf
said period (T) is of about 15 minutés and in that s#id sprinkiing
time (t) is between 15_and 20 seconds.

20 lSi Air culture system according to ciaim 7. characterized in that
said at leasé'one peripheral uniﬁ (2) controls and adjusts at a.gi§en
value said pH value of said nutritive solution by performing a cyclic
 séquenc¢ of functional steps comprising at least the steps cf;

- acquiring a value of said pH;
25 - vérifying if said vaiue belongs to a first range.of vaiues, defined
by a maximum vaiue (ay) and by a minimum value (ag):

- if said value doesn't belong to said first range, generating an
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"35. Air culture system according to claim 31, charMat
‘each nodul ar el enent of said tray conprises at |east two

.lateral parts (81), carrying said supports (76) \‘ ﬁ“ﬁl
panels (75) and first nal e- ferral e coupli ng rreans (8 t sa T*I at
part (82) able

AMENDED SHEET : to connect said | ateral parts (81) and

provi ded at the o sit des X | t d f :
respectively wit ﬁgggc%%elgdla % s°1“t1°nfm%’fra?p§e§‘|&8% Heﬁgr?r‘r’sa %Yaggs £92 258 o

corrpl ementary t g:gcxi-;kfsl r dce:an %:f’noiu y sad neangh)$<§:33 nar&q %t :.de%i%ig%ogen

junction el eneht’ pr ov bot des® Wi t sal d

Wi th said seco &Lha(sgé mn%hgnégsg or sa:.clc%bq:l s@gumgg§rapyﬁp@ogﬁﬁ£§e (ég:.d

. 82) formng ea sai I"ements being ‘connected one
anot her by n%ssﬁtm dfekged enmhg calc:.ulﬁoh'ﬁx‘alﬂgsor said aragonite and said

5 mé.gnesium sulphate, respectively.
31. Air culture syst_em.accordihg to claim 1, where each tray (4)
'comprises. a tér.xk latéral'ly_ movable in relation to a corresponding
support and is charac‘teriz.ed by béing medular, by being connected to a
feed pipe (7) and to a runback (8) of a nutritive solution throﬁgh

10 flexible pipes (73, 74) and by the fact that said plants grown on said
tray (4.) aré sustained by covering pan_els' {(75) which lay on éupports
(76) located on the internal side wall of said tank (71) next to the
superior edge of said tank.

32. Air culture system according to claim 3i, characterized'by being

15 connected to a further ciréuit wherein a hot £fluid flows through
further flexible pipes.

33. Air culture system acc'ording to claim 3J_., characterized iﬁ that
said _covering panels (75) have different width and have holes of
different form and dimension.

o0 34. Air culture system accbrding to claim 31, characterized in that
said covering panels. (75) a.;::e placed on said tray (4) in an inclined
position and are sustained by a structure (77) positioned between said
covering panels (75) and said supports (76) .

35. Air culture system according to claim 31, . cha_.racterized in that

o5 each modular element of said tray comprises at 1eas; two "L-shaped"
lateral parts (81), carrying said supports {76) for said covering
panels (7S) and first male-female coupl:.ng means (83), at least a flat '

part (82) able _ ' ‘ ' .
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‘.,.36. Air culture systemaccording to claim35, characterized i.n that . 10

sai d nodul ar el ements are connected one anot her arL(:u_(),u]e_header— __; .
(79) of said tray.(4) by neans of male-female coupl

cul ture systemaccording to clai.m 35, -charagteri n nim ‘Sald flrst
(83) and second (84) mal e-femal e coupling ans m “m“ ““““ ‘88)
realized at the sane time of said first (83) and gecbdnd"( 4)

mal e-f emal e coupl i ng neans. 38. Air culture system accordi ng to claim

35, character |t7d3doﬂufbcfth§$.1d lat&adldpiz?ctse (@Jf) Qﬁ&tﬁr&tg&% %th%eal gﬁg‘gltleegséesone

flat part (82) -include  at |east-one first pipe nozz

and abl e to sprithkkeid hErst coR0lsy Meaddti ), aQL%péMtWel%ﬂa'vEcﬁ‘u%] éok
solution, and/or at |east one 20 second pipe (87) wherein a

flows. 39.femAle catplliie MasRkenNsAGCOriBE &k @o&bm&itaﬁﬁaf@%taeal Eﬁ@t' n
t hat sai d headers (79) of the tray (4), said lateral parts (81), said
at | east cipeplingt mpanst (63D) aadchisdkdstla h&ﬂﬂixoﬁnelejniéﬁetdafslﬂ SRHBed a£85)
are made of plastics and realized by extrusion.
both sides with said first (83) or with said second (84) male-female
céupling' means, s;id_ parts -(8_1,_' 82) forming each of said modular
eiements being connected one another by means of male-female
cou_piings. |
36. Air culture system a{ccordiﬁg to claim 35, characterized in that
10 said modular elements are connected one another and to the headers
(79) -'of. said Eray {4) by means of maie-female couplings.
"37. Aif culture system according to claim 35, charac'cerizec_ll in that
said f-irst (83) and second (84) male-fen.tale coupling means have seals
(88) realized at the same timé of said_first (83) and second (84)
15" male-female  coupling means.
38. Air culture system according to claim 35,.- characterized in that
sai'd lateral parts ‘(81) and said at least one flat part (82) includé_
at least one f:l.rst pJ.pe (8s), hav:.ng nozzles and able to sprinkle the
roots of sald plants w:.th said nutritive solution, and/or at least oné
20 second pipe (87) wherein a hot fluid flows.
39. Air cul_é\;tre system according to claim 35, characterized in that
said headers (79) of the tray (4), said -later_al 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.
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