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v’ Introduction: soilless culture
v Environmental sustainability of soilless culture

v'Simulhydro 2.0: simulator for different fertigation
strategies in soilless culture;

v'Italy test site: Validation in farm Anterminelli
v'Conclusions.
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Soilless culture

Advantages

To avoid soil-borne disease and
salinity stress;

Higher quality and to increase
crop yield;

Possibilty to cultivate without soil;

To increase water and nutrient
use efficiency.

Drawbacks

High investment costs;

Need for specialized technical
personnel;

Disposal of used or ‘spent’
substrates;

Disposal of drained solutions
that are not completely
exhausted;

Greater use of materials that
are difficult to recycle
(plastic);

Hypoxia (only hydroponics).
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Open and closed loop cycle

Nutrient solution IN: _
oH (5.5-6.0) Re-use on cr0|? soil-grown

EC (1.6-3.0) Closed cycle!!

Drainage

Drainage solution (25-
50%): Open cycle!!
pH (5.0-7.0)
EC (2.0-4.0)
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JPRIMA IGUESSmed  OPEN vs CLOSED SYSTEM:
Water and nitrogen balance (1 long crop/year)

(Sturiale et al. 2024, Sustanaibility, vol.16: 11, 4491.
\ /\ e Water = 8,400 m3/ha
e \Water = 10125 m /ha ° Nitrogen =961 kg (N)

e Nitrogen = 1,282 kg (N)
Yield = 15,93 kg/m?

P
Pesticides

Drai n: 17%

e Water = 1,725 m3/ha (-17%, quite common until -30%) 1
e Nitrogen = 321 kg/ha N (-25%, but until -35%)
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Closed system: why is it not used?

In the Mediterranean, used on hydroponic systems
(floating system, aeroponics) and on a few
hectares of substrate crops

The main drawbacks:

A) Nutrient solution disinfection

B) Nutrient replenishment of recirculating nutrient solution

C) Poor knowledge of nutrient solution management with
the use of medium saline water




The right nutrient concentration in the NS:
the mass balance concept

Out:

In: (Evapo)transpiration;
Water; Nutrient uptake (plant uptake +
nutrients

CU substrate precipitation
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CD Out:
Water drainage (open and semi-closed cycle)
Nutrient leakage (open and semi-closed cycle)

(Cp)
If C,=0, for the equilibrium..... C; = C,
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Fertirrigation strategies in tomato soilless
culture: semi-closed system
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Fertigation strategy in the soilless sistem

Strategy A Strategy B
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* Constant NS EC;
e Useful with low

[NaCl]

* Possibility of

nutrient depletion
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Simulhydro: management of fertigation

o It simulates the concentration of nutrients in the various
compartments of the plant such as NS delivered, drained and in
the substrate;

oIt allows recommendations when NS can be discharged while
respecting environmental constraints.

Input:
o\Water, nutrient recipe and uptake concentration;
oClimate data (RG and air temperature);

eDescription of cultivation system (volume tank nutrient solution
drainage, substrate water content);

eFertigation strategies: open, semi-closed cycle and set-point for
fertigation (ECyax)-

10
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Simulhydro: sub-routine
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Simulhydro

OUTPUT:

v'Simulhydro provides a graph of the nutrient
concentration in the drainage and recirculating solution;

v'Alarms when EC or sodium concentration threshold is
exceeded;

v It calculates the water and nutrient balance including
water use efficiency (WUE) and nutrient use efficiency
(NUE).

12



Simulhydro: an example (N and Na)

lon concentration (mol m '3)

lon concentration (mol m '3)
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Validation experiment conducted in a commercial
-1 greenhouse in Tuscany (Italy):

Sassetta (LI) (all area 4444 m?; experimental area 888
m?);

3,3 plants/m?;

Tomato crop cv. PISANELLO (spring-summer cycle, grafted
on Maxifort rootstock) grown from 10/04/23 to
31/08/23.

= Control treatment: Conventional irrigation and
nutrient management based on farmer’s experience

= DSS treatment:

= Irrigation following Simulhydro software

= Corrective management according to
Simulhydro software and drainage nutrient
solution analyses



ANTERMINE

TUSCANY ITALY




Temperature (°C)
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Anterminelli Spring 2023
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Radiation (MJ m)

Average, minimum and
maximum temperature (T°C)
with solar Radiation (MJ m~2
day!) recorded from planting
10/04/2023 to 31/8/2023
(143 days)

Data are recorded with OPI-
EVJA system.
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Commercial validation results

Treatments  Water ) P,O. K,O MgO S-S0, Others
(m*ha?) (kghal) (kghal) (kgha') (kgha?) (kghat) (kgha?) Microelements
(kg ha)
Opencycle  1h125 1282 484 2072 539 146 340 31
(grower)
Cl.osed cycle 3400 961 349 1657 224 91 200 14
(Simulhydro)
Reduction 17% 25% 28% 20% 41% 38% 41% 55%

Strong reduction on fertilizer and water consumption.



Life Cycle Assessment results

Impact categories Unit Before

Climate change kg CO, eq 34393 32454 - 6%
Fine pa-rtlculate matter kg PM., , eq 76 63 17%
formation -

Terrestrial acidification kg SO, eq 257 213 -17%
Freshwater eutrophication | kg P eg 15 139 +27%
Marine eutrophication kg N eq 36 12 @
Terrestrial ecotoxicity kg 1,4-DCB 211211 127873 @
Freshwater ecotoxicity kg 1,4-DCB 3806 2038 (45@
Marine ecotoxicity kg 1,4-DCB 3663 2682 -27%

- - QO

Human carcinogenic toxicity kg 1,4-DCB 3589 3294 8%
LH”'fnf"m non-carcinogenic 1151 4-ncB 50749 42691 - 16%
oxicity

Water consumption m3 8276 8686 +5%




Llfe CyC I = Indicators Unit

Before After
Costing (T;’é?)'lf)“t of production €/ha/year 155’466 159’852
Net present value (NPV) €/ha (20 years) 462’817 406’586
Profitability index (P1) (20 years) 1.28 1 1.09
TCOP (€/year)
Coreennovse > ™
AFTER . +32%
e +11% Fertilizers N
achinery . A
Fertilisers — » BEFORE
Pesticides h
Waste l v P t d
ioati esticides
G sservices ™ rertigation 499
system
DSS .
0% 5% 10% 15% 20% 25% 30% 35% 40%

W PRE W POST




Italy test site: split the effects of innovations

RS

Open-loop cycle + IPM Open-loop cycle (Before) Closed-loop cycle + chemical
TCOP €/ha/year 158’730 155’466 | TCOP €/ha/year 153’355
NPV €/ha (20 years) 433’043 462’817 NPV €/ha (20 years) 460’860
:Dnrg:)'(cability (20 years) 1.20 1.28 iPnr((j)Zi)’(cability (20 years) 1.24

TCOP= Total cost of production; NPV= Net present Values.

Final remarks.

- The use of integrated pest management reduces the profitability index, but It is appreciated for the better
working conditions inside the greenhouse and the consumer risks

- The adoption of the closed loop system with DSS is not fully economically convenient, but a strong reduction
on the environment impact categories

- The DSS was appreciated for the information on real-time about the greenhouse climate and fertigation
system.



PRIMA TSUESSmed

HIGH QUALITY TOMATOES
WITH LOW ENVIRONMENTAL IMPACT

IN THE MEDITERRANEAN AREA
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Simulhydro: model output

SimulHydro

Substrate Drainage concentration

Nutrient solution

@ EC in the subsirate A H 2R ¥

O ayr

Macronutrients

8 HCOo3 NO3 @ NHS R H2POA DX BB Ca B Mg
15 mmol/L i3 33 33 33
30 1
) mmolll
15 mmoli 136 136 136
10 myr L 71 7 7.1 71
51 ., s 11 53 ., s1 .,
5 mmoll
5 it 0 I K 0 Bl 0 K o Bl
Micronutrients e @t @ cCu Zn @B Mo R Mo
360 umolt 3395 3395 3395 3395
300 umaoli/
250 umoitL
21 MOVL
15 Mol
100 un 1
) umolt
108 36 09 52 o2 108 36 09 52 902 108 36 09 52 o2 10.8 36 09 52 o902
) umol/l e — re— SR — gt — s — [P—

R S
R V728

10/032024



DIPARTIMENTO DI SCICNZE AGRARID
AUIMENTAKT P AGKO-AVKIFNTALL

UNIVERSITA DI P1sa

= -
PRIMA  IGUESSmed Simulhydro: model output

SimulHydro

Nutrient solution Substrate Drainage concentration

Dralnage volume @ Orainage volume [ Drainage EC

05 2.4
O mm . .
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Results
Vegsyst model
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Comparison of estimated and measured fi-PAR and dry matter in spring tomato crop
Data reported on graph are from 10/4/2023 to 31/8/2023
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Results
Vegsyst model
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Comparison of estimated cumulated ET
(obtained from ETo estimated by “FAO
radiation model” and Kc values
reported in the file Vegsyst) and ET
measured in spring tomato crop by
flow-meters

Data reported on graph are from
10/4/2023 to 31/8/2023
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Results
Vegsyst model
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Comparison of estimated and measured dry matter production and cumulated ET in spring tomato crop. The
linear regression equations and the coefficients of determination (R?) are given in the figures. The clear line
corresponds to the 1:1 linear relationship. Data reported on graph are from 10/4/2023 to 31/8/2023
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CONCLUSIONS

» The simulhydro model was validated in a commercial
soilless greenhouse in Tuscany, ltaly.

» iGuess-Med DSS treatment reduced by 17% of water,
25% of N, 28% of P, 20% of K, and 41% of Ca in
comparison with the control treatment, without any
significative effetcs on the quality and quantity of the
production .

» In this case study (good grower), both innovations are
not cost-effective, but they increase the environmental —
sustainability of cultivation, improve working conditionsjss
inside the greenhouse and increase the safety of the
system against system crashes.

» Good performance of VEG-SYS model; __ » AR 4

> At the end of the project the grower want to buy the | sk hrﬁ:ﬁi&d” 0.
EVJA-DSS.

———————
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