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Abstract: A software used to control fertigation systems (FS) for automated preparation of nutrient solutions
based on real time sensing of the drainage solution using ion selective electrodes (ISEs) was developed. This
software, named NUTRISENSE, can be used to optimize recycling of the fertigation effluents in closed-loop
soilless culture systems. The use of ISEs in conjunction with NUTRISENSE provides a tool to the growers to
monitor in real time the fluctuations of major nutrient concentrations in the fertigation effluents, and supplement
them with the appropriate amounts of fertilizers. This strategy improves the accuracy of the nutrient supply in
closed-loop soilless culture systems. Thus, growers could be encouraged to switch to recycling of the fertigation
effluents as the uncertainty in nutrient supply that discourages them from adopting closed-loop soilless cultivation
systems would be lifted. This study provides an overview of algorithms used by NUTRISENSE to calculate the
nutrient supply when the composition of major nutrients is monitored in real time using ion selective electrodes.
Furthermore, a simulation study was conducted to assess the capabilities and the limits of the system and highlight
the research needs for its application in greenhouse experiments.
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Cn  is the injection rate of each nutrient (mM),
List of symbo|5 and abbreviations Cs s the concentration (mM) of each nutrient in
the SS,
Cs« is the target concentration (mM) of each

Abbreviations nutrient in the SS,

AS: added solution Cs s the readjusted concentration (mM) of each
CLS: Closed-loop soilless culture systems nutrient in the SS
DS: drainage solution C. is the uptake concentration (mM) of each
DSS: decision support system nutrient
ISE: ion selective electrode Cwa is the actual uptake concentration (mM) of
NS: nutrient solution each nutrient
SS: supply solution Cw is the concentration (mM) of each nutrient in
SCS: soilless culture systems raw water
UC: uptake concentrations T, is the application time (d) of the currently
Symbo_ls . . supplied AS (days from the n-1 to the n
Ca  is the concentration (mM) of each nutrient in sampling of DS).

'ghe AS . . Vg is the volume sum (L) of root solution and
Car is the readjusted concentration (mM) of each drainage solution per plant

nutrient in the AS, o Va  isthe volume (L) of supplied AS per plant per
Cq  is the concentration (mM) of each nutrient in day (net supply of NS excluding the resupply
Ci is the concentration of the i nutrient (i = K, Ca, E. isthe E’C (dS m™) of the AS

Mg, NHs-N, _NOg-N, SO4.-S, P, Fe, Mn, Zp, Cu, En isthe EC (dS m?) of the blend of DS and raw

B, Mo, Cl) in any solution referenced in the water

paper, ) . Es isthe target EC (dS m) in the SS,
Cn is the concentration (mM) of each nutrient in a is the target fraction of DS (referring to the

the blend of DS and raw water, total volume of SS) that is recycled.
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1 Introduction

Soilless culture systems (SCS) constitute the
dominant cultivation technique in greenhouse
production units that use modern technology to
achieve high vyield per unit area. The main
environmental advantage of SCS is the elimination of
surface and underground water pollution due to
nitrogen and phosphorus emissions originating from
fertigation  effluents. To  minimize  water
contamination and make the greenhouse units more
sustainable, closed-loop SCS have been developed,
(henceforth abbreviated as CLS) where the
fertigation effluents are collected and recycled.
Moreover, the recycling of fertigation effluents,
henceforth termed drainage solution (DS), reduces
irrigation water and fertiliser consumption by more
than 30% and 40%, respectively (Savvas and Gruda,
2018; Savvas et al. 2023). CLS are mandatory in
northern European countries, such as The
Netherlands to avoid water contamination (Voogt
and Bar-Yosef, 2019). However, they are rarely used
in southern European countries because of low-tech
greenhouse facilities, high salinity of irrigation water
and the uncertainty caused by the fluctuations of the
nutrient concentrations in the recycled DS which in
most cases cannot be efficiently managed due to
insufficient availability of specialised advisory
services locally. On the other hand, the limitations in
water resources constitute a much bigger problem in
the south-European compared to the north-European
countries. Thus, switching to closed-loop soilless
systems should be a priority in the greenhouses of
south-European countries as well as in other
countries with dry climates, due to the considerable
water savings achieved by recycling the fertigation
effluents. In many Mediterranean greenhouses,
application of a fully closed soilless system with zero
DS discharge is not possible due to moderately high
Na concentrations in the available irrigation water.
However, in these cases, application of a semi-closed
system with periodic discharge of some DS could
save considerable amounts of precious irrigation
water, if suitable models are used to define the exact
time, duration, and fraction of DS discharge
(Katsoulas et al., 2015).

The management of plant mineral nutrition through
the nutrient solution (NS) is one of the greatest
challenges in CLS because the composition of the DS
can vary with time as a result of temporal variations
in nutrient uptake requirements. In these systems, it
is necessary to monitor the mineral composition of
the DS regularly for two main reasons. The first
reason is the need for accurate preparation of the
nutrient solution supplied to the crop, henceforth,
supplied solution (SS). The second reason is the need
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to maintain optimal levels of nutrients, electrical
conductivity (EC), and pH in the root environment,
i.e., in the DS (Sonneveld and Voogt, 2009). The DS
is mixed with a nutrient solution with a composition
assumed to exactly match the plant uptake,
henceforth termed added solution (AS), to obtain the
SS. Hence, to achieve the target composition of the
SS, the AS composition must be calculated taking
into consideration the composition of the DS.
Inappropriate composition of the SS can cause
nutrient imbalances in the root environment, which
may affect the plants through nutrient deficiency or
toxicity, or salinity stress (Sonneveld and Voogt,
2009; Neocleous and Savvas, 2013; Tzerakis et al.,
2013; Massa et al., 2020). The plant nutrient uptake
can be expressed as the ratio between the absorbed
nutrient mass and the absorbed volume of water,
which is termed “uptake concentration” (UC) in the
international scientific literature (Sonneveld and
Voogt, 2009; Thompson et al., 2013, Block et al.,
2023). The UC of each nutrient may fluctuate within
a range during the cropping period, due to the plant
developmental stage, changes in cropping conditions
such as the microclimatic parameters, fruit load, etc.,
as these parameters could alter the nutrient needs of
the plants (Gallardo et al., 2021). Therefore, the UC
of the plants and concomitantly the composition of
the SS should be periodically recalculated, based on
analytical data of the DS, which is representative of
the root solution composition (Sonneveld and Voogt,
2009), to adapt to current crop demands (Savvas et
al., 2023).

To address these requirements, the decision support
system (DSS) NUTRISENSE, has been developed by
the Laboratory of Vegetable Production of the
Agricultural University of Athens to optimise
nutrient  management in  soilless  culture.
NUTRISENSE is on-line available via the link
https://nutrisense.online/, and can be used to
calculate optimal NS compositions for open and
closed-loop soilless crops and readjust their
composition whenever a new chemical analysis of
the DS is available. NUTRISENSE was presented at
the 11 International Symposium on Growing Media,
Soilless Cultivation, and Compost Utilization in
Horticulture in Ghent, Belgium in 2021 (Savvas et
al., 2021), and some of its algorithms have been also
reported by Neocleous and Savvas, 2022, and Savvas
et al., 2023.

The standard commercial practice in soilless
greenhouses is to send out to a laboratory a DS
sample for chemical analysis, optimally every 7-15
days, but sometimes every 30 days or even less
frequently. Based on the obtained results, the
composition of the SS in open systems, or of the AS
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in CLS, is readjusted. However, the results from a
laboratory analysis are mostly received several days
after collection of the DS sample. Therefore, fast and
frequent measurement of individual nutrient
concentrations in the DS would improve the nutrient
management efficiency in CLS. ISEs can estimate the
concentration of a single ion in a multi-ion solution,
such as a DS, because they have an ion-selective
membrane that responds selectively to one analyte in
the presence of other ions in a solution (Kim et al.,
2013). Moreover, ISEs have practical advantages
such as simple use, wide measurement range, rapid
and direct measurement, without any need for
addition of reagents for colour development as is the
case with colorimetric and refractometric approaches
(Cho et al., 2019; Pena-Fleitas et al., 2022). In this
regard, they are attractive tools for daily estimation
of DS composition in combination with an EC and a
pH meter. In the last years, there are several
publications presenting ISE systems, portable,
manual, or automated, for application in soilless
culture, which claim acceptable accuracy (Kim et al.,
2017; Cho et al., 2019; Chowdhury et al., 2020; Han
et al., 2020; Pefia-Fleitas et al., 2021). Nevertheless,
the use of ISEs is still at an experimental level and
has not been adopted by commercial greenhouses yet.
An important factor that can contribute to
maximizing the anticipated benefits from the use of
ISEs in CLS is the processing of the on-line obtained
data by a suitable software. Such a software should
take into consideration not only the engineering
background of the ISEs and mathematical models but
also the complex chemistry of the nutrient solutions
and its interconnections with the nutrient
requirements of plants grown in  SCS.
NUTRISENSE, as a software developed to optimize
nutrition and fertilization of plants grown in SCS,
includes a special application based on suitable
algorithms to support the use of ISEs in CLS. The
current paper reports some key algorithms deployed
by NUTRISENSE to automatically calculate the
nutrient injection rates needed to maintain a constant
macronutrient composition in the SS when the actual
composition of the DS is determined in real time
using ISEs. Furthermore, the current study includes a
simulated case study to illustrate the nutrient
concentration changes occurring in the DS and the SS
when the actual UCs in a particular crop deviate from
those suggested in credible literature sources (e.g.,
Soneveld and Voogt, 2009), which are used as
standard values in NUTRISENSE.
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2 Materials and methods

2.1 System background

According to a first approach, to optimize the
nutrient supply to a crop, the concentration (C;) of the
i nutrient (i = K, Ca, Mg, NHs-N, NO3-N, SO,-S, P,
Fe, Mn, Zn, Cu, B, Mo, CI) in the SS must be equal
to a target concentration that has been determined
experimentally and wvalidated in commercial
application (Cs). Optimal nutrient concentrations for
several plants grown in SCS have been proposed in
various publications (de Kreij et al., 1999, Voogt and
Sonneveld 2009, Savvas et al., 2013, etc.). However,
in CLS the SS is a mix of the AS and the DS, while
the composition of the DS is variable. To maintain
constant nutrient levels in the SS despite the
variability in the composition of the DS, the
composition of the AS should be accordingly
modified whenever new SS is prepared. However,
this is possible only if the variations in the
composition of the DS are monitored, which entails
the use of ISEs.

Although this first approach is correct, the
optimal nutrient concentrations in the SS do not
always match the plant requirements, because the
nutrient uptake rates by plants may also show some
variability over time. To address this problem, the
new algorithms included in NUTRISENSE
specifically for the application of ISEs in CLS are
working in combination with the algorithm proposed
by Sawvas et al. (2023) to readjust the nutrient
concentrations in the added solution whenever the
current concentration of the DS is determined. The
algorithm presented by Savvas et al. (2023)
calculates the actual UCs of plants cultivated in CLS
for an interval between two successive DS sampling
dates, e.g., every 14 days which is the common
practice  in modern  greenhouses.  Then,
NUTRISENSE calculates new target concentrations
for each individual nutrient in the AS aiming to
maintain the nutrient levels in the root zone close to
the optimum values for the specific plant species (de
Kreijetal., 1999; Sonneveld and VVoogt, 2009). There
are two alternative methods for the preparation of the
SSin CLS. The first alternate is the mixing of the DS
with irrigation water up to the EC target for the
mixture (Em). Subsequently, a fertigation head adds
stock solutions of fertilisers at rates aiming to achieve
a nutrient input equal to the composition of the AS,
up to the EC target for the SS (Es). The second
alternate is the preparation of the AS by the
fertigation head with an EC target for the AS (E.).
Then, the AS is mixed with the DS up to the EC target

Volume 5, 2025



MOLECULAR SCIENCES AND APPLICATIONS
DOI: 10.37394/232023.2025.5.2

for the SS (Ey). If the AS is modified frequently, a
fertigation system with multiple stock solution tanks
and a single fertiliser in each stock solution should be
used (Savvas and Gruda, 2018; Blok et al., 2022).
When such a fertigation system is used,
NUTRISENSE calculates the injection rate of each
single-fertiliser stock solution and not the masses of
fertilisers needed to prepare new stock solutions as is
the case in A/B stock solution systems (van Os et al.,
2019; Savvas et al. 2023).

2.2 Determination of the macro-ion
concentrations in the DS using ISEs

The data from the measurements of the ISEs
are used by NUTRISENSE to estimate the current
composition of the DS. This study will focus on the
management of macro-nutrient because there are no
reliable ISEs for micronutrients. ISEs for measuring
K*, Ca?, Mg?, NHs*, Na*, NOs, P, and CI are
available, and many studies reported their use with
acceptable accuracy for the estimation of NS
compositions ( Kim et al., 2017; Cho et al., 2019;
Chowdhury et al., 2020; Han et al., 2020; Pefia-
Fleitas et al., 2021). The anion-cation balance and
empirical equations that link EC with the sum of the
electrical charges can be used additionally to the data
from ISE for the estimation of the DS. Savvas and
Adamidis, (1999, 2000), proposed an empirical
equation that link the EC of a NS with XC;* or =C;™:

_ZCH + 1462 (1)
~9.819

where the E is the EC in dS m™ and £C;* in
meq L.

In DS, the equivalent sums of cation and anion
concentrations (XCi* and XCi in meq L?T |,
respectively) are estimated as functions of the molar
concentrations (mmol L) of each macroion.

2t = [K*]+2-[Ca®*] + 2+ [Mg?**] )
+[Na*] + [NH,*]

C7 =[NO;~] + [HyPO, 1+ 2+ [S0,%7]

+ [CI7] + [HCO5™] @)

Furthermore, due to the cation-anion balance:
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rcr=xco (4)

Micronutrient cations and anions are neglected
in (3) and (4), as their concentrations are much lower
than those of macronutrients and, therefore, they do
not have any impact in the anion to cation balance.

Currently, ISEs are available for the
determination of all macro-cations and three of the
macro-anions, particularly NOs", P and Cl. When it is
not possible to determine all the macronutrients,
because an ISE is not available or the user has less
than these eight ISEs in operation, NUTRISENSE
estimates the undetermined nutrients based on the
anion to cation balance. Using (1), (2), (3) and (4) in
combination, it is possible to calculate the
concentration of one cation, or anion, if the EC and
the concentrations of the other four cations or anions
are determined. If needed for the estimation of
cations, it should be considered that Na* also can be
estimated through models for some crops (Savvas et
al., 2005, 2007, 2008; Trajkova et al., 2006; Varlagas
et al., 2010; Neocleous and Savvas, 2016, 2017;
Voogt and Bar-Yosef, 2019). In addition, NH4-N
levels in DS are very low, approximately 0-0.2 mM,
if the pH is inside the acceptable range for the DS
(5.5-6.5), because of nitrification and its preferential
uptake over NOs-N (Sonneveld and Voogt, 2009).
Furthermore, NHs-N is added to the NSs for pH
management in the root zone, thus the Cs of NH4-N
is not readjusted by its level in the DS but based on
pH value (Savvas et al., 2023). Hence, the
concentration of NHs-N can be ignored for the
estimation of a nutrient based on the anion to cation
balance. Similarly, for the estimation of anions, it
should be considered that Cl- also can be estimated
through the same models used for the estimation of
Na* in the DS. Furthermore, the HCOjs levels are
very low (0.1-1.0 mmol L) in the DS if the pH is
inside the acceptable range for the DS (5.5-6.5). The
sulfate concentration in the DS is calculated using (3)
after solving for SO42.

2.3 Readjusting the composition of the supply
solution (SS)

NUTRISENSE includes a database with target
nutrient concentrations in the SS (Cs) for a wide
range of greenhouse-grown crops based on several
literature sources (de Kreij et al, 1999; Sonneveld and
Voogt, 2009; Savvas et al., 2013). Thus, when the
cultivated plant species is selected by the user of
NUTRISENSE, the target nutrient concentrations in
the SS are fixed and used as known parameters in the
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algorithms described below. When SS has to be
prepared and supplied to a crop grown in a CLS, the
macro-ion concentrations in the DS are determined
using an ISE system and the data are transferred in
real time to NUTRISENSE. At the same time, EC
and pH sensors also transmit to NUTRISENSE the
current EC and pH values in the DS.

According to the standard practice applied in
CLS, the DS is initially mixed with irrigation water
at a ratio adjusted automatically to obtain a preset EC
(Em) in the outgoing mix. Thus, NUTRISENSE first
calculates the concentrations of all macro-ions in the
mixture of DS and water using the following
equation:

Cnp=aCs;+(1—-a)C, (5)

where a is the target drainage fraction (0.0-
1.0), and Cq4 and Cy are the concentrations of this
nutrient in the DS and the raw water used to prepare
NS, respectively. Subsequently, NUTRISENSE
calculates the sum of the equivalent macro-cation
concentrations (XC;") using (2). The next step is the
calculation of a target EC for the mix of DS and water
(Em) using (1). The estimated En is transmitted by
NUTRISENSE to the system controlling the mixing
ratio between DS and water. Thus, the nutrient
concentrations in the mix will be those estimated
using (5) when its EC is adjusted to En.

The injection rate of each nutrient (Cy) to the
mix of DS and water that is needed to achieve the
target concentration of this nutrient in the SS (Cy) is
calculated using the following equation:

Cne = Csp — Cy (6)
Consequently, by substituting (5) for Cinin (6)
the following equation is obtained:

Cnt = Cs¢ —aly — (1 —a)Cy, (7

The Cn values estimated using (7) are
transmitted to a series of algorithms described by
Savvas and Adamidis (1999, 2000), which are part of
NUTRISENSE, to estimate the injection rate of each
individual fertiliser. The estimated injection rates are
transmitted from NUTRISENSE to a fertigation
system working with single-fertiliser stock solutions
and applied automatically in real time to the mix of
DS and raw water.
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In the above algorithm, only Equation (1) is
empirical but its accuracy for NSs used in soilless
culture has been proven in commercial practice. All
other equations (2-7) are based on mass balance,
while including either known or measured
parameters and, thus, the accuracy of the estimated
injection rates is high.

2.4  Readjusting the nutrient
concentrations in the SS

target

Although the accuracy in achieving the target
concentrations in the SS (Cs) is high when working
with ISE, this is not sufficient to ensure an optimal
nutrient supply to the crop in the long term. As
outlined in detail by Blok et al (2022) and Savvas et
al. (2023), the composition of the NS supplied to a
soilless cultivation has to be frequently readjusted
following a chemical analysis of the DS. This is
necessary because the standard recommended
concentrations for every crop are average values
determined experimentally and do not apply exactly
in each individual crop. If no ISE are available, the
standard practice in CLS is to readjust the
composition of the AS aiming to harmonise nutrient
supply with nutrient uptake. The composition of the
SS is subsequently derived from mass balance
models as the mix of the AS and the DS estimated at
fortnightly intervals. However, when ISE are used,
the current composition of the DS is known as it is
constantly monitored, while the target composition of
the AS is estimated by applying a modified algorithm
presented below.

NUTRISENSE uses an algorithm suggested
by Sawvas et al. (2023) to calculate a readjusted
concentration in the added solution (Cy) for a
particular period (i.e., fortnightly) that matches the
current nutrient uptake rates during that period.
Subsequently, Cua is substituted in the following
equation to obtain a readjusted target concentration
for the SS (Cs):

Cor = aCq + (1 —a)Cyr (8)

where a is the target drainage fraction that is
recycled, and Cq is the concentration of the particular
nutrient in the drainage solution. Thus, during the
next fortnight interval, the Cs in (6) will be replaced
by Cs.
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2.5 Simulation study

To test the value of daily readjusting of AS
using ISEs, a pilot study was conducted. The specific
aims of this study were to test a) the range of
deviation in DS composition caused by a range of
+10% deviations in the UC of the plants, and b) and
the errors in the composition of SS that these
deviations cause, for the macronutrients: K*, Ca**,
NOs-N and P. In the pilot study checked for
cucumber the deviation after an interval of 14 days,
which is the common between two subsequence
readjustments of NS formula in modern greenhouses,
where cucumber cultivated in CLS. It used the
standard Dutch recommendations for target nutrient
concentrations in root zone and mean uptake
concentrations for K*, Ca®*, NOs—N and P for
cucumber, which are represented in Table 1 (de Kreij
et al., 1999). Deviations in a range £10% from the
Dutch  recommendations  for the  uptake
concentrations reported to previous studies (Savvas
et al., 2014, 2017; Ropokis et al., 2019), due to
different climate condition, cultivar or rootstock, fruit
load and greenhouse type. Table 2 shows the standard
values for the daily volume of AS supplied to the crop
(Va), the time of applying the current NS formula
(Tp), the volume sum of root solution and drainage
solution (Vq) and the recycled drainage fraction (a)
for a cucumber crop that are used to the pilot study,
which are the standard values for a soilless cucumber
cultivation.

3 Results and Discussion

Fig.1 shows the deviations of Cq imposed by
deviations of £10% in the Cy. Cucumber has standard
potassium C,, 6.5 mM and the target value for the root
zone is 8 mM. If mean C, deviated from 5.85 to 7.15
mM (£10%) for an interval of 14 days, the Cq will
range from 3.45 to 12.55 mM (£57%) after these
days. For calcium the standard Cy is2.75 mM and the
target value for the root zone is 6.5 mM. Deviations
of mean C, in the range of 2.48—3.03 mM (£10%) for
14 days have as a result ranged from 4.58 to 8.43 mM
(£30%) to the value of Cq. Respectively, for nitrates
and phosphorus the standard C, are 11.75 and 1.25
mM and the target values for Cq4 are 18 and 0.9 mM.
The £10% deviations of mean Cy, 10.58—12.93 mM
for nitrates and 1.13-1.38 mM for phosphorus, cause
+46% (9.78-26.23 mM) and £97% (0.03—1.78 mM)
to the Cq, respectively. These results show that
common and reported in previous studies deviations
from the literature suggested C,, cause very extensive
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variations in DS composition. C, deviations even
smaller from +10% range cause significant changes
in Cq. For instance, a 4% deviation in C, of potassium
cause a 23% deviation of Cgy, and a 6% deviation in
Cu of calcium causes a 18% deviation of Cq from the
target value in a cucumber crop. Respectively, a 4%
deviation in nitrate C, causes a 18% deviation of Cq
target value and only a 2% deviation of phosphorus
Cu causes a 19% deviation from the target Ca.
Consequently, the DS composition significantly
changes during the cultivation period as the C, has
small deviations from the literature and it is also
mentioned by Sonneveld and Voogt, (2009). Low
nutrient levels in the root environment can cause
nutrient deficiency and respectively high nutrient
levels cause osmotic stress, due to increasing EC, or
even toxicity. The deviations from the target values
for DS cause also nutrient imbalances in the root
solution, such as in the K, Ca, Mg ratio, which are
effective for plant nutrition (Neocleous and Savvas,
2015). A lower or a higher concentration of one
nutrient in the root solution not only does affect the
availability of this nutrient but also can affect the UC
of other nutrients. The Ca?* uptake is strongly
reduced at low P and CI concentrations. Increased K
or NOs—N uptake concentrations will reduce the
uptake or the transport of Ca (Voogt and Sonneveld,
2004; Sonneveld and VVoogt, 2009).

In CLS the deviation of the DS affects the
accuracy of the SS composition. In Fig. 2 are shown
the deviation of Cs from the target value, which is
calculated for a specific DS composition, for K*,
Ca?", NO3—N and P when Cjq is in the range caused
by the deviations of C, from —10% to +10% of the
target value. If potassium ranged +57% (3.45—12.55
mM) from the target value in the DS, the error in the
Cs is a range of £20% (5.58—8.32 mM) from the
target value (6.95 mM). The £30% range, from 4.58
to 8.43 mM of calcium concentration in the DS,
causes a +15% range of error from the target value
for Cs (3.88 mM) that is from 3.30 to 4.45 mM.
Ranging from 9.78 to 26.23 mM (+46%) of the
nitrates target value in DS (18 mM) causes deviation
in the Cs from 11.18 to 16.09 mM (£18%). Finally, if
phosphorus ranged £97% (0.03—1.78 mM) from the
target value in the DS, the Cs is ranging +23%
(0.88—1.41 mM) from the target value (1.15 mM).
These deviations of the SS from its accurately
calculated composition cause more wide deviations
from the nutrients targets for DS composition and
exacerbate rather than correct the nutrient imbalances
in the root environment.
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4 Conclusion

These results are highlighting the effect of the
deviations in UC of the plants on DS composition.
This problem can be overcome by a periodical
recalculation of the actual UC through
NUTRISENSE, based on a chemical analysis of DS,
and the readjustment of the SS. In the interval
between two chemical analyses of DS also may be
some deviations of DS composition that affect the
accuracy of SS preparation. ISEs systems can be used
for a daily measuring of the macronutrient
concentrations in DS. The new version of
NUTRISENSE uses the data from the ISEs to
estimate the DS composition daily and to readjust the
AS composition to achieve accurate preparation of
SS. The accuracy and reliability of each ISE system
is the main issue that should be experimentally tested
before the commercial demonstration of the
system.cooperation and contribution. We are looking
forward to seeing you at the Conference.
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Tables

Table 1. Standard recommendations for target nutrient concentrations in the root zone and mean uptake concentrations for

cucumber used in the current simulation study (de Kreij 1999).

Nutrient Uptake concentration Target concentration for the DS units
K* 6.5 8 mM
Ca? 2.75 6.5 mM
NO3-N 11.75 18 mM
P 1.25 0.9 mM

Table 2. Values introduced to NUTRISENSE to perform the simulation study.

Parameter units

Daily volume of added solution supplied to the crop (Va) 2 L plant?d?
Volume sum of root solution and drainage solution (Vq) 4 L plant*?
Time applying the current NS formula (Tp) 14 days

Recycled drainage fraction (a)

0.30
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Figures

Figure 1: Concentrations of potassium, calcium, nitrates, and phosphorus in the drainage-root solution (Cq) as functions of
+10% deviations from the standard value in the mean uptake concentration (C,) of cucumber for a period of 14 days. The
horizontal dotted lines denote the target value for the drainage-root solution (Cgy). The vertical dotted lines denote the standard

and the £10% values of the uptake concentrations (Cy).

E-ISSN: 2732-9992 16 Volume 5, 2025



MOLECULAR SCIENCES AND APPLICATIONS

DOI: 10.37394/232023.2025.5.2 Dimitrios Savvas, Evangelos Giannothanasis
K Ca
Deviations of Cy (%) Deviations of Cy(%)
50 75 100 125 150 70 85 100 115 130
13 1 1 1 1 50 1 1 1 1
140 2 7
9 g L120 2
i -120 5 454 3
% :!:,_ % 110 %
s 7 100 = E 4.04 >
S % < 100 %
o 80 = =
- 3.5 90
5= mo 99
S S
| = U
4 T T T T 60 3.0 T T T T
4 6 8 10 12 4 5 6 7 8 9
Cq(mM) Cy (mM)
N03-- N P
Deviations of Cy{%) Deviations of Cy(%)
75 100 125 150 0 50 100 150 200
18 1 1 1.6 [ 1
130 2 2
174 2 F130 &
F120 = 14 =
164 < 45 F120 <
. 15+ F110 o . g
2 41 3 Z 42- e s
£ 100 3 E" 100 3
® -1 Q 7] /=3
O IE ° (&) L @
124 90 e 1.0 90 o
11 -80 O 80 o
12— L5 g 0.8 70 g
L 1 1 1 T T 1 1 1 1 1 T Ll T 1 I 1
10 12 14 16 18 20 22 24 26 0.0 0.2 04 0.6 08 1.0 1.2 14 1.6 1.8
Cq(mM) Cq(mM)

Figure 2: Concentrations of potassium, calcium, nitrates, and phosphorus in the supply solution (C;) as functions of
deviations in the drainage solution (Cy) caused by +£10% variations from the standard value in the mean uptake concentration
(Cy) of cucumber for a period of 14 days. The horizontal dotted lines denote the target value for the supply solution (Cs).

The vertical dotted lines denote the target value for the drainage-root solution (Cg).
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Figure 3: Schematic outline of the algorithm applied via the DSS NUTRISENSE to optimise nutrient supply in closed-loop

soilless cultivations using ion selective electrodes.
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