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1 RESUMO

O reuso de agua para agricultura pode ser uma alternativa importante para expansdo do setor. Diante
disto, 0 objetivo deste estudo foi analisar o potencial de dguas oriundas da piscicultura em racula
hidropbnica e seus efeitos nas trocas gasosas. A cultura utilizada foi a racula “folha larga”. O
delineamento experimental foi em parcelas subdivididas (2 x 4), com quatro repeti¢des, sendo
as parcelas em diferentes tempos de recirculacdo (T1 = 15/15 minutos, e T2 = 15/30 minutos)
e as subparcelas com quatro misturas de solugdes (S1: 75% do efluente da piscicultura (EP) e
25% da solucdo nutritiva (SN); S2: 50% do EP e 50% da SN; S3: 25% do EP e 75% da SN e
S4: 100% da SN). As varidveis obtidas foram: fotossintese, concentracdo interna de CO; e
eficiénciado uso daagua. A fotossintese apresentou melhor resposta com tempo de recirculacédo
de 15 minutos. Em relagéo a concentracdo interna de CO», 0 tempo de circulacéo de 15 minutos
com 68% de SN e 32% de EP, apresentaram os maiores valores observados. O uso de aguas
advindas da piscicultura apresentam potencial de uso para producdo de rucula, sem grandes
intereferéncias nas trocas gasosas desta cultura.

palavras-chave: Agua residuaria, Eruca sativa, Fotossintese.
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2 ABSTRACT

Reusing water for agriculture can be an important alternative for expanding the sector. Given
this, the objective of this study was to analyze the potential of water from fish farming in
hydroponic arugula and its effects on gas exchange. The crop used was the arugula cultivar
“folha larga”. The experimental design was subdivided plots (2 x 4), with four replications,
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with the plots having different circulation times (T1 = 15/15 minutes, and T2 = 15/30 minutes)
and subplots with four mixtures of solutions (S1: 75% of the Fish Farming Water - FW and
25% of the nutrient solution: NS; S2: 50% of the FW and 50% of the NS; S3: 25% of the FW
and 75% of the NS and S4: 100% of the NS). The variables obtained were photosynthesis,
internal CO- concentration and water use efficiency. Photosynthesis showed the best response
with a recirculation time of 15 minutes, at which point plants reached higher levels with a
nutrient solution concentration of 100%. In relation to the internal CO2 concentration and water
use efficiency, the 15-minute circulation time provided higher values with the solution
composed of 68% NS and 32% FW. The use of water from fish farming has potential for use

in arugula production without major interference in the gas exchange of this crop.

Keywords: Wastewater, Eruca sativa, Photosynthesis

3 INTRODUCTIONS

The use of alternative water sources
for agriculture has increasingly become a
topic of debate around the world. Population
growth and constant demand for food are the
main causes of the search for alternative
sources, in addition to the excessive
exploitation of surface waters, as the demand
for water resources in this scenario is
inevitable (FAO, 2017). Given this, the reuse
of water from different economic activities
can be a viable option, among which fish
farming stands out as an economic activity
with high water use (Correa; Monte;
Nascimento, 2020); however, the effluent
arising from this activity has a high nutrient
load, making it viable for reuse in agriculture
(Oliveira et al., 2023).

Given the challenges of water reuse,
cultivation systems that provide lower
environmental impacts are necessary to use
these effluents (John et al., 2022), as they
can contaminate groundwater and other
water resources. In this sense, hydroponic
cultivation has been increasingly used with
reused water (Silva et al., 2012; Souza, CA
et al., 2020; Souza, CDS et al., 2020), as it
consists of growing plants without the
presence of soil, making nutrients available
through a nutrient solution in profiles. In
addition to being able to produce vegetables
efficiently, he has the O goal of reducing
water consumption (Silva et al., 2012),

considering that loss to the environment is
reduced, becoming a solution to water
scarcity, mainly in arid and semiarid regions,
where strategies to increase the efficiency of
cultivation systems are necessary (Silva et
al., 2016; Lessa et al., 2023).

For the reuse of effluents to truly be
a viable solution for agriculture, studies on
their effects on plants are essential for
ensuring the viability of their use; in this
sense, vegetables such as arugula (Euruca
sativa L.) and lettuce (Lactuca sativa),
among others, which are hardwoods
consumed fresh, need to be evaluated under
different criteria, mainly with regard to
nutrient absorption (Santos et al., 2022), gas
exchange (Guimardes et al.,, 2022), and
growth and income (Oliveira et al., 2023;
Dantas et al., 2019), so that food and health
security can be achieved in relation to
production for commercial purposes.

In light of the above, the goal of this
study was to analyze the potential of water
from fish farming in hydroponic arugula and
its effects on gas exchange.

4 MATERIALS AND METHODS
4.1 Experimental structure
A search was carried out at the

greenhouse measuring 6.5 m wide by 12.0 m
long, measuring 3.5 m high on the sides and
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45 m in the center of the structure. The
cover was made of transparent agricultural
film (low-density polyethylene) 150 microns
thick and treated with ultraviolet (UV) rays,
and the sides were made of anti-aphid
screens. The structure was localized at
Station Agrometeorological, which belongs
to the Department of Agricultural
Engineering (DENA) of the Federal
University of Cearda (UFC), Campus of Pici
(coordinates geographical in 3rd 44' S; 38°
33' It is approximately 22 m above sea level.
The average temperature recorded in the
protected environment was 34.5°C, and the
relative humidity was 60% during the
production cycles.

The crop used was the arugula
(Eruca sativa) cultivar “wide leaf”,
cultivated  between  November  and
December 2021 (Cycle 1) and February and
March 2022 (Cycle I1). Sowing was carried
out in polyethylene trays containing 200
cells of coconut fiber substrate. After 22
days, the plants were transplanted into a
Nutrient Film Technique (NFT)-type
hydroponic system, and the treatments
began, lasting a 28-day cycle. . The
hydroponic profile was composed of a 100
mm diameter PVC tube measuring 2.70 m
long with ten 5 cm diameter holes spaced
0.25 m apart, where the plants were grown.
The spacing between the profiles was 0.25
m, and each profile operated independently

and was installed at an average height of
0.85 m, with a slope of 3.0%. For each
profile, a 50 L reservoir was used for storing
the solution, and an electric pump (0.25 HP)
was used to promote the recirculation of the
solution between the profiles. The solution
was injected into the profile using a
microtube with a flow rate of 1.5 L/min
(Santos et al., 2022). An analog timer was
used to control the frequency and duration of
solution recirculation.

The fish farming effluent was
obtained from the farming of Nile tilapia
(Oreochromis niloticus) in an excavated
tank covered with canvas and with a volume
of 4.8 ™, The effluent used came from the
fattening phase (from 300 to 700 g), during
which the plants were fed according to the
weight and recommendations of the feed
manufacturer (Polinutri®). Cascade aeration
in a recirculation system for the tank was
carried out with an electric pump (0.5 CV).
Effluent filtration was carried out in a
decanter filter containing an acrylic
geotextile blanket to remove suspended
solids and a biological filter filled with
expanded clay with nitrifying bacteria.
Samples of fish farming effluent were sent to
the Soil, Water, Plant Tissue and Fertilizer
Analysis Laboratory — FUNCEME/UFC
Agreement for chemical characterization
(Table 1).

Table 1. Chemical characterization of fish farm effluent used in hydroponics.

Cations ) Anions 1 dS m -! (mg L)
Cvele (mmol .- ") (mmol cL-") RAS H—
y Ca Mg And K+  Cl- HCO CO3; EC p Dissolved
o 3 2 solids

I 14 30 6.0 08 10.5 0.1
nm 17 28 6.1 0.8 109 0.3

0.4 .11 2.88 10.5 1110
0.4 1.18 288 9.1 1180

Source: Authors (2023)
4.2 Experimental design
In the experimental design, he was

subdivided into four repetitions (two x 4),
with the plots consisting of different

recirculation times (T1 = 15 minutes with
recirculation for 15 minutes off, and T2 = 15
minutes with recirculation for 30 minutes
off). The subplots were composed of
mixtures of solutions (S1: 75% of the fish
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farming effluent (PE) and 25% of the
solution nutrient (NS); S2: 50% from EP and
50% from SN; S3: 25% from EP and 75%
from SN; and S4: 100% from SN), for a total
of 32 units, which were composed of an
independent hydroponic set with 10 plants
per plot.

The standard nutrient solution (SN)
used as a control was prepared according to
Furlani (1998). The other treatments were
obtained by mixing the solutions according
to the desired proportions; the mixtures were
added to 500 L water tanks and subsequently
stored for use throughout the cycle.

4.3 Variables analyzed

Gas exchange was carried out on
fully expanded leaves at the end of the
cultivation cycles based on the selection of
the most representative plants from each
hydroponic profile.

Gas exchange measurements were
carried out in the central region of
completely expanded leaves exposed to
sunlight, using a Portable Infrared Gas
Analyzer (IRGA) model LCPro+ Portable
Photosynthesis System® (ADC
BioScientific Limited , UK), the readings
were taken from 9:30 am to 11:30 am in the
morning, the variables analyzed were : net
photosynthesis (A) in umol CO 2 m 2s ?;
transpiration (E) in mmol H O m 2s 1
stomatal water vapor conductance (gs) in
mol H 20 m 2s!; internal concentration of
CO 2 (Ci) in umol CO 2 mol * air, efficiency
of use from the water (WUE - pmol CO o m -
2s-1[mmol H20 m 2s 1] 1) obtained for
the A/E ratio ; intrinsic efficiency of water

use (IWUE - umol CO 2m 2s 1[mol H .0
m 2s1]1), obtained for the relationship
between Algs and instantaneous
carboxylation efficiency (EiC - umol CO 2m
251 [umol H 20 mol tair] 1), obtained by
the relationship between A/Ci . Readings
were taken under saturating light (1200 umol
m s 1) with a constant CO, concentration
(400 ppm) at room temperature.

The data of the variables evaluated
were subjected to analysis of variance
(ANOVA) for the test. F: 1% and 5%
probability (p<0.01 and p<0.05,
respectively). When the analysis of variance
was significant, the data were analyzed
through regression and by the mean test with
Tukey’s test. The analyses were carried out
using the Microsoft Excel® (version 2023)
and ASSISTAT® (version 7.6beta)
programs.

5 RESULTS AND DISCUSSION

According to analysis of variance (F
test), for the first cycle, no influence of the
studied factors on the response variables was
observed. For the second cycle, the results
obtained for the gases exchange were
significant for the interaction between
recirculation time (T) and solution mixture
(S) for the variables Ci (p<0.01), WUE
(p<0.01), iWUE (p<0.05) and EiC (p<0.05).
For the isolated factor T, its influence was
observed only on variable A (p<0.01). For
the single factor S, the variables A, WUE and
EiC were significantly influenced (p<0.01).
The variables gs and E were not influenced
by any of the factors studied (Table 2).
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Table 2. Summary of variance analyzes referring to photosynthesis data (A), stomatal
conductance (g s), transpiration (E), substomatal CO , concentration (C i), water use
efficiency (WUE), intrinsic water use efficiency water (iWUE) and instantaneous
carboxylation efficiency (EiC) of hydroponic arugula plants, subjected to
recirculation of the nutrient solution mixed with fish farming effluent.

Medium Square

Sources of
variation Cycle
A gs E Ci WUE iWUE EiC
Block 3 111.23  0.64 17.56  769.80 0.26 427.41 0.15
Time (T) 1 4534  0.01 1.88  390.41 0.001 76.19 0.045
Waste 3 78.60  0.36 1580 189994 152 811.67 0.079
Solution (S) 3 32.64  0.21 1.59  708.67 0.61 223.31 0.058
TxS 3 84.13  0.20 1.33  345.02 0.29 84.35 0.083
Residue (b) 18 92.74  0.20 228 103948 1.00 285.76 0.13
Total 31
CV-T(%) - 4586 24.80 55.83 14.56 4472  62.10 42.47
CV-S %) - 49.81 9370 21.22 10.77 37.64 36.85 56.08
Sources of GL Cycle II
variation A a5 E C; WUE iWUE EiC
Block 3 29.85** (.14 1.17 41.79 0.87 46.21  0.00012
Time (T) 1 18.74** (.22 0.05 36.12 042 7.60 0.00048
Waste 3 0.41 0.27 1.92 25.45 0.63 114.22  0.0001
Solution (S) 3 39.94*%* 0,04 0,05 566,70 0,91** 87,76  0,0007**
TxS 3 12,21 0,34 0,89 1590,87** 1,30** 65,11* 0,0002*
Residuo (b) 18 11,27 0,12 0,67 224,40 0,21 43,50 0,0001
Total 31
CV-T ) - 2,86 46,21 2295 1,73 21.14 47.19 10.84
CV-S (%) - 1495 31.01 13.57 5.14 12.25 29.12 10.60

**and * indicate significance at 1 and 5% probability, respectively, according to the F test. Source: Authors (2023)

The response variable A differed
significantly in relation to the recirculation
time factor, in which T1 was more favorable
than T2 was (Figure 1A). It is possible that a
duration longer than 15 minutes without
activation to recirculate the nutrient solution
could cause water deficit in the arugula crop,
which ~ could have  affected the
photosynthetic response. For factor S, the
response variable presented an adjustment of
linear growth with an increase of 1.587 pmol
CO2 m 2s L for each unit increase in SN
(Figure 1B). The T1 factor represents a

longer duration time of the nutrient solution;
consequently, greater ion—root contact
occurred. In addition, increasing the
percentage of nutrient solution improved
photosynthesis, as both factors allowed the
plants to absorb more nutrients from the SN,
consequently allowing them to absorb more
nutrients such as nitrogen (N). Second, Co et al.
(2023) This element is the main component
of the photosynthetic pigment chlorophyll;
therefore, greater absorption of this
macronutrient increases the photosynthetic
potential of the plant.
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Figure 1. The Tukey test (A) and regression analysis (B) for the photosynthesis response
variable (A) for the Arugula culture depending on the recirculation times of the
nutrient solution and water from fish farming.
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Santos et al. (2022), in studies with
hydroponic arugula in an NFT system,
shorter intervals for SN recirculation
increased the N content in the leaves, which
may have corroborated the increase in A in
the present research. On the other hand,
Souza, CDS et al. (2020) did not observe any
influence of SN recirculation in hydroponic
chive (Allium schoenoprasum) culture with
reused water on the N content. Souza, CA et
al . (2020), in studies with hydroponic
watercress (Nasturtium officinale) and reuse
water in an NFT system, observed that
increasing the concentration of salts in the
SN can increase the A response in plants, in
which the recirculation of the SN at intervals
of 15 minutes showed greater benefit up to
tolerable levels of electrical conductivity of
the water used. These results were also
observed by Oliveira et al. (2023) for the

B
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SPAD index in watercress culture produced
with reused water from fish farming effluent.
Figure 2 shows the regression
analysis for the internal concentration of
CO2 (Ci). The best fit was quadratic for both
recirculation times from the SN. For the T1
point, a maximum of 301.7 pmol CO > mol -
1 air was obtained with an SN of 60.97%,
while for T2, a minimum of 276.31 umol CO
»mol airwas observed at an SN of 73.85%.
With greater availability of SN for T1, there
was an increase in Ci, which contacts root
ions and possibly favors nutrient absorption,
as K is N and, consequently, greater
physiological activity, considering that both
elements help in the physiology of plants,
such as osmotic adjustment, transpiration
and the production of photoassimilates
(Limaet al., 2021; Silva et al., 2013).
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Figure 2. Regression analysis of the response variable internal concentration of CO2 in the
culture from Arugula according to the circulation time of the nutrient solution and

water from fish farming.
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Figure 3 shows the regression
analysis for the response variables water use
efficiency (WUE), intrinsic water use
efficiency (IWUE) and instantaneous
carboxylation efficiency (EiC). For WUE
(Figure 3A), the two recirculation times
were within an adjustment polynomial
quadratic function. T1 linearly increased,
with an estimated value of 4.18 ([umol CO 2
m 251 (mmol H20 m2s 1) 1) and an SN
of 100%, while for T2, the adjustment was
quadratic, with a maximum estimated value
of 4.35 ([umol CO ;m s 1) (mmolH,0Om
25 1) 1) for 79.2% of the SN. The WUE
increased to a certain point in T2, decreasing
later, possibly due to the increase in the
concentration of salts in the SN, with an
increase in electrical conductivity, in which
the free energy decreased and, consequently,
the water potential gradient increased,
resulting in a decrease in WUE (Taiz et al.,
2017). T1 also showed a small decrease in
WUE, which can be explained by the fact
that this variable is directly linked to the
internal concentration of CO2 and thus has

interdependence, with greater assimilation
of CO2 and less water loss during the process
(Guimaraes et al., 2019), which may have
influenced the reduction in WUE and
increase in Ci at T1. For the IWUE variable
(Figure 3B), a quadratic adjustment was
observed with the highest estimated value
(29.44 umol CO 2m 2s*[mol H,0 m 2s-
1711 to 73.37% of SN; therefore, the use of
approximately 26.63% of EP would not
possibly affect the development of plants,
even reducing fertilizer costs. For the
variable EiC (Figure 3C), a linear adjustment
was observed with an increase of 0.0002
pmol CO 2 m 2s L [umol H 2 O mol air] 1
(T1) and 0.0004 pmol CO , m “2s "1 [umol H
20 mol air] 1(T2) for each unit increment
of SN. Values similar to those observed in
the present study for iIWUE were obtained by
Guimardes et al. (2022), in studies with
arugula cultivated in intercropping with nira,
they observed values between 28.63 and
34.80 pmol CO 2m 2s *[molH 0 m 2s!
] X for EiC.
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Figure 3. Analysis of the regressions for the response variables water use efficiency (A),
intrinsic water use efficiency (B) and instantaneous carboxylation efficiency (C) for
the arugula culture depending on the recirculation times of the nutrient solution and

water from fish farming.
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5 CONCLUSIONS

The use of water from fish farming
has potential for use in arugula production
without major interference in the gas
exchange of this crop.

Photosynthesis presented the best
response at 15-minute intervals for
recirculation of the nutrient solution.

Reducing the nutrient solution by
30% with supplementation of water from
fish farming can be an option for use in

hydroponic arugula production, especially in
situations of water scarcity.
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