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ABSTRACT

This study had as objective to evaluate the effect of the substrate on the yield of lettuce grown
in aquaponic and hydroponic systems. The study was conducted at the Federal University of
Grande Dourados, located in Dourados, MS. A randomized complete block design was used,
with three treatments and 16 replicates. The cultivation systems were analyzed independently.
The substrates analyzed were: coconut shell fiber, phenolic foam and expanded vermiculite.
The plants were grown in two systems (aquaponic and hydroponic), using the NFT (Nutrient
Film Technique) system. The crop used was lettuce cv. ‘Alcione. The parameters analyzed
were: crop yield and percentage of roots per plant. In addition, macronutrient contents were
analyzed in the leaves. The substrate composed of coconut shell fiber was more suitable
for lettuce production, since it led to higher yields for both aquaponic (2.88 kg m?) and
hydroponic (2.58 kg m?) systems. The use of phenolic foam as growing substrate led to lower
mean crop yields in both production systems analyzed, 1.94 and 2.15 kg m* for aquaponic
and hydroponic systems, respectively.

Palavras-chave:
Lactuca sativa

cultivo sem solo

fibra de casca de coco
tilapia

Produtividade da alface cultivada em sistema
de hidroponia e aquaponia utilizando diferentes substratos

RESUMO

Nesta pesquisa objetivou-se avaliar o efeito do substrato sobre a produtividade da alface
cultivada em sistema aquapénico e hidropdnico. A pesquisa foi realizada na Universidade
Federal da Grande Dourados, localizada em Dourados, MS. Foi utilizado o delineamento
em blocos ao acaso, com trés tratamentos e 16 repeti¢des. Os sistemas de cultivo foram
analisados de forma independente. Os substratos analisados foram: fibra de casca de coco,
espuma fendlica e vermiculita expandida. As plantas foram cultivas em dois sistemas
(aquaponico e hidropodnico), sendo utilizado o sistema do tipo NFT (Nutrient Film
Technique). A cultura utilizada foi a alface cv. Alcione. Os parametros analisados foram:
produtividade da cultura e porcentagem de raiz por planta. Além disso, foram realizadas
analises de macronutrientes presentes nas folhas das plantas. O substrato constituido de
fibra de casca de coco foi mais adequado para o cultivo de alface, uma vez que proporcionou
maiores produtividades, tanto para o sistema aquapdnico (2,88 kg m?), quanto para o
sistema hidropénico (2,58 kg m?). A utilizacdo de espuma fenélica, como substrato de
cultivo, proporcionou menor média para produtividade da cultura, em ambos os sistemas
de produgéo analisados, com valores para o cultivo aquapdnico e hidropdnico de 1,94 e
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2,15 kg m*, respectivamente.



INTRODUCTION

The term aquaponics refers to a set of technologies that
integrate fish farming and plant cultivation in a symbiotic
system (Goddek et al., 2016). While fish farming wastes are
used as fertilizers for the production of plants, their cultivation
contributes to removing metabolic substances which can be
harmful to fish development, acting on the quality of the water
used for fish farming (Roosta & Afsharipoor, 2012; Hundley
etal., 2013).

Regarding the substrates used in soilless cultivation systems
(hydroponics and aquaponics), they provide support to the
plants and act as a small reservoir of nutrients. Thus, the
utilization of inadequate substrates may lead to reduction in
the productive parameters of the crops, as observed for lettuce
and tomato (Salam et al., 2014; Geisenhoff et al., 2016). In
the cultivation in aquaponic system, substrates must have a
fixing surface for microorganisms, responsible for converting
nutrients to forms readily available to plants (Jordan et al.,
2018).

In some countries such as United States, Australia and also
in the European continent, the aquaponic technique is widely
employed on the most different scales, from research units and
small properties to large commercial units (Love et al., 2015). In
Brazil, the commercial units are virtually inexistent. However,
studies have been carried out aiming to adapt the system to
the national conditions (Hundley et al., 2013; Geisenhoff et
al., 2016; Jordan et al., 2018).

Thus, it becomes necessary to carry out studies aiming to
generate information on the forms of conduction of aquaponic
systems, allowing for implementation on commercial scale
under Brazilian conditions. This study aimed to evaluate the
effect of substrate on the yield of lettuce grown in aquaponic
and hydroponic systems.

MATERIAL AND METHODS

The study was carried out in a protected environment, in
the aquaponics experimental area of the Faculty of Agrarian
Sciences (FCA) of the Federal University of Grande Dourados
(UFGD), located in Dourados, Mato Grosso do Sul, Brazil (22°
11'45" S, 54° 55' 18" W; 446 m of altitude).

The aquaponic system was composed of two rearing tanks,
one pumping and heating tank, one decanter and one biological

filter (Figure 1).
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Figure 1. Scheme of the main components of the aquaponic
system
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Each rearing tank has a volume of 1000 L. Fish population
density was 100 fish m~ (Coélho et al., 2014). Tilapia
(Oreochromis niloticus) fish, GIFT strain, were introduced in
the rearing tank during the juvenile stage, weighing 142 g on
average, and were fed twice a day using 500 g d* of extruded
feed, containing 45% protein.

Twice a day, through valves installed at the base of the
rearing tanks, fish wastes decanted at the bottom were collected
and taken to the decanter. The decanter accumulated wastes for
one week and, after this period, it was cleaned and the decanted
fraction was removed.

The decanted fraction was taken to 50-L biodigesters, to
generate the biofertilizer. The average time for the decanted
effluent to be biodigested was approximately 15 days. The liquid
fraction (wastewater) was separated and stored for subsequent
mixture with the biofertilizer. The nutrient solution used for
plant cultivation was composed of a mixture of wastewater
and biofertilizer at a volumetric proportion of 100:6, as
performed in studies on aquaponics under Brazilian conditions
(Geisenhoff et al., 2016; Jordan et al., 2018).

The solution was stored in a 500-L fiberglass tank and
was then pumped to the hydroponic system. Irrigations were
performed in 15-min cycles. Every seven days, the volume
that remained in the tank was replaced by a new nutrient
solution. After passing through the plant growing system, the
solution was accumulated in the heating tank and progressively
conducted to the fish rearing tanks.

In both cultivation systems analyzed (hydroponic and
aquaponic), plants were grown in a 3-m-long NFT (Nutrient
Film Technique) system, supported by a metal structure, with
3% slope and spacing of 20 cm from one another. The spacing
between plants in the same row was also 20 cm, totaling 12
plants per hydroponic profile.

The experimental design was randomized blocks, with three
treatments and 16 replicates. The substrates analyzed were:
coconut shell fiber, phenolic foam and expanded vermiculite.
Each cultivation system had 16 profiles, with three plots. Plots
contained four plants in one row, and the experimental unit
was represented by the two central plants, disregarding the
ends. The plots, composed by the different substrates, were
randomly distributed in each profile. The results were subjected
to Tukey test (p < 0.05) and analyzed using the program Sisvar®
(Ferreira, 2011).

Plants in the hydroponic system were fertilized using a
commercial kit (Hidrogood Fert®), composed of nitrogen
(10%), phosphorus (9%), potassium (28%), magnesium (3.3%),
sulfur (4.3%), boron (0.06%), copper (0.01%), molybdenum
(0.07%), manganese (0.05%) and zinc (0.02%). In addition,
25 g of Fe-EDDHA were added. For these nutritional
concentrations, the following nutrients were used: potassium
nitrate, monoammonium phosphate, magnesium sulfate, boric
acid, copper sulfate, sodium molybdate and zinc sulfate.

Plants were grown in different substrates: coconut shell
fiber, phenolic foam and expanded vermiculite. The coconut
shell fiber had apparent dry density of 150 kg m~. The phenolic
foam had 2.0 x 2.0 x 2.0 cm cells and apparent density of 10-
12 kg m*. The expanded vermiculite was thin, with apparent
density of 155 kg m™. The species used was curly lettuce
(Lactuca sativa), cultivar ‘Alcioné’.
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Plants were grown from February 24 to April 4, 2016. The
substrates were prepared prior to sowing. Coconut shell fiber
and expanded vermiculite were placed in perforated plastic
cups with volume of 80 cm™. The phenolic foam, previously
washed, had a volume of 8 cm™.

At 10 days after sowing, plants were transferred to the
cultivation profiles. Until 29 days after sowing (DAS), plants
were irrigated with the same nutrient solution, composed of
the commercial kit for fertilization, in both cultivation systems.
From 30 DAS on, the supply of commercial synthetic fertilizers
was suspended to plants grown in the aquaponic system and
these plants began to be irrigated with solution from the fish
rearing system. In the hydroponic system, the nutrient solution
was replaced by a new one.

After harvest, shoot fresh matter, root fresh matter and total
fresh matter were determined. Then, crop yield was calculated
and the ratio between root fresh matter and total fresh matter
was used to calculate the percentage of roots per plant. In
addition, eight plants from each treatment were collected and
subjected to foliar analysis of macronutrients (calcium-Ca,
magnesium-Mg, nitrogen-N, phosphorus-P and potassium-K).

After 30 DAS, the temperature, pH, electrical conductivity
and dissolved oxygen were daily measured in the waters
of the hydroponic and aquaponic systems (Figure 2). The
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measurements were taken in the nutrient solution before it
entered the plant grow bed. The parameters were measured
using a portable multiparameter meter (Instruterm-Orp’).

RESULTS AND DISCUSSION

For crop yield, the substrate composed of coconut shell
fiber led to highest mean values, in both aquaponic (2.88 kg m?)
and hydroponic (2.58 kg m™?) systems. Phenolic foam led to the
lowest mean yield in both systems analyzed (Table 1).

Regarding the yield in the aquaponic system, similar
results were observed by Jordan et al. (2018). These authors
compared the yield of lettuce cultivated in aquaponic system,
using coconut shell fiber with crushed stone n° 3 and phenolic
foam as substrates, and observed that, despite the higher
values of yield, the coconut shell fiber with crushed stone
n° 3 led to higher yield (3.99 kg m?) in comparison to the
phenolic foam (2.08 kg m?). When analyzing the yield of a
crop in an aquaponic system, one should not forget that plant
production can be viewed as a tool to complement the profit
obtained by fish farming, and it is a highly sustainable form
of cultivation, because after the system is turned on only the
volume equivalent to the evapotranspiration is replaced to the
system (Roosta & Afsharipoor, 2012).

Lower values of yield obtained using the phenolic foam can
be attributed to the degradation process occurring along the
cultivation of plants. Substrate degradation provides adverse
conditions for the crop, since it reduces the retention time of
the nutrients (Geisenhoff et al., 2016).

In general, yields obtained in hydroponic systems are higher
when compared with the cultivation in soil and aquaponics.
It occurs because, in the hydroponic system, nutrients are
supplied in an readily available form to plants (Porto et al.,
2012). Maximum yield of 5.11 kg m™ for lettuce was observed in
hydroponic cultivation (Martins et al., 2010); however, lettuce
yields can be highly divergent. In conventional cultivation, with
soil, the mean yields ranged from 0.58 to 3.6 kg m* during the
crop cycles (Peixoto Filho et al., 2013).

To obtain high yields in soilless cultivation, variables that
interfere with crop yield should be strictly controlled because
small variations in water pH, electrical conductivity and
temperature can significantly compromise the production
(Villela Junior et al., 2004; Bezerra Neto & Barreto, 2012).
In the present study, it was observed that in the final period
of cultivation there was a fast increase in water temperature,
especially in the hydroponic cultivation, which changed from
23 °C at 35 DAS to 27.5 °C at 40 DAS. In addition, water pH
was close to 4 in the last three days of experiment.

An issue that can contribute to choosing the most adequate
substrate for soilless cultivation is the development of the root
system (Geisenhoft et al., 2016). In the comparison between

Table 1. Yield (kg m2) of lettuce (Lactuca sativa cv.
‘Alcione’) in aquaponic and hydroponic systems as a
function of different cultivation substrates

Crop yield (kg m?)

Sl Aquaponic system Hydroponic system
Phenolic foam 1.94¢ 2.15Db
Expanded vermiculite 2.42b 2.47 ab
Coconut shell fiber 2.88a 2.58 a

*Means followed by the same letters in the rows do not differ by Tukey test (p < 0.05)
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percentages of roots per plant, greater root development
occurred in plants cultivated in coconut shell fiber, with values
of 17.7 and 15.5% in aquaponic and hydroponic systems,
respectively. Plants grown in phenolic foam showed lower
root development for both aquaponic (13.8%) and hydroponic
(9.3%) systems.

Regarding the contents of macronutrients in the leaves, it
can be observed that plants suffered nutritional deficiency of
Ca, Mg, P and K in both cultivation systems, considering the
three substrates evaluated (Table 2).

Calcium contents were inadequate in the three substrates
analyzed for both cultivation systems, because they were
outside the recommended range from 15 to 25 gkg™' (Raij et al.,
1996). However, Almeida et al. (2011) reported similar results
in hydroponic cultivation, with contents from 3.6 to 12.1 gkg™.

With regard to Mg, the three substrates in both cultivation
systems led to values below the adequate range (4 to 6 g kg')
according to Raij et al. (1996). In conventional cultivation, with
soil, Kano etal. (2012) obtained results similar to those reported
in the present study, with Mg contents between 3.1 and 3.6 kg .

According to Raij et al. (1996), leaf N contents were
adequate for the three substrates evaluated, using the
aquaponic system. For the hydroponic system, the N contents
observed in the leaves were high in expanded vermiculite and
coconut shell fiber, since they were outside the range from 30
to 50 g kg of N.

The P content in the shoots recommended by Raij et
al. (1996) is between 4 and 7 g kg'. Thus, the cultivation in
aquaponic system led to adequate P contents. However, in the
hydroponic system, the contents were below the adequate levels.

K contents in the leaf tissues were low for both cultivation
systems, in the three substrates evaluated, since they were
below the range from 50 to 80 g kg™ of K (Raij et al., 1996).
Similar results were found by Almeida et al. (2011), who
observed K contents ranging from 3.2 to 58.9 g kg in the
hydroponic system.

Inadequate contents of K, along with Ca, Mg and P, possibly
contributed to the reductions of yield observed in the present

Table 2. Contents of nutrients (g kg™) in the leaves of lettuce
(Lactuca sativa cv. ‘Alcione’) grown in aquaponic and
hydroponic systems as a function of different cultivation
substrates

Leaf contents of nutrients (g kg-")

Nutrients Substrates Aquaponic Hydroponic

system system

Phenolic foam 9.90 8.27

Ca Expanded vermiculite 8.78 5.98
Coconut shell fiber 8.40 4.81
Phenolic foam 3.45 3.97

Mg Expanded vermiculite 3.11 3.42
Coconut shell fiber 3.64 3.67
Phenolic foam 46.20 50.58

N Expanded vermiculite 46.55 54.08
Coconut shell fiber 44.80 55.83
Phenolic foam 6.56 2.89

P Expanded vermiculite 7.35 2.82
Coconut shell fiber 5.99 3.35
Phenolic foam 20.63 26.57

K Expanded vermiculite 18.38 22.75
Coconut shell fiber 20.63 16.75
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study. In addition, unlike the aquaponic system, the hydroponic
system led to high N contents in the leaf tissues, regardless of
the substrate used. N content is a parameter widely evaluated
in soilless cultivation systems because, when inadequately
managed, these systems cause high accumulation of nutrients
in the leaves, particularly in the form of nitrates (Aprigio et
al., 2012).

In general, for the substrates evaluated, under the
conditions of the present study, the coconut shell fiber
was more adequate for lettuce production in both systems
(aquaponic and hydroponic).

Considering the numerous advantages of the aquaponic
cultivation, e.g. reduction in water consumption, no need
for pesticide application, production of two income sources
(plant cultivation and fish farming), production of biogas and
biofertilizer, since the solid wastes from fish farming can be
used in a biodigester etc. (Martins et al., 2010; Hoque et al.,
2012; Thejirika et al., 2012), it is necessary to seek instruments
that make its application viable under Brazilian conditions.

Optimization of production systems is one of the main criteria
to obtain economic viability in the aquaponic system (Tokunaga
et al., 2015). Therefore, for future research on aquaponics, this
study suggests small nutritional supplementations to plants
using synthetic fertilizers. We believe that, by doing this, it is
possible to increase the scale of plant production, maintaining
the same structure of intensive fish farming. Consequently, both
production systems (plant production and fish farming) would
be operating in an optimized way.

CONCLUSIONS

1. The substrate composed of coconut shell fiber was more
adequate for lettuce cultivation, since it led to higher yields in
both aquaponic (2.88 kg m?) and hydroponic (2.58 kg m?)
systems.

2. Using phenolic foam as cultivation substrate led to lower
mean yield, in both production systems analyzed.
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