Evaluation of an automatic drainage recirculation
system in rose crop in terms of S, Na*, and CI
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ABSTRACT

In Colombia, mixtures of substrates such as burned rice husk
(BRH) and coconut fiber (CF) are used for the cultivation of cut
flowers. Fertigation is applied to ensure 30% drainage, which
can contaminate water and soil. In a drainage recycling system,
there is a tendency for ions that are poorly absorbed by plants,
such as sodium and chloride, to accumulate, which can create
an ionic imbalance in the solution or salinize the substrate.
An automatic drainage recycling system was built in rose cv.
‘Charlotte’ established in mixtures 100BRH, 65BRH:35CF,
and 35BRH:65CF with 0%, 50%, and 100% drainage recycling.
The contents of S, Na*, and Cl were evaluated in drainages,
substrates, and plant tissue at 0, 5, and 8 weeks after pruning
(WAP). The SO, and Na" ions presented a similar behavior
over time, with contents significantly higher in the substrates
with higher CF contents at 0 WAP and the opposite at 8 WAP.
In addition, the higher the BRH content and the recycling
percentage, the higher the SO,” in the drains. There was no
significant difference in the S contents in substrates and plant
tissue. Drainage recycling (50% and 100%) significantly in-
creased Na' contents in the substrate. The Cl" concentrations
were significantly different at 8 WAP, being higher in treat-
ments with recycling (50% and 100%), regardless of the type
of substrate mixture.

Keywords: intensive horticulture, cut flowers, organic
substrates.

En Colombia se utilizan mezclas de sustratos como la cascarilla
de arroz quemada (CAQ) y la fibra de coco (FC) para el cultivo
de flores de corte. Se aplican volimenes de fertirriego que ase-
guran drenajes de cerca del 30% que pueden contaminar aguas
y suelos. En un sistema de reciclaje de drenajes, hay tendenciaa
laacumulacién de iones que son poco absorbidos por las plantas
como el sodio y el cloruro, los cuales pueden crear un desbalance
iénico en la solucién o salinizar el sustrato. Se construyé un
sistema automdtico para el reciclaje de drenajes en un cultivo
de rosa cv. ‘Charlotte’ establecido en los sustratos 100CAQ,
65CAQ:35FC y 35CAQ:65FC con 0, 50 y 100% de reciclaje de
drenaje y se evaluaron los contenidos de S, Na"y CI” en drenaje,
sustrato y tejido vegetal alas 0, 5y 8 semanas después de poda
(SDP). Los iones SO,> y Na* presentaron un comportamiento
similar en el tiempo, con contenidos significativamente mayores
en los sustratos con mayor porcentaje de FC en la 0 SDP y lo
contrario en la 8 SDP. Ademas, a mayores porcentajes de CAQ
y de reciclaje mayor contenido de SO,* en la solucién drenada;
entre tanto, no se constatd diferencia significativa en los con-
tenidos de S en sustrato y tejido. El reciclaje del drenaje (50 y
100%) incremento significativamente el contenido de Na* en el
sustrato. Las concentraciones de Cl' fueron significativamente
diferentes en la 8 SDP, con mayores concentraciones en los
tratamientos con reciclaje (50 y 100%), independiente del tipo
de mezcla de sustratos.

Palabras clave: horticultura intensiva, flores de corte, sustratos
organicos.

Introduction

In intensive soilless horticulture, drainage recirculation
systems are required for the proper collection, evaluation,
recompositing, and recycling of the generated effluents.
This type of system requires an approximate programming
model to recycle the nutrient solution according to the
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most influential variables affecting quality of fertigation.
Under the conditions of cultivation in the Bogota plateau,
the development of technologies that are within the reach
of farmers and that allow the management and control
of procedures such as fertigation, solution recycling, and
climate control in greenhouse crops is needed. These tech-
nologies must be characterized by low cost and by a level
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of complexity that allows their use and management by
personnel with basic knowledge of systems and cultivation
conditions. In some cut flower crops in the Bogota plateau,
drainage is directed towards a reservoir to later use the ir-
rigation water to prepare a new fertigation solution. This is
not considered recycling, since the chemical composition
of the reservoir water is altered by ions that are poorly
absorbed by plants (Cuervo et al., 2011).

In soilless culture systems, ions that are not absorbed by
plants are drained and tend to accumulate in the recirculat-
ing nutrient solution, therefore, they must be discharged
from the system. Frequently, in high-temperature envi-
ronments, ion accumulation can lead to an increase in
electric conductivity (EC) of the substrate up to 2.0 dS m™
(Carmassi et al., 2013). Roy et al. (2014) and Sonneveld et al.
(1999) concluded that depending on the species, the absorp-
tion of sodium and chloride by the plant increases with the
increases in their concentrations in the root environment,
which is advantageous in counteracting their accumulation
in the rhizosphere (Dotaniya & Meena, 2015). However,
excess salts in the irrigation solution can negatively affect
the vase life of harvested flowers (Atta-Aly et al., 1998;
Fujimoto et al., 2000; Metwally et al., 2018; Riley, 1987).

The composition of a nutrient solution is defined by total
salt concentration, pH, micronutrient concentrations,
macronutrient ratios, and irrigation water composition
(Savvas & Adamidis, 1999). When using a drainage recy-
cling system, the physiological response of the cultivated
species must be considered. It has been established that
nutrient uptake by the plant is specific to each solute and
follows Michaelis-Menten dynamics (Claassen & Bar-
ber, 1974). Bugbee (2004) categorizes essential nutrients
based on their absorption rate in the solution as: i) active
absorption and rapid removal (NO,~, NH,*, P, K, Mn); ii)
intermediate absorption (Mg, S, Fe, Zn, Cu, Mo, Cl); and
iii) passive absorption and slow removal (Ca, B), as is the
case of the efficient absorption of monovalent ions (Schip-
pers, 1980). The mechanism of ion absorption differs for
each ion and for each plant species; therefore, the terms
“passive” and “active” absorption are general concepts,
since plant-specific characteristics play an important role
(Coskun & White, 2023), including the stoichiometry of
some elements (Agren & Weih, 2020).

The total nutrient content in the solution determines the
EC. However, because of the differential removal rates
from nutrient uptake, EC mainly reflects the concentra-
tions of calcium, magnesium, and sulfate remaining in
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the solution, while micronutrients contribute less than
0.1% to this variable (Bugbee, 2004).

In species such as chrysanthemum, slightly saline wa-
ters (1 g L NaCl) can be used (Lee & Van lersel, 2008);
meanwhile, when low-quality irrigation water is used,
EC normally increases rapidly due to the accumulation
of ions such as sodium, chloride, and sulfate and, in the
case of hard water, calcium and magnesium. Bicarbonate
ions commonly present in groundwater are neutralized
by the application of acid. In contrast, micronutrients
such as boron or metals could accumulate to toxic levels
(Metwally et al., 2018); however, their concentrations are
on the order of umol L, and unlike other ions that can be
determined indirectly by measuring EC, these ions must
be monitored by expensive laboratory analysis (Carmassi
et al., 2013; Olympios, 1999).

Savvas (2003) reports that, especially in the case of actively
absorbed macronutrients, such as N, P, and K, keeping their
concentrations low could result in good yields. The best
results are obtained when the concentrations of elements
in the solution correspond approximately to the nutrient:
water uptake ratio (Domingues et al., 2012; Trejo-Téllez
& Gbémez-Merino, 2012). Under these conditions, plants
do not consume energy to actively take up or exclude ions
(Alaoui et al., 2022); however, nutrient:water uptake ratios
fluctuate in response to climatic conditions, making it
difficult to prepare a solution that is consistent with that
ratio (Savvas, 2003).

In practice, in systems based on organic substrates, it
is difficult to track variations in the concentrations of
micronutrients (Cu, Fe, Mn, Zn, and B), possibly due to
changes in the physical, chemical, and microbiological
characteristics of the substrates. In systems based on co-
conut fiber, excesses of Na* and Cl can occur due to the
high contents of these ions in the substrate (Abad et al.,
2002). In addition to the essential ions, it is necessary to
consider the absorption of other ions, such as sodium and
chloride, to avoid accumulations in the root environment.
The ratios and amounts of nutrients absorbed change
with the stage and development conditions of the plants.
Unexpected changes in the composition of the nutrient
solution occur frequently in commercial systems, making
it necessary to perform analyses in the root environment
(Sonneveld, 2000). Similarly, the composition and volume
of the drained nutrient solution vary over time and influ-
ence the number of reuse cycles.
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Sulfur is an essential element for plants, playing roles in the
formation of amino acids and the synthesis of proteins and
chlorophyll. In soil, sulfate is the form accessible to plants,
but it is susceptible to leaching. Sulfur contents in soils are
related to the contents of organic matter, and its chemical
transformations are mostly catalyzed by microorganisms
(Kertesz & Mirleau, 2004); a similar process occurs in
organic substrates, where microorganisms oxidize sulfur
into sulfuric acid (Handreck & Black, 2010); in addition,
this acid contributes to a high EC (Kampf et al., 2009).

Chloride is recognized as a component of the photolysis
system in photosystem II, as a stomatal regulator in se-
veral species, and as a counter anion. Chloride originates
from soil, water irrigation, rain, traces of fertilizers, or
atmospheric pollution, so no physiological problems are
expected due to its deficiency, and the concentration of
chloride at toxic levels is the main concern (Wen et al,,
2017; Zhang et al., 2021). While average Cl” content in
plants ranges from 2.0 to 20.0 mg g”' dry weight (DW), the
critical tissue Cl™ content for toxicity is about 4-7 and 15-35
mg g DW for Cl -sensitive glycophytes and Cl -tolerant
glycophytes, respectively (Colmenero-Flores et al., 2019).
One of the reasons for the rapid accumulation of chloride
is its weak retention in soils and subsequent leaching due to
its high mobility (Cakmak et al., 2023). Although chloride
is an essential element for plants, its contents in the plant
dry mass is relatively low and the addition of this ion to
the solution can be a strategy to decrease nitrate contents
in crops, due to the antagonistic effects between these two
ions (Chapagain et al., 2003). On average, chloride concen-
trations in the external solution greater than 20 mM can
produce toxic effects in sensitive species, while for toler-
ant species, concentrations can be up to five times higher
without affecting growth (Cakmak et al., 2023).

The concentration of Na* in plant tissue is generally high,
typical of a macroelement. As a charged ion, the lipid bi-
layer exhibits very low permeability for Na*, but it can be
transported across the plasma membrane by both low- and
high-affinity transport systems, many of which normally
transport K* into root cells (Taiz et al., 2015). This is po-
ssibly related to the role of Na* as a partial replacement for
K" in functions such as osmoregulation (Cakmak et al.,
2023). Salt-sensitive plants depend mainly on the exclusion
of Na* through plasma membrane (Blumwald et al., 2000)
and have the ability to compartmentalize and accumulate
Na'inroot cells (Cakmak et al., 2023), thereby reducing its
transport to the aerial parts. However, in some ornamental
species continuously exposed to high concentrations of Na',

this capacity can be lost (Cabrera et al., 2009; Cabrera &
Perdomo, 2003; Farnham et al., 1985).

In general, roses are classified as sensitive to salinity,
tolerating NaCl concentrations between 15 and 30 mM
with proper management of irrigation and fertilization.
Tolerance depends on the type and concentration of salts,
the cultivation system, the type of substrate, the irrigation
system and the cultivar and the rootstock (Cabrera, 2003;
Cabrera et al., 2009; Cabrera & Perdomo, 2003; Lorenzo et
al., 2000; Niu & Rodriguez, 2008).

The objective of this research was to determine the effect
of the drainage recycling percentage at three levels (0, 50,
and 100%) and the type of mixture of the substrates: 100%
burned rice husk (100BRH); 65% burned rice husk, 35%
coconut fiber (65BRH); and 35% burned rice husk, 65%
coconut fiber (35BRH) on the concentrations of sulfur (S
in plant tissue and substrates, and SO,* in drainage water),
Na*, and CI during the stages of flowering stem develop-
ment corresponding to 0, 5 and 8 weeks after pruning
(WAP) in rose plants cv. ‘Charlotte’.

Materials and methods

Plant material and growth conditions

The research was carried out at the Center for Agricultural
Biotechnology of SENA, located in the municipality of Mos-
quera (4°41’ N, 74°13’ W; 2,516 m a.s.l.), with annual aver-
age temperature and precipitation of 12.6°C and 670 mm,
respectively, and with characteristics of the lower montane
dry forest (bs-MB) life zone (Guzman Gonzélez, 1996). A
traditional wooden greenhouse covered with Agroclear®
plastic (Andean Chemical Products, Colombia) was used,
with five spans of 65 x 6.8 m each, planted with rose cv.
‘Charlotte’ grafted onto ‘Natal Briar’. The crop consisted of
33 raised beds of 15 x 0.8 m, in which 8 L pots were placed,
for a planting density of 7 plants m™.

The fertilizer formula, in mg L, was 170 total N (15%
NH,"),35P, 150K, 110 Ca, 60 Mg, 82 S,1 Mn, 0.5 Zn, 0.5 Cu,
3 Fe, 0.5 B, and 0.1 Mo. The formula was developed based
on commercial formulas commonly used in the region and
was further adjusted to reflect the specific characteristics
of the available irrigation water. Standard phytosanitary
management protocols for this crop were consistently ap-
plied throughout the study.

Treatment application and experimental design

For the establishment of the plants, mixtures of the sub-
strates burned rice husk (BRH), with a degree of burning
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between 70% and 100%, and coconut fiber (CF) (Tab. 1)
were used, as follows: 100% burned rice husk (100BRH);
65% burned rice husk, 35% coconut fiber (65BRH); and
35% burned rice husk, 65% coconut fiber (35BRH). The
mixing ratios corresponded to the levels of the substrate
experimental factor. An automatic drainage recycling
system (ADRS) was used, which recycled the drainage at
threelevels —0, 50, and 100%— and served as the recycling
percentage factor. The ADRS methodology is described in
Cuervo et al. (2011) and Cuervo et al. (2012).

The treatments were established as a combination of the
levels of the recycling percentage factor and types of sub-
strates, for a total of nine treatments with three replicates
each (Tab. 2). The experimental unit was a culture bed. This
bifactorial arrangement was carried out under a design of
plots divided into completely randomized blocks, where
the main plot corresponded to the recycling percentage
factor and the subplot to the substrate factor.

)

Yig=p+ o+ 8+ nu+ B+ (@f); + &
Withi:1,2,3;]':1,2,3;]{:1,2,3;
where:

u is the effect of the overall mean;

a; is the effect of the i-th level of the recycling percentage
factor;

0, is the effect of the k-th block;

# is the effect of random error on the parent plot (recycle
percentage per block);

B, is the effect of the j-th level of the substrate factor;

(«pB); is the effect of the ij-th interaction between the two
factors (recycling percentage per substrate);

&; is the effect of random error in the subplot;

Y, is the observation in the k-th block of the i-th level of
the percentage recycling factor and the j-th level of the
substrate factor.

TABLE 1. Chemical properties of the substrates used in the experiment.

TABLE 2. Treatments evaluated in rose cv. ‘Charlotte’ grown in substra-
tes with automatic drainage recycling system.

Treatment code Treatments Substrates Recycling (%)

T 100BRH-0R* 100BRH

T7 65BRH-0R™ 65BRH 0

T4 35BRH-0R™ 35BRH

T2 100BRH-50R 100BRH

T8 65BRH-50R 65BRH 50

T5 35BRH-50R 35BRH

T3 100BRH-100R 100BRH

19 65BRH-100R 65BRH 100

T6 35BRH-100R 35BRH

100BRH = 100% burned rice husk; 65BRH = 65% burned rice husk, 35% coconut fiber;
35BRH = 35% burned rice husk, 65% coconut fiber.

*Treatments that do not enter the ADRS.
Reproduced from Cuervo-Bejarano et al. (2024), with permission by Agronomia Colombiana.

Response variables and statistical analysis

In each replicate (bed), sampling of drainage water, sub-
strates, and complete plants was carried out at the stages
of development of the flowering stem corresponding to
0, 5, and 8 weeks after pruning (WAP). The samples were
sent to the Soil and Water Laboratory at the Faculty of
Agricultural Sciences, Universidad Nacional de Colombia,
Bogota campus, to determine the contents of S, Na*, and
CI". The protocols used for the chemical analyses were the
following: the chemical characterization of the plant tissue
and substrates for Na, S and Cl was carried by calcination
at 475°C and measured by atomic absorption spectropho-
tometry. The drainages were chemically characterized by
the following methods. Sulfate (SO,*): valuation by tur-
bidimetry (precipitation with barium chloride); sodium:
atomic absorption spectrophotometry; and chloride (CI):
titration with AgNO, 0.0141 N (Vélez Carvajal, 2012).

EC 0C N P Ca K Mg Na Cu Fe Mn Zn B S
Substrate pH
(dS m") (%) (mg kg™)
100BRH 5.53 6.82 27.2 0.51 0.06 0.1 0.01 0.04 0.03 4.4 225 136 54 28 481
65BRH 5.31 6.52 23.6 0.39 0.08 0.4 0.01 0.06 0.08 13.4 433 87 50 34 470
35BRH 518 518 6.04 26.6 0.5 0.06 0.16 0.01 017 191 704 66 47 - 548

EC — electric conductivity, 0C — organic carbon.
Reproduced from Cuervo-Bejarano et al. (2024), with permission by Agronomia Colombiana.

4

Agron. Colomb. 43(2) 2025



Statistical analysis

The statistical software R was used to perform the analysis
of variance (ANOVA) and the subsequent Tukey com-
parison test (P<0.05) for each evaluation week (Mendiburu,
2023). Scientific visualizations were created using ggplot2
package v3.4.2. (Wickham, 2016).

Results and discussion

Sulfur concentrations in drainage,

substrates, and plant tissue

Coconut fiber is a material with high contents of lignin
and cellulose (Abad et al., 2002), carbon sources required
for the metabolism of S-oxidizing microorganisms, such
as bacteria of the genus Thiobacillus (Lucheta & Lambais,
2012; Tourna et al., 2014), which can increase the temporary
immobilization of S in organo-sulfur compounds (Kertesz
& Mirleau, 2004). The oxidation of S to H,SO, or to SO,* in
organic substrates requires the activity of microorganisms
in the presence of a medium with low water saturation,
which makes substrates with a higher content of BRH an
appropriate medium for this reaction. In addition, the
acidity of the medium and the EC are increased (Cabrera
et al., 2017), which was also described by Roig et al. (2004)
for mixtures of CF and expanded clays.

The behavior of the concentrations of S and Na* (Tabs. 3-4)
shows a positive relationship, as mentioned by Cakmak et
al. (2023), who noted that when analyzing the ions in the
nutrient solution, counter-ions must be considered: if an
anion is absorbed at a low rate, the same occurs with its
counter-ion.

For Na', Cl, and SO,” contents, a positive relationship
between them and the EC is observed; these results are
consistent with those referenced by Cabrera et al. (2017).

Sodium concentrations in drainage,

substrates, and plant tissue

At 0 WAP, significantly higher concentrations of Na" were
obtained for CF substrates, independent of the recycling

percentage of the solution (Tab. 4). At 5 WAP, there was no
difference in the concentrations of the ion in the drainage.
At 8 WAP, significantly higher Na* contents were recorded
for the substrates with the highest BRH content and in
treatments where drainage recycling was carried out; the
opposite was observed in 0 WAP. At the substrate level, for
0 and 5 WAP stages, there was no significant difference
between the Na" contents; while at 8 WAP, at higher CF
contents, significantly higher ion contents were observed,
regardless of the recycling percentage. In plant tissue, no
statistical differences were found for Na*.

In general, a growing trend in Na* concentrations in
the drainage can be observed over time, which may be
related to the fact that CF materials, which contain high
concentrations of Na*, underwent washing and leaching of
this ion, which accumulated as the solution was recycled.
Additionally, the CF-based substrates may have adsorbed
Na', due to their high capacity for cation retention, which
increased over time, possibly due to the activation by
acids, such as sulfuric, from microbial activity (Hetti-
arachchi et al., 2016). With respect to the concentration
of the contents within the tissue, there was no evidence
of increased uptake of Na* into plant tissue associated
with the concentrations present in the drainage solution,
which contrasts with the findings reported by Solis-Pérez
and Cabrera (2007).

Chloride concentrations in drainage water

Chloride concentrations were only significantly different at
8 WAP. At this stage, ion concentrations were significantly
higher in recycling treatments independent of the substrate
mixture, a typical occurrence in recycling systems (Tab. 5).
This behavior may result from Cl' competing with NO;™ for
absorption (Sambo et al., 2019). During 8 WAP, plants can
enhance NO, uptake (Rodriguez & Florez, 2012), which
promotes Cl” exclusion and reduces inhibition of NO, ab-
sorption (Griffiths & York, 2020; Massa et al., 2009). In
addition, the concentrations of NO, were approximately
twice those of ClI” (data not shown).
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TABLE 3. Mean values + SD of sulfur contents in drainage water (expressed as S0,> mg L"); substrate (expressed as S mg kg™); and plant tissue (expressed as S mg kg™), in rose cv. ‘Charlotte’
grown in organic substrates with an automatic drainage recycling system (ADRS). Measurements were taken at 0, 5, and 8 weeks after pruning (WAP). Means followed by different letters indicate
significant differences at P<0.05 according to Tukey’s multiple comparison test.

Treatment
Weex _100BRHOR 100BRH50R 100BRH100R |  35BRHOR | 35BRHSOR |  35BRH100R |  6SBRHOR |  6SBRHSOR |  65BRHIOOR
$0,% in drainage (mg L")

0 341.3=121 c 458+90.4 abc 339.3+55.8 ¢ 4333=51.3 bc 584.3%+1469 ab 560+138.4 abc  457+131 abc  483.3+196.9 b 671+51.4 a

5 41321229 a 520.2151.7 a 485.8+2521 a 5101+108.5 a 4254+63.4 a 586.9+2371 a  4313+753 a 671.8+62.9 a 450.8+79.9 a

8 451.33+84.33 d 120357+296.07 ab 1528.32+270.26 a 528.79+12319 d 806.82+192.44 cd 1125.02+5919  bc 560.86+£57.31 d 1059.71+2841 bc 1238.41+6517 ab
S in substrates (mg kg™)

0 1626.5+666.3 a  2500.1+799.4 a  4058.8+43179 a 80652+1841.2 a 5133.2+6726 a 6843.2+598.5 a 5133.4+1588.6 a 4821.9+40555 a 3540.8+12052 a

5  A4781.75+173715 a 806126659734 a 5354.27+2832.08 a 6234.9=x29644 a 8393.9+28827 a 66519918501 a 7918.8=508.8 a 8062.6+5786.3 a 6970.8=24741 a

8  2661.22+42266 a 5600.04+1519.26 a 7304.4+167615 a 7277.3=1286.6 a 11765.7+8911.0 a 15471.99+113144 a 47945+10731 a 10611.2+6806.8 a 10558.6+8019.3 a

S in plant tissue (mg kg™")
0 248432122 a  2646.7+225.9 a  2520.3=616.7 a 2653.7+319 a 2393.7+3279 a 27041751 a  24727+1240 a 256171113 a  2456.7=4614 a
5 1801.7+96.8 a  1892.3+164.2 a 2027.3+817 a 1857.3=981 a 2043.3+137 a  2058.67+3675 a  18453=401 a  1828.7+2235 a 2075+92.6 a
8 1948.7+3845 a  1893.7+129.5 a 1845+51.0 a 1952.3+285 a 1845+849 a 1882+355.8 a 1879=1535 a  1723.3=1035 a 1803165 a

TABLE 4. Mean values = SD of sodium contents in drainage water, expressed as Na* (mg L"); substrate, expressed as a percentage; and plant tissue, expressed as a percentage, in crop rose cv.
‘Charlotte’ grown in organic substrates with an automatic drainage recycling system (ADRS) at 0, 5, and 8 weeks after pruning (WAP). Means followed by different letters indicate significant diffe-
rences at P<0.05 according to Tukey’s multiple comparison test.

Treatment
Week 100BRHOR 100BRH50R 100BRH100R 35BRHOR ‘ 35BRH50R 35BRH100R ‘ 65BRHOR 65BRH50R 65BRH100R
Na* in drainage (mg L")
0 150+6.93 ¢ 230.33+4212 ab 191.67+30.01 bc 186.33=18.01 Dbc  273=61.02 a 289.33=51.5 a  186.33=416 Dbc 24778 ab  303.67+15.04 a
5 298.98+14765 a 358.58+91.84 a 373.5=11244 a 319.36+114.37 a 317.65+106.78 a  418.97+17358 a  26552+5119 a 391.88+136.95 a  312.63+4216 a
8 187762138 e 405.98+100.78 abc 551.8+120.07 a 233.39+63.05 de 267.82=68.6 cde 388.06=26.72 bcd 223.72+19.42 e 385.65+100.39 bcd 438.8+38.54 ab

Na* in substrates (%)

0 0.12+0.05 a 0.15+0.01 a 0.25+015 a 0.48+0.18 a 0.28+0.02 a 0.36+0.11 a 0.3+0.09 a 0.32+0.26 a 0.23+0.09 a
5 0.19+0.09 a 0.23+0.06 a 023+008 a 0.56+0.54 a 0.32+014 a 0.25+0.04 a 0.28+0.04 a 0.38+0.37 a 0.28+0.04 a
8 0.08+0.06 b 0.24-+0.08 ab  0.25+011 ab 0.21+0.08 ab  0.36+0.2 ab 0.4+0.11 a 0.1+0 b 0.25+0.05 ab 0.26+0.14 ab

Na* in plant tissue (%)
5 0.05+0.03 a 0.09+0.07 a 0.04+0.02 a 0.05+0.01 a 0.07=0.04 a 0,06+0,04 a 0.06+0.05 a 0.06+0.03 a 0.06+0.04 a
8 0.05=0.01 a 0.06+0 a  005+002 a 0.06+0.03 a  0.05=0.01 a 0.04+0.01 a 0.05=0.01 a 0.05+0.03 a 0.04+0 a
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TABLE 5. Mean values =+ SD of chloride contents in drainage water (expressed as CI- mg L™') in crop rose cv. ‘Charlotte’ grown in organic substrates
with an automatic drainage recycling system (ADRS). Measurements were taken at 0, 5, and 8 weeks after pruning (WAP). Means followed by
different letters indicate significant differences at P<0.05 according to Tukey’s multiple comparison test.

Treatment
E 100BRHOR | 100BRHSOR | 100BRH1OOR | 35BRHOR | 35BRHSOR | 35BRH100R | 6SBRHOR | 6SBRHSOR | 65BRH10OR
CI" in drainage (mg L")
0 1503+6 a 162113 a 1727+287 a 1543+11.0 a 2443+587 a 2147+507 a 167252 a 207.3=577 a 264=174 a
5 25891352 a 300.7-88.3 a 328.8+1157 a 271.4+939 a 273.9+109.0 a 36211562 a 218.1+36.4 a 329.7+1341 a 258.1+427 a
8§ 179.0+337 b 303.0+80.7 ab 417.9+1084 a 2156=539 b 2040+406 b 2055-250 ab 209.8+22.2 b 2714+639 b 319.7+38.8 ab
Conclusions editing. WJCB, YAGC, and VJFR: writing the final version

The implementation of automatic drainage recirculation
systems in rose crops can reduce effluent discharge and
minimize environmental impact. However, it is essential
to monitor and regulate the accumulation of ions such as
Na® and CI7, since their increase during advanced growth
stages may affect stem quality and vase life. This implies
that growers must adjust recirculation frequency and sub-
strate composition according to the phenological stage to
maintain ionic balance and prevent salinization issues. In
addition, the proportion between burned rice husk and co-
conut fiber directly influences nutrient and salt absorption
dynamics and accumulation. Mixtures with higher coconut
fiber content promote retention of Na* and SO,* as time
progresses toward the flowering stage of the floral stem
under 100% recirculation, while those with higher burned
rice husk content tend to accumulate more sulfates under
prolonged recirculation. At 8 WAP, the Cl' concentrations
were significantly higher in the treatments with recycling
(50 and 100%), regardless of the type of mixture of sub-
strates. For the floriculture sector, a strategy based on
substrate mixture rotation or adjustment could optimize
nutrient uptake, extend substrate lifespan, and maintain
rose quality in intensive production systems.
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