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Abstract

SIMULHYDRO is an EXCEL™ spreadsheet developed dolyexpert users: it could be used to
calculate the water and nutrient use efficiencyggifferent water sources, fertilization stratsgie
and water wasting options of a semi-closed and spéiess greenhouse crop.

SIMULHYDRO contains a composite model developeddaiculating water and mineral relations
of greenhouse crops grown in semi-closed or opbstgate culture. The model simulated on a daily
basis: i) the evolution of crop leaf area index avater uptake using empirical equations; ii) the
variations of ion concentrations and electrical dugrtivity the recirculating or drainage nutrient
solution using a mass balance equation based oraheept of ion uptake concentration. The
model was calibrated and validated using resuttenfa series of experiments conducted with
tomato at University of Pisa using saline water difterent fertigation strategies. The model could
be used for operative management of soilless @jlagsessment of water use and nutrient leaching,
and scenario analysis of different cropping prasticThe model is currently implemented in an
Excel spreadsheet that is freely available to @#tixd users. In this document, the rationale amd th
structure of the proposed model is illustrated @laith quick guide to the use of software.
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INTRODUCTION

Awareness of the pollution associated with inteasigriculture forces greenhouse growers to adopt
more environment-friendly cultivation methods, sua$ closed soilless culture and biological
control of pests and diseases. Closed soillessiggosystems, in which drainage water is captured
and recirculated, reduce water consumption and iemitrleaching. However, commercial
application of these systems is scarce, as theagement is more difficult compared with open
(free-drainage) cultivation systems.

Alongside the possible diffusion of root-borne dises, the salinity of irrigation water is the main
difficulty for the management of closed systemsfact, non-essential (ballast) ions (e\Ng’ and

CI") dissolved in the irrigation water at concentratitigher than uptake concentratio@ (, the

ratio between the ions and the water taken up byptants; see Nomenclature for abbreviations)
accumulates in the root zon€his makes it necessary to discharge, more orfteggiently, the
recirculating nutrient solution, thus resultingwater and nutrient losses. The term ‘semi closed’ i
used for these systems. In the Netherlands, whesed growing systems are compulsory, the
discharge of recirculating nutrient solution isomled whenevelNa' concentration reaches a
crop-specific threshold, for example: 8 mof fior tomato and 5 mol thfor lettuce (Stanghellini et
al., 2007). In semi-closed systems, leaching foac{LF, the percent ratio between supply and
drainage water) may range from 20% to 30%, as dusc commonly in well-managed open
systems.

Closed growing systems are commonly operated bystdg the composition of the refill water
based on continuous measurementsEGf and pH, and on irregular chemical analysis of the
recirculating nutrient solution. These analyses t&n performed in the laboratory by time-
consuming methods or in situ using expensive chsemsors or quick tests. Alternatively,
simulation models can contribute to improved fextiign control by considering variations in the
ionic composition of the recirculating nutrient sibn.

A composite model was designed for water and mirrefations of greenhouse tomato grown in
substrate (rockwool) culture using different featign strategies. The composite model uses a mass

balance equation based on the concepCpf (Savvas, 2002; Sonneveld, 2000) to estimate the
composition of the nutrient solution recirculatecclosed-systems or drained out from open system.
Crop leaf area indexLAl) and water uptakeW],) are predicted using the empirical models

reported by Carmassi et al. (2007). In additionginal equations are used to estimate: i) the
amount of nutrients supplied according to fertigatcontrol strategy; ii) salt leaching due to free-
drainage irrigation applied to semi-closed systamsoccasion of nutrient solution discharge
(flushing).

In compliance with standard requirements of cromletiong (Robson et al. 2008), the model was
calibrated with data collected in previous worksl aralidated in two independent experiments
conducted in 2005 and 2007 (Massa et al., 20101)201 these experiments, different fertigation
strategies were tested and nutrient solutions wempared using saline (9.5 mol’iaCl) water.

The composite model could be implemented in a dectisupport system (DSS) for fertigation
management in soilless culture management (e.qiBaal., 2005; Elings et al., 2004; van Straten
et al., 2006). In addition, the model could endbtal assessment of water withdrawal and fertiliser
leaching in greenhouse crops or scenario analykiglifferent cropping practices. In The



Netherlands, the current legislation imposes linmtgshe amount of irrigation water that may be
applied to greenhouse crops (for instance, 114¢ imtomato culture; Stanghellini et al., 2007).
Simulation models of both water uptak&/() and W, may be useful tools for both growers (for
efficient water management at the farm gate) adidypmakers (for instance, for establishing limits
to water and fertiliser application). The model Icbbe also used to estimate emission of plant
protection products applied to the crop throughrecetating nutrient solution. These emissions
depend on dissipation kinetics and root uptakehef gubstance under consideration, and on the
frequency of discharging recirculation water (van dinden, 2009; Vermeulen et al., 2010).

The model is currently implemented in an Excel agsheet and work is progress to develop a user-
friendly executable program is underway. This pag@ort both model structure and quick user
guide.

GROWING SYSTEM AND FERTIGATION STRATEGY

In the growing system considered by the compositelely (Figure 1), total volume of nutrient
solution /) is the sum of the one contained in the subs(d{e and in the mixing tank\{ )
collecting drainage water. The mixing tank waslledi with newly-prepared nutrient solution to
compensate for crop water uptak#/ (). Both ion concentrationdg,s) and EC (ECg,s) of the

refill nutrient solution depended on fertigatiomaseégy, which also defined the conditions for
flushing in semi-closed systems. Open system weastichl to the semi-closed ones, without the
capture of drainage water.
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Fig. 1. Schematic description of the substrate growingtesys used for greenhouse
experiments and model simulation. Plants are itedjavith the nutrient solution contained in
the mixing tank, which was automatically refilledithv nutrient solution or raw water
(depending on the fertigation strategy). In sermosell systems, the recirculating nutrient
solution is periodically discharged (flushing). dpen system, the drainage water from the
substrate is not recirculated.



In all systems, reference (full-strength) nutriesatiution is prepared by dissolving appropriate
volumes of two stock solutions in pH-controlledigation water. The dilution ratior) of stock
solutions is generally 1 to 100 or 200 1:106 (0.01 or 0.02). lon composition ak« of reference

nutrient solutions €z’ and ECLS") and irrigation water €,, and EC,, ) used in the validation

experiments are given in Table 2. In these exparimedifferent ECs’ and Cyt’ were used
during early developmental stage (Stage I) andhénfollowing period (Stage Il), which initiated
after the plants were top cut above the fifth tiigs 54 days after planting; (Table 2).

The strategies under investigation are illustrdieldw and in Fig. 2; the values of some parameters
used for each strategy in the validation experisan¢ also presented in Table 1.

Strategy A Strategy B
4.5 45
—~ 35 o~ 35
= E
8 25 G 25
2 2
8 1.5 8 15
0.5 \\ 0.5
Nut. Sol. Nut. Sol.
NaCl NaCl
Nutrients > 3 fo12¥ Nutrients > 3 2 14
0o 24° o 2 4°
Days Days
Strategy C Strategy D
45 45
£ 3.5 ~— 35
E E
8 25 @ 25
= =3
9 [a}
8 1.5 EUJ 1.5
0.5 0.5
Nut. Sol. Nut. Sol.
NaCl NaCl
Nutrients > g 10 12 14 Nutrients End
0 2 4 6 pPlanting
Days Time

Fig.2. Schematic illustration of the four fertigationattrgies simulated by SIMULHYDRO. The
graphs show the contribution of nutritive ions aNd™ to the electrical conductivity of the
recirculating nutrient solution (Efg) or of the drainage (E€} in semi-closed systems (strategies
A,B,C) or in open system (Strategy D).



Table 1. Basic parameters of the fertigation strategiexilus semi-closed (Strategies A, B; C and
E) or open (Strategy D) soilless cultures of gresisie tomato conducted in 2005 and 2007 for
model validation. See Nomenclature for abbreviation

Experiment | (2005)

Strategy A Strategy B Strategy C Strategy D
ECRE (dS mi't) 2.64/2.31* 2.64/2.31* 2.64/2.31* 2.64/2.31*
ECSY (dS m') 3.00 3.00 3.00 -
ECY&X (dS m) 4.50 - 4.50 -
Cye'™ (mol m?) - <1.0 <1.0 -
Vi (L m™®) 12.0 12.0 12.0
Vp (L m?) 18.0 18.0 18.0 -
EC, (dSmh) - - - 3.00/2.70*

Experiment 11 (2007)
Strategy C(1) Strategy (C2)

ECRET(dS nit) 2.68 2.68
ECSY (dS m') 4.50 3.50
EC¥* (dS m") 6.50 7.50
Ce'* (mol m®) <1.0 <1.0
Viw (L m?) 3.0 9.0

Vb (L m?) 9.0 15.0

* The values refer to crop stage | and Il, respetyi

Strategy A.The mixing tank is replenished with reference ieutr solution (Table 2) in order to

maintain a constant,s of the macronutrients. Because of the accumulatiodaCl, EC of the

recirculating nutrient solutiongC,) tends to rise up. When a ceiling valugq2” ) is reached,

the nutrient solution in the mixing tank is disdd. Then, the plants are irrigated with a
pre-definite volumeY\, ) of acidified water without drainage recirculatingth the aim of leaching
the salts accumulated in the substrate. Therefbeeyolume of water discharge¥) on each
occasion is the sum of; andV,, . After flushing, EC,. is adjusted to a targeEC (ECS) by
adding proper doses of stock solutions to the ngixamk.

Strategy B In order to maintain a giveeCy., W, is compensated with refill nutrient solution
having variable EC,,s. In this system,EC,, s tends to decrease with time becauseNafCl

accumulation, thus resulting in progressive deptetif macronutrient content unt>* drops
below a critical concentration, when the nutrieoluson was discharged in the same way as in



Strategy A. In the validation experiments, a vabfiel.0 mol n® was selected because 20 rigL
(1.42 mol n) is the limit imposed to thHO;~ concentration of wastewater discharged into serfac
water by the current Italian legislation (Decre€/PH06) associated with the implementation of
European Nitrate Directive (The Council of the Epgan Communities, 1991).

Strategy C.The mixing tank is refilled with reference nutriesolution until EC%* (Table 1) is

reached; afterwards, it is filled up with acidifiaeter for a few days. Whe@® decreases below
1.0 mol m3, the nutrient solution is discharged as previodsigcribed.

Strategy D.The crop is irrigated with reference nutrient $sioln and without recirculating drainage
water. A largeLF (>50%) should be used to maintain tBE€ of drainage wateriG,) close to the
value of fertigation water.

MODEL OUTLINE

The model consists of some modules that estimatea alay to day basit,Al, W, and the

concentrations of both nutritive and ballast iomghe nutrient solution that is recirculated in sem
closed systems or drained out from open systenuf€ig). Seasonal balance sheets for water and
nutrients are also computed (Figure 2). The madellves some inherent assumptions, which were
verified in some experiments at University of P(€armassi et al., 2005, 2007; Incrocci et al.,
2006; Massa et al., 2011):

i) leaf growth, plant transpiration and nutrient ugtedre not affected by the salinity levels
considered by simulation.

i) In all growing systemsY; , Vg and thereby, remain fairly constant due to frequent tank
replenishment and over-irrigatiob >50%). For the same reasons, the differences between
C; andC, (semi-closed systems) €k, (open system) is negligible.

iii) Irrigation water is the only source of ballast iofesg. Na', CI" and HCO;), because
high-purity soluble fertilisers are used.

iv) The cationic-anionic balance maintains the elengotrality of irrigation water and nutrient
solution (Sonneveld and Voogt, 2009). TherefoE&; of nutrient solution samples can be
calculated from the sum of valenc&AT, mol mi°) of Ca?*, K*, Mg®* andNa" according to
the formula proposed by Sonneveld (2000) and vidalhy Carmassi et al. (2005):

EC= 019+0.095CAT_ (1)

v) The contribution of trace elements (Table 2) d#idto EC is negligible because their
concentrations are of the order of“iol mi* (pH was invariably higher than 5.0).
In the validation experiment& " of individual macronutrients (Table 2) was equatlmse to the

correspondingC, , which were determined in previous experimentdilie same tomato cultivar
grown in comparable conditions (L. Incrocci andNDassa, unpublished data). The value<of* |

cP% G, e and M were, respectively, the following: 10.00, 1.007G.3.55 and 0.60
mol m?, in Stage I; 7.00, 0.70, 4.70, 2.80 and 0.45 mdJ im Stage L.
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Fig. 3. Relational diagram of the composite model used dionulating water and mineral
relations of greenhouse tomato plants grown in s#osied (Strategies A, B, C and E) or open
substrate cultures (Strategy D). See Nomenclaturthé list of symbols and abbreviations.
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Leaf area index and crop water uptake

Leaf area index is assumed to obey a sigmoid fonaf accumulated thermal time (expressed as
growing degree day§DD):

LAl = o + @2 =8)

T (ao0oD ) 2)
1+ e[ o ]

wherea; (-0.335),a; (4.803),a3 (755.3) andy, (134.7) are regression coefficients.

Thermal time is computed fromh using a basal temperature of 8°C for tomato (Tlkgrmand
Johnson, 1990). Eqg. 2 is valid fGDD ranging from 400 (approximately the value at tpdausting)
to 1600 and foL Al up to 4.8.

Crop water uptake is modelled as a functiobAfF andRAD intercepted by the crop canopy:
W, =b, ft- e )32 4, ®)

whereb; (0.946, dimensionless) atd (0.188 L n¥) are empirical constantk,is the canopy light
extinction coefficient (0.69; Carmassi et al. 20@Hd A (2.45 MJ Kg') is the latent heat of water
vaporization.

Table 2. The concentration (mol f) of individual ions and electrical conductivitgC ; dS m') of
irrigation water and reference (full-strength) mertit solutions used in two experiments conducted
in 2005 and 2007 with greenhouse tomato grown ililese culture. Stage Il initiated after the
plants were cut above the fifth truss, that is 2€06) or 76 (2007) days after planting.
Concentrations oNOs~, H,PO,” and K" of irrigation water were below the detection limits
Nutrient solutions contained the following concatitns of micronutrients: 40.6 mmolhiFe**;
35.0 mmol n? H,BOs); 4.6 mmol n* Zr*; 3.6 mmol ¥ CU?*; 10.9 mmol it Mn**.

NO;~ H.PO,~ SQ* HCO; K" c&" Mg™ Na' EC

Experiment | (2005)

Irrigation water - - 0.04 452 - 1.50 0.80 9.50 3.5
Nutrient solution (stage 1) 10.00 1.00 237 056 706.4.00 0.80 9.50 2.64
Nutrient solution (stage 1) 7.00 0.70 227 056 704.3.25 0.80 9.50 2.31

Experiment 11 (2007)

Irrigation water - - 0.04 492 - 1.50 1.00 9.50 7.5

Nutrient solution

10.0 1.00 251 0.61 6.70 4.00 1.00 950 2.68
(stage I and II)

*In the weakly-acid nutrient solutions used in Esbk culture HPO, is the prevalent form of
phosphate.
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lon concentration of recirculating nutrient solutian semi-closed systems

A mass balance approach is used to predict thegeharC,s of each ion over the periadandn-1
(day):

AC = CNS,n - CNS,n—l = (CRNS - Cu )ﬂ\//\L (4)
NS

Then:

CNs,n = CNS,n—l + (CRNS - Cu )a\//\L (5)

NS

REF

W,

In Eq. 5, the initial condition fovU =0is C=C[E" at the beginning of cultivation an@d =Cgt
NS

after each flushing.
If C, of a given ion is not constant, it does not accateuinearly withW, , as predicted by Eq.
4, and thereby a different function must be uga{f’ is assumed to be proportional to @g:
G =PCs ©6)
The value op used for model validation was 0.18 (Carmassi.e2a05).

As CFTSS is equal td:,'\\,'f, substituting Eg. 6 in Eq. 4 yields the followirepuation, after

rearrangement:
(CNs,n B CNs,n—l) — _

Wiu - C:IW p []:NS (7)

VNS
Eq. 7 can be written in a differential form for dhmiacrements ofC, ,:

dcC
55 = Cw ~ PCys
d[Wj ®)
VNS
The integration of Eq. 8, with the initial conditi®Cs=C,,, for m:0, leads to the following
NS
expression:
-pl

C:Nsﬁn = (CIW _%J @[ pVNS] +% 9)

where C, is ion concentration in the recirculating solutatrstem.

lon concentrations at stepsl andn can be estimated using Eq. 9; thus, the compaastime two
expressions gives the ion concentration at st@g a function of its concentration at ste, as
follows:

—ph
CNS,n = (CNS,n—l _C%J @[ VNS) +C% (10)
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For NOs;™ and other nutrientsC,<is calculated with Eqg. 5. In this equation, therneC,, has two

componentsC,,, , which is assumed to be constant; the ion conagoir (r [C,¢) resulting from
stock solution injection.

The correction factorc] for dilution of nutrient stocks depends on featign strategy. Hence, Eq.
(5) can be rewritten as:

W
CNs,n = CNS, m T ( clf [Css +C|W'Cu ) (V 5 j (11)
NS

In Strategy A, wher#\|, is compensated with reference nutrient solution Gn,s=Chi ), Cis 1.

In Strategy C and K is 1 and 0, respectively, before and affe€2” is reached. In Strategy B,
is calculated for each replenishment of the mixtangk using
ECS —EC .
( NsEF = n_l) If ECNS n-1 < Ecsg
c= (ECNS - ECIW) ' (12)
0 if ECys.na>ECio

where theEGq , is computed fronCgs", with Eq. 1.

As ECq 4 increased due to progressive accumulation of $tdli@s,c tended to 0 in Strategy B.

lon concentration of the recirculating water afférshing

In semi-closed systems, ion concentration in tiegaelating nutrient solution after flushing(?)
is estimated using

CH =C,, O +CHF s (13)
VNS NS

where C$F is the ion concentration of the water remaininghim substrate after washing.

The latter quantity is calculated from the concation in the substrate before flushing{) and
Viy

F
_dC +C_S :Cﬂ (14)
dv, Vs Vg
The integration of Eq. 14, wit€=C¢' for \\//—W =0, leads to:
S
3e) (15)
CSAF =Cw +(CSF _Clw)@ °

Thus, the model estimates the volunvg) of stock solutions used to adjuElC,ﬁg to ECﬁg and
ion composition of the new nutrient solution.
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lon concentration in the drainage nutrient solutimom semi-closed or open system

lon concentration €, ) in the water drained from semi-closed systentsiisulated as follows:

o Vel -ci) a6)
VD
Instead, in open cultur€ is calculated as reported by Sonneveld (2000):
Cas— Gy
Cp =Gy +| — 17
=, (G25) an

The value ofC)** is calculated as the product 6f% timesp (0.18).

Water and nutrient balance
In open system, daily, is estimated fronhF andW, :

LF
V, =W, —— 18
o =W, B = (18)
A balance sheet for water and macronutrients amgated for each fertigation strategy (Figure 2).
In semi-closed system8y,, corresponds to the nutrient solution (or wategdudaily to refill the

mixing tank. Evaporation from the substrate, whgbhommonly wrapped in plastic bags, and water
loss due to accidental seepage are consideredyiidgiliin each growing system, water drainage

(W,_) is calculated as the number of discharges tiesIn open culture, dailyV, is determined
as the difference between water supply &gd In semi-closed systems, seasonal water WAsg_{

is computed as the sum of cumulatie andW, , while in open systerl\[ ;. corresponds to the
volume of nutrient solution supplied during the wgiog season. In all systems, totdl supply
(Nyse) is determined from volume amdlO; content of the nutrient solution fed to the criidoss
(N,) is estimated by cumulating the amount\N$®;~ that is leached daily from open system or in
occasion of flushing from semi-closed systems. @aton of W and N, considers the nutrient

solution remaining in each growing system at thd en cultivation. CropN uptake (\,) is

calculated by subtractiny, from N, ..

SOFTWARE DESCRIPTION AND USE

The use of SIMULHYDRO is available to interesteenssfree of charge; it can be requested by
email to Dr. Luca Incrocci (incrocci@agr.unipi,d) downloaded (SYMULHYDRO.zip) from the
Euphoros project WEB sitéitp://www.euphoros.wur.nl/UK/Deliverablgs/

The software Zip folder contains two versions omeaspreadsheet, which are compatible to
Excel™ 2007 or Excel™ 1997-2003 along with compteference manual (pdf).

SIMULHYDRO does not require any particular hardware and ojperatystem; it can be run in
Windows 7, Windows Vista or Windows XP SP3 envir@mmn

15



SIMULHYDRO contains macros. Before to starting, be sure that Excel™ is abladtivate the
macros contained in this file. Please consult ne-uide for more information on Excel macros
activation.

Use

Open the file SIMULHYDRO (.xItm for Excel™ 2007, |txfor the older version) and activate
macros. When Start window will appear (see figctigk on New Simulatiorbutton.

] [

SIMULHYDRO software

New simulation Quick start guide

Remember that you can insert inputs only in the yellow cells.

Fig. 4. The home page of SIMULHYDRO software. For a nemgation, user must click on the
New simulationbutton

User can restore previous simulations that had baeed in.xIsm files by opening them directly.
User can consult the Quick Start Guide from everyep

For new simulation, user has to provide originatssef input variables or parameters.
SIMULHYDRO already contains all inputs necessargitoulate a tomato rockwool soilless culture
under the growing conditions that occurred durihg validation experiment carried out in the
spring of 2006 at the University of Pisa (MassaleR011). User navigates among five successive
windows using the Nexdr Backbuttons.

The system requires the input parameters dividdovendifferent windows. Please compile all data
input required before to move to the following wandparameters:

1) Crop chronology (Fig. 5): dates (between 1/01/1900 to 1/01/2030planting, the onset of
fruiting stage and the end of cultivation (lastveest).

SIMULHYDRO software

<< Back Next >> ‘ Quick start guide

Input 1/5: crop chronology

Planting date (ddimmlyyyy)
End of 1t growth stage (ddimmiyyyy)
End of cultivation (ddimmiyyyy)
Duration of 15' growth stage (days)
Growing period (days)

Fig. 5. The crop chronology window of SIMULHYDRO software.
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2) Daily transpiration (ET). Two options are available (Fig. 6). Users maihsneasured daily
ET (Fig. 6) or calculate using the composite modeppsed by Carmassi et al. (2007) (Fig. 7). This
model simulates the evolution of leaf area inde&l) based on crop thermal time (i.e. growing
degree day¥:DD) and then dailfeT from LAl and the radiationR,;) intercepted by the cropAl

is modeled using the Boltzmann sigmoid equationt(N&&y and Christopoulos, 2003) (see eq. 2).
User can change model parameters, including thal bemperature for GDD computation and the
light extinction coefficient required to calculat&); from incidentR, and insert new values of
environmental variables (Fig. 7).

- f |

SIMULHYDRO software

<< Back Next >> ‘ Quick start guide ‘

Input 2/5: crop transpiration (ET)

e Calculate daily ET ‘ @ Insert daily ET ‘
Day Date Daily ET
(ddimmlyyyy) Lm?

22 27/05/2006 443
23 28/05/2006 4.60
24 29/05/2006 4.77
25 30/05/2006 453
26 31/05/2006 4.87
27 01/06/2006 4.31
28 02/06/2006 5.02]
29 03/06/2006 525
30 04/06/2006 325
31 05/06/2006 5.01
32 06/06/2006 2.95
33 07/06/2006 5.57]

Fig. 6. The daily transpiration window of SIMULHYDRO sofare: in this case user had selected
to insert measured daily ET.

- ]
e
SIMULHYDRO software
Next >> ‘ Quick start guide ‘

Input 2/5: crop transpiration (ET)

®  Calculate daily ET ‘ e Insert daily ET ‘ | Parameters for daily crop evapotranspiration calculation
LAI simulation ET simulation
Day Date Global radiation Air temperature Thermal age at planting (GDD, C°) m
ddimmiyyyy) (MJ m? day™) (°C)

1 06/05/2006 13.70 20.76| a, (regression coefficient) -0.3354 by adim. 0.946]
2 07/05/2006 13.28 2031

3 08/05/2006 11.98 2027 a, (regression i 482 K adim.
4 09/05/2006 10 68 1968

5 10/05/2006 602 19.56, a; (regression i 7553 b, L'm?
3 11/05/2006 890 20.74]

7 12/06/2006 16.00 22.27] a, (regression coefficient)

[ 3/05/200 14.09 22.20

9 4/06/200 .97 20.79) Basal temperature {C%)

10 5/05/200 11.59 20.87]

11 5/05/200 1212 20 60]

>

Fig. 7. The crop transpiration window of SIMULHYDRO softwea in this case, user had selected
to simulate the daily ET by the Carmassi ET mouhsierting the daily average air temperature and
the daily global radiation (see. Eq. 2 and 3).

3) Growing system layout (Fig. 8): the capacity of mixing tank, the volumknutrient solution
retained by the substrate at water container cgpand the amount of water used to wash off the
substrate in occasion of each flushing event.

4) lon composition of irrigation water and reference nutrient solatiand ion uptake concentration
(Fig. 9). lon concentration is expressed in mof rmar mmol m® for macronutrients and
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micronutrients, respectively. For ballast ions sashNa and ClI, the coefficient of proportionality
between uptake concentration and external condemtr§p; it ranges from 0 to 1) is required.
SIMULHYDRO computes automatically the total concatibn of cations and anions, which must
be equal, otherwise the user is warned by the agpea of red colour in the cell with “Electro-
neutrality test”. The composition of the referemc#rient solution depends on the ion concentration
of irrigation water and of the ideal nutrient rexipelected by the user. User may use the nutrient
solution calculator (SOLNUTRI) for calculating tremposition of reference nutrient solution.
SOLNUTRI can be downloaded from Euphoros project BNE site
(http://www.euphoros.wur.nl/UK/Deliverablgs/In the Appendix, the ion composition of ideal
nutrient recipe and ion uptake concentrations epented for some greenhouse crops.

V28 - £

s

s
i Transpiration

SIMULHYDRO software o ooy A
i

\

4

<< Back Next >> Quick start guide I

Refiil

Nutrientstocks

Input 3/5: growing system layout

EC

SYSTEM Drainage Flushing

Mixing tank volume VrLm?) 6 | substrate
5 Watsruptake Acid
Substrate water content Vg (L m™) i pHAg s
Total nutrient selution volume in the growing Recycling water
system vV (Lm?) 16
vaiv
Waler vt?lume used to walsh off the substrate Vg (L m?) 12 \\ Drain ,'/ ‘ Mixing /
in occasion of each flushing \tank 7 \ tank /
/ = /
\ . P /
OPEN ‘ ‘; SEMI-CLOSED

SYSTEM

Fig. 8. The growing system layout window of SIMULHYDRO seére: user must insert the main
parameters that characterized the soilless systatwill be simulated.

D12 - J |

SIMULHYDRO software

<< Back Next >> Quick start guide

Input (4/5): ion composition of irrigation water and reference nutrient solution, and crop uptake concentration

HCO_{‘ N7N03| N-NH,

P-H;POy4

K ‘Ca | Mg |s,so‘

Na | CI

IC+| ZA-

Electro-chemical neutrality

EC test

mol m*

eqm®

dsm’

0.00] 0.00] 1.50] 0.80] 0.60] ws0] g.20[14.10[ 1a10] 153

0.00] 0.00] 1.50] o.80] 0.60] aso] g.20[ 1210 1410] 153

Irrigation water (1% stage) 370] 0.00] 0.00]
Irrigation water (2" stage) 370] 0.00] 0.00]
Reference nutrient solution (1% stage) | U.EE] 1U.UU| U.UUl

1.00] 6.70] 400] o.80] 252] 9.s0] 9.20[26.80[ 26.80] 2.64]

Reference nutrient solution (2™ stage) | U.EEJ 7.UU| U.UU|

070 a70] 325] 0.80] 242] wso] 9.20[2230[22.30] 231

N-N03|N-NH4 PPO, | K ‘ Ca | Mg |s.su. Na | c EC+| £A | Ec | Flectochemicalneutrality

mol m? P eqm"' dsm’
lon uptake concentration (1 stage) 1000] 00o] 100] 670] 385 oso] 150 o18] o018 15.18] 1506 163 |
lon uptake concentration (2™ stage) ‘ ?,ﬂUl U,ﬂﬂl U,Tﬂ‘ AJU‘ 2,8ﬂ| U,45| W,EU‘ IHE| U,WS(H,SBrWU,ESr 1,27r |

E—— ]

-

Fig. 9. The fourth input window of SIMULHYDRO software: @ismust insert the ion composition
of irrigation water, the reference nutrient solatifor the first and second stage, as welkl as the
uptake nutrient concentration for each growing&tag

5) Fertigation control parameters (Fig. 10). Simulation can be run using differetrtategies for
fertigation management and user must insert spguiiameters such as:
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« Maximum EC (dS n): it is the maximum value of the EC of recircutgfinutrient solution (in
semi-closed systems) or drainage nutrient solufionopen system) that the crop tolerates
without any significant yield reduction.

« Set-point EC (dS i): it is the EC to which the recirculating nutriestlution in semi-closed
system is adjusted after each flushing event kgctign of nutrient stocks.

« Minimum N concentration in the recirculation nutriesolution (N-NC*yn, mol mi®): it is a
parameter required by Strategies B and C (see desmgtion of this document). It represents
the N-NQ concentration that allows the discharge of recating nutrient solution because it is
lower than crop physiological requirement or thexmmum allowed concentration established
by legislation to N-N@content in wastewater.

« Total fruit yield (Kg m?): this quantity is used to calculate water andiant use efficiency.

- £

SIMULHYDRO software

<< Back Next >> Quick start guide

[ _u [«

Input (5/5): fertigation set parameters
Strategy A Strategy B Strategy C Strategy D
(variable EC) (constant EC) (variable EC and (Free-drain system)
nutrient depletion)

1*'stage 2" stage
4.50] 3.48 2.59

Maximum EC ECysx [dS m™) I 450 | 3.00)

Set-point EC ECer (45 m'™) I 3.00) 300 | 3.00]

Mln.lmum N cnnce.ntratlon |.n the NN (mol m?)

recirculation nutrient solution 1.00 1.00

Total fruit yield (optional) (kg m?) ‘ 11.25‘ | 11.25‘ | 11.25‘ | 11.25|

Fig. 10. The fifth input window of SIMULHYDRO software: useanust insert some specific
parameters for each fertigation strategies (A-@)utated the closed-loop cycle system and for the
open system.

SIMULHYDRO software 1
=< Back Calculate Quick start guide

Input summary table ‘

Input 1/5: Crop chronology ‘ Edit ‘
Planting date (dd/immiyyyy) 06/05/2006]
End of 1 growth stage (dd/mmiyyyy)
End of cultivation (dd/mmlyyyy) 28/07/2006
Duration of 1% growth stage (days)
Growing period (days)
[Input 2/5: daily crop transpiration (ET) | Eat |

Fig. 11. The input summary table of SIMULHYDRO softwareeusould check the inserted input,
and eventually could be edited. Finally could stag simulation clicking the calculateutton.
insert some specific parameters for each fertigagioategies (A-C) simulated the closed-loop cycle
system and for the open system.

SIMULHYDRO shows a summary table, where all inppitsvided by the user are shown and can
be edited (Fig. 11).

19



Finally, user can launch the simulation by clickihg Calculate button. This operation will require
1 to 3 minutes depending on computer charactesigfialculation progress is shown in progress bar

The main results of simulation are reported in fatde graphics and tables (see an example in Fig.
11) and can be exported in a spreadsheet (.xIgpioomg daily values of crop ET, water runoff,
nutrient leaching and the ion composition of radating or drainage nutrient solution. The total
parameter simulated could be checked in the “alllte” section

Each simulation can be saved with its own namespegific folder.

£ i ics »>> i >>
SIMULHYDRO soﬂware Show II"IQLItSI Graphics Print tables | All results | Export data =
Table 1. Input used for the simulation: growing system layout and fertirrigation set parameters.
Strategy A Strategy B {vaf\targlt;?(':can 4 Strategy D
Parameter (variable EC) (constant EC) {(open system)
nutrient
depletion)  |4¢ spage 2 stage|
Mixing tank volume  (Vy, L m?) 6 6 6 6
Substrate water content (Vs L m": 10 10 10 10
Water volume used to wash off the substrate in 12 12 12
occasion of each flushing Vi, Lm?)
Maximum EC of recirculating NS (dS m™) 4.50 3.00 4.50 348 259
Set-point EC of recirculating NS 0 S o
Minimum K concentration in the recirculation NS 2 10 1.0
Table 2. Input used for the simulation: ion concentration and EC of irrigation water and reference nutrient solution; uptake concentration of nutritive and ballast
ions.
lon concentration and EC
Parameter N-NO; | N-NHg | P-POy K Ca Mg $-504| Na Cl EC
(mal m*)| (mol m*)|(mal m*|(mol m*jimol m*jimol m*|(mol m*}(mol m*}imol m*] (ds m™)
Irrigation water (1" stage) 0.00 0.00 0.00 0.00 150 0.80 0.60 9.50 9.20 1.53
Irrigation water (2" stage) 0.00 0.00 0.00 0.00 150 080 060 950 920 1.53 <.|
= 3 ) = ) e | (= R Rt €

Print graphics ‘

2 |SIMULHYDRO software T

[T

Crop p iration and LAl develop ‘
Crop evapotranspiration (ET)
7.00

E% Al TR T e e -

200 e\ ] NOSYFI A

B4 I AR ) BILYS U

al® ¥ el .

S0 ﬁm_f .

’ 0 2‘0 40 5‘0 EID 100
Days from planting

Fig. 12. Output of SIMULHYDRO: tables and graphics obtairadter the simulation of the four
different fertilization strategies.
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Nomenclature

Symbol or Description Unit

abbreviation

A latent heat of water vaporization MJ Kg™

A B water uptake model coefficients dimensionless

Ay, &, &, & leaf area model coefficients dimensionless

C molar concentration mol m?®

CAT the sum of valences of the catio@{’, Mg?*, K*, Na) mol m®

c correction factor of the dilution ratio)(of the stock nutrient solutions dimensionless

EC electrical conductivity ds m'

GDD growing degree days °C

k light extinction coefficient dimensionless

LAI leaf area index dimensionless

LF leaching fraction %

N mass of nitrogenNO;) g m?

p coefficient of proportionality betweeda” uptake concentration and dimensionless
sodium concentration in the root (nutrient solu}ipone

r dilution ratio of the stock nutrient solutions hetirrigation water dimensionless

RAD daily global radiation MJ m? day*

T air temperature °C

Y volume of nutrient solution L m?

W volume of water in crop water balance m

Superscripts

AF
F
MAX

REF

Subscripts

D

NS

RNS

SP
SS

USE

in the recirculating nutrient solution after flusi

in the recirculating nutrient solution when the ditions for flushing
were fulfilled in semi-closed cultures

ion (NO;, C&*, M¢?*, K, Na)

ceiling value for th€=C of recirculating nutrient solution in semi-closed

cultures
reference (full-strength) nutrient solution

The nutrient solution discharged daily from opehiure or in occasion of

flushing from semi-closed cultures
irrigation (raw) water
water drainage or nitrogen leaching

nutrient solution in the growing system (contaimethe mixing tank and

in the substrate), which was recirculated in seimgaed cultures

nutrient solution used to refill the mixing tankboth semi-closed and

open systems

in the substrate

targetEC of recirculating nutrient solution in semi-closadtures
stock nutrient solutions

in the mixing tank

crop uptake of water or nitrogen; uptake conceiatnatf individual ions

seasonal consumption of water or nitrogen
water used to wash off the substrate in occasidlugling in
semi-closed cultures
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