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IHPOAOI'OX

H yewpyia onpepa Ppicketol o€ £va kpicio otavpodpopt 6mov Oa Tpémel va yivouv ot KatdAAnieg
emhoyég mov Ba eEac@aAicovy T GLVEXELD Kot TN Plocttdtta Tov YE®PYKoH GuVOAoL. ATO TN pid
ol aVENEVES JATPOPIKEG OVAYKES EVOG 0AOEVO OLEAVOLEVOL TOYKOGUIOV TANBLGHOY Kot omd TNV
AN M LTEPEKUETAAAEVOT TOV PLGIK®OV TOpwV TECovV va Bpebodv ot Bértioteg Avoelg mov Oa
EMTHXOLV VO ALENCOLV HEV TNV TOPAYMOYY] TOV TPOPIL®V, TPOCTUTEVOVTOG TOPAAANAL TOLG
QLOIKOVG TOPOVG Kot eEacPoAilovtag TV agwpopio TG YEOPYIKNG Tapaywyns. Ot AVoelg pmopovv
va TpoéhBovv pudvo pécso amd TN CLGTNUATIKY EMGTNUOVIKY £pguva Kot ot ['empyucol Mnyavikoi 1
Mnyavikoli Bioocvomudtov kolobvtor vo dadpapaticovv €va kpicino Kot Kaboplotikd poro
oLVOLALOVTAG TIC YVMGELS TOVS OTIG EMOTUES TN [ewmoviag, g BroAoyiag, Tng Mnyovikig Kot Tov
[Tep1Bdriovtog yio va TpoTeivovy VEEG TEYVOAOYIES KOl GLGTILLOTA TAPUY®YNS TTOL Ba avécovy v
OTOTEAECUATIKOTNTO TNG TOPAYOYNG YEOPYIKOV TPOIOVI®OV pHe opbBoroykotepn Olaxeipion TtV
QLOIK®OV TOPp®V, OcPoriloviag mopdAAnAc TN OMudclo vyEl KOl EVOLVAUOVOVIOS TNV
EUTIGTOCVVT] TOV KOTOVOADTOV.

H Etoupeia F'eowpykdv Mnyoavikov EALGSOG £xel kaTapépel H€ca amd T TAKTIKA TNG GLVESPLO Vol
GLYKEVTPMOOEL Uio. TAoVG BifAtoypagia mave og o gupeio Bepatoroyio OTMG o1 £60pIKOT Kot ot
voatikol wOPOL, M evéPYE, TO TEPPAAAOV, TO YEOPYIKA HNYOVALOTO Kol Ol €50MAIGHOL, Ol
OUYYPOVEC TEXVOAOYIEC, 1 OAMOOKELOT KOl UETOMOINGT TOV YEWPYIKOV TTPoioviov K.o. Katdpepe
TOPAAAAC Vo ODGEL TO KIVNTPO Kol TO WHEGO G©€ TOAAOVG EMCTNUOVES KOL EPEVVNTEC VO
ONUOGIOTOMGOLY TO, OTOTEAEGLLOTO TOV EPELVAV TOVG 6ToV EAAadkd ympo. To 11o TMaveAinvio
2uvédplo g EI'ME mov mpaypatomoteitan oto Boro, otig 8 Noguppiov 2019, otig eykotactdosig
¢ [M'eomovikng XyoAng tov [Mavemomuiov Oeccariog, EAodoel va cuveyicel avt ™ mapadoon,
CLYKEVIPAOVOVTOG TO TO0 TPOGPOTO EMTEVYUATO KOU OTOTEAECUATO TV gpevvev. Emumiéov,
QU000EEL v PEPEL GE EMOPT| TOVG OVOPAOTOVG TOV JPOACTNPLOTOLOVVTOL GTOV Topéd TG [empyikng
Mnyovikng vo kKaAMePYNGEL VEEG GLUVEPYACIES KOl Vo ovamtuEel SlowAOVG EMKOVOVIOG HE T
Bounyovio kot Tov KAGOO TOVL EUTOPioL MOOTE v Yivel €Kt M Owdyvorm TG £peuvag Kot M
a&1omoinomn TV OMOTEAEGUATOV AVTAS TTPOG OPEAOS TOV EVPVTEPOL KOWVMOVIKOD GUVOAOL.

210 TOPpOV TEHYOG TOV TPUKTIKMV TEPLEYOVTIUL 57 TEPIMNYELS TOV EPYACIOV TOV TAPOVGLACTNKAY
kotd T Sudpkeia tov 11° TMaveddviov Zvvédprov Tewpyikng Mnyovikfc. Ta nTAfpn keipevo Twv
EPYOOIDV, £MELTA A0 TNV KPion TOV KPLITdV, amobétovial o avolktn Pdomn dedopévev Kot Propovv
va avalnmbovv oty 1otooelido thg EI'ME https://egme.qgr/proceedings/

Bohog, Noéuppiog 2019
Ap. Xp. Kaparapng
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MEAETH TQN ®OPTIQN ANEMOY XTHN OPO®H ENOX
[TIOAAAIIAOY ®@EPMOKHIIIOY I'OTOIKOY TYIIOY
[TPOXTATEYMENOY AIIO [IEPATO ANEMOO®PAKTH ME
APIOMHTIKH ITPOXOMOIQXEH

A. T'avvoving, A. Mvotprotng, A. Mprocoving
I'eonoviko [Hav/pwo Abnvav, Tugua AGTI-I'M,Iepd Od6g 75,11855,A0nva,e-mail: briassou@aua.gr

INEPIAHYH

Xoommua  mepatod  avepoepaktn  (38% mepoatdmTa) Kor  yotBucoh TtOmMOL  Beppoxmmiov
povtedomomOnke apiBuntikd (CFD) yia t peAétn g oAANAETIOPAONG TOV GLGTHUATOS LITO TNV
opdon tov avépov. MeremOnkav avepoepdxkteg oe dedopévn amdotacn ond 10 BePUOKNTIO
SLLPOPETIKOL VWYOULGS. YTTOAOYIGTNKAY Ol GUVTEAEGTEG TEONG GTNV 0POPY| KOl TOV TPOCTVELO TOLYXO
ToV Beppoknmion OTWG KoL GTOV AVELOPPAKTY), ®OTE va kKoBopiotel To BEATIOTO Hyog Tov. Ot méoelg
otV 0poe1 Tov BepproknTion S10PoPOTOIOVVTUL KVPIWE 6Ta dVO TP®TO avoiypaTa (€61 GLVOMKA)
pe TN HETAPOAT] TOV VYous TOv aveoPpakTn. O avepo@pAaKTng He VYOG 160 He TO PIGO TOV VYOVG
™G opoNg Ppébnke va ival 0 MO ATOS0TIKOG OMOTEAMVTOS £VOL KOAO UECO TPOGTOCIOG EVM Ol
YOUNAEG OVELOTIEGELS TAVE GTOV {010 EMTPETOVV TOV GYESACHUO HOG EAAPPAS KOl XOUNAOD KOGTOVG
KOTAOKELT|G.

AéCeig rherdid: BepUOKNTIO, TEPATOG AVELOPPAKTNG, OPIOUNTIKY] TPOGOLOIMOT|, GUVTELECTNG TTiEoNS

WIND LOADS ON THE ROOF OF A MULTISPAN GREENHOUSE
PROTECTED BY A POROUS WINDBREAK THROUGH NUMERICAL
SIMULATIONS

A. Giannoulis, A. Mistriotis, D. Briassoulis
Agricultural University of Athens, Department NRM & Ag.Eng., Iera Odos 75, 11855, Athens, e-
mail: briassou@aua.gr

ABSTRACT

A gothic-type six-span greenhouse protected by a 38% porous windbreak located at a given distance
from the greenhouse has been numerically modelled (CFD) in order to study the interaction of the
windbreak-greenhouse system with the wind. Three different windbreak heights were tested, namely
at gutter height, at mid-roof height and at ridge height. The pressure coefficients were calculated on
the roof and the windward wall of the greenhouse and at the windbreak itself for the optimum
windbreak height to be determined. Results showed that pressure differences on the greenhouse roof
appear mostly on the first two spans as the windbreak height changes. The case of a windbreak with
height equal to the mid-roof height was found to be the most efficient one, in terms of offered
protection and combined to low wind pressures on the windbreak itself, allowing for a light, low-cost
structure.

Keywords: greenhouse, porous windbreak, numerical simulation, pressure coefficients

200
110 NaveAAnvio Zuvédplo MewpyLkng Mnxavikng
BoAog 2019



ENOTHTA 3 - ATPOTIKEZ KATAZKEYEZ KAl ©EPMOKHITIA
1. INTRODUCTION

Windbreaks made of agricultural plastic nets are a common practice nowadays against dominant
windsfor the protection of greenhouses by reducing wind loads and minimizing heat losses.
However, erecting a structure close to another often leads to complicated airflow patterns causing a
strong aerodynamic interaction between them.

Many studies can be found concerning wind pressures developing on free standing walls or
vertical panels at ground level. Most of these studies concern solid vertical panels,whileresearch on
porous panels has also been carried out. A detailed review of the aerodynamic characteristics of such
permeable or impermeable structures can be found in (Giannoulis et al, 2012). Standards and design
codes (EN 1991-1-4, 2005) also provide guidelines for calculating design wind loads on free
standing walls and panels (Giannoulis et al, 2012).

Modern greenhouses are light low-rise steel structures (as compared to conventional civil
buildings) and their classification is based on their geometric characteristics. Their cladding material
is usually low-density polyethylene (LDPE)multilayer plastic film(e.g. in the Mediterranean region).
Lately, permeable materials like agricultural nets became popular as covering materials for net-
houses (Teitel and Tanny, 1999). Two greenhouse types widely used in Greece and in the
Mediterranean region in general, are the arched roof and the gothic type greenhouses.

The interaction of the wind with greenhouses has been studied in the case of duo-pitch structures,
such as the Venlo type (Mistriotis et al., 1997). There are only few published research works
concerning wind loads on the arched roof greenhouses (Kwon et al., 2016; Kim et al., 2017). On the
other hand, research on gothic-type greenhouses is very limited (Giannoulis et al. 2018).

Research works aimed to minimize the wind pressures on a greenhouse protected by a windbreak
are also limited in literature (Mistriotis et. al, 2012). Critical parameters for the interaction between
the wind and porous windbreak-greenhouse structural systems were investigated through both full-
scale andwind tunnel experiments,including the distance between the two structures (Richardson,
1986), the porosity ratio of the protective porous windbreak (Tahouri et al, 1991) and the windbreak
height (Richardson, 1987).

Adetailed experimental analysis of the airflow patternsaround an integrated windbreak-
greenhouse system requires full-scale or wind tunnel experiments which can be time consuming and
expensive. A more flexible to use, low-cost alternative is numerical simulations (CFD). Although
CFD analysisencountersdifficulties in simulating airflow around solid greenhouses (Mistriotis &
Briassoulis, 2002), it was proven to be an efficient tool for simulating airflows through net covered
structures (Giannoulis et al, 2010) and estimating the corresponding aerodynamic pressure
coefficients (Briassoulis et al, 2010).

The aim of the present research work was the optimization of the height of a porous windbreak
protecting a six-span gothic type greenhouse, for the reduction of thewind pressures developing on
the greenhouse roofbut also to avoid a heavy and expensive windbreak structure.To achieve this,the
wind pressures on the roof and the windward wall of the greenhouse and on the windbreak itself
were analyzed and the optimum windbreak height was defined. The wind pressures on the
greenhouse roof were considered to be the most critical design parameterin order to optimise the
structural design of the greenhouse. Comparisons with the case of anunprotected greenhouse were
carried out.
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ENOTHTA 3 - ATPOTIKEZ KATAZKEYEZ KAl ®EPMOKHMIA
2. MATERIALS AND METHODS
2.1Numerical Model

The combined system consisted of a porous windbreak and a plastic film covered six-span gothic-
type greenhouse. The airflow around the windbreak-greenhouse system was numerically simulated in
a two-dimensional wind tunnel of size 200m x 60m. The greenhouse was placed at 46 m from the
wind tunnel inlet. Thegutter height was h = 4m, theheight at the ridge was h; = 6.2m and the width of
each span was s = 8m (a total of 48m). The distance of the windbreak from the greenhouseat 3-4h
and the aerodynamic characteristics of the porous cladding material (representative of an agricultural
plastic net of 38% porosity) were selected based on the research work of Mistriotis et al (2012) to
achieve the optimum reduction of the wind pressureson the windward greenhouse wall(Fig.1). Only
transverse wind was considered.

g gt g

200m

Inlet
&0m

48m

I; 1;
000 70.00(m) - % 0000 10,000 (m 5
) |

3500 5000

Figure 1. Geometry of the numerical model: a) entire domain, b) windbreak and greenhouse
dimensions and distance

The effect of the windbreak height h,was analyzed with respect to minimization of the wind
pressures on the greenhouse roof. Three different windbreak heights hywere tested equal to: the
gutter height hy,=h=4m, the mid-height of the roof h,=5.1m and the ridge height h,=h,=6.2m. The
windbreak was model as a porous material of 0.1 m thickness simulating the aerodynamic behavior
of the net as explained in section 2.3. Modeling the actual thickness of the cladding material (plastic
net, in the range of 0.3-0.5mm) would increase unreasonably the number of elements and the
computational time without improving the results.

2.2 Mesh and simulation setup

The commercial software package ANSYS-CFX implementing FVM was used in order to
simulate numerically the interaction of the wind with the combined system of the porous windbreak
and the six-span gothic-type greenhouse.The mesh consisted of triangular elements. The mesh
structure was finer close to the studied bodies, namely the windbreak and the greenhouse (Fig.2), in
order to better simulate the turbulent airflow occurring at these locations. The grid consisted of 1.5
million elements. Further mesh refinement did not affect significantly the results. The area of the
porous windbreak was also spanned by triangular elements. Five elements were used along the
porous material thickness following the recommendation for more than three elementsgiven by
Briassoulis et al (2010).
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Figure 2. The mesh of the entire domain and a detailed imageofthe windbreak mesh

The turbulent model applied for the numerical simulation was the k- SST(Kim et al, 2017). The
specific model wasused due to its good performance in fluid structure interactions where flow
separation occurs. The wind velocity profile was set to be logarithmic at the inlet of the wind tunnel
with a friction length zo equal to 0.05m. The inlet velocity at 10m high was set equal to 2ms™. Inlet
boundary conditions were also provided for the turbulent characteristics of the wind, k (m°s) and ®
(s1) according to Richards & Hoxey, 1993. At the ground surface, it was assumed that wall boundary
conditions exist. This means that all components of the wind velocity at the wall were set to zero (no
slip condition). At the outlet of the wind tunnel the pressure was set to zero to simulate the open
wind tunnel end. Finally, the top of the model wind tunnel was assumed as a frictionless barrier and
only the vertical wind velocity component was set equal to zero (free slip condition).

Wind loads on the windbreak and the greenhouse sidewall and roof were expressed by the
dimensionless pressure coefficient, c,, defined as the average wind pressure on an area of the
structure, normalised by the dynamic wind pressure at a reference height z:

P==CppVier M

where P (Pa)is the average pressure on the studied surface, vie(ms™) is the wind velocity at
Zref(M), and p is the air density (kgm™). The reference height in the present work is taken equal to the
height of the greenhouse ridge (h=6.2 m) for all studied structures based on the specifications of the
Eurocode EN1991-1-4.
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2.3Simulation of the Porous medium

The windbreak made of permeable plastic agricultural netwas simulated as a porous medium by
obeying the Forchheimer’s equation (Lage, 1998). The pressure drop, Ap(N/m?), across a porous
material of thickness 4x(m) is expressed by equation (2).

AP _ Ay icpv?
Ax D (2)

where V(m/s) is the velocity of fluid, p(kgm™s™) is the viscosity, and p (kg/m?) is the density of
the fluid. D (m?) is the specific permeability of the material, and C(m™) is the aerodynamic resistance
coefficient.

Equation (1) can be simplified in the case of a thin permeable material into equation (3):
Ap = IB\/ + aV2 (3)

where
L= %Ax a = CpAX

(4)

The factors a(N s’m*) and A(N s/m®)describe the aerodynamic characteristics of the porous
materialindependently of its thickness and can be determinedby wind tunnel measurements
(Hemming et al, 2005). For the agricultural net used as coverage for the protective windbreak the
measured aerodynamic coefficients werefound equal to 0=3.0229 and $=0.1179.

2.4 Validation of the numerical model

Anumerical simulation was carried out in a previous research work (Giannoulis et al. 2018) for
the validation of the numerical results when modelling the airflow around single or multi-span
greenhouses covered with plastic film (impermeable structure). The results of thenumerical
simulation were compared to the results of the wind tunnel experiments by Kwon et al (2016) and an
already validated numerical study byKim et al (2017). A good qualitative and quantitative agreement
with respect to the pressure distribution on the greenhouse roof was foundinall cases.

3. RESULTS

Pressure coefficients were calculated both on the greenhouse (roof and windward wall) and the
windbreak. The most significant design parameter considered for the optimization of the porous
windbreak height was the protection provided on the greenhouse roof defined by the pressure
coefficients reduction when compared to the unprotected greenhouse. In addition, all pressure
coefficients results were compared in the parametric analysis.
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3.1 Greenhouse Roof

The greenhouse roof was divided into sections following the recommendations of the EN-13031-
1-2001 standard and average c, values were calculated.The roof divisions depend on the roof angle
0(°). There are four divisions for the first span (Al, B1, C1, D1, the number represents the
corresponding span) since it interacts directly with the impinging wind and three area divisions for
the rest of the spans, as shown in Table 1.

Table 1 presents average pressure coefficients in different sections of the greenhouse roof only for
the first three spans. Changes in pressure coefficients for the remaining spans are insignificant
between the protected and the unprotected greenhouse cases. This is also evident in Fig. 3 where the
pressure coefficients distribution along the entire roof is given graphically. Small deviations that
appear at the ridges of the last three spans are localized phenomena at an area close to each ridge and
do not affect average values.

Table 1. Average Pressure Coefficients on different locations on the greenhouse roof

Location based on Porous Windbreak Height (m)
the Roof anglef(°)
range Gutter Height (4.0) M'd'R%OI Height | gidge Height (6.2) Un.
Span (5.1)
i protected
Cp % reduction Cp % reduction Cp % reduction
AL (0-55) -0,57 32,14 -0,61 27,38 -0,66 21,43 -0,84
t B1 (55-70) -1,00 31,97 -0,92 37,41 -0,88 40,14 -1,47
15
C1 (70-115) -1,09 22,70 -0,96 31,91 -0,89 36,88 -1,41
D1 (115-180) -0,61 15,28 -0,62 13,89 -0,62 13,89 -0,72
A2 (0-80) -0,54 8,47 -0,56 5,08 -0,57 3,39 -0,59
ond B2 (80-110) -0,74 2,63 -0,67 11,84 -0,64 15,79 -0,76
C2 (110-180) -0,46 0,00 -0,49 -6,52 -0,51 -10,87 -0,46
A3 (0-80) -0,41 -2,50 -0,45 -12,50 -0,47 -17,50 -0,40
3rd B3 (80-110) -0,69 1,43 -0,63 10,00 -0,59 15,71 -0,70
C3 (110-180) -0,41 0,00 -0,43 -4,88 -0,54 -31,71 -0,41

For the windward location Al the average pressure coefficient reduction decreases with the
windbreak height. Reduction drops about 4.7% (from 32.14% to 27.38%) when the windbreak height
increases from 4 to 5.1m and even more, about 6% (from 27.38% to 21.43%) when increasing from
5.1 to 6.2m. For the B1 and C1 locations the average pressure coefficient reduction is higher. The
reduction is more significant when the windbreak height increases from 4 to 5.1m (B1: from 31.97%
to 37.41%, higher reduction by 5.4%, C1:from 22.70% to 31.91%, higher reduction by 9.2%) than
when increasing from 5.1 to 6.2m (B1: from 37.41% to 40.14%, higher reduction by 2.7%, C1:from
31.91% to 36.88%, higher reduction by 5.0%). For the D1 location changes in the windbreak height
do not affect the average pressure coefficient.
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For the second and third span the locations close to the ridge, that is B2 and B3, are better
protected when the porous windbreak is higher. The protection provided when changing the
windbreak height from 4 to 5.1m is again slightly more efficient than when the windbreak becomes
as high as the greenhouse ridge (6.2m). For the B2 location the reduction moves from 2,63% to
11,84% to 15,79% for corresponding changes from 4.0m to 5.1m to 6.2m high windbreaks,
representing differences of about 9.2% and 4.0% for the height changes. Similar results were found
for the B3 location.

For the other locations % reduction can be misleading since average pressure coefficients values
are quite small and so are the corresponding changes. As an example, for the A3 location the 4.0m
high windbreak causes a reduction in the value of the average pressure coefficient of -2.50%
(increase, actual c, value -0.41) while the 5.1m high windbreak causes a reduction of -12.50%
(increase, actual c, values -0.45). Analogous are the results for the sections A2, C2, A3 and C3.
Average pressure coefficients are not significantly affected in these locations.

Cp distribution on the greenhouse roof

0,5
0 |

\{w Y,—-Ayr—-’\v/—"’\vf s Y—'

Normalised X dimension

Mo Windbreak * Porous Windbreak 4.0m high
[ ) = Porous Windbreak 5.1 high « Porous Windbreak 6.2m high

Figure 3. The distribution of the pressure coefficients on the greenhouse roof for the three different
windbreak configurations and for the unprotected greenhouse

This behavior may be explained in terms of the airflow pattern (refer to section 3.4). Part of the air
mass approaching the windbreak becomes bleed flow passing through the netand a second part
escapes above the windbreak tip and is redirected towards the windward side of the first span. The
redirected airflow is significant since the simulated agricultural net used as the porous windbreak
coverage has a small porosity (38%) and its aerodynamic behavior imposes increased resistance to
air mass.

3.2Greenhouse Windward Wall

Results forthe average pressure coefficients of the greenhouse windward wall are shown in Table
2. Average pressure coefficients % reductions —also shown in Table 2- were calculated using
absolute average pressure coefficient values. The negative values for the cases were the porous
windbreak exists are discussed in section 3.4.
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Table 2. Average pressure coefficients on the windward wall of the greenhouse

Windbreak Gutter Height ~ Mid-Roof Ridge Unprotected
Configuration (4.0) Height (5.1)  Height (6.2)

Average

Pressure -0.06 -0.13 -0.18 0.40

Coefficient (cp)

Reduction (%) 85 68 55 N/A

The pressure coefficients distributed along the windward wall of the gothic-type
greenhouse,presented in Fig. 4, are shown to be sufficiently decreased in all cases. Highest reduction
occurs for the 4.0m high windbreak but in all cases the protection offered is good. For the case where
the windbreak becomes 6.2m high the interaction between the two structures and the airflow
becomes more important regarding the loading on the windward wall of the greenhouse. Differences
of the average values are indicative of the differences of the wind pressures on the wall as Fig. 4
shows. Pressure coefficients remain almost constant up to a height of 3.5m (h = 4m). Further
increase of the c, values afterwards occurs as the airflow tends to leave the windward wall and
separate at the gutter as it moves to the roof.

Cp distribution on the greenhouse
windward wall
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Figure 4. The distribution of the pressure coefficients on the greenhouse windward wall for the three
different windbreak configurations

3.3 PorousWindbreak

The average net pressure coefficients were calculated for the protective porous windbreak in each
case. The average pressure coefficientsand the % increase compared to the lowest windbreak
configuration of 4.0m are presentedin Table 3. The results show an almost 20% increase of the net
pressure coefficient for the 5.1m high windbreak and more than 45% increase for the 6.2 m high
windbreak. These values are rather high and should be taken into consideration when designing a
porous windbreak-greenhouse system to avoid heavy and expensive structures.
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Table 3. Average net pressure coefficient on the porous windbreak

Windbreak Gutter Height |  Mid-Roof Ridge
Configuration (4.0 Height (5.1) | Height (6.2)
Average

Pressure 0.68 0.82 1.00

Coefficient (cp)

Increase (%) N/A 19.57 45.34

3.4 Discussion

Predictingtheairflowwhenthewindinteractswithtwoneighboringstructurescanbecomplicated and
unexpected results could occur. In the numerical model analyzed, the airflow impinges on a 38%
porous windbreak. The airflow separates in two parts, the bleed flow that passes through the porous
windbreak with its velocity reduced and another part that accelerates above the windbreak tip and is
redirected against the windward area of the first span of the greenhouse roof (location Al in Table 1)

The agricultural net simulated in this study represents a significant obstruction to the wind, since
it has a low porosity equal to 38% but mostly because of its aerodynamic
coefficientswhichcorrespond to a Raschel type plastic net of complex weave (Castellano et al.,
2009). As a result, the bleed flow has a reduced velocity so that the wind loading on the windward
wall of the greenhouse is highly reduced as well (Table 2).

On the other hand, as the accelerated redirected flow passes above the windward wall and the
windward area of the first roof span causes suction to the existing air below. Therefore, the increased
windbreak height leads to a more intense suction at this location. This subsequently causes the
suction on the greenhouse windward wall corresponding to the negative pressure coefficient values
observed in Table 2, Figure 4.This is the reason for the unexpected increase of the wind loading at
the Al location (windward area of the first span of the roof) when the windbreak height increases.
This increase does not occur in the ridge area B1, C1 since the windbreak height does not exceed the
greenhouse ridge height.

— ANSYS ANSYS
R15.0 R15.0
\ ‘V
% -2.61 221 181 141 102 062 -022 018 057 o097 137
0.000 0.700 1401 2101 2802 . - - F
| | Pressure Pa)

Velacity [m s*-1] Contowr 1
Vector 1

Figure 5. The porous windbreak-gothic type greenhouse system for the 5.1m windbreak case.
Airflow velocity vectors and pressure contours
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Figure 5 presents the velocity vectors of the airflow around the porous windbreak — gothic type
six-span greenhouse and pressure distribution in the numerical domain via contours for the 5.1m high
windbreak case.

4. CONCLUSIONS

A 38% porous windbreak was analyzed as a protective means for a gothic-type six-span
greenhouse covered by impermeable plastic film. Different windbreak heights were investigated for
the optimal windbreak configuration to be defined. The distance of the windbreak from the
greenhouse and the agricultural plastic net simulated as the porous cladding material of the
windbreak were determined in a previous research work in order to maximize the reduction of the
windward greenhouse wall wind loads. Average pressure coefficients calculated on the windward
wall and the protective windbreak were also taken under consideration.

The results of the present analysis showed that the most efficient wind break was the one with
height equal to the mid-roof height. Such a windbreak comprises a very good and efficient means of
protection especially for the ridge areas in all spans (locations B1, C1, B2, C2, B3, C3 in Table 1),
while avoiding increased wind loading on the windward wall, the windbreak itself and the windward
area of the first span of the roof (location Al in Table 1). The proposed configuration would allow
for an optimized windbreak structure that offers significant protection against severe wind loads on
the gothic-type greenhouse roof.
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IKANOTHTA ANAAHYHX OOPTION OYAAQN KAAYYHXE
OEPMOKHIIIOY YIIO THN APAXH TOY ANEMOY

I'. Aovyka, A. Mrtpracoving
I'eownoviko IMov/po Abnvav, Tugua AGTI-I'M,Iepd Od6¢ 75,11855,A0Mva,e-mail: gdougka@aua.gr

IHEPIAHYH

H ¢épovoa wavotnto eOAAov KGAvyng Oeppoknmiov vwod v dpacmn Tov aVEUOL JlepELVATL
OVOALTIKA Y10 TNV TEPITT®ON TVTIKOV Beppoknmiov yotOucoh tomov. To UALO TPOGOUOLOVETAL MG
peuppdvn pe v péBodo TV TEMEPACUEVOV GTOLXEIMV Kol Ol OvEPOTIEGELS VToAoYilovTal pe Paon
11§ dtdéelg Tov Evpokddika 1. Ta apiBuntikd anoteAéopota deiyvovv 6ti, kabdg avEdveton M
mleon TOL AVEHOL, M KVPLOL EPEAKVOTIKY TACT oty UepPpdvn vaepPaivel v tdorn doppong Tov
vAkov. Katd cvvéneia, 10 @OALO yAvel TNV apytkn TOL TPOEVTOCT KOl TV EANCTIKOTNTO TOV MG
VAKO KaAvymc. Avdloya pe v évtaom Tng avepomieong kot tov Pabud moAoimong Tov LAKOD,
umopel va eméABel ko n TANPNG actoyio Tov @UAAoV. H avdivon vrédeiEe OtL M actoyio ™G
peuppdvng opsideton oe avemapk oTPIEN TV EOAA®V oTov Pépovta opyavicud. H coumepipopd
aLTH ETOANOVETOL OO TPOYLOTIKY TEPITTMOOT 0oTOYI0S TOV PVAA®VY 1010V TOTTOL BepLoKnTiOV.

Aéeis khAerora: Oeppoknmo yothikov tHmov, dpdon avépov, Asttovpyio pepPpavng, actoyio @OAA®V
KdAvyng Beppoknmiov, cOoTNHA 6THPIENG POAA®Y KAALYMG

LOAD CARRYING CAPACITY OF GREENHOUSE COVERING
FILMS UNDER WIND ACTION

G. Dougka, D. Briassoulis
Agricultural University of Athens,Department NRM & Ag.Eng.,IeraOdos 75,11855,Athens,e-mail:
gdougka@aua.gr

ABSTRACT

The load carrying capacity of greenhouse films under wind action is investigated numerically for the
case of a typical gothic type greenhouse.The film is simulated as a membrane by the Finite Elements
Method (FEM). The design wind pressures are calculated based on the provisions of Eurocode 1. The
boundary conditions correspond to the real conditions of the structure. The numerical analysis results
show that, as the wind pressure increases, the developed principal tensile stress in the film exceeds
the material stress at yield. Consequently, the film loses its prestress state and its proper elastic
behaviour as covering material. Depending on the final wind pressure intensity and the degradation
condition of the film, failure may occur. The analysis reveals that the failure of the film is due to
insufficient supporting system of the films on the steel structure. This behaviour is verified by a real
greenhouse film failure case.

Keywords: Gothic type greenhouse, wind action, membrane behaviour, greenhouse film failure,
covering supporting system
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1. INTRODUCTION

Over the last decades, greenhouses have dominated the horticultural sector offering a variety of
solutions for the massive intensive production of high-quality horticultural and ornamental products.
It is notable that in January 2019, the estimated total protected agricultural area was 5,630,000 ha
(including greenhouses, low tunnels, net-houses), whereas the world greenhouse area for vegetables
production, including only the permanent greenhouse structures, was estimated at 500,000 ha'. In
Europe, the greenhouse crop production covers an estimated area of 138.000 ha spread throughout
Europe, of which the largest part 102.500 ha is concentrated in the South Europe countries: Spain
45,200 ha; Italy 38,910 ha; France 11,190 ha; Greece 4,700 ha; Portugal 2,490 ha (Data of 2013,
source: Eurostat, 2019). According to RaboResearch Food & Agribusiness (2018), the corresponding
estimated greenhouse area for Turkey in 2017 was 41,400 ha. Although, the advances in greenhouse
technology and materials, plant sciences and biotechnology regarding the plant nutrition
management, the use of high-yielding hybrids and cultivars, the integrated pest management, the
climate control, the soil solarization and other technologies have boosted the greenhouse production
in many countries (e.g. Spain, Israel, Turkey), the greenhouse crop production in Greece remains at
relatively low levels, dominated by low-tech plastic-covered greenhouses. Recently a few cases of
exceptional examples refer to the successful operation of high-tech large greenhouse installations.

The type of cultivation, the climatic conditions of the area, the duration of the growing season, the
available investment funds and the cost of the proposed solutions, as well as the knowledge level of
the producer are among the principal parameters for the selection of the appropriate greenhouse type
and equipment and cultivation practices. Different types of greenhouses have been developed with
various technical characteristics offering solutions at analogous cost. The basic distinction of the
commercial standardised greenhouse structures is between a semi-circular (arched) roof and a roof
consisting of two inclined planes forming a duopitch roof. A newly improved version of the arched
greenhouses, that is very common in Mediterranean countries, is the gothic-type greenhouse offering
the additional advantage of better drainage and larger space. The function of the main steel structural
system of the standardised greenhouses is to transfer safely the calculated combinations of the design
loads imposed on the covering material due to the external variable actions (snow, wind, hail etc),
and the permanent design loads (e.g. installed equipment for cooling, irrigation etc) and the load due
to hanging crops (e.g. tomatoes), to the foundation. The mechanical and physical properties of the
covering materials are, therefore, very important not only regarding their effect on the microclimate
of the cultivations, but also for offering protection to the cultivation, the equipment and the workers
through their load carrying function or for the structural behaviour and the safety of the whole
installation through their function as a part of the loading transfer mechanism to the structure.

In southern European countries, plastic covering materials and mainly Low-Density Polyethylene
(LDPE) based multilayer films are predominately used due to their relatively low cost, large width
(e.g. 12m) and flexibility for any roof shape, excellent mechanical and physical properties and easy
installation and adjustment to the steel structure (Briassoulis et al.,1997a). However, the strong UV
solar radiation in the Mediterranean region dramatically reduces the lifetime of the film, depending
on the stabilisation schemes, use of agrochemicals etc. Exposure of the plastic film to UV radiation
results in gradual degradation of its material mechanical properties (Briassoulis et al, 2004; Ojeda,

! Based on newly released official government statistics and revisions, recent peer-reviewed scientific research papers
and updates to known growers with contact information found in https://www.hortidaily.com/article/9057219/world-
greenhouse-vegetable-statistics-updated-for-2019/
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2011). After a period of approximately 3 years a typical greenhouse film becomes brittle and failure
occurs for stresses almost equal to the material yield stress (Greenfilm Project Deliverables, 2014).
There has been an extended research carried out over the years on the determination of the
appropriate test methods for thin plastic films (Briassoulis et al., 1997b) and on the improvement of
their mechanical properties with the use of multilayer structures, additives and UV stabilizers (Dilara
et al, 2000; Liu et al., 2005, Lopez-Vilanova, 2013, Briassoulis et al., 2018). The relevant European
Standard EN 13206 (CEN, 2017) provides data for the testing procedure on the degradation of the
plastic film through artificial accelerated ageing test.

Apart from the photo-degradation, a premature failure of the film may be observed, even in cases
of completely new greenhouse structures. In these cases, failure is usually attributed to extreme
weather conditions or the combination of weather actions and the use of S or Cl based agrochemicals
(Briassoulis, 2004; Briassoulis et al., 2018). However, the cause of failure in several cases may be
related to the inadequate structural design of the greenhouse structure. Standardized greenhouses in
the EU should be designed according to the Eurocodes and the European standard for greenhouses
EN-13031-1 (CEN, 2001), which refers directly to Eurocode 1 (CEN, 2005) with complementary
provisions regarding the actions and load combinations, while Eurocode 3 (CEN, 2005) is applied for
the structural design of the main steel structures. In contrast to glass panels, there are no provisions in
EN-13031-1 (CEN, 2001) concerning the design criteria for plastic film coverings of greenhouses.

In the present study, the load carrying capacity of greenhouse films installed in typical gothic type
greenhouses under wind loading is investigated. FEM models were developed to simulate the film
behaviour, acting as a pretensioned membrane. The results revealed the possible causes of premature
failures of greenhouse films experienced under wind loading in real cases. A deficiency is detected in
the normative framework and in literature in considering the film as an integral part of the
greenhouse structural system design through the load transfer mechanism. As a result, the supporting
systems of the covering films, designed empirically, are proven to be insufficient to ensure the safety
of the crop and the reliable transfer of the loads to the structural system. The case of a real gothic
type greenhouse, where a premature failure of the film due to severe wind action was reported, is
briefly presented as a field verification case of the numerical analysis results.

2. MATERIALS AND METHODS
2.1 Greenhouse structural system and covering

The study refers to a typical multi-span gothic type greenhouse commonly used in Greece and
other countries. The supporting structural frame consists of galvanized steel profiles with hollow
sections joined together with hinged connections. The frame analysed has 6, 8.00 m spans with
height 4.0 m at the gutter and 6.2 m at the ridge (Figure 8). In the longitudinal direction the frames
are 2.5 m apart connected through horizontal beams for a total length equal to 25 m. The beams
include the gutters, made of galvanised steel U-type section beams and the purlins on the roof made
of steel circular hollow sections. The girts on the side walls are secondary beams of smaller cross —
sections, providing support to the side windows and the covering films. Windows are also installed
on the ridge at each side of the roof symmetrically, with arc length 1.7 m.

The structure is covered with 200 um thick LDPE-based multilayer film. The installation of the
greenhouse film on the roof is a quite demanding procedure as it requires appropriate weather
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conditions and technical knowledge of the staff. Due to their small thickness the films have high
flexibility behaving as membranes, particularly susceptible to various actions (e.g. temperature, wind
actions, etc). The common practice to increase their stiffness is pre-tensioning in the longitudinal
direction during their installation. This limits the excessive deformation of the film and protects it
from premature failure. The pre-tensioning is applied following an empirical process, by imposing a
horizontal displacement, usually 2 cm/m.

i
™

~F

| 8.0m L 3.0r Orr 8.0 | 8.0 I 3.0rr

Figure 3 Gothic type greenhouse structure in transverse direction

The tightened films are then fixed on the roof at the two end arches and in the horizontal direction
along the gutter and the purlin next to the window opening, with the use of plastic clamps or
aluminium channels. In this way, the film is connected to the steel structure only around its perimeter
and the rest of its surface is free to displace under the imposed actions. Pressures due to vertical
actions (self-weight, snow load etc.) are transferred directly from the film to its supports and to the
arches of the main steel structure resisting the film displacement. On the opposite, the film behaves
as a balloon under a suction applied on the roof by negative wind pressures, as it deforms away from
the arches of the roof. The load in this case is transferred to the supports around the film perimeter by
membrane action.

This supporting system of greenhouse films represents a common practice widely used with
standardized Gothic type greenhouses. Other supporting system of greenhouse films, applied by local
manufactures in Greece, include also intermediate supports.

2.2 Numerical simulation of the greenhouse film

Two models of greenhouse films were developed to study their structural behaviour under suction
due to negative wind pressure through numerical simulations. The two models simulate the film on
the windward side of the roof of the described multi-span gothic greenhouse, where the highest
external negative pressure coefficients cpe, develop as shown by Giannoulis et al. (2019). The first
model simulates the film covering the large constant part of roof, with arc length equal to 3.1m, and
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the second one the film covering the roof window, with arc length equal to 1.7m, as shown in

end arc
4

front arc

Constant part of
Wind direction the film

Figure 9.

FEM calculations were performed with the software code ANSYS Mechanical v.18. The
numerical models were generated by appropriate triangular shell elements, allowing for a simple and
efficient simulation of the thin film membrane behaviour. By imposing symmetry conditions, the
half-length of each examined part was modelled (Z@dipa! To apygio mpoéievong TS avagopag
dev Ppédnke.). Appropriate boundary conditions were imposed along the sides where the film is
fixed on the steel structure: a continuous hinge support along the supporting steel members of the
film perimeter to prevent the displacements and allow for the free rotation of the film, while the rest
of the film was unsupported and free to deflect. Several analyses with different mesh sizes were
carried out to define the optimal mesh size in terms of accuracy and computational time
requirements. Nonlinear analysis for large displacements was performed to account for the geometric
non-linear behaviour of the film (change in stiffness with film deflection).

The material was considered to remain elastic since the purpose of the performed analyses was to
investigate whether the developed stresses in the film remain in the elastic region under the deign
wind action. Assuming average isotropic properties, the material properties were obtained from the
experimental and analytical research of Briassoulis et al. (2003): modulus of elasticity £ = 106 MPa,
stress at yield oy = 7.98 MPa, Poisson ratio v = 0.4.

end arc

Constant part of front arc
Wind direction the film
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Figure 4 Schematic 3D presentation of the modelled crucial windward side of the gothic roof

2.3 Loading conditions

Aimed to investigate the behaviour of the film-membrane under the design wind action, no other
load actions were considered in the analyses. The loading was applied in steps: first was imposed the
pre-tension loading and in a second step the wind loading, calculated based on the analyses of
Giannoulis et al. (2019) and the relevant clauses of Eurocode EN1994 — 1-1 (CEN, 2005). The self-
weight of the film was neglected.

In order to obtain the pre-strained condition of the film and use it as an initial state of stress, a
separate analysis was performed. In this calculation, the pre-tensioning of the film was applied
exactly as it takes place in situ during the film installation, through a horizontal displacement
imposed in the longitudinal direction by the installation technicians. The model used was slightly
modified in the boundary conditions, since in this step, the film was only fixed at the front arc and
not along the longitudinal sides. The deformed shape of the model in Xodipa! To apyeio
npoéhevong TG avapopds oev Ppédnke. shows that the film is stretched in the longitudinal
direction while in the transverse there is a slight decrease along the arc’s length due to Poisson’s
ratio. During the installation process, in the longitudinal direction the film was fixed at the end arc to
retain it at this stretched state in order to achieve the pre-strained condition. In the transverse
direction, to the contrary, the film was set back to the initial geometric position corresponding to the
horizontal steel member supports without pretension.

The strains obtained through the pre-tensioning step were inserted as imposed loads to the model
of the film, described in Section 2.2. The wind pressure was then applied incrementally as a uniform
negative pressure acting on the total surface of the film. The peak wind velocity pressure was
calculated based on the relevant provisions of EN 1991-1-4 (CEN, 2005a). Since the greenhouse was
assumed to be in the coastal area of Greece, the fundamental value of the basic wind velocity used
was Vp o = 33 m/s, while for the terrain category, the most common zone Il with zmi, =2 m and z, =
0.05 m, was chosen. Additionally, the probability factor for the minimum reference period of 15
years was calculated as cprop = 0.93 to account for the probability for an annual exceedance of p =
0.07 according to EN13031 (CEN, 2001). The 10-minute mean wind velocity was then calculated as
Vp = 30,69 m/s by multiplying the basic wind velocity only by the probability factor (considering that
the directional and season factors Cgir = Cseason=1). Subsequently, the mean wind velocity was
calculated as vimz) = 27 m/s for a reference height equal to ze = (4 + 6.2)/2=5.1>0.75 * 6.2 = 4.65
m according to EN13031 (CEN, 2001) provisions and the terrain roughness and orography factors
according to EN 1991-1-4 (CEN, 2005a), as cy; = 0.88 (terrain category Il) and cCo; =1.0
respectively. The peak velocity pressure was calculated as a function of the mean wind velocity and
the turbulence intensity Iy = 1/In(z/z,) =0.216 equal to g = 1.14 kN/m? (1140 Pa). Therefore,
according to EN 1991-1-4 (CEN, 2005a) the net value of wind pressures is the peak pressure g ),
multiplied by the difference between the corresponding external (cpe) and internal pressure (Cpi)
coefficients, whereas the design value is 1.368 kN/m? (1368 Pa) accounting for the partial factor Yo1
= 1.2 for Greece. EN13031 (CEN, 2001) provides tables with the values of the pressure coefficients
based on the type of the greenhouse structure (flat, duopitch, arched), the number of spans (single or
multi-span) and its dimensions (spans, height of the ridge — gutter etc.). However, it is notable that in
the standard there is no provision for the values of the ce - Cpi pressure coefficients for gothic type
greenhouses.
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b) deformation in transverse direction
Figure 5 FEM model of partl under initial pretention

For the purpose of the present analysis, the imposed wind pressures were calculated using the Cpe
coefficients derived from the numerical (CFD) investigation of Giannoulis et al. (2019). According
to this work, the windward side of the roof of the first span of the multi-span greenhouse structure
was shown to be the most crucial one in terms of the calculated external wind pressure coefficients
Cpe. By calculating the average of the cpe values along the windward side of this area, the pressure
coefficient cye 0N the constant part of the roof was assumed to be equal to 0.75, whereas the pressure
coefficient c,e on the window was calculated to be double, equal to 1.47, both causing suction of the
film. The corresponding design values of the negative wind pressures that were considered in the
analyses were therefore 0.75*1.368 = 1.026 kN/m? and 1.47*1.368= 2.01 kN/m?. It should be noted
that the above values were estimated for external pressures considering that the windows to be closed
under strong wind action according to the relevant EN 1991-1-4 (CEN, 2005a).

2.3 A case under real field conditions

A real case of a gothic greenhouse with similar film covering installation, where a premature
failure of the film occurred under wind action, is briefly presented and compared against the
numerical results. The 2-span gothic greenhouse structure in the area of Central Greece, with a
covered area of 16 x 62.5 m?, is used for hydroponics cultivation of lettuce. The structure has a
similar geometry to the one analyzed numerically with a window at the one side of its roof.

4. RESULTS

The numerical results of the two examined models of the film showed that, under the
corresponding wind suction loading, the stresses that are developed in the film membrane reach yield
stress (7.98 MPa) before the maximum wind pressures are reached. This means that yielding and
plastic deformation of the material takes place for wind pressure values lower than the calculated
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design wind pressures. Under the specific supporting and loading conditions, the film may lose its
ability to protect the cultivation and transfer safely the load to the main frame. The film material is
characterised by large ductility and strain hardening due to its capacity to deform plastically after
yield with elongation at break values &y, in the range of 600-700% (Briassoulis et al., 2003). This
means that even after yielding, the material will continue to deform plastically for higher values of
the imposed load until failure. However, this behavior does not account for possible photo-
degradation of the material due to UV radiation which results in the decrease of the ultimate strength
of the material, approaching asymptotically the yield stress value (Briassoulis, 2005). For these
reasons the numerical analyses were performed assuming elastic material behaviour and setting the
yield stress as the criterion of film failure.

Yoaina! To apycio Tpoélevong g avagopds dev Ppédnke. presents the FE analysis results at
yield stress. The wind pressure that causes a uniform yield of the film at the constant partl of the
roof was estimated to be approximately equal to 0.585 kN/m?, about 1,75 times lower than the design
wind pressure of 1.026 kN/m? calculated based on the CFD analyses of (Giannoulis et al., 2019) and
EN 1991-1-4 (CEN, 2005a) and EN-13031-1 (CEN, 2001). The maximum deflection of the surface,
occurs, as expected, in the middle of the surface and is about 291 mm (Xedipa! To apycio
nposievong TS ava@opdc dev Bpédnke.a). This deflection is relatively low compared to the acting
load and the total length of the examined part of the roof (25m), which is the result of the pretension
that was imposed as the initial state of the film installation and the large displacement nonlinear
effects considered in the analysis. The corresponding maximum wind pressure value resulting in
yield of the film for the second model part2 on the window is 1.01 kN/m?, that is two times lower
than the design pressure of 2.01 kN/m?, and in film deflection of 191.6 mm (Zedipa! To apysio
TPOELEVONG TIG OVOLQPOPaS OV PpéOnke.D).

Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

290,97 Max
256,64
226,31
193,98
161,65
129,32
96,989
64,659

32,33

0 Min

a) Deformed film model of partl
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b) Deformed film model of part2

Figure 6 Maximum deformation of the film FE models at yield stress

The behavior of the films predicted by the numerical analysis, was verified with a relative
experience witnessed by a producer in the area of Central Greece. Figure 12 gives representative
photos of the structure, where it is observed that the covering film is fixed only around its perimeter
at the ridge, the window horizontal beam-purlin and the gutter.

The greenhouse was constructed in August 2018 and after its continuous operation for about 5
months, a failure occurred at the film cover under a severe windstorm in January 2019. According to
the producer, the wind caused suction at the film, which started to tear at the window area
approximately at the middle length of the structure. For the replacement of the damaged part of the
film, the producer encountered many difficulties and a long delay in the production, as the proper
film pre-tensioning and installation required specific weather conditions: maximum wind force lower
than 2 Beauport and a sunny winter day. In the meantime, the crop was destroyed completely. The
same incident with film failure was repeated three months later, in April 2019.
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Figure 7 Representative photos of the gothic greenhouse structure in Central Greece

5. CONCLUSIONS

Numerical FEM analyses were used to investigate the structural behavior and failure of
greenhouse films under negative wind pressures in the case of a standardized gothic type greenhouse.
The models of the films simulated a common practice of the greenhouse films installation that
requires the films be pre-tensioned in the longitudinal direction and supported on the steel structure
only along their perimeter.

The load carrying capacity of the films and the load transfer mechanism from the films to the
supports of the main frame were examined thoroughly. It was shown that maximum tensile stress
developing in the inflated film under negative wind pressures reaches the stress at yield value of the
material under wind pressures much lower that the design wind pressures calculated according to EN
1991-1-4 (CEN, 2005a) and EN13031 (CEN, 2001). The film was shown to suffer plastic
deformation that eventually, depending on the wind intensity, may lead to failure. The results
obtained numerically were verified by a real case of a gothic type greenhouse in central Greece,
where a premature failure of the film was observed due to severe windstorm. The numerical results
indicated that the failure of the film in the real case occurred due to the lack of a properly designed
supporting system, able to transfer safely the loads from the film to the structural system and thus
protecting the crop.

Apart from supporting the films only along their perimeter, several other supporting systems of
the films are also used by local manufactures. These solutions use additional intermediate supports in
various locations of the roof of the greenhouse. The intermediate supports differ from one
manufacturer to another as they are based on empirical considerations rather than on structural
analysis and design considerations. Consequently, these structures are either under-designed
experiencing premature failure of the films or overdesigned, complicated, and expensive structures.

The main cause of the failure of the film under negative wind pressures in the case analyzed, as
well as in the real case, is attributed to the lack of relevant provisions in the normative framework
and scientific methodologies in literature regarding the design of the films supporting systems. The
optimal design of the films supporting systems through numerical methods taking into account the
film material characteristics and the membrane load transfer mechanisms to the structural frame is
the subject of on-going investigation.
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EITIAPAXH THX ®@EPMANZHX ME YIIEPY®PH AKTINOBOAIA (IR)
XTHN ANAIITYZEH KAI TTAPAT'QI'H ®YTON MEAITZANAX KAI
2XTHN ENEPI'EIAKH AIIOAOTIKOTHTA TOY @EPMOKHIIIOY

A. Kavyé' & 1. Avkookodonc’
Movemotipo Hotpdv, Tuipo Teonovioe, TK 26504, Tatpa, e-mail: akavga@upatras.gr
avemorfiuo Mehomovviioov, Tppa leomoviae, TK 24100, Kalapdro

INEPIAHYH

O oxomog TG mMaPovoOS epyaciog eivatl va dlepeLVNCEL TNV EMOpAOT NG LIEPLOPNG aKTIVOPOAiG
(IR) otic mapoapétpovs avantuéng kot Topaymyng eutov peatldvag (Solanum melongena L.) kot
TNV EVEPYELOKY] amodoTIiKOTNTA Tov Ogppoknmiov. Ilepapatikd amotedécpato mapovostalovior and
Qe TP KOAMEPYNTIKY TEPIOd0 HEGO o€ OV0 TAVOUOLOTLTTA TEWPOUATIKE OEpUOKATIOL UIKPNG
KMpokog, pe ovotnuo vrépuvbpng 0épuovoncg kot Oeppov aépa e£ovayKOGHEVNG CLVOYMYNG
avtiototyo. [Tapovoidletol o oyedacuds, N EvePYELOKT] amdOO0GT KAl 1) AVATTVEN TV PLTAOV GTO dVO
Bepuoxnmia. Ta utd o010 Beppoknmio pe v vVEEpLOpN BEpuavon €dmoav onuUavTiKd VYNAOTEP
TOPOYOYN CLYKPLTIKA pe avtd oto Oepuoknmio pe v cvpfotikn Béppavon. Amd tn dtokdpoveon
TV Bepurokpacidv Twv 600 Beppoknmiov tpoékvye 0Tl To Beproknmo pe v vépvpn BEpuravon
napovciole opodn Kotavoun Bepuokpaciog 6tov UTIKO BOA0, evd 1 BEpLOKPAGIN GTOV ECMTEPIKO
aépa frav pucpdtepn 2-3 °Coe oyéon pe TV Oepokpacio. TV GLTMOV, UE CNUAVTIKY peioon Tov
EVEPYELOKDV OMMAELOV GCOUPOVO, LLE TIG apyEG TNS BEppavong pe vépudpn aktivofoiia.

AéCeig kherdia: Beppoknmio, 0épuavon Beppoknmiov, vrépudpn axtivoPforia, deikteg avamTLENG

EFFECT OF INFRARED RADIATION (IR) ON GROWTH
PARAMETERS OF EGGPLANT CULTIVATION AND GREENHOUSE
ENERGY EFFICIENCY

A.Kavga' and I. Lycoskoufis?
YUniversity of Patras, Department of Agricultural Science, 26504, Patra, e-mail: akavga@upatras.gr
2University of the Peloponnese,Department of Agriculture, 24100, Kalamata

ABSTRACT

The objective of this research is to investigate the effect of infrared radiation (IR) on the growth and
production parameters of eggplant (Solanum melongena L.) and the greenhouse energy
efficiency.Extensive experimental results are presented from a full cultivation period inside two
identical, small scale experimental greenhouses, with IR and forced air heating system,
correspondingly. The design, energy performance and plant growth results from the two greenhouses
are presented.Infrared-heated greenhouse plants yielded significantly higher yields than air-heated
greenhouse. Comparison of the temperatures of the two greenhouses showed that the infrared heating
greenhouse had a smooth temperature distribution in the plant canopy while the indoor air
temperature was lower2-3 °C than the temperature of the plant, with significant reduction of energy
lossesin accordance with infrared radiation operation principles.

Keywords: greenhouse, heating system, infrared heating, production parameters
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1.LEIZAT'QIr'H

Ta Beppoknmo amoTeEAOVV HOVAOEG EVTIOTIKNG KOAMEPYELNG Yo QypOTIKG mpoidvta, TO omoia
yperalovtarl BEATIOTO GLVOLAGUO TAPOUYOVTIWV UIKPOKAMUATOG Kol O10d1KaGI®DV, OT®S 0 POTICUOC, M
0¢puavon, n yoén kot o e€aepiopoc, ONUIOVPYOVTOS Eva. EAeYXOUEVO TTEPIPAALOV TO omoio emnpedalet
ONUAVTIKA TOV ¥POVO KOAAEPYELNS, TNV TOLOTNTO KOL TV TOGOTNTO TOV TPOTOVIWV, LE OTOTELECLLOL
TN GLVOMKN VYNAOTEPT TapaymyikdTTa Tmv Kollepyoduevoy eutomv (Kaushik and Chel, 2011,
Vox et al., 2010, Giacomelli et al., 2012, Vadiee and Martin, 2014). Z11g necoyelokég YDOPES, OOV 1M
nMoxn oktvoPoAio eivar oV apKeTN Yo Vo KOAOWEL TIG (QOTOGUVOETIKES OVAYKEG TV
TEPLOCOTEP®V BEPLOKNTAKDOV KOAALEPYELDV KoL OEV OMOLTEITOL TEXVNTOS POTIGUOG, 1| BEPLOVOT TOV
Bepuoxmmiov amotedel amd dmoyn KOGTOLE, TV TO OTALTNTIKY] AETOVPYio KATA TN SLAPKELD TOV
YEWEPIVDV TEPLOOMV, €MMPEAlovVTOC onuavIikd to koctog mopaywyng (De Pascale and Maggio,
2004). To ocvpPatikd cvotiuata 0épuavong Beppoknmiov Pacilovior gite onv KLKAOEOPio. TOV
{eotov vepoh HEC® GLOTNUOTOC COANVOGE®V gite otnv ypnon Bepuod oépo eEavaykacpévng
ovvayoyng (Teitel et al., 1999, Perdigones et al., 2006). O oyediooudc Kot 0 AELITOVPYIKOG GTOYOG
TOV GUUPATIKOV GLGTNUATOV gival 1 datpnon g Beppokpaciag Tov aépa tov Beppoknmiov ot
Bepuoxpacio mov eivor 1 BéATioT Yoo ™V avdrTuén towv eutdv. ‘Etol, ol mapoamdve pédodot,
TPOKEWEVOD Vo emTevyOel 1 amatodpevn Beppokpascio TV ELTOV, TPEneL va Beppaivovy Tov aépa
tov Beppoknmiov oy B N aKOUN Kol 6E EAAPPOS VYNAOTEPN Bepokpacio amd TV TN TOL
npoopiletar mg emBuunTy Yo To LTA. AVTN 1 TPAKTIKY EYXEL WG ATOTELECUA OVENUEVEG OTMAELES
BepuomTog AOY® SLVOY®YNG Kot akTvoBoAiag Tov KOAOUUOTOS Kot AOY®D TV dtopuydv Beppol
aépa HEC® TOV avolyudtov Tpog 1o e£mTepkd mePPAALOV, TOL TPOKOAOVVTOL Omd TIG
AVATOPEVKTES KOTAGKEVAOTIKEG OTEAELES TNG OOUNG TOL Beppoknmiov.

Mo evodiaxtikny péBodog Bépuavong tov eutdv oto Beppoknmio givar M ypnon vaépuOpng
axtwvoBoMag (IR) youning évraonc. To kOpro mAeovéktmua g Oéppavong IR eivor n dueon
amdooon BepudTTag amd TV TNYN EVEPYEWS GTOV QUTIKO BOA0 (O€kTnC), eEodeipovTag €161 TV
avaykn va avénbel n ecwtepikn Bepuokpacio Tov 0Epa Yo Vo AmodMCEL TV amapaitntn Oeppotmra
HEG® GLVOYWOYNG. ¢ OMOTEAEGHA, TO KOAVULO TOV BEPUOKNTIOV KOl 0 €6MTEPIKOG OEPAG LUTOPOLV
Vo TAPOAUEIVOVUY GE CNUAVTIKA YopUNAOTEPES Oepokpacieg amd TNV evOoglkvuOuEVT Beprokpacio yio
T QUTA, LLE TOVTOYPOVT LEIMON TOV EVEPYELNKADV ATMAEIDV £m¢ kot S0%. Ta cvompota 6Eppaveng
IR pumopodv va dtatnpodv amoteAecpatikd guvoikéc meptParliovtikés cuvOnKeg otov eLTIKO BOAO
(LporAipa), ot 0moieg TPOAYOLV TNV OUOLOHOPPY], TOGOTIKY KOl TOLOTIKY| OVATTVEN TOV GUTOV Kot
KOToTEAAOVY TOVG €xBpovg ko Tic acBéveleg tov eutdv. EmmAéov, 0tav o @utikdg 00Aog
dwtnpettar o vynAdTEPN Beppokpacio and Tov aépa Tov Beppoknmiov, N MOAVOTNTO CLUTHKVOCNG
vypooiag oty em@dvelo Tov ELTOV pewwvetol dpoaotikd (Teitel et al., 2000). H epappoyn g
0épupavong IR og mepapoticd Kot moapaywykd Beppoknmio £xet deilet e£okovounon evépyelag Katd
40-50% ko1 cuvéBale ot Pertioon g motdtTog Tov Tpoidvtog (Kavga et al, 2009, 2012, 2015,
2018, Brodie et al, 2012). Ta cvomuata 8épuavong IR npénel va avtiotadpilovv pdvo Tig ammAELEg
BepuoTTOg TOL ELTIKOL OOAOV, pHE EAYIOTEG OMOITACELS YL LTOCTNPIKTIKA Kot Pondntikd
ocvotuato (AEPNTEC, KLKAOQOPNTES, COANVAOGCEIS BEpUavoNG, OVEUOTAPEG KAT.) Kol ETOUEVAG,
UTOpOovV VO VTOTOKPIVOVTOL TOAD YPNYopa OTIS OAAAYEG NG eEmTepknG Beppokpaciag. Av kot M
EVEPYELOKT] OmAS00T TapEXEL TO KOHPLO KivnTpo yuo tnv vioBétnon g Bépuavons pe vrépudpn
axtivoBoMa, To cvotHuoTo LEEPLVOPNC BEpUAVONG HITOPOVV OMOTEAEGUOTIKA VO, Sl0TnPGOVV
€VVOTKEC TEPIPOALOVTIKEG CLVOTKEG GTOV PLTIKO BOAO.

210Y0G TG TOPOVcOS HEAETNG elval va emaAnBevoetl Ko va amodei&el ta opéAn g 0éppavong IR og
KaAlepyovpeva @utd peatldvag. Emumiéov, v ovykpitikn aglohdynon dvo Oepuoknmiov pe
ovuPatikn kot veEpLOPT BEPUAVOT VIO TOVTOCTUEG KOPIKEG GLVONKES Kot TNV EMIOPACT TOLG GTNV
TAPOYOYIKOTNTO TOV KAAMEPYOVUEVOV QUTGHV.
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2. YAIKA KAI ME®OAOI

Xpnowonombnkay 300 TOVOUOIOTLTTO TEPAUATIKE OepUOKNTIO. (KPS KAMUOKOG, ®G TESi0
O0KIUNG TOV dVO emAOYDV Bépuavong mov egetdonkay, n 0épuavon pe Bepuod aépa (cvpuPatikn
0épuavon) ko 1 B€ppavon pe vaépudpn aktvofolria. Avo evarliakTikd cuothpata BEppoveng nTav
owBéoua: (1) po povédda Beprod aépa eovaykaouévng cuvoymynsg pe ovo emineda 1oyvog (1 ko 2
KW) pe éva pkpod avepuotipa mov tpombovce v avauén aépa kot (2) éva cvotnuo vaépvdpng
0¢épuavonc IR mov amotedeital and t€66epIc AAUTTNPES LE avakAaoTNPEeS BoABDV (Xvvoikn 1oyvg 1
KW, yovia déoung 50 °) tomofetnuévn otig yovieg tov Oeppoknmiov ko pia oviymon 1 m nave ord
ta euta (ewc. 1). Ko ta 000 Beppoxnmia eivor kataokevaopéva omd TAoc1o oAovUViov, LE VAIKO
KdAvyMG varorivakeg mtayovs 3mm. ‘Exovv tov id1o mpocavatoiioud kot fpickoviav 6to 1010 medio
LE EMOPKN OMOGTOCT HETOED TOVG Yo Vo amo@evyovy apotpaieg mapepPoréc. Ot dlooTdoelg Tovg
elvan mAdtog 2,13 ., unkog 2,00 w., vYyog vopoppong 1,00 p. ko cuvolikd Hyog kopveng 1,50 . H
emdaveln Paong kdbe OBepuoxnmiov Ap eivon ion pe 4.26 m?, N EMEAVEID KOAOUUOTOS TOL
Beppoxnmiov eivar Ac = 14.05 m? kot 0 oykog Tov Beppoknmiov givon V = 5.33 m®.

Ewovo 1. Ta meipouotine Ospupornmio, eEomliouévo, pe ovotnuo vrepvlpn Gépuovens (opiotepa) kot
ovuPartiknc Oépuavens (deéia) avriororya.

Ol TOPAUETPOL TOV ECOTEPIKOL UIKPOKAILOTOC TOV TTopokoAovBovvTon Kot oto dvo Beppoknmio
elvar n Ogpuokpacio eomtepikond mepiPdAiovioc T, kot 1 Oeppokpacioc koaAdppoatog Tg, ot
Bepuoxpacieg uTOV oe dapopeg BEcELg oTOV PLTIKO BOAO, KAOMDG Kot 1] GYETIKN VYPUGIN Kol O1 POEG
axtivoPforiog (etoepydpevn NAoKY akTvoBoAia Kot pOTOCLVOETIKY EVEPYN aKTIVOBOALD ).

Ot e€mtepikég ouvOnkeg mepfailovtoc, dmmwg 1 Beppokpacio, N TOYLTNTA TOV OVELOV, 1 GXETIKN
vypacio, 1 Oepprokpacio TOL oVPAVOL Kot TO Emimedo Ppoyng, mapakolovBodviar ce Vyog 2,50m
v omd To EMIMEOO TOV EGAPOVES, GE AVTOUATO HETEMPOAOYIKO GTOOO KOVTA 0T OgpoKknmio.

INa (3) uveg mepiodo Asttovpyiog (Mdaptiog-Mdaiog) kot yio ta 300 Beppoknmio KoToypdenKoy
oMo ta dedopéva oe Data logger (CR1000) pe pio povado morlvmieéiag (relay analogue multiplexer).
Emedn ot Tyég autdv tov Topapétpeov  aAAALovv e ToV (poOvo, To OEO0UEVE GOPOVOVTAL KAOE
Aentd, vroroyiCovral ot pésot 0pot kabe 10/Aento kan kataypdpovtar o 24/h Baon otov Datalogger
0V otafpod. Ymoroyilovior ot péceg OAOVOYTIES TIUEG amO TIG OVTIGTOLYES YPOVIKEG aKOAOLOieg
Bac1lopeveg 6to 1ot LETAED TS mOTOUNG aALOYNG TG £VTOoNS TG NAMOKNG akTivoBoAlag Kot
g BepUoKpaGiag TNV OvVaTOAN Kot 6TV 0061 TOL HALOV KABMG KAl TNV OTOKATACTOCT 6TOdEPDOV
ovvOnkoOV evtoc tov Beppoknmiov. To Aoyiopkd Analyzer 4.5 Datalogger ypnoipomomnke yio v
eneEepyacia Kol T GTATIOTIKN AVAALGT TOV OEOOUEVMV.
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Q¢ mepapatiky KoAAEpyela ypnoyoromdnke peatldva. Ta eutd KoAAepyodvionl 610 £50(POC.
e k@B Oeppoknmo eutevrov 16 veapd peltlavag, oynuatilovtog T€66epIc GEPEG TEGCAPWV
QLTOV TO KaBEVA Kot Ol OMOGTAGELS eUTEVOT G NTay 36 cm X 24 cm. (QUTO e PLTO X YPAUU KOTE
YPOUHN).

Xpnowonombnke oot otdyony dpdevong. H mapoyn kdbe otarrdaktn nrav 2lit / h. H doon
apodevong kotd ™ ddpkela Tov mepapatog nTav 3,6 lit ava euto. H Aimavon tov eutdv €ytve pe
voaTodAVTa Mmdopata. Katd m didpketo g KahAépyelag, o kdBe putd yopnynonkav 120 gr N,
280 gr P, 160 gr K, 12 gr Mg xau 18 g Ca. I'la 10 mpdypappa Aimavong, eanednocav vmoyn ta
AMOTEAECLLATO TG OVAALGNG TOV £XAPOVE TPV OO TV €£YKATAGTAOT TOV PLUTOV. To mANpeg Papog
Kol o ENpo Papog kabmG Kot 1 TEPIUETPOG KOl TO HKOG TOV KOAPTAOV UEATLAVOS HeTpriOnKay LeTd
™mv MEN ™S KaAMEpyELog.

H Aertovpyia tov cvotnudtov BEppavong NToV GVTOROTOTONIEVT Kol EAEYYovTaY UE Bdon v
gvdewkvoopevn  Bepuokpocio voytog yw v £ykoipn avamtoén g peltlavoag mov eivon 7p=
16£1°C. To ovotua Béppavong tifeton oe Aettovpyion Otay 1 Bepprokpacio avapopdis mEcEL KAT®
amo 15 °C ko kheiver 0tav Eemepdoet tovg 17 °C.

3. AIIOTEAEXMATA KAI XYZHTHXH

[Topaxdtw mapovctdalovtol TEWPUUNTIKA OTOTEAEGUATE a0 TV TOPAAANAN Agttovpyio TV 600
Oeppoknmiov katd tn owdpkew twv 90 nuepdv ™G KOAMEPYNTIKNG TEPLOdov. Ot KAUATIKES
ocvvOnkeg oty meployn Omov Ppickovion ta Oeppoknma omdvio amaitnoov OEépuavon Kotd ™
duapketa g Nuépag. Emopévamg, n epyacia emkevipdbnke ot voyxtepvn BEppavon, yio v omoia
GUAAEXONKOV ONUOVTIKEG LETPNCELS KO TTOPATNPTCELC.

Amoteléouoto. Oeprokpaciaov

210 owdypappa 1 mapovsialetor n e£EMEN TG vuytepvig Beppokpaciog 6to Beppoknmo pe v
vépuOpn BEppavon tov e€mtepucod mepiPdirovtog (T_out), tov ecotepkod aépa Tov Beppoknmiov
(Ta_IR) xotr g Ogppokpaciog tov @utikod 06Aov (Tp_IR). H Beppoxpacio tov aépa tov
Oepuoknmiov NTOv younAoTeEPN omd TN OBepuokpacio TOV ELTOV, OMNUOVPYOVTAG £V TOTIKO
nepBairov otov LTIKO 0O0A0 (Tomkd KAIUG) COUPOVE PE TIC apyég Aettovpyiog T veépudpng
aktvoPoAiiag.

30

\ !
20 /\_/A\/\/\/\L/\J /\v V\/\/_/,\V/\’ u’\/ AR

Night

Temperature °C

Avdypoppa 1. H petaforn g vuytepwng Oepuokpociog e£mtepikod mepiBAAALOVTOG, £0MTEPIKOD OEPA
Beppoxnmiov Kol TOV GUTOV, 6TO BEPUOKNTIO LE TNV LIEEPLVOPN BEpLLaVEN.
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210 dudypappa 2 mapovotdleton 1 eEEMEN TG Bepprokpaciag 6to BepUoknTo He TV GLUPATIKY
0épuavon tov eEmtepikod mepidrrovtog (T_out), Tov ecmtepikod aépa tov Beppoknmiov (Ta_conv)
kabmg kot n Beppokpacio Tov euTKov B6Lov (Tp_conv). To didypappo deiyver 6TL  Bepuokpocio
Tov 0aépo oto Oeppoknmo pe Tov Bepud ofpa EQVOYKOOUEVIC CLUVOY®YNG MTav 101 M Alyo
VynAOTEPN Ao TN BEPUOKPOGia TOV PLTAOV, SNUIOVPYDOVTOG 1600EPLOKPACIKO TEPPAALOV o€ OO TO
eomTEPIKO TOL Bepuoxmmiov (6AoV KAMp).

30
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Awaypoppa 2. Aakdpoven HESmV voyTepvev Bepprokpacidv eEmtepiicov TEPPAALOVTIOG, E0MTEPIKOD 0épaL
Beppoxnmiov kat uTOV, 6T0 Beppoknmo pe TV cupPatikn BEppavon.
AmoteAéouoto Tapoywyns

210 Sbypoppa 3 mopovctdlovtal amoTEAECUATO TOV APOPOLV TOV 0plOUd TOV TAPUYOUEVOV
Koapmov ova Beppoknmio, 10 cLVOMKO PBapog kot 10 ENpod PAPOg TV TOPUYOUEVOV KOPTOV.
Ewwotepa, 6mwg mapoatnpeital 6to didypappa, To amoteAéopata deiyvouv onUavVTIKy avEnoT g
GUVOAIKYG TTOpOy®YNG Kopm®dv oto Oegppoknmio pe v vaépudpn axtivoPoria (IR) évavtt tov
Beppoknmiov pe v ovpPoatikn BEppoveon

30 29 00,
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Awdypappa 3. Atddoon mapaywyng (kapmoi peatiavag).
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Y10 duwypoappo 4, mopovotdlovior ot HECEG TIHEG TOV OEKTOV avamTTuéng (TOcOTIKA
YOPOUKTNPIOTIKA) TOV TOPAYOUEVOV Koprtdv peMtldvag, NTol 10 péco vord kot Enpod Pdpoc ava
Kapmd, N péon mEPIUETPOG Kot TO0 HECO VYOG TV KopT®dV peAtldvag ota dVo Beploknmio pe Tig
SlapopeTikéc petayepioelg Bépuavons. Onmg mapatmpeiton 610 ddypappa, 1o péco Papoc twv
TAPOYOUEVOV KOPTAOV Ogv €MNPedoTNKE omd TO OPOPETIKO cvotnua Bépuavong tov 600
Oepuoxnmiov. Emiong, to oapopetikd cvotnua Oéppavong dev emnpéace Kol TOVG VITOAOUTOVG
OelKTEG aVATTTLENG TOV TOPAYOUEVOV KOPTTAOV, INAadY], To pé€co Enpod Papog, tn péon mepipeTpo Ko
T0 HECO VYOG TMV KOPTAOV KOl OHOWOUOPPOL Kapmol moapnydnoov Kot 6Tl dV0 UETOYEPIOELS
Bépuravonc.

160

140,18 142,32

140

120
B ZupBatikd_Beppoknmo MIR_Beppoknmio

100
80
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40

16,00 15,72 17,23 17,64
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Méco ouvoAiko Bapog(gr) Méaoo Enpd Bapog (gr) Méon mepipetpog (cm) Méco Uog (cm)

Aldypappa 4. MEGeg TIHES TOV OEIKTMV OVATTLENG TOV KAPTAOV HeEMTLAVOGC

4. XZYMIIEPAXMATA

H mopayoyn g koliépyelag peltlavag eréyynke oe 600 Opola meEpapaTikd Beppoknmio pe
dpopeTiKd cvotnua Bépuavons. Zto Eva Beppoknmio epappdotnike vaépudprn BEpuavon eved 6to
devtepo ocvuPoatikny 0épuovon pe Bepuod aépa eEavaykacuévng covaywyns. Kat ta 600 cvotuata
Oépuavong Swtipnoav v Bgpuokpacioc oTovV QUTIKO OO0 OTNV  EVOEIKVLOUEV Yol TNV
kaAAEpyeo. To cvotua vépuOpng BEpravong eixe g amotédeoua 1 OEpLOKPACGIO TOL ECMTEPIKOD
agpa Tov Beppoknmiov vo givar younAiotepn omd v embounty Ogppokpocio twv eutdv 2-3 °C
OMNUOVPYDOVTOG TOTIKO KAIU, VO 6TO0 ovuPatikd cvotnua BEppaveng o aépag tov Beppoknmiov
nTav oy 0 N eAappds vynAdTepn Bepuokpacio amd v embounty Beppokpacio TV ELTOV
ONovpymvTag 1000epHoKpacIakd KAILO 6T0 BEPUOKNTIO .

ZUYKEKPIUEVO, 1 EPOPLOYN TOV GLGTHLATOG TS VIEPLOPNS Bépuavong oto Beppoknmio yuo TV
mopaymyn peMtlhvag €iye  KoOvOmoOMTIKE  amOTEAEGUATO, ONUIOLPYMVTIONS OMOAN  KOTOVOUY|
Bepurokpaciog otov ELTIKG OO0 Kol TOVTOYPOVAE O 0EPAG TOV BEPUOKNTIOV YuYpATEPOS OO AVTOV
oto Oepuoxnmio pe ™ ovuPatikn OEppavon, yeEYovog mov 0d0NYEL GE ONUAVIIKY HeElwon ToV
EVEPYELWOKOV am®AEIDV. Ot €UVOTKOTEPES GLVONKEG TOL ONUOVPYNCE TO GVGTNUO TNG LLEPLOPNG
0épuavone otov eLTIKO BOA0 TV CLYKPITIKA e TN cvuPatikn Bépuovon odyncav 6e KaADTEP
AVATTLEN KOl TOPOYMYT TOV KOAAEPYOVUEVOV QUTMV peAttldvag.

®a Nrav oxompo va deloyBel mepartépm Epevva pe papuoyn g veépuOpng BEpuavong oe Eva
napoywykd Beppoknmo. Ipokeévou va depeuvnel mepartépm 1 emidpaocn g IR aktvofoiiog
OTIG TOPAUETPOVG OVATTUENG KO TO. PUCIOAOYIKA YOPUKTNPIOTIKE NG peMtldvag, ol cuYYPuQElg
o€014L0VV TEPALOTO G TOPUY®YIKE OEPUOKNTILO Kol OVATTLEN VTTOAOYIGTIKADV LLOVTEAMV.

234

110 NaveAAnvio Zuvédplo MewpyLkng Mnxavikng
BoAog 2019



ENOTHTA 3 - ATPOTIKEZ KATAZKEYEZ KAl ©EPMOKHITIA

5. Biphoypagia

Brodie, G., Ryan, C. and Lancaster, C. (2012). Microwave technologies as part of an integrated
weed management strategy: A review. Intl. J. Agron., 2012, 1-14
http://dx.doi.org/10.1155/2012/636905.

De Pascale, S., and Maggio, A. (2004). Sustainable protected cultivation at Mediterranean climate,
perspectives and challenges. Acta Horticulturae, 691, 29-42
https://doi.org/10.17660/ActaHortic.2005.691.1.

Giacomelli, G., Sase, S., Cramer, R., Hoogeboom, J., MacKenzie, A., Parbst, K., Scarascia-
Mugnozza, G., Selina, P., Sharp, D.A., Voogt, J.O., van Weel, P.A., Mears, D. (2012).
Greenhouse  production  systems  for  people.  Acta  Horticulturae  927:23-38
https://doi.org/10.17660/ActaHortic.2012.927.1.

Kaushik, G. and Chel, A. (2011). Renewable energy for sustainable agriculture. Agron. Sustainabe
Developement, 31(1), 91-118 doi:http://dx.doi.org/10.1051/agro/2010029.

Kavga, A., Panidis, Th., Bontozoglou, V. and Pantelakis, S. (2009). Infra-Red Heating of
Greenhouses Revisited: An Experimental and Modeling Study. Transactions of the ASABE,
52(6):2055-2065.

Kavga, A., Alexopoulos, G., Bontozoglou, B., Pantelakis, S., Panidis, Th. (2012). Experimental
Investigation of the Energy Needs for a Conventionally and an Infrared-Heated Greenhouse.
Advances in Mechanical Engineering, vol. 2012, Article ID 789515, 16 pages.
d0i:10.1155/2012/789515

Kavga, A., and Panidis, Th. (2015). Implementation Results of Infrared Heating (IR) in a Production
Greenhouse. Applied Engineering in Agriculture, 31(1), 143-151, doi: 10.13031/aea.31.10747.

Kavga, A., Strati, 1., Sinanoglou, V.J., Sotiroudis, G., Christodoulou, P. and Zoumpoulakis, P.
(2019). Evaluating the experimental cultivation of peppers in low energy demand greenhouses.
An interdisciplinary study. Journal of Food Science and Technology, 99 (2): 781-789
DOI10.1002/jsfa.9246.

Perdigones, A., Garcia, J.L., Pastor, M., Benavente, R.M., Luna, L., Chaya, C. and de la Plaza, S.
(2006). Effect of heating control strategies on greenhouse energy efficiency: experimental
results and  modelling.  Transactions of the ASABE, 49(1), 143-155.
http://dx.doi.org/10.13031/2013.20232.

Teitel, M., Segal, L., Shklyar, A., & Barak, M. (1999). A comparison between pipe and air heating
methods for greenhouses. J. Agric. Eng. Res., 72(3), 259-273
https://doi.org/10.1006/jaer.1998.0370

Teitel, M., Shklyar, A., Elad, Y., Dikhtyar, V. and Jerby, E. (2000). Development of a microwave
system for greenhouse heating. Acta Horticulturae, 534, 189-195
https://doi.org/10.17660/ActaHortic.2000.534.21.

Vadiee A, and Martin, V. (2014). Energy management strategies for commercial greenhouses.
Applied Energy 14, 880-888 https://doi.org/10.1016/j.apenergy.2013.08.089

Vox G, Teitel M, Pardossi A, Minuto A, Tinivella F, Schettini E (2010). Sustainable greenhouse
systems. In: Salazar A, Rios | (Eds). Sustainable Agriculture: Technology, Planning and
Management. Nova Science Publishers, Inc. pp 1-79.

235
110 NaveAAnvio Zuvédplo MewpyLkng Mnxavikng
BoAog 2019


http://dx.doi.org/10.1155/2012/636905
https://doi.org/10.17660/ActaHortic.2005.691.1
https://doi.org/10.17660/ActaHortic.2012.927.1
http://dx.doi.org/10.13031/2013.20232
https://doi.org/10.1006/jaer.1998.0370
https://doi.org/10.17660/ActaHortic.2000.534.21
https://doi.org/10.1016/j.apenergy.2013.08.089

ENOTHTA 3 - ATPOTIKEZ KATAZKEYEZ KAl ©EPMOKHITIA

MEAETH OIKONOMIKHX BIQXIMOTHTAX EOAPMOI'HX ITAGHTIKQN
YXYXTHMATQN OEPMANZHY KAI APOZIZMOY YOIZTAMENQN
KTHNOTPO®IKOQN KAI IITHNOTPODIKQN KTIPIQN

B. Dpopiic’, Z.Karapdpag', M. Xprietov', A. Maptiomodirov?, @.Kotedmoviog
Apiototédeto [avemoto Oeccarovikng, Tuqua F'ewmoviag, Epy. 'ewpyikov Katackevov &
E&omAopon, 54124, @sooarovikn,e-mail: firfiris@agro.auth.gr
*Topéag Toreodopioc, Xopotatiog kot [epipepetoktc Avamtoing, Tufua Apyitektovaoy,
[Tolvteyvikn Zyol Apiototéieto [lavemotuo Oescorovikng

INEPIAHYH

Opopévol and T0VG POCIKOVG TOPAYOVIEG Yot TNV OVATTLEN KOU OVTOYOVIGTIKOTNTO TOL
KTNVOTPOQ1KoL kAdoov otnv EAAGOG amotedel 0 mePlopiodg T0V KOGTOVG TNG TOPOY®YNS Kot M
avénon g mapoywykdttas. H dtopdpemon tov KatdAAnAov KAMIOTOG 6TO EGMTEPIKO TOV KTIPiwV
YL TOVG OLPOPETIKOVS TOMOVG EKTPOPNG Eivow dOvvatdv vo odnynoel oe  avénon g
napoyoyikdémrag tov {owv. Ot mpoktikés mov geapudloviar cuvibwg cuvodevovial amd
KOTOVAAWDGON EVEPYELOG KO OENOT TNG damdvng Aettovpyioc. XTnv epyacia avtr yivetol pio TeXViKN
KOl OWKOVOUIKT 0&loAOYNoN TOL €VOEYOUEVOL EPOPUOYNG TOONTIKOV TEXVIKOV GE LOIGTAUEV
KTNVOTPOPIKA KOl TTTNVOTPOPIKE KTIPLoL Y10 TOV TEPLOPICUO TNG EVEPYELNKNG avVAYKNG o€ BEppavon,
OpPOCIGHO KOl OEPIOHO. XTOYXOC NG epyaciog elvar va a&loloynoel Kotd mdco eival peaAloTIKO
TEXVIKA KOl OIKOVOLUIKA PLOGIHO VO EPAPLOGTOVV OTEG Ol TEXVIKES GE VPLOTAUEVE KTIPLOL 6T OTTOiN
elvar advvartn 1 enitevén PEATIOTOV GLVONKAOV dtaPiwong ywpig avEnuévn Katavalmon evépyelag.
AéCeig wheroig: Kmmvotpooikd Kripo, [MaOntikd cvotuata, Merétn Puwoipdtrag, EEotkovounon
EVEPYELNG

ECONOMIC SUSTAINABILITY STUDY CONERNING THE
APPLICATION OF PASSIVE HEATING AND COOLING SYSTEMS
ON LIVESTOCK AND POULTRY BUILDINGS

V. Firfiris, S.Kalamaras, M.Christou, A. Martzopoulou, T.Kotsopoulos
!Aristotle University of Thessaloniki, Department of Agriculture, Laboratory of Agricultural
Structures and Equipment, 54124, Thessaloniki, e-mail: firfiris@agro.auth.gr
®Aristotle Univ. Thessaloniki, School of Architecture, Fac. of Engineering, Dep. of Urban Planning

ABSTRACT

Some of the key factors for the competitiveness growth of the livestock sector in Greece are the
reduction of the production cost and the productivity increase. Proper internal climatic conditions
formation in all types of livestock buildings can lead to sufficient increase of the productivity.
Practices that consuming energy are usually adopted for this purpose, leading to the increase of the
production cost. In this study a technical and financial assessment concerning the possibility of
applying passive techniques in existing livestock and poultry buildings for the reduction of the farm
energy needs. The scope of this study is to evaluate whether it is technical and economical
sustainable to adjust such techniques in buildings where optimum internal conditions are not possible
to be achieved without sufficient energy consumption.

Keywords: Livestock building, passive systems, economic sustainability study, energy conservation
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1. EIZATQI'H

H xmvotpooia amotéhece kot amotedel €vav omd TOLG ONUAVTIKOTEPOVS AEoveg avamTLENG T™NG
EMMMVIKNG owovopiog. Zouemva pe To ototyeia paiveton 0Tt tepimov to 30% g akabdpiotg adiog
NG GLVOAKNG aypOTIKNG mapaymyns oeeidetan ot (o mapaywyn (Fevuen pappateio ‘Epgvvog
kot Teyvohoyiog -ITAateopua Aypodiatpoeng, 2018).Ilapdro avtd o wAadog KANONKe va
AVTILETOTICEL dtoypovikd Eva TAN00G TPOPANUATOV e OMOTEAEGHO VA TapaTnpEital Pelwon TV
EKTPOQ®V HE TNV TAP0dO TOL Ypdvov. Evdewtwkd, pe Pdaon otoyeia g EAXTAT, ot
eKHETOAEDGEWMG TTOV oyeTilovtal pe ) Pootpopia petddnkav oe 1060010 Tepimov 30% ) dekaetio
2008-2018. Avrtiototya otoryeio yio tnv mpofatoTpo@ia Seiyvouv OTL 01 EKUETAAAEVGEMG LEIOON KOV
o€ 10600t 27% mepimov (EAXTAT). Avtd opeiletar oe S10popeTKovg Tapdyovies (0tKovopkovg,
KOW®OVIKOUG KTA), OTMG KOl 6€ pio KOO TUPAUETPO TOV EIVAL 1) AOVVOLIN TOV EYYOPLOV TPOTOVIMV
VO OVTOY®OVICTOOV YOUNANG TIUNG €100yOpEVA TTPoidvTa. Avtd odfynce oto vo givor 1 EALGOa
eMepaTk) TAEoV oe Kpéag Kot GAAa (okd mpoidvto, yeyovog 1010{TEPO OLGUEVES YlOoL TNV
owkovopio. Agdopévov OTL OPIoUEVOL TAPAUETPOL OAUOPPOONG TNG TUNG dgv eaptdvion omd Tov
Topaymyd (poporoyio, TAAPOV TV, VYOG EMOOTNCE®V), Oa Tpémel 1 €pgvuva vo, emKeVTPmOEeT
GTOVG VITOAOITOVE TTAPAYOVTESG OLAUOPPMOONG TOV KOGTOLG. H peimon tov k66T10g Tapaymyng 1/ kot
N aENomn TG TAPAY®YIKOTNTOS TOV Lovad®mVy Ba pmopovoay va BeEATidcovy T BEon TV EMNVIKGOV
poidoviwv otnv ayopd. Evag and toug mapdyovieg Sapdpemons Tov KOGTOVG Topaywyns ivor Kot
TO KOOTOG EVEPYELNG Y10 TN OLAUOPPMOGT] TOV KAMUOTOG GTO E6MOTEPIKO T®V HOVAS®V. AVTO T0 KOGTOG
nepapfPdvel 10 k60T0g Oépuravong, Opooiopoh Kot aeptopov. Av kor Bewpodvtor KpioLEg
Aertovpyieg yio T 60T avATTLEN TOV (D®V OPIGUEVOL TOPAYMYOL ATOPEHYOLV VO AEITOLPYHGOVY
TO. CLOTNUOTA SOUOPEMOONG KAMUOTOC He TOV 6moTd Tpoémo e€outiag g avénong Tov KOGTOUG.
Eniong vrdpyel mdvta 1o TpdPANUA amovciog VTOSOUMY GE AMOUAKPVOUEVES EKTPOPES YEYOVOS TTOL
kafiotd adhvotn TNV €YKATACTOCT OPIGUEVOV GCLUGTNUATOV TOL  OOLTOVV  GUYKEKPIUEVES
mpodlypapés. Mio a&lomiotn AVoN mov £xEl EQPAPUOCTElL EKTETAUEVO OTO OOTIKA KTiplo UE
ONUOVTIKY EMTUYIO VAL 1] EPOPLOYN TOONTIKOV CLGTHUATOV TOGO Yl T BEpuavor 0G0 Kol Yio ToV
OpPOGIGHO KOl TOV aePIoUd YOpwV. Me Tov 0po madnTtkd cvotnua opiletol kdbe cHoTNUO TO 0TOi0
dgv amoutel KaTavaAmon evEPYELNG Yo TN AETOLPYioL TOV Kot 6LV TolG GAAOIS dOev mepthapPdver
Kwovpeva uépn (Sustainable Sources, 2019). Ta mabntucd cvetiroto 0E0ToOHY PLGIKOVS TOPOLE
Kol QUOIKEG dlepyacieg Yo va emthyovy pio ek’ TV TpoavapepBéviav Asttovpyidv (Béppavon,
Opocioid Kol 0EPIGIE). AV KOl ATOOESEIYUEVA TAL TAONTIKA CLGTHUOTO 001 YOVV GE TEPLOPIGUO TMOV
katavordoemv evépyelag (USDA, 2019), ot mapaywyol mapapévouv dOGTIGTOL GE TETOOL TOLITOL
TPOKTIKES KOODS 0V SLOBETOVV GTA YEPLOL TOVG GTOLYEID TOV ATOOEIKVVOVV T OIKOVOLUKA OQEAN TTOL
Ba kaprmBovv oe evdeydevn Epaproy” TETOI®Y cvuotnuatov. Etotl Bewpeitan avaykaio va yivel pia
TPOGEYYION Y10 TO KATA TOGO AT TO. GLGTHHATO ATOTEAOVV Uiol PLOCIUN OIKOVOHIKA ADGT G 11oM
VEIOTALEVA KTipla 1] Kol o€ KTipla Tov Ppickovioal 610 6Tdolo TG vAomoinons. Epevva oyetikd pe
TNV OIKOVOUIKY] PLOGIUATNTO EVEPYELONKMOV CLUOTNUATOV GE KTNVOTPOPIKE Kol TTNVOTPOPIKA KTipla
éxer mpaypoatomombei, (T.Nacer et al., 2016, Q.Wang et al., 2011, CP Bishop and C.R. Shumway,
2009, F.Dong and J.Lu, 2013) aAld dev £xer 600l éupaocn o€ pio. OMOTIKY) TPOGEYYIOT HECH
ToONTIKOV cvotnudtov mov Bo 00NyovcE GE GLVOVOCTIKN KOTO TEPMTMOELS €EOKOVOUNOT
eVEPYELOG ava Agttovpyio. TNV Tapovod 00VAELL Oa TapoLGLOCTEL pio EVOEAEYTC OTKOVOLUKOTEYVIKT
UEAETT) EQAPUOYNG TOONTIKAOV TEYVIKOV 6 NON VOLOTAUEVO KTipLo Kot 1 LEAETN PLOGIHOTNTOS Yo VO
eleyyOel Katd TOGO Elval OIKOVOLKA GUUPEPOVGA 1) EQAPLLOYN TOVG OO TOVS TOPAYYOVG,.
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2. AIAMOP®QXH TIPOBAHMATOZX-YIIOGEXEIX
2.1 Ieprypaen} kTIpiov Vo drepevvIOoN

Xnuepa oty EAAGOo, To KTiplo TV OPYOVOUEVEOV  TTNVOTPOPIK®V KOl KTNVOTPOPIKOV
EKUETAAAEDGE®V KATAOKELALOVTOL [LE OWKOOOUIKEG GOEIEG N Elvol EYKEKPIUEVEG KOATOAOKEVEG TTOV
€YoV KATOolo dEGOUEVO, YOPAKTIPIOTIKO OOTE VO UTOPOLV VO 0dE1000TNOOLY 0md TOLG aPUOSIOVG
eopeis (Kévipo EAéyyov IN'ewpywmv Kataokevav). Ta ktipta 0Tav mpdKeToL Vo GTEYACOVY EKTPOPT
TIVOV givar Katd kavovo KAEoTd kot eivan eomMopéva pe cuotripato 0€ppavons, Spociopod Ko
aEPIGLOV YTl N EKTPOPT givar evaicOn oe daxvudvoels g Beppokpaciog Ko achéveiec. Ocov
aQOPE GTIC KTNVOTPOPIKES EKUETAALEVCELS Ta fovoTdoia givarl v’ pEPEL avorytd Kabdg 0 peydio
TPOPANUO 67 aVTEG TIC EKTPOPEG evtomileTon oty awénom g Beppokpaciog Katd Tovg Bepivong
UNVEG, OTMG Kol GTOV OVETOPKN 0ePIoUO. AvticToyn €ivol Kot 1) TPpocEyyion oto TpoPfatostdoio
OOV TO PEYOADTEPO TTPOPANUa elval ot avénuéveg Bepprokpaciec to Karoxkaipt. ' Tig avaykeg g
peréng o mpotaBodv AVCELS Yo Eva TUTIKO TTVOTPOPIKO KTiplo (TANP®G KAEIGTO) Kol € £val
Bovotdotlo, nut avolytd ktipo. H pedétn twv obo mepmtdoewv Kpivetal amopoitntn yuoti o
Aertovpyieg mov mpémel va gvioyvBovv oe kdbe mepintmon eivar dwapopetikés. Xtov Ilivaxka 1
dtvovtor to yopaktnplotikd tov kdbe ktpiov. A&iler vo onuewwbel O6TL emewdn To KTiplo pe
OLKOOOMIKT GOEW JLOPEPOVY GTNV KOTOOCKEVAOTIKY QLA0coQia Kol Ol6TACELS TPOTIUNONKE 1
vdbeon epyaciag va agopd KkTipla avtiotorya pe ekeiva mov Aappdvovv £ykpion tHmov. ZTig
Ewdvec 1 kan 2 paivetal n popen tov THnmv Tov KTipiov tov Oo peletndovv.

Ewkova 2. TTtmvotpopikodg 06Aapog HETOAAKOD GKEAETOV KOl KAALYNG LLE TAVEA
(www.gaiasergon.gr)
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IMivaxag 1. Xopakmpiotikd kTipiev vro depehvnon

XopoKTnProTiKd Itvotpogsio mayvvong Bovoetaoio wayvveng
Ap1Ouodc Lowv 16380 250
Mnkog 65 85
IMAdrog 14 14
Méyioto vyog 4,5 4,5
"Yyog vépoppong 2,30 2,30
KaTacstﬁ MSMMIK(,){) ToaApavicpévog ydivPog ToaBavicpévog ydivPoc
(QEPOVTA OPYAVIGHOD
ITaveh  moAvovpeBdvng  mhyovg gl:r:}]? G;O)i)izvi (C;Ssi\;lg K(XT&;((‘;::])\Q/
Yud kddoyng 30mm ot 4 Tmhevpég, TG

opoen, KNt mhaylokdAoyn amd

TPOGOYELG KOL GTNV 0pOPN LOVGOUG,

2uveyoUeEVO Gvorypo Opoeng Kol
TAgVPIKG Tapabvpa  dSlocTdoemv
1,80x85 o€ kabe mhevpd

Tomoc kat dlaoTdoelg
ovoryudtmv

50 mopdBupa yio TOV aeplopod
KOTA TOV YEUDVO

Aepdbeppo, vy T 0épuavon

ooty BEppavong

QTTOLTOVVTOL

Kovéva

2H0TN 0 SPOCIGHOV

Apociopodg e GLGTNHA
VOPOTAVEL KOl OVEUIGTNPO UE TN
uébodo g  earuiong. 4
oveptompeg oyvoc 1,5HP ko
avtiotora 50m? vdpomavek

Me ovoTNUo VOPOVEQPMOTG KOl
avepotpaov (1 avepuotipag avd
7,5-8m) xatd pfxog Tov KTpiov.
Apociopdg pe 1t pébBodo g
eEdtTuong

Méow 1OV aveEGSTAPO®V TOL

GUOTAUMOTOC  OPOCIoUOD Ko
TOGTIIOL GEPIOHIOD cuunknplcouaﬂkd)v p’quérspcov Méow ’ (xvrsutcsrﬁpcov o€
mAevpk®V  avepuotnpov. Ot emdeyuéveg Béoelg

pikpoi avepotpec Ba ivon 3 pe
oyg 0,75HP

O apBpds tov (bov emdéydnke PBdoet tov mpodiaypoe®dv tov YITAT oyetikd pe v €KTpoom|
nmvov mayovong (YITIAT, 2016). O oaegpiopdc vmoroyiotnke Paost T@V TPOdAypop®V 7OV
{nrovvtan amd to Kévipo Eréyyov T'ewpywov Kotackevdv kot 0dnyel 6Tov LIOAOYIGUO T®V
AVELGTHP®V, TOL TANOOVE Kot TV SeTAGE®V TV ovolypdtov. To dpila Yo TV oveKT| ToyVTNTO
aépa GTO EGMTEPIKO TOV LOVAd®V AopBaveTar amd T TPodiaypapE Tov divoviat and eYKEKPIUEVEG
myés (X.Kvpitong, 2002). Ot povddeg Bewpeitar 611 Aettovpyodv omnv €upvTEPT TEPLOYN NG
®eccarovikng kot and ekel Aapfdavovrol o KAPOToAoyiKd dedopéva yuoo T HEAETN BEppavong,
dpooiopov kot aepiopov. H exivdpevn Beppotrta omd to wtnva Aappavetor 0,17KW yia ntnvo pe
Lowd Bapog 2,2kg (Poultry Performance Plus,2019).
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2.2 TIpotewvdpeveg Aol TOONTIKOV GLOTINATOV
ECMTEPIKO TOV KTIPIOV

Yy ™ Peitioon TOov KApOTOS O©TO

o v mepintmon Tov TINVOTPOPEI0 OV HEAETATAL, GTOYOG €lval O TEPLOPIGUOS TOV AVAYKOV
0¢puavonc Kot Tov avayk®v 0poctopov. O agplopodg epoOcov Bempeiton KPIGIOg KOO Kot Yo TNV
emPioon 1ov (Oov Kpivetol 0Tl eV TPEMEL VO GTAUATHGEL VO VTOGTNPILETAL OO PNYOVIKA LEGA.
Xy mepintoon tov Povotaciov amd v AAAN Ba mpotabohv AVcELS Yia T BeATion TOL aepIGHOD
Kol Tov OpociopoV. Xtov [ivakoa 2 divovtal ETypOopIOTIKA 01 ADGELS KoL TO TEXVIKA YOPOUKTNPIOTIKA
Kot 0100 TAGELG TTOL PEPOVV.

MMivaxag 2. [Tpotevopeveg ToperPAocelg Kot GUVOTTIKN TEYVIKT] KO OIKOVOLLKN TEPLYPOON

Imvotpopsio
Mopéppaocn Teyvikn epappoyr) Koéaotog
AVTIKOTAOTOOT TAVEL Aopaipeon Tov vTopYOVIOV TAVEA Kol Kéotog
ToALOOPEDAVIC e PEYOADTEPOL £YKOTAGTOGT] KOVOUPL®V 24.000 €
nhyovg 40mm
TomoBétnon okiactpov emtepikd AT\ petaAdlikn katackevn egomAopévn pe Kdotog
TOV TINVOTPOPEiov ot NoTia diytv oxioong 3.000 €
TAELPA
Kartackevn toiyov Trombe oty Aopaipeon Tov whvek and Vv ev’ Aoym mhevpd  Kdotog
wpocoyn (Avtni 1 emAoyn sivor KOl EQOPLOYT TOV GTOYEI®V TOV OTOLTEL O 4500 €
duvaTn o€ KTiplo OTOL Ot LEYAAES Toiyog
TOPTEG £16000V ££000V Elval GTIC
TAUIVEG TAEVPEG
Bovotdoio
Mopéppaocn Teyvikn epappoyr) Koéaotog
Kotaokeun yeoevoalAoKTodv Exokaen oty meployn 6imha oto Pfovotdoio  Kootog
dpociopon avAaKidV Babdovg 1,5m kot pmKovg 10.000 €
TovAdytotov 100m ko tomoBEnon aepaywyov
GTO E0MTEPIKO TOVC Y10, TN SLOYETEVLGT| OEPQ OTN
povodo
Tomobétnon okiaotpov eEmTepika AT LETOAMKTY KOTACKELT] EEOTAICUEVT] LIE Kéotog
Tov Povotaciov ot Notwo mAgvpd diytv oxioong 4.000 €
AvTtiKatdoTtoon mhver Apaipeon ToV VTAPYOVIMV TAVEL KoL Kéotog
ToALoOPeOAVNC e peYaAhTEPOL £YKOTAGTOGT] KOVOUPL®V 17.000 €
méryovg 40mm
Eykatdotaon kopvadov aepiopon ALGvoiEn ondv 6€ GLYKEKPUEVA ONULETD TNG Kéotog
OTO ECMTEPIKO TOL KTIPIOL 0pPOOTG. 4.000 €
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IMivakag 3. Avapevopevo anroteAEcHaTo TPOTEWVOUEVOVY TopEUPAcE®V Kot TPoDToOEsELg
vAomoinong

IItnvotpogcio

HoapépPacn Avapevopeva amoteAEcPOTA MpoivnmoBécerg viomoinong

Avtikotdotaon Beltimon g povoong tov ktipiov pe anotédespo Kopia aitepn ntpotindOeon,

TOVER TEPLOPIGUOV TOV avayk®V BEppaveong katd 25% oA apaipeon Kot
ToAv0BpedavNC ka1 Opociopot katd 10% OVTIKOTAGTOOT] TOV TUVEA LIE
Kovovplo

TomoBétnon  Ileplopiopdc tov avaykmv dpociopod katd 10 %  Atabéotipog ydpog ot voTia
okiooTpOoL TAELPE TOV KTIPIOV OOTE VA
glval dSuvath 1 KATAGKELT TOV
UETAAAKOD GKEAETOD TOL

OKIAGTPOV
Kotaokevr,  [epropiopog tov avaykmv Béppavong kota 10% Koataokevn tov toiyov
toiyov Trombe eEMTEPIKA TOV UETAAAIKOV

OKEAETOV T1G KUTOOKEVT] DOTE
va, unv tibevton Bépata

OTATIKOTNTOG
Bovotdaolo
Hopéppaon Teyxvikn epappoyr Koéaotog
Kotaokevrp  Ileplopiopog v avayk®v dposiopov kotd 7% Awbéoipog ympog yio
YEOEVAALOKTDV kot Bertioon Tov aepiopov katd 9% duvatotnta S1dvoEng
dpocioov VIESAPLOV AYDYDV TNV

mepLoyn mEPLE TOL KTipiov.

TomoBétnon  Ileplopiopdc tov avaykmv dpociopod katd 10%  Awabéciog xdpog otn voTa
oKlaoTPOL TAELPE TOV KTIPIOV OOTE VA
glvat Suvath 1 KATAGKELT TOV
UETOAALKOD GKEAETOV TOL

OKIAGTPOV
AvtikatdoTtaon BeAtioon ¢ pévmong tov ktipiov pe Kopio diaitepn npotindOeon,
TOVEL OTOTEAEC O TEPLOPIOUOV TOV AVOYKADV oA opaipeon Kot
moAvobpedavng dpociopot katd 10% OVTIKOTAGTOOT TV TOVEN e
Kavovplo

Eykoatdotaon  [leplopiopog tov avaykmv dpociopov kot 5%  Avvatotnta d1dvoiéng onwov o
KOUIVAS®mV Kot Bertimon Tov aepiopov katd 13% GLYKEKPLUEVA onpeia g
OEPLOLLOV 0poONg

Yyetikd pe Tig mpoovopepOeiceg mapeupacelc Bo mpémer va yivel avagopd ©To TU pmopel va
emrevybel oe emimedo eowovounong evépyslag oAAG kot va Katotoybobv Pdoet dvokoAiog
epapuoyns. Xtov Ilivaxa 3 dtveton pio e1kdva Yo TOVG AVAUEVOUEVOLS GTOYOVS Ao TIC €V’ AOY®
nopeuPaoelc Kabdg Ko Tig TPoHTobEsES 1| dSVOKOALEG epaployng Tovg. No onuelmbel 6tL otnv
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TopOVcO, epyacion yivetor UEAETN ™G moapéuPacng o€ MON LIAPYOVOES KATUOKELES Kot Oyl OE
veoduntes. Mia veddunt Katookevn mov Oa kotackevaotel €€ apyng vd TG apyES TOV TPAGIVOL
KTpiov Ko Tov mofnTikoh oyedlacuol eivar duvatdv Vo TaPOVCIAcOoLY TN PBEATIOTN EVEPYELNKT|
ovumeplpopd kol Aettovpyia. Emione npénel va onueiwbet 6t yia vo OecwpnBel pealotikn n perét
TPEMEL Y10, OPIGUEVEG O TIC TOPEUPACELS TOL AMATOVV EPYACIES EVIOC TOV KTIPIOL VO LITAPYEL M
SVVOTOTNTO LETAPOPAS TOV {DOM®V Y10 TO YPOVIKO d1dotno Tov dlopkovv ol epyacies. ['a ) cwo
Aertovpyio TG povadog amorteitor n AoyK Asrtovpyiog Tov cvothudtov Bépproaveng, 6pocioov
kot agpiopov (Iivakag 1) mov mapovsialetan otov Iivaxa 3. IMa Tig Aettovpyieg mov meptrypdpovtal
otov Ilivaxa 4 BsopnOnkav dpeg Aettovpyiog PAoet TG KOG TPAKTIKNG Tapay@ydv. Ot Tiu Tov
npomaviov Aednke 0,059 €/kWh Bacel tov otoyciov tov Tudv Awiistnpiov yia to 2019 (Tevikn
I'pappoateio Epmopiov & Ipootaciog Koatavaiwt, 2019), (Physics Factbook). T to niektpikd
pedo. ANeOnke N T Tov aypotikol peduatog énmg awtd divetan amd t AEH ota 0,069€/kWh
(AEH, 2019).

IMivaxag 4. Aoy Aertovpyiog EvEPYELNKDOV GLGTNUATOV HOVAS®OV

IItnvotpogcio
Agurrovpyia Méoo Evepysroxi Avaykeg Qpeg Emjow Emiow
anyn (kW)  Asirrovpyiog KoTovaloon  damdvn
(hr/étog) evépyawog (KWh)  (€)
O¢puavon Agpdbeppa [Ipondvio 17,6 2100 37149 2223
Apoociopodg ootnuo Hlektpuco 6* 3600** 21600 1490
VOPOTAVEL KoL pevpLa
OVELCTNPOV
Bovotdoio
Agurrovpyia Méoo Evepyewoki] Avayke Qpeg Etmijow Emiow
myn ¢ (KW) Aertovpyiog  kotavdimen  domdvn
(hr/étog)  evépyewog (KWh)  (€)
Apociopog  Avepotipeg  Hiextpikd 8,5 1800 15300 1056
KOl GUGTI O pevpa
VOPOVEQ®ONG
Agpiopdc A&ovikol Hlextpiko 7 2600 18200 1256

Avegotpeg pevpa

*Ta woktikd goptio. Tov KTIPLov £VaL EVOEYOUEVO. UEYOAVTEPD, EOM N UEAETH YIveTal PAdel THS AOYIKNG
OEPLOUOD — OPOCLOUOD TOV EPOPUOLETOL KOl OE OTOYXEVEL atny emitevln ¢ Péitiotne Ocpuokpaoios
Enpov Oepuoucétpon oTo ECWTEPIKO THG KOATOAOKEVNG OAAG OTHV EMITELCH TOV CUGONUATOS AVEOHS TV
TTHVAOV UECE THS OLEPYATIOS THS ECOTUIONS

** H lertovpyia opoaiouod mpoktike TEPILoUPOVEL Kol TH AEITOVPYIO TMV OVEUIGTPMV YIO. GEPLOUO
OTOTE 01 WPES AEITOVPYIAS OPOPOVY OAO TO ETOG.

Me v epapuoyn Tov mopepPacemv 0dnyodHaoTe otV ovabempnuévn Aoyikn Aeltovpyiog Tov
[Tivaka 5. Ot deikteg O (0€ppavon), A (0pociopndc) kot A (aepiopds) LTOINAMVOLV TN Agttovpyia
nov ennpedleton pe kibe Tapépupaon.
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IMivakag 5. Aoyikn Aettovpyiog evePYEINK®OY CLGTNUATOV LOVAI®V

Imvotpopsio
Hoapéppacn Néa katavaroon Néo damavny |A/A
evépyerag (KWh) evépyewg (€)
Avtikatdotoon mavel (O+A) 27877TkW,/20160kW 1667(®)+ 1391 |II1
(A)
ToroBéton okiaotpov (A) 37152kW,/20160kW| 2223 (®)+1391 |12
(4)
Kartackevr toiyov Trombe (@¢ppavon) 33437kW,/21600kW| 2000 (®)+1490 |I13
(GY)
Avtikatdotaon maveh + Kotookevn toixov Trombe [24149kW,/20160kW, 1444 (@) +1391 |T14
(O+A) (A)
Aviikatdotoon mévelk + TomoBétmon oxiaotpov [27877kWy/18720kW,| 1667 (©)+1291 |II5
(O+A) (A)
Aviikatdotoon mnhvel +TomoBétnon oxibotpov+ [24149kWy/18720kW,| 1444 (©)+ 1291 | 116
Kartaokevn toiyov Trombe (® +A) (A)
Bovotaoio
Hopéppaon Néo kotavaimon Néa oamdvn [A/A
evépyerag (KWh) evépyewg (€)
AvTikatdotacn mavel (A) 13770kW,/18200kW,| 950(A)+1255(A)| B1
TonoBétnon oxiootpov (A) 13770kW,/18200kW,| 950(A)+1255(A)| B2
K atackeun Ye@evalAakTdV (A+A) 14229kW,/16562kW,| 982(A)+1143(A)[ B3
Eykotdotaon Kopwvadov (A+A) 14535kW,/15834kW,| 1003(A)+1092(A| B4
)
Avtikotdotaon taved + ToroBétnon oxiaotpov (A)  |12240kW,/18200kW,| 845(A)+1255(A)| BS
Avtikotdotaon mavel + Kataokeon yewevolhoktodv |12699KW,/16562kW,| 876(A)+1143(A)| B6
A+A)
Avtikotdotaon moveh + Eykatdotaon xoapwvadov |13005kW./15834kW,| 897(A)+1092 | B7
A+A) (A)
TomoBétnon okioctpovt+ Katackevn yewevorlhaktdv |12699kW/16562kW,| 876(A)+1143(A)| B8
A+A)
TomoBétnon oxiootpovt+ Eykotdotoon woapuvadov |[13005kWe/15834kW,| 897(A)+1092(A)| B9
A+A)
Koatackevry  yewevolhoktdv — +  Eykoatdotaon |13464KW./14196kW,| 929(A)+978(A) [B10
KoUvaowv (A+A)
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P uvéyera [livaka 5

Avtikotdotaon maved + TomoBétnon oxiaotpovt |11169kW/16562kW,| 771(A)+1143(A)(B11
K ataokeun yemevolhoktov (A+A)

Avtikotdotaon maved + TomoBétnon oxiaotpovt |11475kW,/15834kW,| 792(A)+1092(A)(B12
Evyiotdotaon kopivddoy (A+A)

Avtikatdotaon naved + Kataokevn yewevolloktovt |11934kW/14196kW,| 823(A)+978(A) |B13
EYKOTAGTOON KOpvAdwv (A+A)

TomoBétnon okioctpovt+ Katackevn yewevorlhoaktdv |11934kW/14196kW,| 823(A)+978(A) (B14
+ Eykatdotaon kopuvddwv A+A)

Avtikotdotaon maveh +TomoBétnon  oxiactpovt |10404kWe/14196kW,| 717(A)+978(A) |BI15
K atackeon YEDEVAALOKTOV dpociopov+
Eyiotdotaon Kopivadwoy agpiopuod (A+A)

3. MeBodoroyia perétng proopotnrog

H pelét Puooipudmrag apopd 6to KOTd TOGO 01 TPOTEWVOUEVEG ADGELS B em@EPOVY EMTALOV
OLKOVOLKE 0QEAT GTOVG TTOPAY®YOLS Kol Katd TOGo Ba amooPeotel 1 enévovotn 6€ EDAOYO YPOVIKO
dwwoo. o tov oxond avtd Ba yivouv kdmoleg facikéc TapadoyEs dote va eival 660 To duvatdv
7o o&omot N extipnon. Ocwpeitar 0Tl Yo KAOe ekTpoen Ta £00da Ba givar Ta idta, ONAadn dev
Bewpeitar 0TL T0 7POIOV OmoKTA KAmOw vrepatic Omd TOV TEPOPICUO TV  EVEPYELOKMDV
KatovoA®oe®v N 0Tl Tapatnpeitor peiowon 1 avénorn g mapoywyns egotiog twv Tapeppicemy.
210%0¢ eivar v mopapeivouy ta emmEdO TOPAYM®YIKOTNTOS TOLVAAYIOTOV GTO {010 €mimedo pe
YPNON TOV TAONTIKOV GLOTNUATOV Kol va pewwbel to kOGTOC Topoaymyns. Asgv Ba vrapyovv
SLKLUAVOELS 6T £0000 e TNV Tapodo Tev etdv. To tpanelikd emtokio AapPaveror ico pe 10%
Kol oG opifovtag andcsPeong tiBevron ta S €11, o€ mepinton un andcsPeong g enEvovong 6 avtd
TO YPOVIKO Odotnua, Tote VTV KpiveTon pn cvpeépovca. o v ektipnon Puwotudtntag g
enévovong Ba ypnopomombei n pébosog e Kabapdac IMapovoac Al (K.IT.A) evd yio tov ypdvo
andoPeong n péBodoc g Ieprodov AmdoPeonc Enévovong (P.P). H uébodog e KITA Aappdvet
VU’ OYIV E1GPOEG KOl EKPOEG YPNUATOS TOV EMYEPNOEWDV, TV APYIKT ETEVOLGT, TN onuepwv| aia
TOV YPNUATOC O®G Kol To emtokto davelspov (IMoamaddmovrog.A, 2003). I'a Tov vToAOYIGUS TG
KITA ypnoyomoteitor 1 e&iocwon 1.

NPV=-CF + ch —+ <k ~+ Ch ~+ CF, F CF, - (1)
(1+0,04) (1+0,04)" (1+0,04)" (1+0,04) (1+0,04)

NPV: KaBapd mapovca a&io
CFo: Apyd kdotog emévovong
CFn: Xpnuotopon ywa 1o £10¢ N (Ecoda-E&oda)

n: £10g
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2 puéBodo ¢ TEPLOSOL AMOTANP®UNG NG emévovong e€etdletal o puOUdC e Tov omoio T KEPOM
NG EMEVOLONG QLPOLOLDVOLV TNV OPYIKT EXEVOLOT).

_uc

P.P=
AB

(2)

LLC Apywo Koéotog Enévovong

A.B: Emioua kaBapd €60da

4. Anoteréopata perétng frooypotnrog

2tov [Mivaka 6. [Tapovcialovtal 6da to otoryeio kOoTOLG Kot 1 papuoyny Tov (NPV) kot (PP) yia
SLOPOPETIKA CEVAPLA EPAPUOYNG TV TapepPdcewy. Q¢ Bdon ec6dwv vrotédniay o1 25000 € evd wg
doamdveg ektog ¢ evépyelag 10000€. T tovg okomolg tng €pevvag Bewpndnke otabepn|
YPNUOTOPPOT KO* OAN TNV TTEVTAETIOL.

Iivaxag 6. KaBapd mapovoa aia kot mepiodog amonAnpoung enévovong yio kébe mapéufaon

Koodwog NPV c¢ P.P Kmdkodg NPV cg P.P (Mnveq)
oevapiov opilovta (Mnveg) oevapiov opilovta
nopéuPaong | Setiag (€) nopépPaonc Setiog

I11 21270 26 B6 22208 25
112 39221 5 B7 28322 20
I13 39132 5 B8 34931 13
14 17615 29 B9 41322 8
I15 18649 28 B10 35633 13
16 14944 30 BI1 18606 29
Bl 30446 16 B12 24728 23
B2 44503 4 BI13 19035 29
B3 38806 10 B14 32035 17
B4 44920 4 BI15 15443 32
BS5 27901 20

S.Xvumepdopato

Onw¢ eaivetal amd o ATOTEAEGLOTO TOV VITOAOYIGL®OV OAEG Ol TOPEUPACELS Eival CLUPEPOVCES CE
opilovtan Setiog. Emiong m amdcoPfeon tov emevdvoewv yio Tic moapepfPdoelg yivetor evtog tov
opilovta g Setioc. H epappoyn tov mo daroavnpov tapepfacemv, Taporo tov divouv pHeyaAdtepo
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TOGOGTO EEO0IKOVOUNOTG 0LV KATAPEPVOLY VO ATTOPEPOVY €KEIVI] TNV a&io TOL Vo SIKOMOAOYEL TNV
eMAOYN TOovc. Avtifeta o1 YopnAOTEPES €MEVOVOELS QaiveTal va divouv v vynAotepn kobapd
Topovoa, a&io 6To TEAOG TNG TEPLOOOV (XTO TTNVOTPOPEIO 1 EYKATAGTACT] LOVO TNG OKIOoNG Kol GTO
Bovotdoio N eykaTAcTOOT LOVO TOV KOUVAS®V 0EPIoUoV). AVTd cuuPaivel Yiati ol EKUETAAAEVCELS
elvol puKpég Ko n €£0IKOVOUNGT eVEPYELOG OV €lvol TOCO EUQOVIG OTIC KATOVOADGES. Emiong o
opilovtag a&loddynong mov tébnke eivor oyetikd obvvtopog. 'Etol yio peyoAvtepeg povadeg
eVOEYOUEVO VO €lvVOL GUUPEPOLGO M OVTIKOTAGTOOT TOV TAVEA 1 KOl 1] GLVOVAGTIKY] EQUPLOYY|
napepPacewv. Emiong oe peyaivtepo opilovia amdcPeons ot mo damavnpés EMEVOVGELS EXOVV
KOADTEPT CLUUTEPLPOPE KOOMG 1 LVYMAGTEPT eEotkovounon evépyetag abpoiletal. ZopmepocaTiKd
umopel va emwbel 0Tt Yoo PiKpEG eKPETAAAEVGELS €lval cLup@EPovsa 1 voBETNoN TV AMydTEPO
domavnpadv mopepfdoev amd oVTEG TOL TPOTAONKAY KAOMG TO OMOTEAEGHO TOLG TAPOUEVEL
KOVOTTOMTIKO Kol amofaivel ypnyopa. Xe HeyaAOTEPES TAPEUPAGELS amd TNV GAAN glval GLUEEPOVOA
Kot 1 €QaPHOYN TOV aKPPOTEP®V ALY TTO OTOOOTIKOV GE LEYAAO Ypoviko opilovta mapeuPfacemy.
Ag Qo pémer vo apeAnBel eniong to KAMpa TG TEPLOYNG oTNV OToia YiveTal 1 epappoyn kabmg av ot
avaykeg BEppavong oto TTVoTpoPeio givarl Yo Topddetypo To VYNAEG evOExeTal va aAAAEEL T
damdvn egowkovounong. Emumiéov to katd mOGO eivor TEYVIKA €PKTO Vo vAomowmbel 1 kdOe
napépPacn etvar £vag Tapdyovtog mov TPETEL VoL AAUPAVETOL LT OYV.
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EVALUATION OF BASIL CROP AS A SECONDARY CROP IN
A CASCADE HYDROPONIC SYSTEM: PRELIMINARY
RESULTS

E. Karatsivou, A. Elvanidi, M. Xatzinikolaou, A, Gaschk, N. Katsoulas
University of Thessaly, Department of Agriculture Crop Production and Rural Env., Lab.
of Agricultural Constructions and Environmental Control, Volos, e-mail: nkatsoul@uth.gr

ABSTRACT

The free discharge of drainage water from open-loop hydroponic greenhouse production
systems to the environment is a current environmental concern due to its capacity to
contribute to environmental pollution. The establishment of closed hydroponic systems, on
the other hand, is barely implemented mainly due to the salinity of the groundwater used
for irrigation, the fear of disease and the risk of reduced yields caused by the continuousv
re-use of low-quality drainage solution. A sustainable system is to use the drainage
solution to feed salt tolerance grown secondary and tertiary crops. In the current study,
drainage solution of cucumbers were used to feed basil plants. Three different fertigation
treatments were imposed in basil plants: under standard nutrient solution (NS3); drainage
solution (NS1); and drainage mixed with standard solution (NS2).According to the
findings, NS2 treatment may reveals saving of water by providing hight yield production
at the same time.

Keywords: salinity, drainage solution, sequential reuse

AEIOAOI'HXH KAAAIEPT'EIAY BAXIAIKOY QX
AEYTEPEYOYZ2AX KAAAIEPT'EIAY XE YAPOIIONIKO
2YXTHMA: [TIPOKATAPKTIKA AIIOTEAEXMATA

E. Kapatoifov, A. EABavion, M. Xatinvikoidov, A, Gaschk, N.

Katoovlrag
[Movemotuo Oeccariag, Ti. I'ewmoviag Ovtkng [ap. & Aypotikov [lepiB., Epy.
I'ewpyikdv Koataokevdv kat EAEyyov IepiBaiiovtoc, Bodoc, e-mail:nkatsoul@uth.gr

INEPIAHYH
H ocvveyng kot aneplokentn amopudKpuVon TOV OTOPPODY 00 TNV TOPUYMYN AVOL(TOV
VOPOTOVIKGOV ~ GLOTNUATOV  Bgpuoknmiov oto  mepiPdArov  eivor e onuepwvn
mepPailovikny avnovyio Adym NG wKovoTnTds e va cVUPAAAEL GTN) POTOVGT TOL
nepiPdAlovtog. H dnuovpyio KAEIGTOV DOPOTOVIK®OV GLUGTNUATOV, OO TNV GAAN TAELPA,
vAomoteital eAdyota Kvplwg AOY® NG GAATOTNTOS TGOV VIOYEWWV VIUTOV OV
YPNOOTOOVVTOL Yot APOEVST), TOV POPov TPOKANONG acHevEL®V Kol TOL KIVOLVOL
HEIOUEVOV ATOOOCEMV OV TPOKOAEITOL OO TN GLVEYNG EMOVOYPTCLLOTOINCT KOKNG
noldTNTOg amoppomv. Eva Pidoipo cvotnua givar 1 xpnon tov amoppodv yuo T Opéyn
OEVTEPEVOVGOG KOl TPITELOVOAG KOAMEPYELWNG UE avOY] O VYNAN clotdtnta. XTnv
TopoVGa LEAETY, OL AMOPPOES AO KOAMEPYELL QyYOLPLDV Ypnotpomomonke yio t Opéyn
LTV Poactikov. Tpelg dapopetikég peTayepioel Opéymg epopudcTNKOY OTO OLTA
Bactiukov: pe mpoétumo ddivpa (NS3), amoppoés (NS1); kot amoppoéc o€ cuvdLAGUS pe
mpdTLTO  SLIALHO. XOpQove pe To amoteAéopato, 1M petoyeipion NS2  pmopel
TPOLYLATOTOGEL EE0IKOVOUNOT VEPOV TOPEYOVTOS TAVTOYPOVE VYNAN TOPAYWOYT).
Aéeig-rcAerdid: aratdOTNTA, SIGAVILO OTOPPOTG, OLOOYIKT) ELAVAYPTCLLOTOINGN
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1. INTRODUCTION

Leachates from soilless cultures can be collected to be reused for the fertigation of the
crop (recirculation); this system has been widely studied (Molitor and Fischer, 1988; Van
Os et al., 1991;Hardgrave, 1993; Gertsson et al., 1994), with satisfactory results in
Mediterranean conditions with good quality waters (EC < 1 dS m %) (Garcia and
Urrestarazu, 1999; Lorenzo et al., 2000; Marfa, 2000). Nevertheless, the salinity of
irrigation water represents the main difficulty for the management of closed systems. In
fact, salt accumulation occurs in the root zone when irrigation water contains ions such as
Na® and CI™ at concentrations higher than the plant uptake concentration (Sonneveld,
2000; Carmassi et al., 2005; Savvas et al., 2005). For this reason, another option isto
sequentially use and reuse the drainage water to grow increasingly more salt tolerant crops.
Through this way the drainages are concentrated to manageable level. This practice is
called “serial biological concentration” (SBC) system. The choice of reusing strategy to
follow depends largely on the drainage water (quantity, quality and time of availability),
crop tolerance to salinity and the availability of freshwater resources (for conjunctive use)
(Paydar et al., 2007).

The ultimate aim of this trial was to establish an integrated drainage management
strategy via a cascade cultivation system in order to avoid salinity stress occurred to the
crop and reduce the pollution generated by intensive horticulture, in order to save water
and fertilizers and to obtain a two-cropproduction (horticultural and ornamental).
Therefore, the purpose of this assay was to assess the cationic nutritional responses of
Basil (Ocimumbasilicum) fertigated with leachates from Cucumbers (CucumisSativus)
cultivated on rockwool, compared to conventionalfertigation.

Selection of plants for secondary crops in soilless systems is critical. Basil
(Ocimumbasilicum) is an annual herb that is commercially important and both fresh and
dried leaves are used for culinary purposes (Chalchat and Ozcan, 2008). Basil is
considered a medicinal herb for its diuretic and stimulating properties and also used in
perfume compositions. Basil is suitable for soilless production, and several studies have
used basil as hydroponic crop (Rakocy et al., 2004,Roosta, 2014; Mangmang et al. 2016)

Thus in the frame of this trial, the number of plants needed in each water system
through the use of a series of inputs was calculatedaccording to the model proposed by
(Garcia-Caparros et al, 2018).Therefore, the nutrients concentration used in the fertigation
of a dual production system in horticultural crops was studied.

2. MATERIAL AND METHODS

The experiment was carried out at the experimental research station of the University of
Thessaly located near Volos, (Velestino: Latitude 39° 22°, longitude 22° 44°, altitude 85
m) on the continental area of eastern Greece. It was conducted in a greenhouse, N-S
oriented, with a ground area of 160 m?, from September to Octoberof 2018.

2.1 Plant material and growing conditions

The greenhouse is covered by a single polyethylene film.In the current experiment
terms, the drainages of cucumber (Cucumissativus) cultivation (primary crop) were used to
cover the water and fertilize needs of the basil (Ocimumbasilicum) crop (secondary
crop).The plants were grown in closed-loop soilless systems on rockwool substrate (slab
dimension: 110 X 20 X 7.5 cm).

The nutrient solution was supplied via a drip system and was controlled by a time-
program irrigation controller (12 irrigation events per day, per hour, starting at 07:00 until
19:00, local time).All nutrient solutions were prepared using locally available irrigation
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water (Ca 1.40 mmol L, Mg 1.60 mmol L?, Na 1.10 mmol L?, SO, 0.15 mmol L™, NO;
0.10 mmol L, HCO2 5.70 mmol L%, CI 1.00 mmol L*, Mn 1.30 mmol L™ and Zn 1.20
mmol L.

The concentration of the macro and micro-nutrients supply to the cucumber plants was
according to Savvas&Passam (2002) recipe (K 6.20mmol L, Ca 4.15mmol L™, Mg
1.60mmol L, NOs14.75mmol L, NH,; 1.40 mmol L, H,PO, 1.25mmol L*, Fe 15.00
mmol L™, Mn10.00 mmol L*, Zn 5.00 mmol L™ and Cu 0.80mmol L™).The drainage of
the cucumber nutrient solution was collected, disinfected by a simple filter, and mixed
with a same quantity of fresh water in a mixing tank in order to replenish the
evapotranspiration. Stock solutions and/or nitric acid were added in order to maintain EC
and pH set-point (2.4mS/cm and 5.6, respectively).

2.2 Experimental Fertigation Treatments and design

Totally 72 cucumber plants were transplanted at 2.7plants density perm?in two crop
lines (12slabs per line, 3 plants per slab).

In order to study the effect of the drainages of the main crop to the basil plants,three
different fertigation treatments were applied: (i) basil plants fertigated with standard
nutrient solution(Control treatment; NS3) and two sequential reuse treatments: (ii) basil
plants irrigated with cucumber drainage solution correcting onlythe pH level at 5.5 (NS1)
and (iii) basil plants irrigated with drainage mixed with standard nutrient solution in ratio
1:1 v/v (NS2). The standard nutrient solution supplied to the plants was: K 5.00 mmol L™,
Ca 4.00 mmol L, Mg 2.00mmol L*, NO; 11.00mmol L*, NH4; 1.00 mmol L*, H,PO,
1.00 mmol L, Fe 5.00 mmol L™, Mn 5.00 mmol L, Zn 5.00 mmol L™ and Cu 1.00mmol
L. Each fertigation treatmentconsisted by two repetitions, twelve blocks and four plants
per slabgiving a total of 136 plants of basil (3.6 plants per m?). The treatment started 14
DAT and the whole experimental period lasted 60 days.

2.3Measurements

During the experimental period two destructive sampling were performed 30and 60days
after transplanting (DAT), in which six samples per treatment were obtained. Plant height
(H) was measured twice a week from the top edge of the pot to the tip of the last open leaf
of the plant with a calibratedruler. Three plants per replicate and treatment were sampled
to measure leaf fresh (FW) and dry weight (DW) of basil plants. The stems and the leaves
were dried separately to a constant weight at 70°C for 48 hours. The ratio FW/DW was
also calculated. A series of elements concentration [nitrogen (N), phosphorus (P),
potassium (K), magnesium (Mg), calcium (Ca), copper (Cu), manganese (Mn), iron (Fe),
and zinc (Zn)]in the plant tissue was also analysed in lab using the Kjeldahl extraction of
dry samples and quantification by ICP-OES. The values of mineral nutrients were
calculated by the average of both destructive processes. During the 2™ sampling period,
the plant leaf chlorophyll content was measured in the samples using non-destructive
sensing by means of an Opti-Science sensor performing measurements in contact with the
leaf (CCM 200, Opti-Science, NH, USA) beforeobtained in the lab. Measurements were
taken in5 leaves per treatment.

2.4 Statistical analysis

Comparison of means was performed by applying one-way ANOVA at a confidence
level of 95% (p < 0.05) using SPSS (Statistical Package for the Social Sciences, IBM,
USA).
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3.RESULTS

The uptake efficiency of N, P and K absorbed by the plants showed different trends
under different fertigation treatments (Figure 1). According to the findings, the N
concentration varied from 4.44 to 4.53%, the P concentration 0.45 - 0.56%,the K
concentration 3.73 - 4.10%,the Ca concentration 2.56 - 2.82% and the Mg concentration
0.59 - 0.64%.The N content (%) seems todecline in plants fertigated with drainage
solution (NS1) and drainage solution mixed with standard nutrient solution (NS2) almost
2% compared with the content observed in plants of control treatment (NS3).However, the
difference wasn’t significant and shouldn’t take in consideration. P content follow similar
trend to NS1 and NS2 treatment but in NS3 treatment the content value was significant
low (p<0.05). The resulted difference observed at 16%.In case of K content, the values
showed the greatest trendin plants of NS2 treatment with almost 10% difference from
those in NS1 and NS3 treatment. On the other hand, in case of Ca, the values showed the
lowesttrend in plants of NS2 treatment from those in NS1 and NS3 treatment with
difference equal around at 7%.

In Figure 2 the concentration of the micronutrients expressed in ppm in the leaf area
according to the treatments is presented. According to the findings, the Fe concentration
varied from 129.58 to 150.35 ppm, the Zn concentration 19.59-50.41 ppm, the Mn
concentration 29.31-50.41 ppmand the Cu concentration 36.45 — 48.13 ppm.At this point
however, it is north worthy to mention that the content of the micronutrients tend to
increase from the NS3 treatment in which the plant fertigated with standard solution to
NS1 treatment in which the plants fertigatedonly with drainages. For instance, Fe content
increase 3% and 16% in NS2 and NS3 respectively from the content observed in NS3
treatment. Similar trend rate followed the rest micronutrient elements.Investigation of leaf
macro- and micronutrient content for basil grown under soilless systems has not been done
before, and thus the findings provided in this paper are novel and of value for future
research.
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Figure 1. The concentration of macronutrients (%) in the leaf area for each treatment: NS1
treatment — drainage solution, NS2 treatment — drainage solution mixed with standard
nutrient solution and NS3 treatment — standard nutrient solution (control), a: values
without significant differences (p>0.05)
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The variation of basil height for each treatment is presented in Figure 3. No significant
difference was observed (p>0.05) until the 12" DAT, since no different fertigation
treatments were imposed to the plants. Additionally, no significant difference was
observed between NS2 and NS3 during the period of the measurements, except in some
cases such as in the last recording (60 DAT) in which the mean height was more than 9%
higher than the mean height of the NS3 plants. On the other hand, the plants irrigated with
drainage solution (NS1) surprisingly performed 6% to 16% higher height from the control
plants, from the first days of the fertigation treatment initiation.
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Figure 2. The concentration of micronutrients (ppm) in the leaf area for each treatment:
NS1 treatment — drainage solution, NS2 treatment — drainage solution mixed with standard
nutrient solution and NS3 treatment — standard nutrient solution (control)
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Figure 3. The height (cm) of basil measured every four days for all the cultivation period
(60 days)
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The FW/DWrate varied from 9.46 to 10.87 during both destructive sampling periods
(Figures 4). Particularly, during the 1% sampling period the FW/DW rate for the control
plants (NS3) was equal to 10.87. Meanwhile, no significant difference was observed
between the plants of NS3 and NS2 treatment. On the other hand, the rate in plants of NS1
treatment (only drainage solution) slightly decreased. Thus, the plants of NS1 absorb less
water in accordance to their dry matter production in comparison with the plants of NS2
and NS3 treatment. During the 2™ sampling period however, the plants of NS1 treatment
increase their water content at around 8.5%, since their mean absolute value was equal to
10.75. At that period, this value was higher than the other two treatments in which their
values seems to be improved reaching at 9.64 and 9.46 for NS2 and NS3 respectively.

Regarding the Chlorophyll Content Index (CCI) there were no differences in
chlorophyll concentration between the control and the drainage mixed with standard
solution treatment (Figure 5). There values were equal to around 34 CCI. Significantly low
was however the mean value of NS1 treatment (around at 33 CCl).
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Figure 4. The ratio FW/DWin two harvesting/destructive sampling periods. ! Harvest: 30
DAT; 2 Harvest 60 DAT.
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Figure 5.Chlorophyll content (CCI) valuation according to the treatmentsduring the 2"
sampling period (60 DAT).
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5. CONCLUSIONS

In the current study, the fertigationtreatment with drainage solution although resulted in
areduction of leaf chlorophyll content, manage to perform height plants with
sufficientamount of macronutrient concentration. Additionally, the plants of the current
treatment achieve a sufficient FW/DW rate during the 1% sampling period. Therefore a
brief overview of the overall analysis is given here, provide the strategy in which the
plants irrigated with drainage solution mixed with standard nutrient solution. In this
treatment the FW/DW rate remain quite stable and low until the end of the cultivation
period, while high values of chlorophyll content were performed. Thus, in the comparison
between fertigation systems, 50% drainage mixed with 50% standard solution against a
standard nutrient solution treatment, may reveals saving of water and removal of nutrient.
However, investigation of leaf macro- and micronutrient content for basil grown under
soilless systems has not been done before, and further study should be carried out for
future research on that direction.
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INEPIAHYH

Ymv gpyacio ovtn OlepevviOnke 1 emidpacn SOPOPETIKOV TEPIPOAAOVIIKOY GUVONKOV GTO
pLOUo avamtuéng tov gidovg Euglena gracilis, kaBd¢ kot otnv tedikn mepiektikdmta g Propdlog
mov mapdydnke oe mpwteiveg ko Aimn. [a to okomd avtd TpoyuaToToMONKaY HETPNOEL OF
Beplroknmo Kal o€ KAEGTO OdA0L0 avATTLENG PUTDV, GE AVOLYTOVE AVTIOPUCTPES YOPNTIKOTNTOG
50 L og 3 dwapopetikég ouvinkeg Beppokpaciog kot Evtaone aktvoPoiiag. e kabnuepvi faon
npocolopiloviav 1 cuy-ké€vipmon ¢ Propdloc evd oto TEAOG ToL KaBE TelpdpaTog £ytve Pétpnon
NG OGLVOMKNG TOPAYOYIKOTNTOC KOl LTOAOYIGTNKE O €0KOC puBuog otnv ekBetTikn @don
avantuéng (nexp). Téhog, mpaypatomomnkay avoAVcelg TG TEPEKTIKOTNTOS TG Propdalag oe
Mmn ko tpwteivec. Ta anoteAéopota 0150y 0Tt KOOmG aVEAVETAL 1] TPOSTITTOVCO, AKTIVOPO-Ald,
av&avetal 1 ToyvTTe avaTTLENG TG Propdalag Kabmg Kot 1 TEPIEKTIKOTNTA G Almn.

Aéeic Kleroia: puxpoeokm, Euglena gracilis, puBuog avantuéng, Opentikn cbotaon

CULTIVATION OF MICROALGAE Euglena gracilis IN
DIFFERENT ENVIRONMENTAL CONDITIONSAND PROTEIN
AND LIPID CONTENT

M. N. Metsoviti', N. Katsoulas', G. Papapolymerou?, I.T.

Karapanagiotidis®
!Lab of Agricultural Constructions and Env. Cont., Dept. of Agr. Crop Pr. & R. Env.
’General Department University of Thessaly, 41110, Larissa, Greece
*Aquaculture Lab., Department of Ichthyology and Aquatic Environment, University of Thessaly, Fytokou
Street, 38446, VVolos, Greece, e-mail: nkatsoul@uth.gr

ABSTRACT

In this study, the effect of different environmental conditions on the growth rate and nutrient
composition of the microalgal speciesEuglena gracilis were investigated. The experiments were
conducted in open bioreactors of 50 Lcapacity, in a greenhouse and in a closed plant growth
chamber, where the environmental conditions were controlled. The absorbance at 665 nm was
measured daily. Total productivity of each culture was determinedat the end of each experiment
and the specific growth ratesin exponential growth phase(p.x,) Were calculated. Additionally, the
composition of E. gracilis in lipid and protein was determined. It was found that as the intensity of
irradiance increases, thebiomass production and the lipid content increase.

Keywords: microalgae, Euglena gracilis, growth rate, nutrient composition
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1. EIXATQI'H

Ta pwpo@dkn egivor povokVTTOPOL OpYOVIGHOL, Ol Omoiol (®TOcLVOETOVY, LE
VYNAGTEPN aTOd00N amd OTL Ta PLTA, Yo TV Tapaywyn Poudlog (Brown et al. 1997). Ze
avtifeon pe ta eutd, oev Exovv pioyo, @A M pila, mEPLEYOLY EAGYIOTY KLTTAPIVY KOl
EVLOOKILOVV GE VYPEG KOAMEPYELES, OOV T KVTTAPO TOVG EXOVV €mOpKN mpdsPacn o€
ewg, 010&eidlo tov Gvbpaxa kol dAla Opemtikd cvototikd (Rosenberg et al. 2008). H
BromowciAdtnTa TOVG £ivar TEpAoTIa. Y TAPYOLV €101 TOV avaTapdyovTol 6€ YAVKS vePS Kal
€101 oV avaTAPAYOVTOL GE OALVPO VEPOD.

E&ioov onpavtikd givar 1o yeyovog 0t avamticsovior £o¢ kot 30 popég mo ypryopa
amd to eutd. Katd v koAAiépyeld tovg vmdpyel n duvatdHTNTO OVOKOKAMONG TOV
Opentikdv ovotatik®v kot Tov vepov (Kim et al. 2012). Emuwdéov, vmdkewtor og
Topay®yn o€ Propunyovikn kKAipoka pe m ypron tov uedddwv e Broynuiknig Mnyovikng.
Qo1660, VTAPYEL VO AVATATO OPLO GTNV TAPOYOYIKOTNTA AOY® TG SLGKOATLNG dieicdvuong
T0V EMTOG KaBmg av&avetar 1 amoppdenon. o eumopikr aglomoinon ypewdletor pio
OVLYKEVIP®OOT otV ekpon ¢ taéng tov 15-20 g/L , n omola mpog t0 Tapdv dev
emtvyydvetal. Opmg, o cuvdVAGUAOS 1 1 YPNON TNG ETEPOTPOPIKNG KAAMEPYELNG UTOPET VL
10 avatpéyel (Perez-Garcia et al. 2011).

Ta pikpo@OKn propovv va KaAlepynBobv gite 6e avoytd gite oe KAEIGTA GLOTILLOTO.
H xoAMépyela oe avowktd ovotuo degdyetor ouvibme 6€ avolkty AMpvn M avoiktd
doyelo mov givon extebelpévo oto mepiParrov. H kadMépyela oe KAE1GTO GOGTNIAO HOpEl
va deaybel oe @oTOPloavTOpacTNPES. XTO KAEOTA GULOTHUOTO KOAMEPYEWS, N
nopayoyikomTa g Popdalog sivar vymAdtepn amd OTL GTO OvVOLXTO KOl O KivOuvog
emuolvvong ¢ koAMépyswog eivor  younAdtepog. Qo0T0CO, Ol EMEVOLTIKEG KoL
Aertovpyikég damdves, KaBMG KoL Ol OTOLTHGELS O EVEPYELN Etval VYNAOTEPES Ad OTL OTA
avorytd cvotuata (Résch & Posten, 2012).

O xvuprdtepotl mapdyovieg mov emnpedlovy TV KOAMEPYELDL TOV HUIKPOPUKOV Elvor M
Oepuoxpacio, To d10éeidto Tov dvBpaka, to PH, 0 eoTIoUOS Kot T ddpopa OpemTiKd
otoyEiol TOv HEGOV KOAAEPYELNG, OT®MG TO AL®MTO, 0 POGPOPOG Kot To kKdAo (Yeesang &
Cheirsilp 2011). And tovg mapdyovteg mov emnpedlovv v avamtuén katl Tt ovvheon
TOVG, 1 GLYKEVIPMOOT TOL aMTOV KoL 1 £vTaon Tov emTOg gival ot o onpavtikoi (Dean et
al. 2010). ZvvOnKeg oTPES VIO TO LIKPOPVKN OOTELOVV 1) EAAELYT) OPENTIKMOV GLOTATIKMYV,
01 TOAD VYNAEC N YaunAéG evidoelc mTog Kot o xounid pH (Lopez et al. 2010). Avtég ot
ovvOnkeg odnyovv ot peiwon tov pvOUOL avdmTLENG Ko emOUEVEOS OTn pelmon g
napayoykomrog (Wijffels et al. 2010).

Avaloya pe To €100¢ TOL KOAMEPYOVUEVOL HIKPOPVKOVG, TO GTAOI0 OvVATTLENG KOTE T
CLYKOMON KOl TIC TOPOUETPOVS KOAMEPYELAS TOv, MTol Bepuokpacia, &viacn QTOC,
OLYKEVTPMOOT OPENTIKOV GLGTATIKAOV GTO UEGO KOAMEPYEWNG, UETAPAAAETOL 1) OpENTIKN
ovotaon g mopayouevne Proudlog (oe Aimn, mpwrteiveg, voatdvOpakeg) (Gouveia &
Oliveira 2009). T'io moapdderypo, kobOc ov&dvetor 1 oVYKEVIPOON TOL al®OTOL GTO
Opentikd péco KAAMEPYEWNG, ALEAVETAL 1) TEPIEKTIKOTNTO GE TPMTEIVEC KOl UEUDVETOAL M
TEPLEKTIKOTNTO G€ Ainn ko avtiotpoea (Huang et al. 2013).

Ot topeic oTOLG OTOIOVG YPNCUOTOIOVVTOL TAL UIKPOPUKN givol moAlol, OT®G oToV
TOUEN TNG QOPUOKEVTIKNG, KOOMG mapdyovv ovcieg, ot omoieg £xel amoderydel dtL Exovv

256
110 NMaveA\nvio Zuvédplo MewpyLkng MnXavikng
BoAoc 2019



ENOTHTA 3 - ATPOTIKEX KATAZKEYEZ KAl ©EPMOKHIMIA

a&16hoyeg Bepamevticég 1010tTEG, 0TV TTapaywyn Plovtiled, omv Ploamokoddunomn, g
ocvoumAnpopate dtTpoPng kot g (motpoeéc (Pulz & Gross 2004). Tvykekpyiéva, oTig
yBvokoAMEpYELlES, JLAPOPO €101 HIKPOPUKAV YPNOUYLOTOOVVIOL GTY Ol0TpoPn TMV
VOUQIK®OV oTOdimV €iTe MG AUEST TPOPN, OTNV TEPITTMOON TOV HOANKIOV Kol TOV Yopidmv,
elte g TpoPn Yo {omAayKTOVIKA €10M, TaL 0ToileL ATOTEAOVV LE TN GEPA TOVS TPOPT TOV
ateddv 1yBvdiowv (Muller-Feuga 2000).

H mopovoo perétn oeEnydn mpokeiévon va depevvnbel n emidpacn O1popETIKOV
TEPPOAAOVTIKGOV cLuVONKOV 6TV avamtuén Kot tn Opentikn cvotacn tov gidovg Euglena
gracilis, To omoio amoteAel éva amd ta TAEOV dladedopéva 10T HIKPOPVKOVC.

2. YAIKA KATI ME®OAOI

To &idoc pkpogvkovg E. gracilis, to omoio mponAfe amd to Epevvnrikd Epyaothiplo
tov [Mavemotuiov tov Goettingen ¢ I'eppaviag (EPSAG), kaliiepyndnke oto id10
Opentikd péco KaAMEPYEWNS, GE avolyTovg avtidpaoctnpeg ywpntikoétrog 50 L, og 3
dwpopeTikd  mePPAALOVTIO, NTOL O  OPOPETIKEG ovvOnkeg Beppokpaciog Kot
aKTvoPoAlag (£vIaong @MTOG) TPOKEWEVOL Vo gpevvnBoLV Toleg €ival ot PEATIOTES
OLUVONKEG KOAMEPYEWG Y TO GLYKEKPUEVO €100¢ pkpoevOKovs. EmimpocsBétwc,
peAetnOnie n meplekTikdTNTO TNG Propdlos e Mmn Kot TPOTEIVEG OTIG SLOPOPETIKEG OVTEG
ouvOnkeg.

Y10 mpdTo meipapa, n E. gracilis kolepyndnke oe Beppoknmio amd to upve Mdaptio
€m¢ 10 punva. Anpilo. Xto devtepo meipapa, 1 E. gracilis kaAlepyndnke oe Oepuoknmio
and to uva lovvio €wg to piva TovAto. Kot to 000 avtd meipdpota wTpoypotoroonkoy
o€ Beppoknmo oe ELOIKEG cVVONKeEG Beprokpaciog Kol NAakNG aktivofoiag. Xto tpito
neipapo, n E. gracilis kaAliepynnke oe eleyyoueveg cuvOnkec Oeppokpaciog Kot EVIaong
TOL EMOTOG 6€ KAEWGTO BAAapo avantuéng eutov. Kdbe éva amd to mepduota ovtd iy
duapketa 50 nuépec.

To Opentikd péco kaAlépyelog ovupmvo pe toug (Andersen et al., 1991) nepieiye: o
Kabe Altpo Opemtikov pécov yia tnv E. gracilis: 0.2g KNO; /L, 0.02 g K;HPO,/L, 0.02 g
MgSO47H,0/L, 30 ml exydhopa ydpatoc/L kot 5 ml/L, and éva diddlvpa mov mepieiye
To akdAovBa pukpobpentikd: (1 mg ZnSO,7H,0, 2 mg MnSO44H,0, 10 mg H3;BO3, 1 mg
Co(NO3),6H,0, 1 mg MoO,2H,0, 0.005 mg CuSO45H,0, 700 mg FeSO,7H,0 «ot 800
mg EDTA)/L.

H ovykévtpoon g Bropdlog tpocdiopiotnke o€ kKadnuepwvr Pdon pe LETPNOES NG
amoppOPNoNg oto. 655 nm pe ™ ypnon evog pacpatoemtopeTpov UV/ViS. Tpia delypoto
ocLAAEYONKaV  koBnuepvd  amd  kAbe  kaAMépysw kol OAEG Ol UETPNOELS
npoypatoromdnKay tpelg eopés. Ot PHETPNGELS TG ATOPPOPNONG YPTCILOTOMONKAY ®G
HETPO TNG KLTTOPIKNAG TUKVOTNTOG. AKOUN, LETPHONKE 1| GUVOAKY| TaPOy®YIKOTNTO KAOE
KOAMEPYEWOG OTO TEAOG KAOE TEPANOTOC, Kol VTOAOYIoTNKE 0 €101KOG PLOUAS avamTLENG
otV ekBeTIKN AN (Hexp):

Hexp= IN (02/ag) / (t2-t1)
OmoL 0 Ko o opilovtar mg M amoppoenon 6to ypovo 1 (t1) kar xpovo 2 (tz), avtictorya.
257

110 NMaveA\nvio Zuvédplo MewpyLkng MnXavikng
BoAoc 2019



ENOTHTA 3 - ATPOTIKEX KATAZKEYEZ KAl ©EPMOKHIMIA

H ovvolikn mapaywywkodtnto petpnnke votepa and cvAroyn g Popdalog pe pio
dwdkacio copmvkvemong, M omoia Pacictnke o€ KpokidwoN, QLOIKN KoTtakdoion,
OTOUAKPLVOT] TOL  VREPKEIPNEVOL SOAVUATOG, GULAAOYN T®V GUUTVKVOUATOV Kot
agaipeong g vypaciog pe amoénipavorn oe eovpvo otovg 105 °C uéypt omoKTNoE®S
otabepov Bapovs. EmmAiéov, vmoloyiomnke n HECT TPOOTINTTOVCH OKTIVOPOAN KOTA TN
OIPKEIDL TOV OVO TEPAUATOV TOL TPUYUOTOTOMONKAY ©T0 Oeppoknmo, 1 omoia
TPOEKLYE pE PETPNON TNG NAKNG OKTIVOPOAIOG LE TUPAVOUETPO EYKATECTNUEVO GTO
Beppoknmio. Ltov KAeloTd BGAao avamTuéng, N nuepnota £viaon g aktvoPoAiag NTav
e eyyouev.

O avorvoelg g Opentikng ovotaong g Propdloc Eywvav coppova pe T1g pebBodovg
AOAC (1997). Zuykekpipéva, 0 TPOGOHIOPIGHAC TNG TEPIEKTIKOTNTOG G OMKEG TPMTEIVEG
éywve pe m pébodo Kjeldahl kar o mpoodiopiopdg g meplekTikOTnTog 68 0AKG Aimtn £yve
pe 1N néEBodo g vypNg ekyVAONG e YAmpo@dputo-pedavorn (1:1), kabmg, cOpupwva pe
tovg Ryckebosch et al. 2012 1o pelypo ovtdv tov dtadvtdv o avoroyia 1:1 Bpébnke oti
elval 1o KOAOTEPO Yo TNV EKYOAMOT| TOV ATOV GTO LUKPOPUKN.

3. AHOTEAEEMATA KAI XYZHTHXH

Y10 Xynuo 1 amewoviletor m petafoAr] ¢ amoppdenong Katd TN OpKEL TNG
KaAAépyelog tng E. gracilis otig 3 dapopetikég nepiforioviikéc cuvOnkeg, ntot Mdaptio,
Iovvio kot otov gheyyduevo BdAapo avamtuéng. O €d1kdg puOUds oty exbetikn @don
OVATTOENG (Hexp) N HEYLOTN 0OPPOPNON (Oimax), N HEOT Oeppokpasio (T s o€ °C), N péon
nuepnoa mpoonintovsa aktvoPorio (I o€ MJ/m?) kat 1 GUVOMKTY TaAPOy@YKOTITO!
(o 9/50L) mapovoialovtar otov Iivaka 1. Xtov IMivaka 2 topovstaleTor n cvoTOo TG
E. gracilis oe mpwteiveg ko Amn KaAAepyovpevn oTic 3 daPopeTIKEG TEPBOAAOVTIKES
oLVOTnKEC.
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Yypa 1. Koumodleg avamtvuéng g E. gracilis, kotd v koAlépyeia g otig 3
drapopetikéc meptoariroviikég ouvinkeg (Mdaptiog, lovviog, ereyyduevog Bdlapog
avAamTTLENG).
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Iivexag 1. E1dwog pubpodc oty ekbetikn @aomn avantoing (Lexp), Méyiot anoppodenon
(amax), Méom Beppoxposia (o °C), Méon nuepioio Tposmintovsa akTivoPolia (o€
MJ/m?) kon Zuvohucr Hapayoywdra (oe g/50L) ¢ E. gracilis otig 3 dwapopetikég

ePPoALOVTIKEG GUVONKEG.

E. gracilis Eleyyopevog MapTtiog Tovviog
Odaiapog
Hexp 0.12£0.03 0.17 £0.04 0.20 £0.05
Omax 0.50 £ 0.04 1.01 +0.08 0.81 £ 0.06
Tuson (°C) 24 28 36
Lyson (MJ/M?) 8.3 15.9 25.7
Productivity 27614 39420 40.8+2.1
(g/50L)

IMivakag 2. Xvotaon (%) g E. gracilis og mpwteiveg ko Amn katd v kaAMEPYELR TG
OT1G SLPOPETIKES TEPPOALOVTIKEG GUVONKEG O TIHES AVTITPOGHOTEVOLY HEGOVG OPOLG +
tom. andkion (N=3). Tiuég oV 10l YPOLLUT TOV PEPOVY SAPOPETIKO EKOETN
VIOOMADVOVY GTATIOTIKA onpovTiky dtapopd (P<0,05).

E. gracilis Eleyyopevog MapTtiog Tovviog
Odaiapog
MPQTEINEX (%) 23.2+0.2° 25.6 0.5 23.3+0.1°
AIITH (%) 8.3 +0.3 13.1+0.4° 17.8+0.8°

Onwg mpokdmtet amd 1o Zynua 1, ot mepParloviikés ovvOnkes KoAMEPYELNG
emnpealovv onuovtikd o pvlud avamtvéng g kKoAMépyswag ot E.  gracilis.
Av&avopevng g mpoomintovcsos axtivofoAiiog, avEdvetar onuaviikd 1 ToydTNTO
avamtuéng g Propdlag. Avtd moTomoleiTon Kot amd TNV KAMOT TOV KOUTVADY GTO Zynuo
1, amd Tig omoieg vmoloyiletor 0 €10KOG PLOUOG AVATTVENG (Hexp), OAAG KOl amd TNV
TOPAYOYIKOTNTO 010 TEAOG NG KoAMEpyelwg Omwg ¢aiveton otov Ilivaka 1. Ztov
eleyyouevo 0dAapo avamtoéng, n éviaon tov eotodg NTav younAn (Ilivakag 1) kot avtd
OTOTEAECE OVOCTOATIKO TOopdyovio Yoo TV avdmtuén tov €idovg. Xvvendg, Yo To
mEPAUOTo, otov KAEWTO Bdhapo mn éviaon g oaktwvoPoAriog eivor o puvOuoTikdc-
TEPLOPLOTIKOG TOPAYOV Y10 TNV avarTuén Tov pukpogvkovg E. gracilis.

Tov Mdptio, ka1 tov Iovvio n péon muepnowa €viaon g axtivoforiog Kotd v
nepiodo Tov avtioTorymv kadhepyedy frav 15.9 kat 25.7 MI/m? avtiotoryo. Ot Stopopés
petalld tov dvo avtdv kodiepyeidv (Mdptiog kot lovviog) dev givar onpavtikés 6Gov
aPopd 6ToV €101KO pLOUO avaTTLENG Kot otV TTapoywytkdtta. IIpopavmdg o cuvdovacudig
™G évtaong g aktivofoliog kat tng Beppokpaciog g kKaAAéEpyelag Tposdlopilovy Katd
KOplo AOyo v KivnTikn avamtuéng. Tov Mdaptio n évtaon g axtivoforiog sivor 15.9
MJ/m?kat n péomn Oeppoxpacio eivon 28 °C gvd tov Iodvio 1 péon nuepnoto Eviacn g
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aktvoforag eivon katd moAd peyahvtepn (25.7 MImM?), omwc emiong ko M péon
Beppokpacia (36 °C). Eivor yvwotd OtL o1 ToAd vynAiég Oeppokpacicc katamovodyv Kot
empedlovy  apvNTIKE TNV KIVNTIK  ovOTTUENG TV HIKPOPUKAV. XVVET®G, O
OVOUEVOUEVOS LEYOADTEPOG PLOUOG aVATTTUENG TOV HKPOEVKOVG AOY® TNG LEYOADTEPNG
évtaong g axtivoPfoAriog ¢ kaAMépysiag tov lovviov oe oyéon pe tov Mdptio,
nepropiletar amd v vynAn Bepuoxpacio g KaAMEpYeLag Tov lovviov.

Ano 1o anoteAéopata (ITivaxag 2) eaivetar akdun 6Tt N pHéoN nuUePNo EVTACT TNG
aKTvoPoAiag dev emnpedlel oVGLUOTIKA TNV TEPLEKTIKOTNTA TG Propdalag oe mpwteiveg
KaBmg N péylom dpopd ot meplekTikdTNTa NG Propdlog oe mpwteiveg glvarl mepimov
8%. Emonuaiveron 6t ko ota tpio mepdpata, n cvotactn tov Openticod pécov fTav n
0. Opwg, dwgaivetor 0Tt 1 puéon muepnola évtaocn g oktvoPforiag emmpedlet
onuovtikd v meplektikotnta o€ Ann (Ilivaxog 2). H meplektikdétta og Ainn avEdvetot
aro 8.3% oe 13.1% ot og 17.8 %, Mot oyeddv dumhacialetar, kabmg 1 axktvoBoria
avéavetor and 8.3 oe 159 wor oe 25.7 MJ/m?. H YoV Eeymploty emppon g
Bepurokpaciog oy meplekTikoOTTO TG Propdlag o Alnn dev pmopei va mpocsdlopiotel and
T0, TOPOVTO TEWPALOTO KO ATOTEAEL GTOYO LEALOVTIKMV TEPAUATOV.

[TiBavoroyeitar 0TL VIO guvoikéc cuvONKeg KaAAEPYELOG (Evtaon ewTds, Beprokpacia,
oVOTOON TOL OpenTiKoD UECOVL NG KAAMEPYELNC), N TAPAY®YN AMTOV aLEAVETOL UE TNV
évtaon G aktvoPoAiog, d10TL Ta. Amn ¥PNOIUOTO0VVTAL Kol ¢ ammodnKn evEPYELNG Yo
TO, JUKPOPUKN O UM €LVOIKEG MEPLOOOVS OvATTLENG. T TV TTapay®Y TPOTEIVOV 1
TEPLEKTIKOTNTA. 0 Al®wTo emnpedalel v meptekTikoOTNTa. TG Propalog oe mpoTeivec.
Avéavopévng g mePLEKTIKOTNTOG € AL®MTO, OVEAVETOL KOl 1 TEPLEKTIKOTNTA TNG
Bropalag oe mpwteiveg (Huang et al. 2013).

4.XYMIIEPAXMATA

Amo ta amoteAécpato TPOKOTTEL OTL KaODG avEaveTon 1 TPOoTITTOLGH OKTVOPBOoAlN
omv kaAMépyelion g E. gracilis, av&dveton onuoviikd n toydThTo. OVATTUENG TG
Bopalac. H ovvolikny mapaymywdmra oto Téhog Kabe woaAAiépyswng (oe g/50L)
axolovBel kKot avtn Vv 1010 Tdomn. H mepiektikdtra og Ainn g mapayouevng Propdlog
drapaiveror va avdvetal KoBmG avEAveL 1 £€VTOGCT) TG TPOSTIMTOVGOS AKTIVOPOALNG VD 1
TMEPLEKTIKOTNTO OE TPWOTEIVEG TOPAUEVEL GYEOOV 1 1010L.
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ANAIITYZH ITPOXOMOIQMATOZX I'TA THN EKTIMHXH
2YT'KENTPQXHX NATPIOY XE ENYAPEIOITONIKO
2YXTHMA

M. Aciavioov, N. Katoovrag, A. EABavion, E. Toovpariakov, E. Agpilov
['eomoviko TTav/po Osocariog, Tunpo Gutikng [apaywyng kot Aypotikol
[Tep1dArrovtog, Od6¢ Dutdrov,38446,BoAog

IHEPIAHYH

Ymv epyoacio ovt) pelemmOnke m pon tov NATPO ©€ EVLOPEIOTOVIKO GUGTNLOL
gpyaotnplokng kAipokag. o 10 okomd owtd ovomtdydnke LTOAOYIOTIKO HOVTEAO
EKTIUNONG TNG GLYKEVIPOONG TOV GTO KLPLOL TUNHATO TOV GuoTHHatoS. To chotnua and
10 omoio Pobupovounbnke 1o povtéAo cvvOvAlE KOAMEPYEWD HOPOVAIOD KOl EKTPOQY|
TiAdmoc. Ov petpnoelg €0e1&av 6t ot tipég pH akorobOncav ™ @LGLOAOYIKY KOBOIIKY|
TOPELDL TOV TTAPOTNPEITAL GE EVLOPEIOTOVIKA GUGTNUOTO EVAD 1 NAEKTPIKY Oy®YIULOTNTO
mopépeve otabepn kb’ OAn N Owdpkew Tov mEPduatToc. o ™ Pobpovounon tov
HOVTELOL, €Yve OUYKPION HETAED TV eVOEIEe®mV KOl TOV OVTIIGTOI(®V UETPNCEDV TNG
OLYKEVTPMONG TOV VOTpiov oTo gpyacTiplo. To HoviEAo TPoéPAeye pe VYNAN GYETIKA
axkpifela T cvykévipmon Tov vatpiov Tig Tpdteg 20 NUEPES TOV TEPAUATOS. TN CLVEYEL
mopatnpnOnke &vtovn amdKAMon HETOED TOV TPOGOUOIMUEVOV KOl TPOYUUTIKOV TIUOV
AOY® ™G avATTUENG OVTOY®OVIGHOD HETAED TV 1OVT®V VaTpiov Kot KaAlov.

Aéeig kleroid: EVOOPEIOTOVIKO GUOTNLA, LOVTELO, VOATIKO J1GAV O, VATPLO

DEVELOPMENT OF A SIMULATION MODEL FOR SODIUM
CONCENTRATION IN AN AQUAPONIC SYSTEM

M. Aslanidou, N. Katsoulas, A. Elvanidi, E. Tsoumalakou, E. Levizou
Agricultural University of Thessaly, Department of Agriculture Crop Production and Rural
Environment, Odos Fytokou, 38446, VVolos75

ABSTRACT

In this study, the flow of Sodium macronutrient into a laboratory-scale aquaponic system
was studied. For this purpose a computational model was developed to assess its
concentration in the main parts of the system. The system from which the model was
calibrated was combining lettuce cultivation and tilapia breeding. It was concluded that,
the pH values followed the normal downward trend observed in hydroponic systems. The
electrical conductivity remained constant throughout the experiment. To calibrate the
model, the simulation data were compared with corresponding experimental data. The
model predicted with high relative accuracy, the sodium concentration during the first 20
days of the experimental period. Intense difference then was observed between the
simulated and the measured values due to competition was performed between sodium and
potassium ions.

Keywords: aquaponic system, model, aquaponic solution, sodium
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1. EIZXAT'QT'H

H evudpelomovia amotelel pioe cOyypovn HOpPN TOAVKAAMEPYELQG TOV GLVOVALEL TNV
vopomovia pe v ybvokariiépyeta. Eppaviletor oav éva teyvntd, KAEIGTO 01KOGVOTNHA
Kot amoteAdel po Tayeio avarntuosouevn texvoroyioa. Ta o@EAN TG eivan ToAvouavTO Kot
oyetilovron Kupilwg pe TNV TPooTacio Tov TEPPAALOVTOG, TV TOVMOT TG OIKOVOUIG Kot
™V iAo KOWVOVIK®OV TPoPANudtomv OTtmg 1 peimon g endpkelag g tpoeng(Love et
al.,, 2014; Jolyetal., 2015). H molvmlokOtnta. Aettovpyiog kol Stayeipiong Ttv
CLOTNUATOV, OCTOGO €ENYOVV TO YEYOVOC OTL Ogv LEAPYEL Mo KaBOAKN TeYVOAOyin
EVLOPEIOTOVIONG, OAAL CUVEXDC OVOTTOGGOVTOL TOAAEG OLOPOPETIKEG TEYVOAOYIEC LE
SLUPOPETIKOVG GTOYOVS KOl OGOV apopdl TO CVUGTNUO OAOKANPO GAAL KOl TOV ETUEPOVG
TUNUATOV Tov 1O amoteAobv. Ot Teyvoloyieg NG €VVLOPEIOMOVIOG UTOPOLV Vi
ta&wvounbobv ocdupwve pe optouévove Pootkodc mapdyovieg omws: (i) ov @opeic mov
amevbovovtat, (i) To péyebog, (i) o tpodmOg Aertovpyiog ¢ voutoKaAAEpYELaG, (V) N
dwxeipton g avakiklmong tov vepov (cvlevyuévo chotua, un cvlevyuévo chotnua),
(V) o tomog tov vepoD, (Vi) 0 THTOG ToL VIPOTOVIKOD GLGTHUATOS, Kot (Vil) 0 6KOTOG TNG
YPAONG TOV GULGTHWATOG (TOPUY®YN TPOPNG, CICONTIKOVS OKOMOVS, EKMALOELTIKOVG
OKOTOVG) 1 akOpo Kot Yo KéOe facikd vrocHOTNO TOV GLGTHUATOS (TULO KAAMEPYELOG
yOvov, piktpa, Tunua voporoviag)(Maucierietal., 2018).

2. OEQPIA
2.1 Zvoocmpevot) vaTpiov 6To EVOOPELOTOVIKG CVGTI AT,

Ye €vo KAEIOTO €VLOPEIOTOVIKO GUGTNUO. aKOAOVOMOVTOG TIC apyég Asttovpyiog Tov
VIPOTOVIKOD GUGTHLLOTOC, AVOUEVETAL GVGGOPELST 10vTeV Na' koiCl™ Adym cuvexdHevIC
AVOKOKAMONG TOL VEPOD Kol UELWUEVNC AITOPPOPNoNG OAUTOVY®V 1OVT®V atd Ta UTA. Ta
10vto. Na'kauClyevikd e Osopovviol amapaitnta HokpodpenTikd otolysion yoo v
avamTuEn TOV PLTAOV Kol YU aVTd dev emdpovv otnv petaforn Tov wwolvyiov ualog. H
VYNA GLYKEVIP®ON 0AATOOY®V WOVIOV ®MOTOGO AOYM,TNG GLVEXNG TPOGOHNKNG vePOD,
odnyel otadloKA o PEYAAES TIUEG NAEKTPIKNG AY®YILOTNTOG TOV OPENTIKOV OLOADUOTOC
TPOKOADVTOG Opentikny Katamévnorn oto eutd. H mpoaktik) mov epoppdletor yioo tnv
ATOPLYY TOV TPOPANUATOG AVTOV, Elval 1 amdPPIYN TOL OPENTIKOL SHAVUATOG HETA amd
L0 GUYKEKPULEVT] TN GLYKEVTPWOONG TOV GTOLYEI®V ALTOV.

e LEPIKA EVVLOPEIOTOVIKA CLGTHUOTO MGTOCO, 1] CLGCHPEVCT TOV AAUTOVYOV 1OVIMOV
dlpopomoleiton amd TNV mopeio Tov akolovbeitan oe Eva GLUPATIKO VOPOTOVIKO CVLGTI O
Kol 1 HETAPOAEG TV TIHADV Tovg oto xpovo a&ilel va avaivBel mepetaipo (Goddek &
Vermeulen, 2018). I'a 10 A0yo avtd, amoapaitntn Kpivetal 1 EKTIUNCYT CLYKEVTIPMOOTG
vatpiov (Na) 6to cOGTNUO KoLl 1) ¥POVIKY] GTIYUT OV TPEMEL Vo TPootedel ppécko vepod
HEG® VLTOAOYIOTIKOV povTédmv. H pon “okéyng’ evog tétolov poviédov mpémet va, 1)
EKTIUA TNOLYKEVIPMOT VOTPIOV TOV LIAPYEL |01 GTO GUCTNHA, 2)EKTIUA T1 GLYKEVTIPWOGON
uéyotn T \tng ouykEVIP®ONG TOL VOTPIOL GTO GUGTHUA OVOAOYO HE TO €100 TNG
KaAAMEpYEWOG, 3) AauPdvel oamdpaong ardppyng Tov SOAVUOTOS Kol EKTIUNGN NG VEOCS
OLYKEVTIPMOOTNG VATPIOV GTO CLGTNUA. XTO TaPoOV ApBpo mapovoidleTor N Tpoomdbela
avamtuéng kot Pabpovopnong €vog VTOAOYICTIKOD HOVIEAOL HE TIG TOPATOVE
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TPOJYPOPES, OOV Oa EKTIUE TN CLYKEVTPMOOT VOIPIOL GE Tpiot OCMUEIN TOV GLGTHLOTOG:
1) ot0 vepd TV YopldV 2) 6TO VEPD ATOPPONS TV PLTMV Kot 3) 6TO VEPO TPOPOOOGiag.

[Mopaxdto wopovsialovrol ot eE1I6MGEIS TOL amapTIOLV TO VTOAOYICTIKO HOVTEAO UE
oKomo TNV TPOPAEYN TG OPLOKNG GLYKEVIP®ONG TOL TTov Ba. 0dNYNCEL GE GAAAYT EVOG
HEPOLG OYKOL VEPOD TOV GLGTHHOTOC.

2.2 To mpocopoiopa

Oewpeitar 6TL 1 OV YN €600V VOTPIOL GTO GVOTNUA Elval TO vEPO VOPELOTNG TOV
nmpootifetarl kabnuepva AOY® ATOAELDY VOATIKOD SOAVUOTOS TOL ATOPPOPOVV T PUTAL.
‘Exovtog opicel g opakt) T ovykEvipmons vorpiov 6to cOGTNUO Calimit, © OYKOG
vepoL mov av mpootebel 6To cLoTNUA N cLYKEVIPp®OT Ba PTdcel oe avTAY TV T Vi
vroAoyileTon amd v TopakdTo e&icmon:

Va * Cnalimit = VL * Cnaw(1)

6movVy(L) o dykog amoppong ano ta eutd katCnaw(Mg/L) 1 cuykévipmon vatpiov oto
vepod apdevorng (Katsoulas,2015).

10 oVOTNUO AOWOV KaTowpeitan po T 0plo Tave amd TV omoic 1 GLYKEVTPMOT)
vatpiov degv mpénetl vor eivor vapkt (Cavimit). 2€ kGBe vEo KOKAO vepPOV, TO GVOTN LN
eAEYYEL AV 1 SVYKEVIPp®ON voTpiov elvar peyadvtepn 1 ion g TG opiov. OvolacTikd
GLYKPIVETOL 1] GLYKEVTPMOOT 16000V GTO PLTOOOYEIO LLE TNV OPLOKT] GLYKEVIPMOOT).

H ocvykévipwon €16660v 610 PUT0d0YEI0 VITOAOYILETOL OO TO AOPOIGLLAL THG TOCOTNTOG
vatpiov 610 vepd Apdevong mov Tpootifetarl 6to cvotua A imna(MQ) Kat ¢ TocdTTg
amd 1o ddAvpa amoppons A gma (mg). To dBpotcua avtd avayetor 6Tov OYKO deEAIEVG
YOpLOV HEGH TNG TOPIKAT® e&lcmong:

Cinput Na = (A imnaT A drNa)/Vfish(z)

H ovykévipmon amoppopnong tov Bpentikov ototyeiov amd to putd oyetileton aueca
Le Tov 0YKo vePOL Tov amoppoenoe to eutd (V) (L). Tivetar dektd O6TL o8 évo KAEIGTO
VOPOTOVIKO GUOTNA O OYKOG VEPOV TTOL YAVETOL OO TO CLGTNO 16OVTAL LE TO VEPH TOV
amoppoPnOnKe amd To UTA.

Metpdvtag Aomdv tov Oyko vePOD OV KOTOVOADVETAL OO TO GVOTNUA KoOnuepva
Kot Oeopdvtog 0Tl 1600TAL pE TV TocdTNTA VEPOL oL amoppdence 1o euto (Vy) (L),
EXOVTOG EKTIUNOEL TNV GLYKEVIPMON TOL OTOLEIOV OTO E€10epYOUEVO O1ALHO TOL
putodoyeiov (Cnozinput) (MY/L)vmoroyileton katd mpocyyion n mocdTTA TOV GTOLYKEIOV
7oV amopPoPNONKeAnd T0 PVTO (Ayy) (MY) péow ™G oxéongs (3):Axunos = V™ Cinpuna(3)

Oewpeitar OP®G 6Tl T0 PLTO B ATOPPOPNCEL £Vl TOGOGTO TNG TOGOTNTOS TMV
OpenTiKdV OV TTEPIEYOVTAUL GTOV OYKO VEPOV TOV amoppdPNce ondte N oyéon (3) pmopel
va dlapopmBetl og €ENG:

Axunoz=Vu* C input Na*d(4)
6mov d 0 cvvtelEsTNG amoppOPN oG OpenTIKOV amd TO PUTO.

H ovykévtpoon anoppdenong vroroyiletor amd v oxéon (5), (Sonneveldet al.,1999):
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Cxuna= a*(CdrNa)b(S)

Ot ovvieheotég akal b agopodv v KaAMépyea kol Podpovopovvral and TpExov
neipapa. Otov Pobpovounbei to poviélo kot yivouv ovoAVGELS VEPOL GTO OLHAVLOTO.
amoppong Cymna (MG/L), Ba Bpebolv ot TiHéC TV GLYKEVTPOGE®Y amoppoOPnoNg KL £T6t Oa
dopBwbei 0 cuvteheotg amoppoenong Opentikdv dand v oyion (4).

H ovykévipmon vatpiov ot1o ditdAvpo amoppong vroroyiletor amd v mocoTNnTOo
vatpiov 610 PVTOd0YEI0 OV dev amoppoPNONKe omd ta PUTA (AceNa - AxuNa), ,OTOL A GB
na(MQ) N moodTTa voTpiov 610 PUTOdoYEI0 Kot A xuna(MQ) M TocdTTAL GTOYXEIOV TOV
ATOPPOPNGE TO PLTO, AVOYOUEVO GTOV OYKO aoppong Tov cvotiuatog (V ) (L).

Carna=AcBNa-Axu Na/Vdr(G)

To chompo kabnuepwva Oa kKotaypdeet Tov OyKo mov TpoctifeTal 6To0 GVGTNUA V input
sum (L) pe andtepo 6K0md TOV LLOAOYIGHO TOV VITOAETOUEVOL OYKoL V(L) TTov umopei vo
npootedel pécm g TapakdTe e&icmong:

Vm = Vinputsum'VL(7)

6mov V (L) n oprokn Ty 6ykov mov pmopet va mpootedel oto ovotnua. Ot Tipég Tav
TPOTOV NUEP®V Ba glvar apynTIKES Kol OTAV OTACOVY OTN TN UNOEV 1} TOAD KOVTH GTO
undév 161e 10 cvotua Ba 100motEl Yo aAloyn VEPOD.

H opuwxn mocotnto vorpiovAjimina (MY) mov umopei vo mpootebei oto cvotnua
vroAoyileTon amd v oxéon:

A timitNa = C timitna * V 5(8)

Avtioctoyo n mocdtNTAL vaTpiov mOv aatpeitar omd TO GHOTNUO HE aVAAOYN TN
aparpovuevov 6ykov V(L) vroroyileton amd v napakdto eéicmon:

A 1Na=C limitna * V Ta(g)

"‘Etownoioyifovtag v mocOTNTo TOV 6TOLXEIOV TOV AMOUEVEL 6TO GVOTNUE A R Na(MQ)
umopel va extiunBei n ovykévipwon Tov vatpiov mov Oa €xel To cVOTNUA UECH TNG
avay@yng e mocOTNTOG GTOV OYKO TOV GLGTHHOTOGC!

C NewNa = A rNa/Vs(10)
Extyudvtog tov puud avEnong g cuykEvipmong tov vatpiov,
(C inputNa tehk6 ~ C inputNa apxm('))/ HMéPSQ ﬂﬁldeQTOQ(l 1)

umopet vo. yiver TpoPreyn pe Baomn t véa pog apyikn] cuykéEVipmon Crewna(Mg/L) méco
Ba eTacEL N TEMKN HOG GVYKEVTPOON UEXPL TO TELOG TOV TTELPALOTOG,
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3. YAIKA-MEQ®OAOI
3.1. Eykoataotdosig ko petaysipiosg

INa ™ Pobuovounon tov HOVIEAOL TPOYLOTOTOMONKE EVLOPEIOTOVIKO TEIPOLLOL
EPYOOTNPLOKNG KMUOKOG O €101KA OapOpPOUEVO Ydpo TS [ewmovikig XyoAng tov
[Mavemompiov Oeocorag. To meipapampoaypoatomomdnke Mdptio pe Anpidio tov 2019
Kot ovvdvale kodlMépyswa 8 poapovimv (Lactucasativavar.Romana) kou ektpoeny 30
yOvdiov tddmog (Oreochromisniloticus, redtilapia) ové petayeipion. To ovothpa
amotelovvtay ond T deapev tov yapiwv (400L), to @vtodoyeio pe vrdoTpoUQ
doykopuévn apytko (200L), to unyovikd (60L) kot to Proroywd @iktpo (60L) kou tnv
kaBapn deapevn vepol pe v aviiio (60L). To vepd amd ™ de&apevn Tov vePOL
QUATpApoVTaY amd TO PUNYOVIKO @IATpO, eumAovTilovtay pe VITPIKE amd TO VITPOTOUTIKA
Baktpla Tov Proroykol eiAtpov Kot VoTEPO Amd TNV AVTAIL GTEAVOVTAY GTO PLTOOOYELD
amod O6mov eméotpepe otn defopevn pe ovotua ebb&flow.H petagdtevon tov putodv
&ywe 10 pépeg PHETA TNV EI0AYMYT TOV YOPLOV GTO GOGTNHO KOt 1] KOAMEPYNTIKY TEPI0O0G
dmpknoe 45 nuépeg. Ot petayelpicelg NTav TPES Kot apopodcay TNV TPOGONKN Bpentikmdv
010 cvotnua. H mpdt petayeipion amrotelovoe tov " Mdptupa’’, Kot Aettovpyodoe ympig
Kapio TtpooOnkn Opentikdv. Xt devtepn petayeipon, < K&Fe’’ eiocdyoviav koo péocw
Beukod kohiov (Honeywell Fluka™ Potassium sulfateKSO,, 99-101%)(338 @) ot
oidnpog pnesm ymAuov cnpov (14 gFeDTPA 11%, avé 10 pépec €mg 116 26/3) (eved otnv
tpitn, ’Fe’’ mpootifovtav povo cidnpog pesm ynitkov cwnpov (14 gFeDTPA 11%, ava
10 uépeg ém¢ tig 26/3)(F'EQ.ALX.E.ILE.).O dtayopiopnds tov petoyelpicemv &ywve ond
mv 5" uépo petd ) petopdrevon Ko ot Tpoohnkec Mmacudtmv yivoviav petd omd
EVOLOUECEG OVOADGELS Y10 TNV EKTIUNOT TNG EAAELYTNG TOV GTOLYEIOL GTO GUGTNLLOL.

3.2. MeTp1o€is Kol vT0AOYIoHOL

EBdoupadiaio mpaypoatomotodvtay detypatoinyieg vepol amd 1 de&apeviy TV yoplov
Kol TOV @UTOOOYEioL, oL Tpoopilovtayv Yo YMUWKN OVAALGYN GTO €PYUOTNPLO (OTMC
LETPNOELS VaTPiov, KAAIOL Kol AGPECTION), EVD GE TPAYUOTIKO YPOVO TPOYLLOTOTOLOVVTOV
uetpnoelg niektpikng ayoywomrag (EC; EC/TDS,COM-80) kaw pH (Digital, PH-80)
OTNV EMPAVELN VEPOV TMV SEEAUEVAV.

Mo mmv extipmon g ovykévipwong vatpiov oto Tpiot Sl0POPETIKA onueion Tov
GLOTNLOTOG YPNCLULOTOMONKAY 01 TOPATAV® €EI0MGELS Kot £V0L GOVOAO GTOOEP®OV TILOV
OV OLPOPOVCAYV TO GUGTNUO KOl TO YPNCLLOTOLOVUEVO VEPH Vdpevong Omwg: 1) OyKog
vepol OeCapevig yaplov, 2) cLyKEVIP®ON VvaTpiov o610 vepd VOpevons, 3) oplokm
GLYKEVIPMOT VOTPIOL 6TO cVLOTNUA K.0.. [0 TV €l6ay@YN TOV TIHOV KOl TNV EQOPULOYN
TV e£l60oemV Ypnoponomdnke to vmoroyotikd euAlo Excel (MicrosoftExcel 2016).

Me 10 TéAOG TOV TTEPAUATIKOD KOKAOV Ta delypotaomd To 000 GNUEIN TOL GLGTILUTOG
(eloodog Kot €€0dog amd TO (QULTOOOYEID), WOV JdwaTnpovviav oe Beppokpocio -
80°Cuetpnibnkav oe @royopwtouetpo (Jenway Clinical PFP7 Flame Photometer),
nexapetpopH (HANNAinstrunmentsEC 215 ConductivityMeter)kot 6pyavo pétpnong EC
(HANNAinstrunments pH 211 MicroprocessorpHMeter).

Ta omoteAéopoata TtV HETpNoE®V ypnotpomombnkay ywo 1t Pabpovoéunon tov
HOVTELOL KoL TNV a&LOAGYNGN TOV G TPOG TNV OKPIPELD TOV EKTIUNCEWMYV TOV.
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H otatotikn enelepyacia €ywve oe SPSS Statistics 21 Aoywopkd pe ™ pébodog g
One-wayAnova (95% Babud epmotoovvng). ZOUeovE e TNV avAALGT ot HETOPOAES
Bempovvral otatioTikd onpoavtikég 6tav P<0.05.

4. AHIOTEAEEMATA
4.1. A&oroynon pHka EC o610 ocvotnpa

Y10 Awypappa lo, mapovcidleton n eEEMEN TV TV Tov PH oty &lcodo Ttov
@LTOO0YEIOL Y1 TAL TPIOL SLUPOPETIKA GUOGTHLOATO. ZOUPOVO LE TO OTOTEAEGLLOTO, 1) TUUN
tov PH pewdveron pe v €EEMEN TOL TMEPAUATOG KOL GTO TPIOL CLOTAUOTA, OAAGL LE
SPopeTIKO pLORd. Xvykekpuéva, ot TéG PH tov pdptupa Kopavnkov and 7 €wg 7.3
TIG TPATEG NUEPES TOL TEPAUATOC, EVA TopatnpnOnke po onuoviikn peioon émog 8%,
and v 20" nuépa kar petd.Avtictoryn peioon mapotnpHOnke Kot oTo VIOAOWTO VO
EVLOPEIOTOVIKG cvoThipoTa Tov peietnOnkav. H peiowon elvarl avapevopevn coppmva pe
tov Tyson (2014),kafmdcumootnpilel mwg o€ EVOIPEOTOVIKO cLGTNA, 1] LEiwoN Tov PHoE
pecodtonuo 20 mepimov MUEPOVOEEIAETOO GTNV EVEPYOTOINGTG TNGVITPOTOUTIKNG
dradkaciog. Ot dadikacieg AVTEG AALA KoL 1] OVATTVOT] TOV YOPLOV LELOVOLV TIG THEG pH,
amelevdepdvovtog katovio H wor avOpaxikd of&d (H,CO3) avtictouo, svd pe
dwdkacio g eotocuvieong avdvetar AMdy® g Tpdoinyng tov CO, Kot amd o puTd
kot and putomiayktov (FAO, 2014). Avtictora o Lennard (2012) vrootnpilet 0Tt 6 €val
ocvotnuo  evudpelonoviog, vmdpyovv 600 ovTifETEG OLVAUELS OV AEITOLPYOVV KoL
empealovv dueca o pH tov vepod. H dwadikacio tng vitporoinong, n LeTATpom dnAadT
™G OUUOVING 0 VITPIKA 16vTa, PeldveL T T tov pH, og avtifeon pe v amoppdenon
VITPIKOV 1OVTOV amd T QUTE OOV KOTA TN dtadikacia, arelevBepdvovtol dittavOpoKiKd
avidVTa e amOTELEC O 1] T TOV Vo avePaivet.

H avénon tov pH mov mapoatmpndnke, mepimov 1 10 tehevtaieg muépeg g
KOAMEPYNTIKN TEPLOOOV, OPEIAETOL OTO YEYOVOG OTL HEPOG TOL VOOTIKOV OLUAVUATOC
AVOTANPOONKE oKOTHO PE PPECKO vEPDO Mote va eméABeL 1 1oppomia ¢ Tung pH oto
voaTKd drddvpa. Avtictoyn mopeia akolovOncav ot TéS Yy to Fe’’cvotnua, Tig
npmTeEG 20NUEPES TNG KOAMEPYNTIKNG TEPLOOOV. TN GUVEYELD Ol TIUEG SLOPOPOTOLOVVTOL
amo T1g TIHES Tov paptupa and 0.6 £wg 4.6% peiwon (p<0.05). To yeyovog awtd opeileton
oV 0&Eld®OoN TOL GONPOV KoL TNV TOPAY®YT LIPOYOVOKATIOVTIOV oTn pLloceaipa
napovcio o&uyovov (Ahmad and Nye, 1990, Beggetal. 1994). EmitAéov coppova pe tov
Sonneveld (2001) n amoppoENoT GLONPOL OO TA PVTO GLVOSEVETAL [UE UELMUEVEG TUYEG
pHot poceapa. TTo €vtovn sivon M peiwon petd kot v tpitn epappoyn yniucon
odnpov mov wpaypatoromdnke v 22" pépa tov mEPAUATOG. ATO TNV GAAN TAELPE, O1
Tipég pH tov ’K-Fe”’ cuvotiuatog mapovciacay pia peiwon nepimov 2% amd Tig TYES TOL
naptupa, TIG TPAOTES WOMG MUEPEG TNG KAAMEPYNTIKNG TEPLOGOVL, EVD 1 JAPOPA TOVG
pueydAwve onuovtikd pe v e&éMEn g dwdikaciag. [Ipdcobeta pe 1N vitpomontikni
dwdwacio kol v o&eldwon Tov CWNPOL TOV TEPLYPAPNKAV Yo TIC OVO GAAES
petayepioelg oto cvotnua ’ K &Fe’’ . mpocnkn Betkov kaliov eixe o¢ amotéAespa )
HEYOADTEPN OmoppOPNON  KOTWOVI®V KOAMOL ovykpltikd pe to avidvta Oelov o
amoTéAECUO TNV HEYOADTEPN €kPOAN vOpoyovokaTdvTev ot prioceatpa (Haynes, 1990
Marschner, 1995)
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Ot Tég ™G MAEKTPIKNG ay®YOTTAG TOPEUEVOY OYEdOV oTabepéc pe KPES
dwakvpavoelg otig petoyepioeg ’Control’” ko “’Fe’”.To pikpootoyeio GOUPOVA pE TN
Biproypapiadev emnpedlovv TV NAEKTPIKN AyOYIHOTNTO, OTOTE 1| TPOGHN KT GLOPOL GTO
ovotua ’Fe”’ dev emépepe peydieg drakvpdavoelg (Savvas,1999).Tnv 5" uépo and ™
petapvTELON £yve TPocsOnkn Beukov KoAiov 610 cvotnpa “K &Fe’ yio avtd 1o Adyo n
TR TNG NAEKTPIKNG oY@y Tag anédvetal 1660 andtopa TV 6'muepd ™ petopdtevon
Kot dwtnpeitor VYNAR cvykptikd pe to dAha dvo cvotiuata.Ot anokiicels and To
pépropa kopaivovior and 12 éog 61% evod yu 1o cvomua Fe’” and 11 éog 57%. O
HEGOG OPOC TNG TNG NAEKTPIKNG Oy®YWOTNTOG 6TO cvothipata "Mdptupag’” ko ’Fe”’
vrohoyiotnke ota 0.6 dSm™, evéd 610 cvompa K&Fe” ota 0.9 dSm™.

——Fe

K&Fe

pH eicobog puroSoyeiou

5 5 15 5 35 45 (a) (B)

Hygpeg ano m petadutedon

16 1 —8— Mdaptupasg
14 —f—Fe

12 K& Fe

10

AN ARSI

04

EC eicoboc dpurodoyeiov

0.2

0.0
-5 5 15 25 35 45

Huépec ano ) petaditevon

Awdypappa 1: Metofoin tipav (o) pHxot (B) ECoto vdatikd didAvpa 166500 Tov
QLTOJ0YEIOV TOV TPLOV CLOTNUATOV KOTA TN SLAPKELD TG KAAMEPYNTIKNG TEPLOJOV.

4.2. AlukOpavo cuYKEVTPMGNS VaTPiov 6TocVoTNRA Kot faBpovopnon povréiov

Ot SWKLUAVOELS 1TNG OLYKEVIPOONG VATPIOV OTIS TPELG UETOYEPICES TV
EVLOPELOTOVIKAOV GLGTNUATOV Tapovstalovtatl oto Adypappa 2. H cvuykévtpmon vatpiov
TOV UAPTLPA QAIVETOL VO TOPAUEVEL OTOOEPT] TIG 28 TPMTEG NUEPES TOV UETPNGE®V, LE TN
péomn T vo kopaivetor mepimov 80 mgL™. 21N GULVEYEWD, 1] CLYKEVIPOOT HELDVETOL
CLOTNUOTIKA HE TN HEoN TN vo TAnctdlel mepimov 53 mgL'l(p<0.05). Avtictoym mopeia
aKoloVONoe N cvykévipmon votpiov otn petoyeipion Fe, pe o pikpn 0otdco amdKAIoN
petaly g 12" wor 19™uétpnonc. Tto onueio avtd, 1 cvykévipmon vatpiov Tng
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uetayeipiong Fepeuwbnke éwg kot 30%, evd amd ™ 19" pérpnon ko puetd aivetar vo
EMOVEPYETOL GTO EMMEDQ TOV PAPTLPA. ATO TNV GAAN TAEVLPA, 1| EPOPLOYN BEUKOL KOAIOL
and v 6" pépa tov mewpdpotoc otn petoyeipion K&Fe” odfynoe oe avénuévn
amoppOPNoT VaTPiov AOY® avtay®viopol 1 omoio arnokatactdinke and v 14" pépa kot
uetd pe pkpég dtokvpdvoeic. Tnv 22" pépa tov mepduatog mapatnpeitar ovénuévn
OLYKEVTPMOOT) VATPIOV TOL cLVOSEVETAL e PEYAAN peiwon Tov PH kot pmopet va eEnyndet
amod TN HEPEVN amoppoenon vatpiov Adym tng petafoing tov pH. H pelowon g
OLYKEVTIPMOOTG VOTPIOL KOl OTIG TPELG LETAYEPIGEIS OPEIAETAL OTIS OAAAYEG VEPOV OO TNV
36" uépo ko petd pe andTePo okomd TV avénon g Twng pHoto cvotua (aiioyr 100
Lvepod cvotipatog ) 34", 36" kat 42" uépa tov mEPAUATOC).

120 ,
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Adypappa2: AlokOPovoT GLYKEVIP®ONS VATPIOL KOTA TN OEPKELD. TOL TEIPALATIKOD
KOKAOV Y10 TIC TPELS LETOYELPIGELS.

To Auwdypappa 3 wapovstalet tn S10KVUAVGT TOV VATPIOL GTO VIATIKO SLAAVLO E1GOS0V
TOV PLTOOOYEIOV OTWG HUETPNONKE LE EPYASTNPLOKES AVOADGELG KO OTTMG EKTIUNONKE HECM
TOL HOVTELOL OV avamTOHYONKE. ZOUP®VA LE TO HOVTEAO, VO LOVO TOGOGTO TOV VOTPIOL
(0.4%) amoppopnBnke amd ta papodia kabvg o Bewpeiton anapaitnto pokpodpentikd
oToLEl0 Yo TNV OVATTTUEN TOV ELTAOV. ¢ €K TOVTOV TOPATNPNONKE N GLYKEVIPWGN TOV
vatpiov oto ocvotnuo vo avePaivel.Avtictoryyn avénorn moapatnpeitoal oTto KAEGTA
VOPOTOVIKA GLOTAUATO ADGY® TNG GLVEXOVS OVOKLKAMONG TOL VEPOD KOl GLVEXNG
CLUTANP®OTG TOL GLGTNUATOC LE vePO VOpevong (Katsoulas, 2015). Ot Tipég motd60 MOV
ekTiunOnkov amd to povtéAo NTov apketd vyniéc kabong Eemépooav ta 120 mg/L. H
avénomn g GLYKEVTIPMOONG TOL VOIPIOL G€ VT TO. EMIMEdD, UTOPEL VO TPOKOAEGEL
mpoPAuato Bpéyng ot1o cvoTNUO EWVIKOTEPO TNV TPOSANYTN KOAMOv AOY® TOL
AVIOY®OVICHOD TOVG Yoo Tnv 1o B€om amoppdenong kKot petapopd otn peuPpavn
nAacpatog (Paulus et al.,2012).

O1 oVuyKeVTPOGELS vOTPiov TOL LETPNONKAY EPYOSTNPLOKA, OO TV GAAN TAELPE, EVED
aKOAOVOOVV TIG TIHES TOL POVTEAOL TG TPp®MTEG 20 MUEPEG UETA TN UETOPVTELON, OTN
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oLvExeln TG €EEMENG TOV TTEPALATOC TAPOTNPELTAL Lol EAAPPDOG LelwoT, He TN dlopopd
TOVG OO TIG TIHEG TO HOVTELOL Vo @TAveL péxpt kot 40%. Avtd Ba pmopovoe va opeileton
uovo oty avénuévn mpdéoinymn vatpiovard to evta.Ot Goddek&Vermeulen (2018)
Bewpodv TOG N HEWWUEVT] aDENCT TG GLYKEVIPMONG TOL VOTPIOL GTO EVUOPELOTOVIKA
OLGTHLOTA OPEIAETOL OTO YEYOVOS TG TAL PLTE ATOPPOPOVV UEYUADTEPES GUYKEVIPMGELG
vatpiov am’ 0Tt 6TO LOPOTOVIKA GULOGTHUOTO. XTO EVLOPEIOMOVIKG GULOTHUOTO, N
TEPLOPICUEVT] GLYKEVIPMOOT] OPENTIKOV GE GYECT UE TN GLYKEVIPW®ON TOL TapaTPEiTon
ota voporovikd cvothpato Willadino and Camara, 2010; Blidariou,2013; Bittsanskzky et
al., 2016)odnyel ot Onpovpyios EVTIOVoy OVTOY®OVIGHOL UETAED TOV 10VI®OV vaTpiov Kot
TOV OAMOV KOTIOVIOV ©OC OTOTEAECUO VO TPOKVTTEL OVICOPPOTIO TNG LOVIIKNG
opoldoTaoNG, UE omotélecpa M toyvTNTA dtdyvong va avéavetal. O Delaide (2017)
eKTIUNGCE  OEKOMAACIOL  GLUYKEVTPMOON VvaTpiov O©€  QUTIKO 10TO  HOPOLAIOD  amd
EVLOPEIOTOVIKO GUGTNHO TIAATLOG-LLOPOVAL GUYKPITIKG PE VOPOTOVIKO HOPOVAL TNV 1010
KoAAepyNTIKY mepiodo. Xougwvo pe tovg Goddek&Vermeulen (2018) avouéveron
avénuévn Tpocinyn kol Tov vroAomey Wvtev onwg, K, Ca, Mg, kol P og oyéon e tig
TIHEG TTOL TOPATNPOVVTOL 0T VOPOTOVIKE cvatiuota. Ot Mayak et al. (2004) e&nqynoav
g 1 Wwitepn avt) avénon oeeidetor oy €viovn Paktnplokn OpacTnPLOTNTO TOL
TOPOTNPEITAL GTA EVOOPEIOTOVIKG GUGTILLOTOL.
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Awdypoppa3: Metafoin cuykévipmong vaTpiov 6To VIATIKO SLAAVLE E1GOS0V TOV
QLTOO0YEIOL KATA TN OLAPKELN TNG KOAAMEPYNTIKNG TEPLOSOL G6TO cvoTna " MdapTupag’’
Kol GUYKPLOT HE TIC EKTILOUEVEG TILEG TOV LOVTEAOV.

5. XYMIIEPAXMATA

H avéntoén mpocopotd®oemv HEcw HoOMUATIKOV HOVIEA®V EYEL AUECT] EQAPLOYN OTIS
oVYYPOVEG KOAMEPYELES KAOMG GUVEICOPEPOLY GTNV OVTOUATOTOINGCT Kol TOV EAEYYO TMOV
KOAMEPYNTIKOV QPOVTIO®MV KOl CUVETMG GTNV ALENCT TNG TOPAYOYNG. 2T CLYKEKPIULEVN
épevva, &yve pa tpoonddela avdmtuéng kot Babuovounong evog LovtéAov mov Bo eKTId
NG CLYKEVIPM®OT VOTPiov 6€ evudpelomovikd cvotnua. To poviého otninke cOpewva pe
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TG apxéG €vOg cLUPaTIKOD LOPOTOVIKOD GLGTHUATOS. LVUEEOVO LE TO OTOTEAEGUOTO,
TPOEKLYE MGTOGO, TO EVVOPELOTOVIKO GUGTNHO AEITOVPYEL G €va EeYmPLoTd Kot 13104TEPO
OUVOAO HE SLOPOPETIKES TTOPAUETPOVS OTIS TIEG PHKoL 61N cuykévipwon vatpiov and
OVTEG TOL VOPOTOVIKOV, KABMG 1 mapovsio TV Paktnpiov 610 cHoTUN KOODS Kol 1
OVIGOPPOTHLO. TOV HOKPODPETTIKMOV 001YyOoUV € KOBOJIKT Kot Oyl 0voodlkKn mopeio TV
TV pH, 6mwg Ba avapevotav. Emumdéov, n avéntikn mopeia g cuyKEVIPOONS vaTpiov
mov TPoPAEPONKE omd TO HOONUOTIKO HOVTEAD COUQMOVO HE TO KAEOTO VOPOTOVIKE
CUGTNUOTO OVOLIPEITOL OTAL  EVVOPEIOTOVIKE, KOOMG Katd TN péon Kupiwg g
KOAMEPYNTIKNG TEPLOOOV Ol GLYKEVIPAOGCEL 0KoAovLBOVOV kabodkn mopeio kot Oyt
avéNTIKN. AvTd pmopet vo opeidetol oty EAAEYN LOKPOGTOLXEI®MY GTO EVUOPEIOTOVIKO
SWIALHO G OmOTELESHOL TNV LYNAOTEPN amoppdPNoT vatpiov and ta eutd. [lepoatépm
Babuovounoelg tov poviédov pe Pdon TG apxEG TOL EVLOPEIOTOVIKOD GUOTNHLOTOS
AmToUTOHVTOL MOTE VO LELDGOLV TNV OMOKAIGT] VTOAOYIGUOD TOV GUYKEVIPDGE®V VATPIOV
KaB’ OAN TN SLAPKELD TNG KOAALEPYNTIKNG TEPLOSOVL.
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INEPIAHYH

Ymv epyacia emyelpnOnke n oepedvnon g emidpacng tov Pabuod okxioong oto pvbud
QmTOooVVOEDT|g KOAMEPYEWG ayyoupldg oe Beppoxnmio. o tov okomd avtd oe Tpia ido pova
Tpomomolnuéva. Tomtd Beppoknmia pe TAELPIKA cvveyn avoiypato agptopov tov Ilavemotnuiov
®eocooliag 6To aypoKTNUa TOV BEleoTivou eykataotdadnke @OvomTmpivi VOPOTOVIKY KAAMEPYELD
ayyovptds. To éva Beppoknmio dev giyxe GAALO GUGTNUA KAUOTIGUOD TATV TOV AVOlYUAT®V QUOIKOD
aepiopov. Ta dAha dVo Bepuoknmio TEPOUY TOV GUGTNUATOG PLGIKOV OEPICUOV NTaV eE0TAIGUEVA
ue e€wtepiko diytv okioong tomobetuévo enl ¢ 0poePNc ®G akolovOme: to Eva e diyxtv Pabduon
okiaong (BX) 30% kot to dAAo pe diytv Pabuov oxicong 40%. Xtnv vopomoviKn KOAAEPYELD
aYYOLPLAG £YIVE TOVTOYPOVE EQOPLOYT KOl V0 EMTES®V AAATOTNTOG TPOKEUEVOL Vo, dtepguvnOel
mhov aAlnienidopoon okioong kot oAatoOTNTOG OTN QTocLVOEon NG ayyovplds. ‘Etot,
epappoctnkay ot ke Oeppoknmio dvo emineda ahardtnrag éva pe 2.3 dS m™ kat to GAko pe 6.3
dS m™. 'Eywoav eni 00 pnfvec osipd petpficemv &vioone @otootvleons oe @OALo Tuyoia
eMAEYUEVOV QUT®V/ petayeipion ahatdtnTag/ Beproknmio 6 GUVONKES PLGIKOD PMOTIGUOV KOl GE
GLVORKES TEQVITOD GOTIGHOY, Evtaonc 1000 pmol m?s™ pe to 6pyavo LCpro+. Amd tn oTamoTiky
eneepyacio. TOV OMOTEAECUATOV OQAVNKE TG T okioon uelooe oyxeddv  ypoupikd nv
(®MTOGVVOEST, TOL QVUAAOL QULTOV ayyovplds. Aegv dwmiotd@Onke aAAnienmidpacn okioong kot
oA aTOTNTOG TNV PMOTOCLVOEST TV POUAL®Y ayyoupldc. 'Etot, @aivetol Toc ta utd vd oxioon
dev gykhMpatifovtol ot cVVONKEG OKINONG KOl OVTOTOKPIvVOVTOL GUEGH GTIG CLVONKES POTIGLOD
KATL TOVL TPOKTIKG EVIGYVEL TNV XPNOUOTNTA TNG TEPLOJIKNG okinong mg epydieio Pedtioong Tov
HKpokAipaTog TV Beppoknmiov.

Aéeic kheroia: dotoohvOeo, Oeppoknmio, okioot, CAATOTNTA, LVOPOTOVIKY KOAMEPYELD, OyYOVPL

EFFECT OF SHADING ON PHOTOSYNTHESIS ON
GREENHOUSE HYDROPONIC CUCUMBER CROPS

E. Kitta, N. Katsoulas

University of Thessaly, Department of Vegetal Production and Rural Environment, Phytokou
Street, 38444 Volos, Greece, e-mail:nkatsoul@uth.grr

ABSTRACT

In this work an attempt was made to investigate the effect of shading on photosynthesis rate of a
cucumber cultivation in a greenhouse. To this end, autumnal hydroponic cultivation of cucumbers
was installed in three same arched greenhouses with lateral ventilation openings at the University
of Thessaly experimental farm in Velestino. One greenhouse had no other air conditioning system
than the natural ventilation openings. The other two greenhouses in addition to the natural
ventilation system were equipped with an external shading net mounted on the roof as follows:
one with a 30% shading intensity (SI) and the other with a 40% SI. In the hydroponic cucumber
cultivation, two levels of salinity were applied simultaneously to investigate the possible
interaction of shading and salinity in the photosynthesis of cucumber. Thus, two salinity levels
were applied to each greenhouse, one with 2.3 dS m-1 and the other with 6.3 dS m-1. For two
months a series of photosynthesis intensity measurements were performed on leaves of randomly
selected plants per each salinity and per greenhouse under natural illumination and using artificial
illumination conditions of 1000 umol.m2.s™ with the LCpro + instrument. Statistical processing of
the results showed that shading reduced the photosynthesis of the cucumber leaf almost linearly.
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No interaction of shading and salinity was observed in the photosynthesis of cucumber leaves.
Thus, it seems that shade plants do not acclimatize to shade conditions and respond directly to
lighting conditions which practically enhances the usefulness of periodic shading as a tool for
improving the microclimate in greenhouses.

Keywords: photosynthesis, greenhouse, shading, salinity, hydroponic crops, cucumber

1. EIZATQI'H

Ocov agopd ™ okiaon n Piroypapio nepropiletar 0VGOCTIKE OTN pedém
TOV  YOPOKTNPOTIKOV ToL KApotoc. Ot gpyacieg ywoo v emidpacn g oKioong
ot omvon  elval eAAYIOTEC VD LIAPYEL GXEOOV TOVTEANG EAAELYN EPYACIOV Y0, TNV
emidpaomn g okioong ot ewtocvvheot. ‘Exouv yivel didpopeg epyaciag mov apopodv
™V OANAETIOpaOT KIVIITAG OKIOONG KOl OPOPETIKAOV EMITEI®V OAATOTNTAG OTNV
Topaymyn kot wotdtnta Beppoknmakdv kaAlepyeumv (Lorenzo et al., 2003; Lorenzo et
al., 2006, Yahya and Atherton, 1995). Oleg ot gpyacieg Odeiyvouv mmg 1 owénuévn
aAaTOTNTO pewdvel To BeTikd amotedéopata g okiaong. — H Piphloypaeia yioo v
OAANAETiOpao TG oKioong Kol NG oANTOTNTOC OTn Olmvon Kot (pmTocuVOEoN
KaAAepyelmv og Bepuoknmia givar eAdyiot. Ov Schwartz et al. (2002) peietdvrtag v
enidopaon 000 EMIES®V POMTOG KOl OVO EMTEODV OAATOTNTAG OTI GLUTEPLPOPA
KoAMEPYEWOG TopdTog O Pprkav aAANAETiOpacn TG oKloong Kol TG OAATOTNTOG OTN)
pwtoovvleon ¢ koAMépysiag. Ot Lopez-Hoffman et al. (2006) peletdvroc tnv
aAANAemidpacn NG OANTOTNTOC KOl TOV EMTEOOV (PMOTOC O KOAMEPYEW, Mangroves
Bpnkav To¢ n peimon g kabapng emTooHVOECNG Kol TNG CTOUATIKNG Ay®YILOTNTOC G
ouvOnkeg okiaong elval o £KOMAN o cLVOTKEG VYNANG aAaTOTNTOG Tapd YoaunAng. 'Etot,
N PrpAoypagio TOV APOPA TN HEAETN g adAnAemidpacnc okiaong Kol aAaTdTNTOG OTN
(UOLOAOYIKT] GULUTEPLPOPA KOAAEPYEIDV VIO KAALYM elvar e€hdylotn Kot oYedOV
AVOTTOPKTI Y10 LEGOYEINKES CLVONKEG. Texunprovetal, GLVETOS, TO EVOLUPEPOV KoL
N okomuodTTo. TG TOpPoVvoas epyaciag otnv omoia Bo depgvvnbel M emidpaon g
oklaong Kot NG 0ANTOTNTOC — OTNn GMTOCVLVOEST OGS VOPOTOVIKNG KOAMEPYELNG
AYYOLPLIG, KOAMEPYELOG TOV €ivat vaicONTN TNV AAATOTNTA Kot EYEL TAVTOYPOVO LEYAAO
OIKOVOUIKO EVOLAPEPOV Y10l T XDOPOL LLOGC.

1. YAIKA KAI ME®OAOI

1.1.0gppoxnmo ko Kailépyereg
Xpnowonombnkav tpia (3) mopduoln Oeppoknmia, TOHTOV OATAOD  TPOTOTOUUEVOD
T0MTOV, KOAUUEVO pe amdd eOALO moAvatBvieviov mhyovg 180 um, TpocavatoMouéva
Boppd- Noto (NS) kot eykateotnuéva oto aypoktua tov [Havemomuiov @sscoriog oto
Beheotivo (I'emypapikd mhdtog 39° 44, I'ewypapikd pnkog 22° 29', vyoduetpo 85 m) (eix.
1). Ta yeoUETPIKA YOPAKTNPIOTIKA TOL KAOE Beppoknmiov ftav: VYog oTéYNg 2,4 m, VYOG
Kopveoypappung 4,1 m, tAdrog 8 m, unrkoc 20 m. Ta Bepuoxnmia NtV EEOTAIGUEVO LE GVO
ouvveyouevo mAgvpikd mapdbvpa aeptopod mov Ppickoviar e Hyog 0,6 p. TAVE Amd TO
£00po¢ pe pEyloto vyog avoiypatog 0,9 m. To €dagog Tov Kabe Beppoknmiov KaAvEONKe
TANPOG UE TAACTIKN HEUPPAvVN OUTANg mAeLpas (Ladpn TTPOG TO KAT® - AELKN TPOS T
mive) méyovg 200 um. Katd ) dtdpKelo TG TEPARATIKNAG TEPLOIOV, KaAMepyNOnKe pio
eOwvomwpvi] vopomovikn kaAlépyswo oyyovplov (Cucumis sativus cv. Stamina), mov
eutevtnke ™V In ZentepPpiov ko EAnée otic 12 NoguBpiov. Ta eutd avartdydnkav ce
obiovg mepAitn (uxog 1 m, mAdrog 0,3 m, Hyog 0,2 m) KoL 1 TLKVOTNTO PVTELONG NTOV
2,4 putd/ m°. Ta @utd tomoBetOnKav ce téooepig OMAEG oelpéc, pe andotaon Hetalhd
TV ypappodv 0,33 m kot andctaon peta&d tovg 0,80 m. H Opéyn g xaAlépystog
ayyovplov eAEYYOTOV OTOMOTO OO NAEKTPOVIKT KEPUAN vOpomoviag. To KAAdepa Kol M
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SWHOPP®OT TNG KOAAEPYELNS cuuemva. e To cvotnua opmpélag (Kiieber et al., 1993)
Kot OAEG Ol GAAEG KOAMEPYNTIKEG TPOKTIKEG HEcH oTO Beppoknmio (Qutompootacia,
oLYKOUON KAT.) MTav mapouoleg pe exeivec mov epapudlovv cuvibwg ot Tomikoi
TOPAYOYOL ayyouplov Bepoknmiov.

Tpia eninedn oxioong dokipdomkay ota Oeppoknmio, Pe KOTAAANAQ diyTua oKiooMG TOL

tonofetOnKav eEmtepikd ota dVO Beppoxknma amd ta Tpia Oeppoknmo. [HapdAinia, ot

KéBe Oeppoknmo epappdoTnKay 2 emMmeEdN AAUTOTNTUC-NAEKTPIKNG OY®YIUOTNTOG GTO

Openticd didAvpa. H drapoporoinomn tov Bpenticod Stohdpatog 660V apopd To mimeda

alatdtntog Eywve otic 15 ZemtepPpiov. ‘Etot, to meipapa ntav dimapoyoviikd (okioon X

alatotnta) pe 3 emineda okiong Kot dVO eminedo AAUTOTNTAG, OC 0KOAOVOWG:

Enineda oxiaonc:

1. 0 % (Beppoxknmo Grge, oKioom HOVO AOY® TOV GKEAETOV KO TOV VAIKOV KAALYMG
Tov Begppoxnmiov, dtamepatdTnTa BEppoknTiov otV NAaKN aktvofolrio Tepimov
75%)

2. 35 % (Beppoxnmo Grasy, okioaon  dyrdoov 35%. Olwn OSamepoatdnTa
Beppoknmiov otnv nAtaxn axtivofoiio 50 %)

3. 50 % (Beppoxnmo Grsee,, okiaom oOtytvov 50%. Ol OlamepoTdTNnTA
Bepuoknmiov otnv nAwakn axtivopforia 37,5 %)

Enineda ahatotrog:

1. 2.3 dS m-1: Kavovikd Opentikd didAvpo (Tumikn cuvheon yio ayyovpu).
2. 6.3 dS m-1: Evolotopévo Opentikd didAvpa./.

Ye KaOe Oeppoknmo to picd kavdAia (4 amd to oYT®) TPOPOdoTOVVIOV HE OpemTiKd
OWALHO YOUNANG OAOTOTNTOS €VA TO. VTOAOUTO. TPOPOOOTOVVIOV LE EVOAATOUEVO
Openticd orddlvpa. Ta dvo enineda odatdtnrog OpenTiKov daAvpatog NTav to ido og
o\o T Beppoknmio

Ot mopoamdve damepaTOTNTEG NTAV 0 AOYOS TOV HECOV TIUOV £0MTEPIKN/ €£MTEPIKY
NMokn aktvoBoAio Katd T SAPKELR TG TEWPOUUOTIKNG TEPLOOOV.

1.2.MeTpiioeig
1.2.1. Merpiosig KApotog
[ 116 avaykeg Tov melpdipartog petpnonke:
H olkn ki axtwvoBorioa (W/m?) mupavopetpa (poviého Middleton EPOS-E,
Brunswick Victoria, Australia), torofemuéva 2 m wéveo amd 1o £30(p0G 61O KEVIPO
kaBevog and to tpia Oeppoxnma (Rsi) ko €€ (Rso) oe amdotaon 1,5 m and 1o
Beppoknmio o€ 1670 3,5 M v amd T0 £60(POg
1.2.2. Merpiogig PuOpov ®mtocivOeong
[No tig petproelc pmtocHvheong 6to meipapa ypnoomromonke 10 GVOTNUO KAEIGTOD
tomov LCpro+ tg ADC, ko petpndnke (peta&d dAiov) o PuBudg dwtoocvvBeong
(umol/m2/s). Ov petproelg @otocvvbeong &ywvov emi dvo pnveg, OxtdOPpro Kot
NoéuPpro. T tic petpnoelg powtoohvieong emeléynoay yu kabe emimedo ahatOTNTAG
toyaic 8 o@utd/petayeipion/Beppoknimo, omAadn 16 @vtd ocvvolkd omd KOs
Oepuoxnmio. Ot perpnoelc pmwtoovvlieong oedyovrav mepimov kabe 10Muepo, og
éva tuyoio VYEG, KOAG OVOTTUYHEVO QUALO TOL PBPlokdTav 6To HECO TEPIMOV TOL
GUVOAIKOU VYOLG TOV PLTOV KABe Popd. I'tvotav cuvolikd 48 petproelg pwtochvieong
Kk@Oe dexanuepo. Tic nuépeg pe younAn nAakn aktvoPoAio ot HETPNGELS dleEdyovToV
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pe otabepn oxktvoforio tng cvokevng LCpro+ évtacng 1000 pmol m?st. Kotd ™
JBPKELD TOV TEPARATOS EYIVOV GUVOAKA £EL (6) TANPN GET PETPoEQV, TEGTEPQ (4) OF
ovvOnKeg NAoPAvELag Kot dVO (2) 6 GLVONKES L GLVVEPLA.

1.2.3. ZXvrhoyi, amodkevon ko enelepyacio peTPRoE®V
O1 petpnoeig nAaxkng aktivofoiiog cvAdéyoviav og téocepa (4) GLGTNUOTO GVAAOYNG
Kot amobfkevong odedouévov (data logger, ZENO®-3200, Coastal Environmental
Systems, Inc., Seattle, Wash.) Ou petpnoeig Aqupavav yopo xébe 30 S Kot
Katoypdoviay ot péoeg Tipég 10AémTon.
Ocov agopd TG HETPNOES G®TOGVVOESNG TO cVoTNU KAgwotov tomov LCpro+
LETPNONE POTOGHVOESNC S100£TEL H1KO TOV CVOTN O KATAYPOPNG Kal amobnKevonc)

H otoatiotikn enefepyocio Tov HETpNoE®V £YVE [IE TO GTATIOTIKOL Takéto SPSS.
[Mpayuatomombnke two-way Analysis of Variance (two —way ANOVA) yo Tig Tpelg
petayepioelg an’ 6mov dlepevvnOnke N EMOPACT) TOV TOPAYOVI®OV VAIKO KAALYNMCH
Kol «oAaTtOTNTOY KOOMG Kot ol aAANAEmidpact) Tovg o©T1o puhud ewtocvHvleong Yo
eminedo onuaviikotntog P=0,05. Eniong, mpaypoatonomdnke avaivon LSD kor Duncan
v vo. SomioTmBel moleg omd TIG HETOYEPIoELS SIEPEPAY YO EMIMEO OMNUAVIIKOTNTOG
P=0,05.

2. ATTIOTEAEXMATA KAI XYZHTHXH

2.1. Merpioeic nMokng axtivofoiiog
210 Zynuo 1 eaivetor m muepnola  mopsio TNV 19'.9.2008 NG TPOCTUTTOVCAG
Kol NG €1oepyopevng ota tpio Beppoknmio niokng axtivoforiog. H péon tyunq g
NAakNg axtivoBorag etvan 275 W m?2, 231 Wm? 129 W m? kot 111 W m™ YL TO
e€otepwcd mepPdArov, 10 Oeppoknmo paptvpag, to Oegpuoknmo 35% kot tO
Bepuoxnmio 50% avtiotouyo.

[Mapoépown amoteAéopata  Ppédnkav  «kob’ OAn v  mepiodo TOL  TEPAUATOS

1000
900
800
700
600

—— SRo

500 ——SRgrl

400 Ml\/\'\,.\,
300 | v SRgr2

i
IF
200
100 SRgr3

akTivopoAia(W/m?2)

6:001. 9:00 12:00 15:00 18:00 21:00

Xpovog

Yyqpo 1. Hpepnown mopeia ¢ mMAMokNG oktivofoAag o100 eEOTEPIKO TOV
Beppoknmiov, oto Oeppoxknmo pdptopag (Groy), oto Oeppoknmo pe okioon 35%
(Graso) KoL 670 Oeppokymo pe okiaon 50% (Grsoy), katé tv 19 SenteuBpiov
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2.2. Metpiogis pmtoovvleong

Ov perpnoelg emToovuVOECNC apPOopPovGOV UETPNOELS 0 PUAAL amd QUTA ekteBeluéval
aPEVOG 6€ GLVONKEG OLOPOPETIKNG OKIOoTG Kot Tlo ovykekpiéva e tpia (3) emineda
JAmEPATOTNTOG TNG TPOCTIMTOVGOG NALKNG aKTvoPoAiag, kol agetépov oe dvo (2)
OLPOPETIKA  EMMEDD QAATOTNTOS TOL BPemTKoD SAVUATOG, €V VYNANG Kol v
younAns. ‘Eywoav ovo cepég petpnoewv. H mpom oepd €ytve oe ovuvOnkeg guoikon
QOTIOHOY o100  gomTEPKd TV Bgpuoknmiov. H  dgbtepn oepd  petpnoewv
QmTOoVVOEONC £ylve 6€ GLVONKES TEYVNTOD QOTIGHOV, KOTA TN OdpKEI MUEPDV LE
ouvveQld, pe T Ponbela TOV EVOMUATOUEVOD UNYOVICHOD €AEYYOVL Kot puBUIoNG TG
PAR pe v ypnon o10dwv LED, mov 6100éter 1 ovokevn petpioewv LCpro+ pe v
omoio. mpaypatomomOnkav ot petpnioeic. H éviaon ootiopod eiye pvbuicbel oto

eninedo évtaong tov 1000 pmol/m?/s 810 kot i T0 BepROKATO PAPTVPUC KL Y10, TOL
dvo oklacpéva Beppoknmo oty mepoyn PAR. Ot petpioeig pe texyvntd ooticpo
&ywav pe okond vo a&oroyndel av ot kKoAAépyeleg mov Ppickovial 6€ SOPOPETIKEG
ovvOnkec okiaong (uaptvpag, okiaon 35% xar okioon 50%) éyxovv mpooapuocbei
(eyxMpotiobet) kot avtidpoiv SlopopeTIkd 1} Oyl o€ emimedo PUALOVL GTN POTOGVVOEST).
Ta dedopéva amd TIC HETPNOELS HE TO POPNTO CLGTNUO PMOTOGVVOESNC G€ POAAD NG
VOPOTOVIKNG KOAMEPYELONG ayyoupldg emeepydodnkav otatiotikd pe tn Ponbeia tov
oTaTIOTIKOV TakETov SPSS pe okomd va diepevvnBovv oe Quolkég cuvOnkeg Kal o€
ouvONKeEG TEYVNTOL QOTIGUOV: 1 &midpacn ¢ okiaong o  eoTocvvleon, M
emidpaon g aratdTTOG 0T POTOGHVOEST KO 1] GAANAETIOpao TG oKkilaong Kot
™G QAQTOTNTOG OTY POTOGVVOEDT).

2.2.1. Metprioelc o€ GUVONKES PLGIKOD POTIGLOV

H eneepyacia Tov petpnocov mov &yvov katd 10 dtdotnuo Zentepppiov-
NoeguBpiov og puoiKég cLVONKES, £dMOE TO TOPAKAT® ATOTEAEGLLATO.

2.2.1.1.

Ytov mapokdto [ivake 1 ko oto Zynuo 2 eaivoviol o TEPLYPUPIKA GTATICTIKA TOL
pLOLOY pwTocHVOESN G A, Y10 TOL TPl BeppoKN IO,

Eniopoon ko oliniemiopaon oxiaons kot alatotntas oty pwtocdvleon

MMivakag 1. Méocog 6pog, TLMIKN OAMOKAIOT, TLMKO GEAAUN KOl SOCTHHOTO
EUTIGTOCVVNG Yo LETPNOELS pLOUOD pwTochVOEON S A Tl BEPUOKNTLAL LAPTVPAG, LE
okiaomn 35% ot pe oxioon 50% xatd ) mepiodo LentéuPprog- Noéuppiog
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BepoKNTIO Méoog Opog Tom. AmoKA. Tom. Zeahpo 95% Awdotnpa Epmiotocivng
(umol m?s™) | (umol m?®s™) | (umol m®s™) Kdto 6pro Ave 6pro
(umol m?s™) | (wmol m™s™)
Mapropog 14.50 3.76 0.704 13.091 15.899
Zkioon 35% 11.7431 4.065 0.704 10.339 13.147
Zkioon 50% 9.515 2.86961 0.704 8.111 10.919
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18

16

14

12

PuBpog dwroouvBeong (pmol/m2/s
[e¢)

»7—|
|——/|

10 |

Mopropag 35% 50%

Yympoa 2. Mécot 6pot puBpov pmtoochvieong eOAALOL 6T BEpLOKN TN LAPTVPAG,, LE
okiaom 35% kot pe oxioon 50%.

Amo tov mapondve [Mivaka kot To Zynuo 2 @aivetol mowg N OTOcVVIEST LEIDVETOL
6060 avéavel n évraon g okioong. To peyardtepo puOud pwtocHvieong napovsidlovv
T0 QUAAO TOV HAPTLPA KoLl TO HKPOTEPO TOL Beppoknmiov pe okioon 50%.

Ytov mopoxkdto Ilivako 2 @oaivovior to TEPYPOEIKO OTOTICTIKA TOL pLOKOV
Q®MTOCHVOESNC Y10 TIG LETUYEPIOELS e VYNAT KOt YOUNAT oAaTdHTNTA.

IMivakog 2. Mécog 0pog, TLMIKN OTOKALCTY, TLUMKO GCEOALN KOl OLCTHUATO
EUMGTOOVVNG YO0  HETPNoEl;  puBuod o@owtoocvvBeong A oe  @OAAL  QUTOV
KOAMEPYNUEVODV 0 GLVONKES BPEMTIKOD SOAVUOTOC YOUNANG KOL DYNANG OAATOTNTOG
Katd Vv mepiodo ZemtéuPproc- NoéuPprog.

AlatdtnTa Méoog Opog Tom. AmoKA. Tom. Zeahpo 95% Awdotnpa Epmiotocivng
(umol m2sY) | (umol m2s?) | (umol m?s?) | Kéww 6pto Ave 6pio
(kmol m®s™) | (umol m”s™)
Xopnin 11.872 4.07234 0.575 10.725 13.018
Yymhi 11.964 4.18834 0.575 10.817 13.110

Am6 ta otoryeio Tov [Tivaxa 2 TpoxdTel TG 01 HEGOL OpOot ivarl TAPATAGLOL.

Ytov Ilivaxko 3 mopovcidlovior To TEPLYPAPIKE OTOTIOTIKA TNG OAANETIOPOONG
Oeppoknmo* alotdTnTa.
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Mivakag 3. Mécog 0pog, TLMIKN OTOKALCTY, TUMKO GEOALN KOl OLGTHUATO
EUMIGTOGVVNG Ylo. LETPNGELS pLOUOD PwTocvvBeong A ota Tpia Beppoknmia yio KaOe
alatdtnTa ToL OpEnTIKOD dSaAdaTOG KOTd TNV TEPi0d0 XentéuPplog- Noéuppiog.

Ogppoknmio | Alatémra | Mécog Opog| Tom. Amdk. Ton. Zedipo | Ado/pa . Epmot/vng.
(umol m?st (umol m?s™) (umol m?s™) Kétw Avo
Mapropog Xopnin 15.177 3.06724 0.996 13.191 17.162
Yyniq 13.812 4.37267 0.996 11.827 15.798
Ykioon 35% | Xapunin 10.654 3.90751 0.996 8.668 12.639
Yyniq 12.832 4.07262 0.996 10.847 14.818
Ykioon 50% | Xapunin 9.784 3.11051 0.996 7.798 11.769
Yyniq 9.246 2.70623 0.996 7.261 11.232

Télog, otov Ilivaka 4 mopovctdlovtol To OTOTEAECUOTO TNG AuoporyovTiKnig
avéivong mopoAiloktikdmrag (ANOVA) yw tovg mapdyovieg Oeppokhmio Kot
aAoTOTNTO KOl TNG OAANAETIOPAGNG TOVG.

And tov Ilivaxo 4 mpokdmTel TG HOVOV O mopdyovtog Oeploknmo og mnyn
TOPOALOKTIKOTNTOS €IVOL OTATIOTIKA CNUOVTIKOG Kol ETOUEVOS Ol HEGOL OpOl TOV
pLOLOD POTOGHVOESNG SLOPEPOVY GTATIOTIKAS HETOED TV TPUOV Beppoknmiov yio
enimedo onuaviikomrag 0.05. And tov idwo Ilivaka kor v TeAevtaio GTHAN TOL
QoiveTol ot mopayovieg aAoTOTNTA Kol OAANAETIOpacT Oeppoknmo™* aAatdHTNTO dEV
elvar onuavtikoi ywo t0 puOUd E®TOCGHVOESNG TNG LOPOTOVIKNG KOAAMEPYELNG

oy youpLag.

IMivaxkag 4. Amoteléopota  avAALONG  TOPOAAOKTIKOTNTOS TNG  €apTNUEVNG
petafintg puluodg ewtocvuvieong A, yio Tovg Tapdyovies BEpUOKNTIO, OAATOTNTO Kot
mv aAAnAeniopoocn tovg BeppoknNmo*aAatdOTNTA Yoo UETPNOES KATA TNV TEPI0d0
YentéuPprog- Noéupprog

Inyn Abpoopa Babpoi Méoo F Inpovtikotnto
IMoparloktikdOTnTog TETPOYDVOV ElevOepiog | Terpdymvo

Awpbopévo Moviéro 368.373 5 73.675 5713 0.000
Ytabepds Opog 11078.210 1 11078.210 858.975 | 0.000
BgPUOKNTIO 323.543 2 161.771 12.543 0.000
AlatdémTo 0.165 1 0.165 0.013 0.910
AMnAenidpaon 44,665 2 22.333 1.732 0.184
(Oeppoxnmo™

Zpaiuo 928.584 72 12.897

Zovoho 12375.168 78

AopBopévo Zovoro 1296.958 77

“R°=0.284 (Iposappospévo R°=0.234

Epbdcov vrmdpyovv odwopopéc petald tov tpudv  Ogppoknmiov, Ocov agopd TN
pwtoovvleon, Oa mpémel va yivouv mepartépm édeyyor (Post Hoc Tests) moAhomAdv
ovykpicemv peta&d tov Beppoknmioy yio vo dovpe o€ mole BeproKnmio. o1 HEGoL Gpot
QPMOTOGVVOEGNG JOPEPOVY OTAUTIOTIKO HETOED TOVG KOU VO, TOLG KOTOTAEOLUE KATH
eOivovoa oepd. T'a 10 okomd awtd Eytvav Eleyyot. o) EAdyiotng Enpavtikng Atapopdg
(LSD test) xor B) Duncan peta&d tov Oeppoxnmiov udptopog, ue okioon 35% kot pe
279
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okiaon 50% vy v eoptnuévn petafAnt A. Xtov mopakdto Ilivoka 5 @aivovral
TO OMOTEAEGUOTO TNG GVYKPIONG TOV TPV Bepuoknmiov pe v EAdyiom Znuovtikn
Awgopd (EXA).

IMivakag 5. AmoteAéopata moAlomANG chykpiong tov puiuod ewtocHvheong ota
Bepuoxnma péprtopag, pe okiaon 35% ko pe okiaon 50% ocdupova pe T0 KPLTNPLO
E.Z.A. (EAdyotg Znuaviikng Awgopdg, LSD test) yio eminedo onpaviikoétnrog 0.05
KOl Y10 LETPNOELS Katd TNV mepiodo ZemtéuPprog- Noéuppioc.

E.XZ.A. OgppoKnmio BepoKNTIO Méon Aweopd | Tomikd ZNUOVTIKOTNTO
Q8 (ID) (I-1D) Zpaipuo
Méptopag Yxiaon 35% 2.7515 0.99603 0.007
Ykiaon 50% 4.9796 0.99603 0.000
Yxiaon 35% Mapropag -2.7515 0.99603 0.007
Ykiaon 50% 2.2281 0.99603 0.028
Yxiaon 50% Mapropog -4.9796 0.99603 0.000
Ykiaon 35% -2.2281 0.99603 0.028

Amo tov moparave Ilivaka eaivetor mowg to Tpion Beppoknmio StpéPovv, Yo EMImESO
onuovtikomrog 0.05, oTtoTIoTIK®g oNUOVTIKA MHETAED TOLG ME TNV KOAMEPYEWL GTO
OepLOKNTTIO HAPTLPOS VO EYEL TO HEYOADTEPO PLOUO POTOCVLVOEGNS KOl TNV KOAALEPYELD
010 Beppoknmio pe  peyarvtepn okioon 50% va €xel ) HkpoOTEPN P®TOGVHVOEST).
Ot Tég tov puBuod PwTOoGHVOESNG 6TO BEPUOKNTIO APTVPOG EIVAL AVTIOTOLYES UE TIC
Tipwéc mov Ppnkav ot Mavrogiannopoulos et al. (1999) ywa koAAiépyelo TEMOVIOD OE
Beppoxnmo oto Hpdrkieo Kprng xan ov Lykoskoufis et al. (2005) ywo vdpomovikn
KaAMEpyEln mmepldg oe Oeppoknmo oty mepoyn g AdMvag. Ta amoterécparta
TOV eAEYYOV Yo TNV €MOpOoT NG okioong 6to puhud ewtochvheong £de1&av TS N
okiaomn emmpedlel oyeddv YPOUUIKA T POTOGHVOEST TV PUAADV TNG KOAMEPYELNG
ayyovpov (Zynpa 1). ‘Etol and A= 14.5 pmol m? st 610 Beppoknmio pdptvpag Enece
oe A= 11.7 umol m? s 610 Oeppoxknmo pe okiaon 35% xor ce A= 9.5 pmol m? st
daiveral, Aowmdv, twg M okiaon 35% peldvel 1o puOPd potocvvieong katd 20% kot n
okioron 50%  pewdvel katd 34%. 'Etor n oxéon pvbuov ewtocHvOeonc- oxioong
givor  oyedov ypapukny (Eynmuel)  KkATL TOL  EMTPEMEL VO, GLUTEPAVOVUE
o avénon g okioong kotd 10% odnyet oe peiwon tov puOuod pmTocHvieong KTl
0,80 pmol m? s™. Iapomiiow amoteréopato Pprikav kor ot Schwartz et al. (2002)
Otav €kavay LETPNOEIS PMTOCVLVOESNC GE VOPOTOVIKT KOAMEPYELR TopdTog o OdAapo
avantuéne oto [avemomuo g Georgia tov H.ILA. ko PBpAkav mtmg peiowon tov
emmédov axktvoPoAriag katd 35% odnynoe oe peimon g wtocHVOESNG TOV PLALOL
katd 0,84 pmol/m?/s.
Oocov agopd Vv emidpacn g aAoTOTNTOC OTN QPOTOcHVOEST TOL (POAAOL TOV
COLPMOVO LE TO. OMOTEAEGUOTO TTOL TOPOLGLAGOHNKAY TAPUTAVED OV Elval GMUOVTIKY,
ot Mavrogiannopoulos et al, (1999) dwmictooay pa moAH advvaun cvoyétion ueta&y
P®TOGVVOEGNG KOl OANTOTNTOG GE VOPOTOVIKY KaAMEPYELa Temoviov. Emiong, o Schwartz
et al. (2002) Swmictwoav oe QUTA TopdAtag 7OV  avamTOYONKOV O KAEOTO
VOPOTOVIKO  choTUo. TS o€ cvvinkeg alatotntag and 1.25 éwc 8.75 dS m* n
avEnUévn aAaTOTNTO deV EMMPENCE TO PLOUO PwTOGVVOESNG TOL PUAAOL. Meiwoe dpmg
mv eotoctvleo Tov  Qutod  kotdl.7%- 45% ave dS m?t ovEnong g
aAaTOTNTOG TOL Opemtikod OloAdpHOTOC, AdY® peloong NG QLAMKNG EMPAVELNS OF
avénuéveg EC. Télog, av Kot €Ady10TEG €PYOCIEG VTTAPYOLY YL TNV CAANAETIOpOON
okioong kot aAatdmrag 6to pubud emtocvvleong tov eVALov ot Schwartz et al.
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(2002) peretdviog oe  kaAMEPYElD  TOUATAG OLAPOPO.  EMIMEDD TPOCTIMTOVGOG
Q®MTOCLVOETIKA evePYoD oKTVOPOAiOG Kot O18popeg OAOTOTNTEG OAMIGTOCAV TS OEV
vdpyel aAANAEmiOpacT eloepyOUeVNC  okTvoPoiiog kol alatdTnTOg oTto  puOud
Q®TOCHVOEGNC TOV EVAAOL GULUEOVAOVTOG WE TO OTOTEAEGUOTO TOV TOPOVCLAGOHN KOV
TOPOTOV®).

2.2.2. MeTpnoels 6€ GUVONKES TEYVNTOV PMOTICHOD

Or petpnoelg tv TopousTpov eoTtocovvleong £ywvav pe évtoon @otiopov 1000
umol/m?/s  cOpemve pe KatdAANAn POBISN TG GLOKEVAC HETPNONG POTOSHVOESTC
PCpro+ tg ADC. Zkomdg TV HETPNCE®V aVTOV NTov Vo depevvnbel pe molo tpodmo

T QUTA TV TPIOV Beppoknmicv mov NTov ekTeBEPéVO GE SOPOPETIKEG GLVONKESG

okioong avTIdpovoay oty idta viaon Tpoomintoviog ewtdc tov 1000 pmol m? st

av elyav omiadn mpooappochel 1 Oyl otig cvvOnkeg okiaong. Eywav cvvolka 84
petpnoels (28 oe kdbe Oepuoknmo) ewtoohVOeong pe oTabepd QOTICUO KOTA TN
OLAPKELL GLVVEPLAGUEVOV NUEp®V Katd ZemteuPpiov- NoeguPpiov. H enelepyacio tov
LETPNCEWDV £dMGE TO TOPAKAT® OTOTEAEGLOTOL.

2.2.2.1. Ernidopoon ko1 aiinieriopoon oxiaons kai alatotyrag oty pwtoodvheon
Y1ovg moapakdto Ilivakeg 5, 7 ko 8 @aivovtal Ta TeEPLypapikd T@V HEGOV Op®V TOV
pLOLOY PpwTocHVOeoNG A e oTabepO POTIoUO, Yia To Tpia Bepuoknmia, To 6V0 emineda
aATOTNTOG Kot TNV aAANAemidpact Oeppoknmo*adatdota avtictotyo.

Mivakag 7. Méocog 0Opoc, TLMIKN OMOKAICY, TUMIKO GEAANN KOl OOCTHHOTO
EUTIOTOCVVNG Y10, LETPNOELS pLOUOD PpwTocLVOEONG A HE oTafepd TEYVNTO POTIGUO GTA
Oeppoknma. pdptopag, pe okioon 35% ko pe okiaon 50% «katd ™ mepiodo
YentéuPprog- Noéupproc.

@eppokimo  [Méoog Opog  [Tom. Amékh.  [Tum. Zeéhua  [95% Atdotnuo Epmotootvng
(umol m2sY)  |(umol m?s%)  |(umol m?s?) [Kétwopo  [Ave opio
(umol m?s™)  |(umol m?s™)
Maptopag 11.579 4.29414 0.639 10.307 12.852
Zxiaon 35%  |12.089 2.80532 0.639 10.816 13.361
Zxioon 50% 110.584 2.78850 0.639 0.311 11.857

MMivaxkag 8.

Mécog 0pog, TLmIK OmOKAMGN, TUMKO GCEAAUN KOl OLOCTHHOTO
EUMIGTOGVVNG Yl LETPNOELS puBLOD pmTochvleong A pe otabepd teYvnTd POTICUS OF
QOAMO  QUTOV  KOAAEPYNUEVODV  OF
VYNNG oAoTdTNTOG KOTA TNV TEPiodo LentéuPplog- Noéupprog.

ovvOnkeg  OpemTiKov SIHADLOTOG YOUNANG Kot

IAlatoTnTo Mécog Opog Tom. AToKA. Tom. Zeaipa 95% Adotnpo Epmiotosvvng
(umol m?s%)  |(umol m?s?)  |(umol m?s?) [K&wwopo  [Ave dpto
(umol m?s™)  |(umol m?s™)
XounAi 11.129 3.21604 0.522 10.090 12.168
Yymin 11.705 3.56837 0.522 10.666 12.745
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Mivakag 9. Méoog 0poc, TLmIKN OMOKAIGN, TLUMKO GEAAUON KOl OlOCTHLOTO
EUTIOTOCVVNG Y10 LeTPNoElg puOuod potocuvheonc A pe otabepd texyntd EOTIGUO GTO
tplo Ogpuoknma yoo kdbe odatdtnto TOv OPENTIKOV SOAVHATOG Kotd TV TEPiodo
YentéuPprog- NoéuPproc.

Oepuoknmio  |Aratotnta  [Mécog Opog Tom. AnokA.  [Tom. Zedipa Avdo/po . Epmiot/vng.
(umol m?s™)  |(umol m?s™) |(umol m?s?) [Kato  [Avo 6pro
Maptopog Xopnin 10.996 3.75719 0.904 0.196 12.796
Yynin 12.163 4.84228 0.904 10.363  [13.963
Zxioon 35%  Xounin 12.499 2.64665 0.904 10.699 [14.299
Yynin 11.678 2.99616 0.904 0.878 13.478
Zxioaon 50%  Xounin 9.892 2.79462 0.904 8.092 11.692
Yynin 11.28 2.70351 0.904 0.476 13.076

A6 toug mapandve Tlivakeg paivetal mwg ot pécot 6pot Tov pLOLOY PWTOGVVOESTG LE
otafepd TEYVNTO QOTIGUO Yoo T Tpiot Ogppoknmia, TIC 00O aAOTOTNTEG KOl TNV
aAANAeTIOpaoN TOVG Elval GYEOOV TAPOUOLOL.

Avtd emPefoardveror omd TO  AMOTEAECUATO TNG OVAALONG  TOPUALUKTIKOTNTOG
(ANOVA) ¢ pwtoovvbeong oe cLVONKEG TEYVINTOD QOTIGUOV Y10, TO BEPLOKNTLO, Yio
TG TNYEG TOPOALOKTIKOTNTOG OEPUOKNTIO, OAATOTNTO KOl OAANAETIOPOCT] TOLG, OV
napovotdlovrtal otov [ivaxa 10.

And ™ omin ¢ onuaviikdémrog tov I[livaka 10 @aivetor mwg dev vmdpyovv
OTATIOTIKOG ONUOVTIKEG OPOopPES TOL PLOUOD PMTOGVVOEGNC G cLVONKEG TEXVNTOD
QOTIOHOY oVTe petald TV TPV Ogpuoknmiov, ovte petald tov Vo emmEd®V
alotdTNTOG cLVOMKA Kol oe kdBe Oeppoxnmo (aAiniemidopaon). ‘Etcl, o cuvOnkeg
61a0epol poTiopod 1000 pmol m? s-1 1 QoTOGHVOEST TOV QUAA®V oyyoupLig
KOAALEPYNUEVIC GE VTTOCTP®UA TEPAITN Oev ennpedletal and T okiaomn, TNV alotdTnT
Kot TV aAAnAenidpaon okioon*alatdtnTa, yio eninedo onpaviikodtntog 0.05.

IMivaxag 10. Amoteléopoto ovaALONG TOPUAAAKTIKOTNTOG TNG EEQPTNUEVNG LETOPANTIG
puOUoG @mwtocvvBeong A pe otabepd TEYVNTO QOTIOUO, YOO TOLG TOPEYOVTEG
Bepuoxnmio, clotdédTnTO KOU TNV 0AANAEmiopacn Tovg Oeppoknmio*aAiaTotTnTO Yo
peTpnoels katd v mepiodo XentéuPprog- Noéuppiog.

[Inyn ABpoiopa Bafpot Méco F ENUoVTIKOT T
[TopalAoxTikdTTOG Tetpaydvov [Eievbepiag [Tetpdywvo

AropOopévo Moviého  60.457a 5 12.091 1.057 0.391
>ta0gp6g Opog 10949.725 1 10949.725  956.798 |0.000
OepOKNTLO 32.798 2 16.399 1.433 0.245
AlatoéTnTo 6.978 1 6.978 0.610 0.437
AAAnAemidpaon 20.681 2 10.340 0.904 0.409
(Oeppoknmo™

AlotoTnTo)

ZarpLoL 892.642 78 11.444

>0Ovoho 11902.824 84

Awopbouévo Tovoro  953.099 33

o R2=0.063  (IIpocapuocuévo R2=0.003)
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3. YYMIIEPAXMATA

SOUTEPACUATIKG, AOUTOV, Omd TNV avAALOT TV UETPNCEDV PMOTOCVVOESNC TOV £ytvaV
KOTA TN O1dpKeEL POVOTOPIVIG VOPOTOVIKNG KOAAEPYELNG OLyYOLPLAS TTPOEKVYE TG M
okioon kot 1 aAaTOTNTO dev emnpéace t0 pLOUO PwTOGHVOESNG, OTAV Ol UETPNOELS
QemTOooVVOEON g £ytvav o QUOIKEG ouvOnkeg oAAG Ko pe otabepd TEXYNTO QOTIGUO
évtaong 1000 pmol m-2 s-1.  ®aiverar, Aouwdv, TG T0. POAAN TNG KAAMEPYELNG OTO
oklaouéva Oeppoknmia 0ev Topovcioooy  KOUioL  QUOCIOAOYIKY]  TPOGOPUOYN  OTIC
ocuvOnKeg  YoUNANG €vioong €loEPYOUEVNG NAOKNG OKTIVOPOMOG HE OMOTEAEGO TOL
@eOA0. oklaopuévov kot un  Beppoknmiov  va €yovv  TOLG  100VG  PLVOLOVG
@®TOoHVOEONC Kot Slomvong OTav eKTEOMKAY G€ GLVONKEG PLGIKOD POTICUOV KOl GTO
Ol emimeda pwtocvvOeTikng pong potovimv 1000 pmol m-2 s-1. Tvvenmg, o puTA TOL
okialovtalr 1y pio  ypovikn wEPI0d0 Kol  TAPOLGLALOVV  UEWOUEVOLS  pLOLOVG
@mToovvleong Ba cuveyicovv vo @wTocLVOETOLY Kavovikd otav PBpebovv ce GuVOTKEG
un okioong. Avtd OvAOEIKVOEL T CNUAGIO TNG TEPLOOIKNG OKIiooNG He TomoBETnon ™G
okiaong yio mepLdOoVE pe VYNAES TIHEG NMOKNG axTivoBoMMag (KaAoKaipt) Kot Todon TG
okiaong otav 1 éviaon ¢ NAok”g aktvoPoring peimbel (péoa EHvOT®POL- YEUDVA)
YOPIG POTOCVVHETIKO KOGTOG,.
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