Vol.44, No.3 /2014

INMATEH:-- 6‘9 ricultural cgnqmcctmq

INNOVATIVE TECHNOLOGY FOR IRRIGATION AND CLIMATE CONTROL
IN VEGETABLE GREENHOUSES

/

TEHNOLOGIE INOVATIVA DE IRIGATII $| CONTROLUL CLIMEI iN SERELE LEGUMICOLE

Ph.D. Eng. Marin E., Prof. Ph.D. Eng. Pirna I, Ph.D. Eng. Manea D., Ph.D. Stud. Matache M., Ph.D.Eng.Popa L.
INMA Bucharest / Romania
Tel: 0749176922; E-mail: marin_43eu@yahoo.com

Abstract: Irrigation and proper fertilization humidity and
climate control are key factors in creating an optimal
environment for growing vegetable crops in
greenhouses. This paper presents the results of
experimental research conducted at INMA Bucharest to
determine three of the most important indicators of the
health of root area of vegetable crops (water content
(%), pore water conductivity (CEp) and temperature
(°C), while monitoring of temperature and CO> content
inside a greenhouse covered with doubled inflated foil .
The results and conclusions of this study are useful in
identifying optimal parameters for water supply of
vegetable crops in greenhouses permanently and of
adequate quality in terms of salts and temperature and
also in establishing a controlled environment for
uniformity of crop conditions.

Keywords: irrigation, climate, greenhouse, vegetable
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INTRODUCTION

Essential for life and a vital source of human progress
and development, fresh water has become a problem of
the contemporary world.

The report submitted in September 2011 in the
framework of the XIV-th International Congress of Water
(Pernambuco, Brazil) stated that improving water
distribution on Terra will have a significant impact on food
production for the population as freshwater is distributed to
ensure food needs of the planet. It is estimated that water
scarcity and its distribution will affect at least half of the
world population strating from 2030. [6]

The water crisis could also lead to major conflicts
among affected populations. According to the National
Report on Water Security Intelligence US, freshwater may
become a less common cause of war, which may occur in
the Middle East, South Asia and North Africa. According to
American experts, the water will become in the future a
possible weapon of war or a terrorist threat. [5]

Climate change has led to periods of drought in many
years in a row, combined with catastrophic floods and lack
of fresh water. All these issues can lead to instability and
conflict in the coming decades globally in developing
countries, faced with a population explosion, and the
serious effects that lead to major climate changes. Water
scarcity is obviously one of the key factors that will limit
food production. [4]

The need to irrigate vegetable greenhouses efficiently,
economically and sustainably is essential for food security.
Vegetable plant water consumption varies according to the
growing phase, increasing starting with the germination
stage to the harvesting stage.

In Romania, the problem of irrigation in protected areas
is not resourceful but the distribution and efficient water
management.
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Rezumat: Irigarea si fertilizarea adecvatd, reglarea
umiditatii si controlul climatic sunt factori cheie in crearea
unui mediu optim de crestere a culturilor Tn serele legumicole.
Lucrarea prezinta rezultatele unor cercetari experimentale
desfasurate la INMA Bucuresti pentru determinarea a trei
dintre cei mai importanti indicatori ai sé&nétatii zonei
rdddacinii a culturilor legumicole (continutul de apa (%),
conductivitatea apei din pori (CEp) si temperatura (°C),
concomitent cu monitorizarea temperaturii i continutului in
CO,, din interiorul unei sere acoperita cu folie dublu inflata.
Rezultatele si concluziile acestei lucrari sunt utile in
identificarea parametrilor optimi pentru aprovizionarea cu
apa a culturilor din serele legumicole permanent si cu o
calitate corespunzéatoare din punct de vedere al sarurilor si
a temperaturii si de asemenea in stabilireca unui
microclimat controlat pentru uniformitatea conditiilor de
cultura.

Cuvinte cheie: irigatii, clima, sera, lequmicultura

INTRODUCERE

Element esential pentru viatd si sursa vitala a
progresului si dezvoltarii umane, apa dulce a devenit o
problema a lumii contemporane.

Raportul prezentat in septembrie 2011 in cadrul celui
de-al XIV-lea Congres International al Apei (Pernambuco,
Brazilia) precizeaza faptul ca imbunatatirea distributiei apei
la nivelul Terrei va avea un impact semnificativ si asupra
productiei de hrana pentru populatie, deoarece apa dulce
nu este distribuita astfel incat sa asigure necesarul de
hrana al planetei. Se estimeaza ca deficitul de apa si
distributia ei va afecta cel putin jumatate din populatia
globului, Tncepand cu anul 2030. [6]

Astfel, criza apei poate determina si conflicte majore in
randul populatjilor afectate. Conform Raportului privind
Securitatea Apei al National Intelligence din SUA, apa
dulce poate deveni un motiv de razboi mai putin obisnuit,
care poate aparea in Orientul Mijlociu, Asia de Sud si
Africa de Nord. In opinia expertilor americani, apa va
deveni in viitor o posibila arma de razboi sau o amenintare
terorista. [5]

Schimbarile climatice au condus la perioade de seceta
in mai multi ani consecutiv, cumulate cu inundatji
catastrofale si lipsa apei dulce. Toate aceste aspecte pot
conduce la instabilitafi si conflicte la nivel global in
urmatoarele decenii, in {arile in curs de dezvoltare, care se
confrunta si cu o explozie demografica, dar si cu efecte
serioase care duc la schimbari climatice majore. Deficitul
de apa este in mod evident unul dintre factorii cheie care
vor limita productia de alimente. [4]

Necesitatea de a iriga serele legumicole eficient,
economic si durabil este esentialda pentru securitatea
alimentara. Consumul de apa al plantelor legumicole
variaza in funciie de faza de vegetatje, fiind in crestere de
la faza de germinare pana la faza de recoltare.

In Romania, problema irigatiilor in spatiile protejate nu
este una de resurse, ci modul de distributie si gestionare
eficienta a apei.
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In this respect, it should find ways to increase food
production so that the sustainable management of water
and other resources are optimized.

Seeking to meet the above requirements, in the paper
were carried out experimental researches to determine the
three most important indicators of the health of the root
zone of vegetable crops (water content (%), pore water
conductivity (ECp) and temperature (°C) while monitoring
temperature and CO, content in order to promote
innovative technologies for irrigation and climate control in
vegetable greenhouses that provides a higher recovery of
irrigation water.

MATERIAL AND METHOD

The research was conducted inside innovative
technology for irrigation and climate control in vegetables
greenhouses (fig.1) which is intended to water use
efficiency and crop productivity growth in protected areas.
This comprises the following main assemblies:
- Automated installation of extraction of ground water with
solar submersible pump (fig.1, item 1); [1]
- Automated installation of irrigation and fertilization (fig.1,
item 2); [2]
- An automatic system for controlling the climate in a
vegetable greenhouse (fig. 1, item 3).
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In acest sens, trebuie gasite metode pentru cresterea
productiei de alimente astfel incat gestionarea durabila a
apei si a altor resurse sa fie optimizata.

Cautand sa raspunda cerintelor de mai sus, in cadrul
lucrarii au efectuate cercetari experimentale pentru
determinarea a trei dintre cei mai importanii indicatori ai
sanatatii zonei radacinii a culturilor legumicole (continutul
de apa (%), conductivitatea apei din pori (ECp) si temperatura
(°C), concomitent cu monitorizarea temperaturii si continutului
in CO; in scopul promovarii unei tehnologii inovative de
irigatii si controlul climei Tn serele legumicole care
realizeaza o valorificare superioara a apei de irigatie.

MATERIALE Sl METODA

Cercetarile au fost efectuate in cadrul tehnologiei
inovative pentru irigati si controlul climei in sere
legumicole (fig.1) care este destinata eficientizarii
consumului de apa si cresterii productivitatii culturilor in
spatii protejate. Aceasta are in componenta urmatoarele
ansambluri principale:
- Instalatie automatizata de extragere a apei din panza
freatica cu pompa submersibila solara (fig.1, poz.1); [1]
- Instalatie automatizatd de irigare si fertirigare prin
picurare si microaspersie (fig.1, poz.2); [2]
- Sistem automat pentru controlul climei intr-o sera
legumicola (fig. 1, poz. 3).

Fig. 1 — Innovative technology for irrigation and climate control in vegetable greenhouses
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Fig. 2 — Installation of ground water extraction with solar submersible pump
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All the necessary energy supply system is obtained
by converting solar energy into electrical energy using
solar batteries for storing excess. The system consists
of a water well drilled PVC tube (Item 1) solar pump
(Item 2) a solar pump controller (Item 3), HDPE pipe
(Item 4) to contact a reservoir (Item 5) water storage, a
water level sensor in the shaft (item 6), a water level
sensor in the retention basin (item 7), two solar panels
of 240 W (item 8), a current solar charge controller
(item 9), two solar batteries (item 10), a fuse (Item 11),
an electric panel (item 12), an electrical cable of solar
pump(ltem 13 ), an electrical cable-water level sensor
in the well (Item 14), an electrical sensor in the water
level of the retention basin (pos. 15), a photovoltaic
cable (Item 16).

The main technical characteristics of the automated
installation of ground water extraction with solar
submersible pump are shown in Table 1.
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Toata energia necesara sistemului de alimentare se
obtine prin convertirea energiei solare in energie electrica,
utilizdnd acumulatori solari pentru stocarea surplusului.
Instalatia se compune dintr-un put de apa forat cu tuburi
PVC (poz.1), o pompa solara (poz.2), un controller pompa
solara (poz.3), o teava HDPE (poz.4) pentru legatura cu
un rezervor (poz.5) de stocare a apei, un senzor de nivel a
apei in put (poz.6), un senzor de nivel a apei in bazin de
retentie (poz.7), doua panouri fotovoltaice de 240 W
(poz.8), un controller solar incarcare curent (poz.9), doua
acumulatoare solare (poz.10), o siguranta fuzibila
(poz.11), un panou electric (poz.12), un cablu electric
pompa solara (poz.13), un cablu electric senzor de nivel a
apei in put (poz.14), un cablu electric senzor de nivel a
apei in bazin de retentie (poz.15) si un cablu panouri
fotovoltaice (poz.16).

Caracteristicle  tehnice principale ale instalatjei
automatizata de extragere a apei din panza freatica cu
pompa submersibila solara sunt prezentate in tabelul 1.

Table 1
Characteristic UM Value

Water well drilled:

- diameter m 0.150

- depth m 49
Solar pump

- electric power w 150

- rated voltage Vcce 12

- flow m°/s 0.0013
Solar panel

- maximum electrical power w 240

- voltage at the maximum power Vcce 30.8

Automatic installation of drip and sprinkler irrigation
and fertigation (fig.3) performed under the direction and
control of the irrigation and fertilization process,.

DATA LOGGER

Instalatia automatizatda de irigare si fertirigare prin

picurare si microaspersie (fig.3) realizeaza conducerea si
controlul in regim automat a procesului de irigatie si fertilizare.
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Fig. 3 - Automatic installation of drip and sprinkler irrigation and fertigation [6]

The system consists of a branch (Item 1) for connecting
a water storage reservoir (ltem 2) and a self-priming
electric pump (Item 3), a counter (ltem 4), water pressure
manometer (item 5), some route items (item 6), head PVC
tank control fertilization (Item 7), a filter (Item 8), a pipe
(tem 9) with bands (Item 10) equipped with a built-
dropping span (ltem 11), another pipe (ltem 12) with
sprinklers (Item 13), a moisture transducer (ltem 14),
conductivity and temperature WET-2, a Data Logger GP2
(Item 15), a frequency inverter (Item 16) and two water
valves (ltem 17).
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Instalatia se compune dintr-un bransament (poz.1)
pentru legatura intre un rezervor (poz.2) de stocare a apei
si o electropompa (poz.3) autoamorsantd, un contor
(poz.4) de apa, un manometru (poz.5) de presiune, niste
elemente (poz.6) de traseu, un cap control PVC cu tanc
de fertilizare (poz.7), un filtru (poz.8), o conducta (poz.9)
cu benzi (poz.10) prevazute cu picuratoare incorporate
intr-o travee (poz.11), o alta conducta (poz.12) prevazuta
cu microaspersoare (poz.13), un traductor (poz.14) de
umiditate, conductivitate si temperatura WET-2, un Data
Logger GP2 (poz. 15), un convertizor (poz.16) de
frecventa si doua electrovane de apa (poz.17).
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Equipment of bands by dropping and sprinklers
nozzle (the flow, pressure, fairness assembly), the
number of bays and sprinklers bands nozzle and the
distance between rows of plants was performed
according to the pedotehnic study and requirements of
the crop.

The constituents of the loop of automation are: WET-
2 encoder mounted vertically to a certain depth of
irrigation / fertigation in the root zone, the GP2 Data
Logger for analysis and control parameters monitored
WET-2 encoder, frequency converter for command and
controlling the speed of rotation of the self-priming
solenoid and provided with an inlet and an outlet
respectively positioned upstream of the bands and
sprinklers dropping nozzle.

Solenoid functions singularly, simultaneously or in a
certain order according to the command sent from the
Data Logger GP2.

The Data Logger GP2 receives information in the
form of electrical signals from the sensor WET-2, and
operates with specialized software designed according
to the requirements of the water conductivity and
temperature specific to crop plant.

Information transmitted by the transducer WET-2
refers to the most important indicators of the health of
the root zone: water content (%), electrical conductivity
(ECp) and temperature (°C).

The main technical characteristics of automatic
installation of drip and sprinkler irrigation and fertigation
are shown in Table 2.
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Echiparea benzilor cu picuratoare si
microaspersoarelor cu duza (valoarea debitului, presiunii,
echidistantei de montaj), numarul benzilor din travee si
microaspersoarelor cu duza si distanta dintre randurile de
plante s-a efectuat in functie de studiul pedotehnic si
cerintele specifice plantei de cultura.

Elementele constituente ale buclei de automatizare
sunt: traductorul WET-2 montat in pozitie verticala la o
anumita adancime de irigare/fertirigare in zona radacinii,
Data Logger-ul GP2 pentru analiza si controlul
parametrilor  monitorizati de  traductorul WET-2,
convertizorul de frecventa pentru comanda si controlul
vitezei de rotatie a electropompei autoamorsanta si
electrovanele prevazute cu o intrare si respectiv o iesire
pozitionate Tn amonte de benzile cu picuratoare si
microaspersoarele cu duza.

Electrovanele functioneaza singular, concomitent sau
intr-o anumita ordine in functie de comanda transmisa de
la Data Logger GP2.

Data Logger-ul GP2 primeste informatii sub forma de
semnale electrice de la senzorul WET-2 si opereaza cu un
software specializat creat in functie de cerintele de apa,
conductivitate si temperatura specifice plantei de cultura.

Informatiile transmise de traductorul WET-2 se refera la
cei mai importanti indicatori ai sanatatii zonei radacinii:
continutul de apa (%), conductivitatea electrica (ECp) si
temperatura (°C).

Caracteristicile  tehnice principale ale instalafiei
automatizata de irigare si fertirigare prin picurare si
microaspersie sunt prezentate in tabelul 2.

Table 2
Characteristic UM Value

Water storage reservoir:

- volume m? 6

- diameter m 1.83
Self-priming electric pump

- electric power w 370

- rated voltage Vca 220

- flow m°/s 83...8.3:10°
Head PVC tank control fertilization

- fertilizer tank capacity m?® 0.06

- filter size m 0.0508

The automatic climate control system (fig.4) provides
ventilation and forced air ventilation, air-conditioned
greenhouse - temperature, CO, and optimum air
humidity.

Sistemul automat pentru controlul climei (fig.4) asigura
aerisirea si ventilatia fortatd a aerului in serd cu aer
conditionat — temperatura, CO, si umiditate atmosferica
optime.

6 10 11 2 5

Fig. 4 - Automatic climate control system
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Automatic climate control system consists of an
engine with greenhouse openings (Item 1), a control
panel for greenhouse openings (Iltem 2), a rain sensor
(Item 3), a temperature sensor (ltem 4 ), a wind sensor
(Item 5), a CO; sensor (item 6), an axial fan (item 7), an
electric cable openings engine emissions (item 8), cable
of axial fans (item 9), sensor cable (item 10), a Data
Logger GP 2 (item 11) and an electrical panel (item 12).

The main technical characteristics of the automatic
climate control system are presented in Table 3.
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Sistemul automat pentru controlul climei se compune
dintr-un motor deschideri sera (poz.1), un panou de control
pentru deschideri sera (poz.2), un senzor de ploaie (poz.3),
un senzor de temperatura (poz.4), un senzor de vant
(poz.5), un senzor de CO; (poz.6), un ventilator axial
(p0z.7), cablu electric motor deschideri sera (poz.8), cablu
ventilatoare axiale (poz.9), cablu pentru senzori (poz.10), un
Data Logger GP 2 (poz.11) si un panou electric (poz.12).

Caracteristicile tehnice principale ale sistemului automat
pentru controlul climei sunt prezentate in tabelul 3.

Table 3
Characteristic UM Value
Engine greenhouse openings
- speed rot-s™ 0.033...0.150
- power w 370
Axial fan
-electric power w 300
- rated voltage Vca 220
- flow m’/s 1.591

Data Logger receives information in the form of
electrical signals from the CO, sensor and operates with
another specialized software created by the content of
carbon dioxide (CO,) which is an essential component of
photosynthesis. According to information received Data
Logger commands the start of a recirculating fan which
creates a constant airflow around the plants to provide
an optimal climate for culture.

To perform experimental research of innovative
technology for irrigation and climate control in real
conditions, has been organized an experimental group
(Fig. 5) in a greenhouse covered with double inflated foil
inside INMA Bucharest.

The experimental group was prepared for drip
irrigation and climate control of a Cornichon Cucumbers
of Paris culture - Cucumis Sativus cycle .

To establish a culture of cucumbers was performed a
starting irrigation for determining the field capacity, by
excessively wetting a portion of the experimental plot
and setting the amount of water remaining after
gravitationally losing the excess.

Knowledge of field capacity is of great importance
because it represents the upper limit of water useful for
plants. Soil found at field capacity is the optimum
moisture, plants finding the best conditions for
development.

L N N\ L= S

Data Logger-ul primeste informatii sub forma de semnale
electrice de la senzorul de CO; si opereaza cu un alt
software specializat creat in functie de confinutul in dioxid de
carbon (CO,) care este o componenta esenfiala a
fotosintezei. In functie de informatia primit4 Data Logger-ul
comanda pornirea unui ventilator de recirculare care
creeaza un curent de aer constant reciclat Tn jurul plantelor
pentru a oferi un climat optim de cultura.

Pentru efectuarea cercetarilor experimentale ale
tehnologiei inovative pentru irigatii si controlul climei in
conditii reale a fost organizat un lot experimental (fig. 5)
ntr-o sera acoperita cu folie dublu inflata din incinta INMA
Bucuresti.

Lotul experimental a fost pregatit pentru irigatie prin
picurare si controlul climei a unei culturii de Castraveti
cornichon de Paris - Cucumis Sativus din ciclul 11.

Tn vederea infiintarii culturii de castraveti s-a practicat o
irigare de start pentru a determina capacitatea de camp,
umezind in exces o portiune din parcela experimentala si
stabilind cantitatea de apa ramasa dupa ce s-a pierdut
gravitational excesul.

Cunoasterea capacitatii de cdmp are o mare importanta,
deoarece reprezinta limita superioara a apei utile pentru
plante. Solul aflat la capacitatea de camp se gaseste in
conditii optime de umiditate, plantele gasind cele mai bune
conditii de dezvoltare.

N7,

a7

Fig. 5 - Experimental group in a greenhouse covered with double inflated folil
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RESULTS
The diagram in Figure 6 is the variation of soil
moisture from start irrigation.
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REZULTATE
In diagrama din figura 6 este reprezentatd variatia
umiditatii solului la irigarea de start.
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Fig. 6 - Graphical representation of the variation of soil moisture from start irrigation

From the analysis of data obtained from start
irrigation has been noticed the moisture capping at a
rate of 58% water in the soil, reaching saturation.

The diagram in Figure 7 is the variation of the
electrical conductivity ECp of soil at start irrigation.

Din analiza datelor obtinute la irigarea de start se
observa stabilirea plafonului de umiditate la un procent de
58 % apa in sol, acesta atingand saturatia.

In diagrama din figura 7 este reprezentatd variatia
conductivitatji electrice ECp a solului la irigarea de start.
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Fig. 7 - Graphical representation of the variation of electrical conductivity ECp at soil start irrigation

According to the results, the start irrigation is an
increase in the electrical conductivity of ECp, which
reflects the total amount of total dissolved salts or ions
dissolved in water up to 225 mS:m'1 at the same time
with increment of soil moisture to 58% or a decrease by
120 mS:m™ while soil moisture remained the same.
Some ions such as those of sodium or chloride
contribute more than others in the ECP, e.g., the
phosphorus and potassium. Some high level of ions,
the chloride ions, for example, are undesirable and in
large quantities may even endanger the plant.

The diagram in Figure 8 is the variation of soil
temperature at start irrigation.

Conform datelor rezultate la irigarea de start se
observa o crestere a conductivitatii electrice ECp, care
reflecta cantitatea totala de saruri dizolvate sau totalul
ionilor dizolvati in apa, pana la 225 mS-m™ concomitent cu
marirea umiditatji solului la 58 % si o scadere pana la 120
mS-m™ in timp ce umiditatea solului a ramas aceeasi. Unii
ioni, ca de exemplu, cei de sodiu sau cei de clorura,
contribuie mai mult la ECp decéat altii, de exemplu, cei de
fosfor sau de potasiu. Unele niveluri ridicate de ioni, cei de
clorura, de exemplu, sunt nedoriti, iar in cantitati mari pot
chiar periclita dezvoltarea plantelor.

In diagrama din figura 8 este reprezentatad variatia
temperaturii solului la irigarea de start.
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Fig. 8 - Graphical representation of variation of soil temperature at start irrigation
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Analyzing the data shown above has been noticed a
decrease from 40 °C to 19°C of soil temperature
throughout the start irrigation. Soil temperature regime
in protected areas is critical in growing vegetables. It is
therefore necessary to maintain soil temperature control
(optimum conditions are 20...22 ° C) through proper
ventilation and irrigation.

Before carrying out research on the experimental
plot cultivated with Cornichon Cucumbers of Paris in
software of control of Data Logger GP2 were introduced:
- Minimum of 20% and maximum 30% value of soil
moisture for control of Automatic Drip irrigation system;
- The minimum concentration of 400 ppm CO in the air
to control the automatic control greenhouse
microclimate.

Figure 9 is the START window of the software
control of drip irrigation.
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Analizdnd datele reprezentate mai sus se observa o
scadere de la 40°C la 19°C a temperaturii solului pe toata
perioada irigarii de start. Regimul de temperatura a solului
in spatiile protejate este factorul decisiv in cultura
legumelor. De aceea este necesar sd se mentina sub
control temperatura solului (conditile optime sunt
20...22°C) printr-o aerisire si irigare corecta.

Tnainte de efectuarea cercetarilor pe lotul experimental
cultivat cu Castraveti cornichon de Paris, in softurile de
comanda ale Data Logger-lor GP2 au fost introduse:

- valoarea minima de 20 % si maxima a umiditatii solului de 30
% pentru comanda instalatiei automata de irigat prin picurare;

- valoarea minima a concentratiei de CO; Tn aer de 400
ppm pentru comanda sistemului automat de control al
microclimatului Tn sera.

in figura 9 este reprezentats fereastra de START a
softului de comanda a irigarii prin picurare.
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Fig. 9 - Program drip irrigation - START window

The measured values of sensors can be viewed in real
time using a software based control, as in Figure 10.

Valorile masurate de senzori pot fi vizualizate in timp real
folosind o functie a softului de comanda, ca in figura 10.
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Fig. 10 - Window viewing parameters measured by the sensor in real time

Data recorded and stored in the internal Data Logger
memory GP2 were imported into a laptop and using an
Excel spreadsheet software were processed resulting in
variation diagrams parameters over time.

The diagram in Figure 11 is the variation of soil
moisture in a given period of time.
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Datele inregistrate si stocate in memoria interna a Data
Logger-lor GP2 au fost importate pe un Laptop si cu
ajutorul unui soft de calcul tabelar Excel au fost prelucrate
rezultdnd diagramele de variatie a parametrilor in timp.

in diagrama din figura 11 este reprezentatd variatia
umiditaiji solului pe un anumit interval de timp.
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Fig.11 - Graphical representation of variation of soil moisture in a given period of time

From the analysis of the data shown in Figure 8,
there has been noticed the inclusion of moisture values
within the limits imposed by the control software, such
as between 20% and 30%. Exceeding maximum value is
caused by process inertia.

CONCLUSIONS

From the results obtained from the experimentation of
innovative technology it results that technology provides:
- lrrigation water required with fully automated
installation and energy independent installation by using
a combination of photovoltaic panel - submersible pump;
- Monitor and control the process of irrigation /
fertigation by dripping and / or sprinkler depending on
health indicators of root zone of vegetable crops in
greenhouses and solariums (water content (%), pore
water conductivity (CEp) and temperature (°C));
- Maintaining a controlled environment inside a
greenhouse covered with double inflated foil by
monitoring and controlling in automatic mode the
microclimate parameters (CO- content).
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Din analiza datelor reprezentate in figura 8, se observa
de comanda, respectiv intre 20 % si 30 %.

Depasirea valorii maxime se datoreaza
procesului.

inertiei

CONCLUZII

Din analiza rezultatelor obtinute in urma experimentarii
tehnologiei inovative rezulta ca tehnologia asigura:
- apa necesara irigatiei Tn sera cu un instalatie
automatizatd complet si independentd energetic prin
utilizarea combinatiei panou fotovoltaic - pompa
submersibila;
- monitorizarea si controlul in regim automat a procesului
de irigareffertirigare prin picurare si/sau microaspersie in
functie de cei mai importanti indicatori ai sanatatii zonei
radacinii a culturilor legumicole din sere si solarii (continutul
de apa (%), conductivitatea apei din pori (CEp) si
temperatura (°C);
- mentinerea unui microclimat controlat in interiorul unei
sere acoperitd cu folie dublu inflatd prin monitorizarea si
controlul in regim automat a parametrilor de microclimat
(continutul in CO,) programatji.
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