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This project is presented as an innovative and clean alternative that
optimizes the use of small areas for strawberry (Fragaria ananassa Duch)
production in the department of Narifio. This research was conducted at the
Centro Internacional de Produccién Limpia Lope -SENA- Regional Narifio,
with the aim of evaluating physical and chemical variables of organic
substrates such as coconut fiber, rice husk, and their mixtures for strawberry
(Fragaria ananassa Duch) variety Albién production in a hydroponic
system. Six treatments and four repetitions were performed; the treatments
were 100% rice husk, 70% rice husk and 30% coconut fiber mixture, 50%
of each of the substrates used, a mixture of 70% coconut fiber and 30%
rice husk, 100% coconut fiber, and a control in soil with plastic cover. A
comparative analysis was made between the average values obtained in the
initial stage and the final stage of the experiment, evaluating physical and
chemical properties such as bulk density, real density, gravimetric moisture,
granulometry, pH, and electrical conductivity. The experiment showed that
taking initial and final measurements of the substrates allows adequate
monitoring for optimal crop development since a substrate with a high
percentage of particles in the sieve <0.25, electrical conductivities greater
than 2000pS.cm-1, and an increase in bulk density can produce salinization
and compaction, negatively impacting the crop.

Keywords: Productive alternatives; urban agriculture; organic substrates;
quality of substrates.

RESUMEN

Este proyecto se presenta como una alternativa innovadora y limpia que
optimiza el uso de areas pequefias para la produccién de fresa (Fragaria
ananassa Duch) en el departamento de Narifio, se realizd en el Centro
Internacional de Produccion Limpia Lope -SENA- Regional Narifio, con
el objetivo de evaluar las variables fisicas y quimicas de los sustratos fibra
de coco, cascarilla de arroz y sus mezclas en un cultivo de fresa (Fragaria
ananassa Duch) variedad Albion bajo un sistema hidroponico. Se realizaron
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seis tratamientos y cuatro repeticiones, los tratamientos fueron 100% cascarilla de arroz, mezcla 70% cascarilla de arroz y
30% fibra de coco, 50% de cada uno de los sustratos utilizados, mezcla 70% fibra de coco y 30% cascarilla de arroz, 100%
fibra de coco y un testigo en suelo con cobertura plastica. Se realiz6 un andlisis comparativo entré los valores promedio
obtenidos en la etapa inicial y 1a etapa final del experimento, se evaluaron las propiedades fisicas y quimicas como densidad
aparente, densidad real, humedad gravimétrica, granulometria, pH y conductividad eléctrica. El experimento mostro que
realizar mediciones iniciales y finales a los sustratos, permite un adecuado monitoreo para el 6ptimo desarrollo del cultivo,
ya que un sustrato con un alto porcentaje de particulas en el tamiz <0.25, conductividades eléctricas mayores a 2000
pS.cm™ y el incremento de la densidad aparente, pueden producir salinizacién y compactacion, impactando negativamente

el cultivo.

Palabras clave: Alternativas productivas; agricultura urbana; sustratos organicos; calidad de sustratos.

INTRODUCTION

The term “substrate” is used to define any
material, natural or synthetic, that replaces the
soil and provides support to the plant. A substrate
can provide organic nutrients (e.g. compost, turb,
etc.) or inorganic (e.g. perlite, agricultural foams,
rock wool, etc.). Additionally, it can be a mixture
that combines the properties of more than one
substrate (Castafiares, 2020).

By evaluating the physical properties of a substrate
or substrate mixture, one can determine if it
meets the minimum requirements for successful
plant production (Cabrera, 1999). Currently,
the production of ornamental crops in high-
quality containers requires a knowledge and
understanding of the environment and how it is
affected by the physical and chemical properties
of the substrates (Castafiares, 2020). Thus, this
system allows intermittently growing different
vegetable crops year-round (Castillo, 2017).

One of the main challenges limiting the adequate
use and management of substrates in Colombia is a
poor knowledge of their hydro-physical properties
(Gonzales- Murillo et al, 2005). Hydroponic crops
have certain advantages over traditional crops such
as better weed, pest, and disease management,
and lack of nutrient deficiency or excess, which
altogether can improve crop quality, productivity,
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and precocity, while optimizing the available area
(Llanos, 1988).

In Colombian agriculture, strawberry is a relevant
crop due to its nutritional and organoleptic
properties; furthermore, it is an exotic fruit and
represents a promising alternative in the national
and international market (Florez and Mora, 2010).
The main strawberry-growing departments
are Cundinamarca, Antioquia, Cauca, Norte de
Santander, Boyacd, and Narifio. The highest
producer is Cundinamarca with yields of 58.14
tha™ in a crop area of 1,144 ha; on the other hand,
the department of Narifio produces 5.2 t.ha' in 70
ha (AGRONET, 2017).

Hydroponics is an innovative production
alternative in Narifio for generating and obtaining
healthy, contaminant-free (Jiménez, 2015)
products that contribute to food security (Guerrero
et al, 2014) and optimize the genetic potential of
the plants (Arévalo, 2015). When clean production
techniques are not used, strawberry can be affected
by neurocysticersosis, caused by Cysticercus
cellulosae and Cysticercus bovis, which contaminate
the soil through pig feces or poorly decomposed
organic amendments (Garcia et al,, 2010) and a
lack of sanitary control measures (Chaves and
Alvarado, 2012).

Given the above, this study evaluated the effect of
physical and chemical properties of coconut fiber
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and rice husk substrates and their mixtures on
hydroponicstrawberry (Fragaria ananassa Duch)
production in the municipality of Pasto. This
study highlights the importance of measuring the
physical and chemical properties of substrates
at the initial and final stages of cultivation to
improve the production of vegetable crops.
Hydroponic strawberry allowed determining
the occurrence of changes in the gravimetric
humidity, pH, and electrical conductivity of the
substrates at the final stage. However, there were
no significant changes in the bulk density, real
density, porosity, and granulometry between
stages one and two.

MATERIALS AND METHODS

This research was conducted at the Centro
Internacional de Produccién Limpia Lope
SENA located in eastern Pasto (N 01°12'48", W
0.77°15'12.9”) at an elevation of 2630 m a.s.l., with
a mean temperature of 12° C and mean annual
precipitation of 800 mm.

The hydroponic strawberry system was established
as described by Guerrero et al. (2014), using
two “A” structures with five 4-inch PVC tubes
of 2 meters long placed on each side. The tubes
were set at a 2% angle to allow irrigation and
drainage. The tubes were perforated every 20cm
to accommodate a total of 10 plants per tube. This
study used an open hydroponic system, in which
the drained solution is not reused and infiltrates
to the site or is conducted elsewhere (Tiizel et al,
2009; Van-0Os, 2009; Massa et al., 2010).

The coconut fiber and rice husk were washed
according to the protocol described by Calderon
and Cevallos (2001). The rice husk was placed in
a tank with water and mixed twice to eliminate
tannins and impurities; then, the substrate was left
on a plastic surface to oxygenate it and eliminate
retained moisture. The coconut fiber was obtained
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from a commercial provider; it was washed in a
container with abundant water to remove sodium,
chlorides, and impurities. Then, the substrate was
placed on a plastic surface, covered, and solarized
for eight days for disinfection.

The PVC tubes were filled with the different
substrates according to each treatment; then,
Albion stolons of one month and a half age were
transplanted for asexual propagation. Each stolon
was disinfected with carbendazim fungicide (i.e.,
methyl benzimidazol-2-ylcarbamate) at a dose of
1cc/L water before planting.

A complete randomized block design was
established with six treatments, four repetitions,
and four experimental units of 1 liter each.
Five tubes were placed on each side of the two
structures while a soil bed was established for
treatment 6 (T6). The statistical analysis of data
was carried out with Analysis of Variance and
Tukey test (<0.05), with the use Infostat version
2018. The treatments were compared through a
t-test using the measurements of the substrate
properties at the start and end of the experiment
(i.e., stages 1 and 2, respectively). The porosity of
the substrates was determined according to the
formula used by Hang (2014). The treatments
are described in Table 1.

Table 1. Treatments used to evaluate physical
and chemical variables of substrates
in hydroponic strawberry (Fragaria
ananassa Duch) production.

Treatment Substrate
T1 Rice husk 100%
T2 Rice husk 70% - Coconut fiber 30%
T3 Rice husk 50% - Coconut fiber 50%
T4 Rice husk 30 - Coconut fiber 70%
T5 Coconut fiber 100%
T6 Soil control with plastic cover
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Treatment 6 (soil control with plastic cover) was
located next to the hydroponic structure, and
the stolons were planted in two rows separated
by a distance of 30cm. Drip irrigation was done,
according to Martinez y Leon (2014), in a short
but frequent manner. The frequency and duration
of the daily irrigation depends on the substrate,
crop conditions, and time of year (i.e., season).
Fertirrigation was done using a 1 HP electric
water pump to deliver the solution from a
50-liter tank to the containers through four drip
irrigations per day.

The fertilizer solution was prepared using
commercial soluble salts based on the phenological
cycle of the strawberry crop and its developmental
stage, according to Aguilar-Tlatelpa et al. (2019).
The nutritional demand of the variety Albion in a
soil-free production system was also considered.
Before the application of each solution, the
electrical conductivity, pH, and temperature of
the substrate were measured with the use of a
multiparametric device. Integrated disease and
pest management were done according to the
requirements of the crop based on monitoring
criteria and the use of low-impact products,
according to Good Agricultural Practices (Buenas
prdcticas agricolas BPA) established in Colombia
(ICA-Instituto Colombiano Agropecuario, 2009).

RESULTS AND DISCUSSION

There were significant differences in bulk density
(BD 1) between treatments; the highest outcome
was from treatments T5(100F) and T6(soil).
Likewise, at stage 2 there were significant
differences. Although there were changes in the
BD, no significant differences were found between
bulk density (BD1) and bulk density (BD2); these
values were 0.24 and 0.23g.cm?, respectively
(Table 2). Calderon and Cevallos (2001) indicates
a bulk density of 0.17g.cm? for burnt rice husk
based on studies conducted in Colombia. This
same author also reports values ranging from
0.13 to 0.42g.cm™ based on studies conducted at
Universidad Jorge Tadeo Lozano. Moreover, a study
reported by Quintero et al. (2006) indicated a bulk
density of 0.29g.cm?.

ForT5 (100F), the initial bulk density was 0.13g.cm’
3and the finalwas 0.07g.cm?. According to Quintero
et al. (2006), coconut fiber has a bulk density
ranging from 0.05 g.cm™ to 0.4g.cm?; this variation
is due to the effect of the moisture content when
the coconut fiber is hydrated. Moreover, Quintero et
al. (2006) determined a bulk density of 0.14g.cm?
for burnt rice husk, while Belle and Kampp (1994)
found values between 0.23g.cm? and 0.40g.cm?,

Table 2. Physical properties (bulk density -BD, real density - RD)
of the substrates at stages 1 and 2.

Treatments B(l;.sct;gge]l B(l;.sctr?fge)z R(Dg.sct;llgae)l R(Dg.sct;ll%e)z
T1(100C) 0.10a 0.11b 1.69c 1.08a
T2 (70H30F) 0.09a 0.13b 1.64c 1.44c
T3 (50H50F) 0.09a 0.12b 1.53b 1.13a
T4 (30H70F) 0.10a 0.15b 1.94d 1.50d
T5 (100F) 0.14b 0.07a 1.00a 1.31b
Té6 (SOIL) 092¢c 0.82c 2.33e 2.24e

Different letters indicate significant differences (p <0.05) H: rice husk, F: coconut fiber
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These values are found within the bulk density
range reported in Colombia. The results found for
rice husk likely differ from previous reports since
the husk was not burnt. This agrees with Meneses
(2004) who mentions that this variation could
be due to the degree of burning or toasting of the
husk; furthermore, different studies in Colombia
based on burnt rice husk report a bulk density
ranging from 0.13g.cm™ to 0.42g.cm?.

According to Rubio (2010) the bulk density of soil
is a good indicator of important soil properties
such as compaction, porosity, degree of aeration,
and infiltration capacity. In turn, these properties
influence water and air circulation in the soil, plant
establishment processes (emergence and rooting),
and soil management. The bulk density affects
plant growth due to the effect of soil resistance
and porosity on the roots. A high bulk density
increases soil mechanical resistance, while soil
porosity decreases. Consequently, these changes
limit root growth to critical values. The thresholds
of the bulk density for root growth vary according
to the soil texture and the plant species.

Plant development and growth are limited or
delayed by low bulk density values, which are
typical of porous, well-aerated soils with good
drainage, and root penetration (despite enabling
adequate root development). Conversely, high
bulk density values are typical of compact soils
with deficient aeration and low water infiltration
that can cause waterlogging, anoxia, limit root
elongation, and penetration to reach necessary
water and nutrients (Donoso, 1992).

At stage 1, there were significant differences in
the real density (RD1) between treatments; the
treatment’s lower density was the T5(100F).
There were also significant differences in the real
density (RD2) between treatments; the treatments
with lower density were T1(100H) and T3
(50H50F). Although there were changes in the RD,
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no significant differences were found between real
density at stage 1 and two; these values were 1.69
and 1.45g.cm?, respectively. Similar results were
obtained by Quintero et al. (2006) who reported
a real density of 1.9g.cm? for burnt rice husk and
1.6g.cm™ for coconut fiber. These values represent
the highest found from studies in Colombia, and
they can be explained by the degree of burning of
the husk, which affects its composition, and how
the coconut fiber was obtained.

On the other hand, Quintero et al. (2006) and
Quintero et al. (2012) reported real density values
lower than those found here when evaluating the
hydrophysical characteristics (e.g. real density,
bulk density, granulometry, and moisture content)
of burnt rice husk and coconut fiber substrates
and their mixtures. The authors inferred that the
real density of burnt rice husk used in Colombia
varied between 0.85 and 1.16g.cm; furthermore,
the real density of coconut fiber ranged from 0.50
to 0.51g.cm?.

The real density decreased in most treatments,
except for T5 and T6; however, all treatments
showed RD similar to the mean value of 1.50g.ml!
reported by Hernandez (2009), indicating a good
proportion between the mass and volume of the
substrate without considering pores and holes.
This contributed to an adequate development of
the plants, consistent with their phenological cycle.

There were changes in the particle size
distribution; no significant differences were found
between stages 1 and 2 for the granulometry
(Table 3). According to Quintero (2004), burnt
rice husk has 72% of particles of size below 1
mm before crop establishment, and this is similar
to the results reported by Quintero et al. (2006)
who found 80% of particles below 1 mm in size.
However, these results differ from Meneses (2004)
who report particles below 1 mm in burnt rice
husk because the percentage of fine particles in a
substrate affects the retention capacity.
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Table 3. Granulometry dynamic for the treatments evaluated.

Sieve size T1 T2 T3 T4 T5 Té6
(mm) 100H (%) 70H30F (%) 50H50F (%) 30H70F (%) 100F (%) Soil
Stage 1

2 32.205 26.465 22.015 10.19 13.69 47.52

1 62.455 58.68 51.955 43.15 21.035 16.76
0.5 4.7 7.095 11.965 18.18 29.505 12.1
0.25 0.725 4.035 8.935 15.95 24.11 9.31
<0.25 0.47 3.925 5.495 12.705 11.695 14.31

Stage 2

2 37.05 30.835 27.95 29.805 31.62 46.91

1 51.3 40.195 40.935 30.255 13.725 19.19
0.5 5.625 13 12.725 18.675 38.05 12.8
0.25 2.285 10.125 10.06 14.255 0.535 9.69
<0.25 3.74 5.845 8.33 7.01 16.07 11.41

Belle and Kampp (1994) found a high percentage
of particles greater than 4.8mm in burnt rice husk,
yet the mean size ranged between 1 and 2mm,
which is greater than the size reported by Quintero
etal (2006).

Regarding previous granulometry reports,
Quintero et al. (2006) evaluated burnt rice husk
and coconut fiber substrates and their mixtures,
determining that burnt rice husk contained
66.4% of very fine particles between 0.01 and
0.3mm, while the 65% rice husk -35% coconut
fiber mix had 79.8% of particles between 0.15
and 1.19mm. Furthermore, the 35% rice husk
and 65% coconut fiber mix had 89.3% of particles
between 0.15 and 1.19mm. Lastly, coconut fiber
(100%) contained 87% of particles of sizes ranging
from 0.6 and 2.3mm.

Regarding coconut fiber, Arias (2003) found
that 60% of particles were greater than 1mm;
furthermore, Quintero et al. (2006) reported
58.4% of particles within the same size range in
the same substrate.

The granulometric analysis of the substrates at
stages 1 and 2 of the experiment indicates changes
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in its physical properties as the strawberry plants
grow and develop. Irrigation causes a certain
degree of substrate compaction, leading to
reduced pore sizes, increased moisture retention,
and reduced air distribution, as confirmed
by Ansorena (1994) and Abad (1996). These
impacts can affect crop yield in the long-term.
Furthermore, the substrate becomes heavier
since excess moisture can reduce oxygen levels
in air spaces, thus, affecting root growth. Pore
size distribution is a key factor influencing the
hydrologic status of the substrates (Abad, 1996).

There were significant differences in the
gravimetric humidity (GH1) between treatments;
the treatment’s higher gravimetric humidity was
the T5(100F). Comparatively, at stage 2, there
were significant differences in the gravimetric
humidity (GH2) between treatments; the
treatment’s higher gravimetric humidity was
the T5(100F) (Table 4). There were significant
differences in the gravimetric humidity between
stages 1 and 2; these values were 102.3 and 351.18
%, respectively. Table 5 shows the porosity of the
substrates evaluated.
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Table 4. Physico-chemical properties of the substrates at the initial
(1) and final (2) stages of culture.
Treatment Description GH ?g/s;lges 1 PH stages 1 E(Cusst.i‘:’lf_ f)l
Stage 1
T1 100H 26.22a 6.27c 295.1a
T2 70H30F 56.26b 6.55¢c 511.5b
T3 50H50F 88.71c 6.33c 972.5d
T4 30H70F 131.83d 6.31c 1387.5f
T5 100F 260.52e 5.9b 1246e
T6 Soil 50.26b 5.45a 670.5¢c
Stage 2
T1 100H 151.61b 4.4b 1852b
T2 70H30F 346.29c 4.36a 2278d
T3 50H50F 440.28d 4.73c 1300a
T4 30H70F 499.10e 4.28a 2834e
T5 100F 633.19f 4.32a 1907b
T6 Soil 36.62a 5.47d 2010c
Gravimetric humidity (GH), pH, electrical retention also varies according to particle size;

conductivity (EC), H: rice husk, F: coconut fiber
Different letters indicate significant differences
between groups (p<0.05)

The results indicate that, at stage 1, T5 (100F) had
the highest water retention (260.52%), and most
particles (29.5%) were of size 0.5mm, with 86.45%
porosity. Similarly, at stage 2, T5 (100F) also
showed the highest water retention (633.19%),
and most particles (38.05%) were of size 0.5mm,
with 94.68% porosity. According to Gutiérrez-
Castorena et al. (2011), coconut fiber (1-2mm)
can reach up to 960% gravimetric humidity,
yet it drastically decreases with the addition of
inorganic matter such as pumice, reaching as
low as 140%. Mixing coconut fiber with other
substrates directly affects water retention,
regardless of the particle size. Moreover, water
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for instance, coconut fiber substrate mixed with
pumice has up to 20% more particles of sizes
2-3mm than particles of sizes 1-2mm.

Overall, the water retention of coconut fiber
changes when it is mixed with other substrates,
especially, inorganic. Therefore, substrate
mixtures most likely perform better using organic
substrates such as rice husk. The results found
here demonstrate that each substrate mixture
reacted differently; furthermore, there was an
increase in the percentage of particles of sizes
< 0.25mm and moisture content. The pH level
decreased in most cases, except in T6, and the
electrical conductivity increased in all treatments,
while the porosity mostly decreased, exceptin T5
and Té.
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Table 5. Porosity of the substrates and their mixtures.

Treatment Description Porosity stage1 %  Porosity stage 2 %
T1 100H 94.32 89.86
T2 70H30F 94.24 90.98
T3 50H50F 94.15 89.40
T4 30H70F 94.77 90.35
T5 100F 86.45 94.68
T6 Soil 60.52 63.34

Pure coconut fiber with particles of sizes 2-3mm
has high water retention (i.e., up to 960%) due to
its high interparticle pore content (Vence, 2008);
however, this moisture is easily released given
the presence of compound packing macropores
(Hiller, 1998). Regarding inorganic particles, they
have simple packing pores and vesicles; the former
are continuous and permanent, contributing to
good drainage (Or and Wraigth, 2000), while the
latter are occluded and do not allow fluid exchange
(Lemaire, 1995).

At stage 1, T1 (100H) showed the lowest water
retention (26.22%), and the highest percentage
(62.455%) of particles had a size of 1 mm, with
94.32% porosity. Comparatively, at stage 2, T5
(100F) had the lowest water retention (151.61%),
and the highest percentage (37.05%) of particles
had a size of 2Zmm, with 89.86% porosity. Although
there were changes in porosity, no significant
differences were found between stages 1 and 2,
these values were 87.40 and 86.43%, respectively.

Several studies mention that the physical
properties of a substrate must be optimal at crop
establishment since these cannot be modified at
later stages (Ansorena, 1994; Cabrera, 1999; Vence,
2008). There is an evident need for more basic
research to understand these properties and their
relationship with particle size, shape, type, and
arrangement (Verdonck and Demeyer, 2004). It is
especially important to generate knowledge of the
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pore space between substrate particles (Verdonck
et al, 1984), the relationship between inner pores,
and moisture content (Orozco et al, 1995), as
well as particle distribution (Burés, 1997), type,
and arrangement (Beardsell et al, 1979). This
knowledge cannot be directly generated through
routine methodologies since pores and particle
morphology and distribution cannot be directly
quantified in a container.

In most research on substrate physical properties,
porosity is not directly measured but rather
calculated (Horn and Baumgartl, 2000). However,
water retention values do not provide information
about pore size (Vence, 2008). Moreover,
according to Gutiérrez-Castorena et al. (2011), the
best response variables in lettuce seedlings were
found in substrate mixtures with high coconut
fiber content, which display high water retention
(240%) and 88% total pore space. In this study,
the treatments with the highest coconut fiber
content showed the greatest water retention;
therefore, the initial and final evaluations allowed
determining variations in moisture content to
identify the optimal conditions for strawberry
plant development.

The results reported by Gutiérrez-Castorena et al.
(2011) indicate that pure substrates (organic and
inorganic) and mixtures below 50:50, especially
those containing particles of 2-3mm, retain less
water between 55 and 70 at tensions of 0-10cm
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of the water column. By relating porosity and
pore size with the amount of water retained at
different water column tensions, the authors
determined that coconut fiber mixtures (2-3mm
particles) with a high number of pores within and
between interconnected particles retained more
water compared to mixtures with macropores
such as in pure inorganic materials, where water
retention is lower.

Particle size variation leads to different physical
properties (Verdonck and Demeyer, 2004; Anicua
et al, 2009), and in mixtures of different types of
material, their physical and micromorphological
properties are more complex. This is due to
differences in the types of pores and functions of
organic and inorganic materials (Pape and Lagger,
1994) since their properties vary according to the
mixing ratio.

Regarding volumetric humidity, lower particle
sizes (1-2mm) for organic and inorganic materials
reduce the water retention capacity since the total
pore space is also lower (Anicua et al, 2009).

Physical properties of substrates are associated
with the proportion of each particle type (ie.,
greater water retention for coconut fiber and
greater percolation for pumice). Therefore, there is
adirectrelationship between gravimetric humidity
and particle size. Bunt (1992) mentions that to
increase the aeration capacity of a substrate, thick
organic material must be added to the mixture;
however, the author did not consider inorganic
particles that can also retain moisture at lower
proportions. In this study, T4 and T5 had higher
coconut fiber content and, therefore, retained
more water. Accordingly, an alternative solution
to reduce moisture retention would be to mix the
coconut fiber with inorganic or organic substrates
that favor drainage.
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At stage 1, there were significant differences in pH
between treatments. The treatments with higher
pH were T1(100H), T2(70H30F), T3(50H50F),
and T4(30H70F); likewise, at stage 2, there were
significant differences too. The treatment with
higher pH was T6 (soil) (Table 4). There were
significant differences in pH between stages 1 and
2; these values were 6.13 and 4.59, respectively.

The root system of the strawberry plant is located
within the first 15 cm of the soil. Particularly, the
soil should be shallow, light, and preferably sandy,
with good drainage, good fertility, and a pH range
from 5.7 to 6.5 (Hancock et al., 2008); however,
strawberry generally grows in different soil types
(Demchak et al.,, 2013).

Regarding substrate pH, Abad et al. (2005)
considered that an adequate pH for the saturation
extract of the substrates should range from 5.2
to 6.3 since the nutritional elements are more
assimilable within this range. Additionally, these
authors mention that salinity, measured as EC, is
adequate for most plants within a range of 2.00 to
3.49 dS.m* (2000 to 3490uS.cm-'). Values above
5000uS.cm-*are harmful to plants.

At stage 1, there were significant differences in the
electrical conductivity (EC1) between treatments;
the treatment with lower electrical conductivity
was T1(100H). At stage 2, there were significant
differences in the electrical conductivity (EC2)
between treatments; the treatment with lower
electrical ~ conductivity = was  T3(50H50F).
There were significant differences in electrical
conductivity between stages 1 and 2; these values
were 847.18 and 2030.16uS.cm’, respectively.

According to Molina (2018), the optimal electrical
conductivity for strawberry is 2000uS.cm’;
therefore, caution should be taken with substrates
that have higher electrical conductivity levels, so
normal crop development is not affected.
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Torres et al. (2000) states that nutritional
problems are among the main causes of low
production quality and plant loss in greenhouses
and nurseries. Therefore, pH and EC monitoring
for growth media allows solving nutritional
issues before crops are affected. The pH of growth
substrates affects nutrient availability, especially,
micronutrients. Electrical conductivity is a
measure of the concentration of dissolved salts in
a growth media; therefore, EC values provide an
estimate of the amount of fertilizer available in the
media for plant growth.

Castellanos and Borbon (2009) evaluated
substrates with and without recirculation and
found that the EC of the drainage increased up to
2600uS.cm-! by the end of the cycle. This finding
is due to the progressive accumulation of salts in
a substrate due to evapotranspiration. Therefore,
after the application of nutritive solution, excess
drainage can remove a fraction of the salts from
the substrate.

According to Ansorena (1994), the substrate is a
source of nutrients by cationic exchange, which, in
turn, greatly depends on the pH. Consequently, it
is important to characterize chemically substrates
and nutritional aspects of the plant.

Knowledge about the physical and chemical
properties of soil and substrates such as bulk
density, real density, gravimetric humidity,
granulometry, pH, and electrical conductivity,
allows a clearer understanding of how these
properties change throughout cultivation.
Accordingly, measuring these substrate properties
can reduce crop development risks.

CONCLUSIONS

The evaluation of the coconut fiber and rice husk
substrates and their mixtures in hydroponic
strawberry allowed determining the occurrence
of changes in the gravimetric humidity, pH, and

UNIVERSIDAD DE NARINO e-ISSN 2256-2273

electrical conductivity of the substrates at the final
stage. However, there were no significant changes
in the bulk density, real density, porosity, and
granulometry between stages one and two.

The experiment demonstrated that measuring
the initial and final properties of the substrates
allows adequate monitoring to achieve optimal
strawberry development since an electrical
conductivity greater than 2000pS.cm™ can produce
salinization and compaction, which negatively
affects the crop.

Overall, the use of substrates for hydroponic
strawberry production in Narifio is an innovative
and competitive alternative in reduced spaces and
degraded soil, allowing small-scale growers to
improve their quality of life through technological
implementation.
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