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Abstract

Purpose This study aimed to compare the hydroponic strawberry production using the conventional nutrient solu-
tion and treated domestic sewage, seeking fertilizer savings and identifying its nutritional status and physicochem-
ical and microbiological attributes of fruits.

Method The experiment was carried out in a greenhouse under the nutrient film technique (NTF) hydroponic
system, with three treatments: DW — drinking water and chemical fertilizers, TDSS — treated domestic sewage
supplemented with chemical fertilizers, and TDS— only treated domestic sewage. Each treatment consisted of four
cultivation benches, a motor pump system, a timer, and a 500-L container to store nutrient solution. Four hydro-
ponic profiles with a capacity for 12 plants were used on each bench, totaling 48 plants per bench and 192 plants
per treatment. These benches were divided into four randomized blocks. We compared the nutrient content of treat-
ed domestic sewage to the conventional nutrient solution, amount of nutrients used in treatments, microbiological
quality and quantitative and qualitative aspects of fruits, nutritional status of plants.

Results The TDS treatment showed a significant difference compared to the others, with visual symptoms of nutri-
tional imbalance in plants, lower productivity, and fruits more acid with a smaller diameter. Soluble solids content
showed no statistical difference between treatments and the microbiological quality of fruits, which showed no
presence of Escherichia coli.

Conclusion The use of treated domestic sewage to compose the nutrient solution allowed obtaining savings of 33%
in chemical fertilizers in the TDSS treatment compared to DW.

Keywords Fragaria x ananassa Duch., NFT hydroponic system, Water reuse, Sustainability

Introduction forms of use. The adoption of reuse in the agricultural

environment can be advantageous, citing as an example

The use of unconventional water resources, such as
treated wastewater, assists in relieving the pressure on
natural resources. World population growth, the search
for advances in living standards, and impacts resulting
from climate change will gradually increase the impor-
tance of water reuse (Schacht et al. 2016).

There are several possibilities for reuse, with agri-
cultural, urban, and industrial being the most effective
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the use of treated domestic sewage, which is composed
of 99.93% of water and still contains nutrients and or-
ganic matter that are beneficial to plants. The prospects
and forms of reuse depend on local climatic conditions,
public policies, technical availability, and economic,
social, and cultural factors (Mendonga 2017).

The search for complementary water sources shows
a growing demand for production systems that allow
efficient water use. According to Santos et al. (2013),
hydroponic systems can make water use more efficient.
Strawberry (Fragaria * ananassa Duch.) is among the
crops that have shown a tendency to migrate from the
conventional to hydroponic cultivation systems due to
their ergonomic ease, with no need for crop rotation,
and a decrease in pesticide use (Gongalves et al. 2016;
Paulus et al. 2018).
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In Brazil, strawberry production is centered in the
states of Rio Grande do Sul, Sdo Paulo, and Minas
Gerais, but it has been expanding to other states and
has already reached a production of 105 thousand tons
per year. Strawberry has socioeconomic importance for
Brazil because its cultivation is carried out by family
farming, contributing to income and employment for
families (Antunes et al. 2016).

Several flowers and vegetables of economic impor-
tance can be cultivated under hydroponic systems and
obtain the required nitrogen and phosphorus from water
reuse, resulting in a reduction in fertilizers and the costs
of wastewater treatment (Rana et al. 2011).

Another advantage of hydroponic cultivation using
reused water is the low risk to the health of workers and
consumers, since, according to Cuba et al. (2012), in
this type of cultivation, only the root system of plants
is in direct contact with water, reducing the chance of
microbiological contamination. In addition, Magwaza
et al. (2020) also report a 60 to 87% reduction in the
pathogenic load present in wastewater after circulation
in hydroponic systems. According to the authors, sev-
eral mechanisms are linked to this reduction, among
them that of antibiosis. The microorganisms present in
the root system of plants interact with the pathogenic
organisms and result in their removal.

However, the environmental impacts caused by us-
ing wastewater in agriculture can be harmful. Among
the concerns about reuse of treated wastewater are dam-
ages to soil quality and crop development (Urbano et
al. 2017), salinity increase and, consequently the soil
degradation; and the risk to public health due to the
presence of pathogens in the water (Bichai et al. 2012).

According to Carvalho et al. (2013), attempting effi-
cient planning and implementing well-defined policies,
the practice of agricultural reuse can transform the pol-
luting and aggressive problem of domestic sewage into
an economic resource. The authors also emphasize that
developing the course following the appropriate tech-
nical principles can make it economically viable, envi-
ronmentally sustainable, and socially safe and accepted.

Thus, for the reasons explained above, strawberry
was the crop chosen in this study because of its micro-
biological quality requirement for safe consumption in
nature. Therefore, this knowledge can provide recom-
mendations that make the practice of water and nutri-
ents reuse in agriculture feasible for non-edible crops
(ornamentals and seedlings for reforestation, e.g.).
Consequently, environmental impacts through the eu-

trophication process resulting from inadequate sewage
disposal and the exploitation of the natural resources for
the chemical fertilizers production could be reduced.
In recognition of the importance of studies about
using treated wastewater safely in agriculture, the goal
of this study was to compare the hydroponic strawberry
production using the conventional nutrient solution and
treated domestic sewage, seeking fertilizer savings and
the identification of its nutritional status and physico-
chemical and microbiological aspects of the fruits.

Material and methods

The experiment was carried out in a greenhouse be-
longing to the Department of Natural Resources and
Environmental Protection (DRNPA) of the Center for
Agricultural Sciences (CCA) of the Federal Universi-
ty of Sdo Carlos (UFSCar), Araras, Sdo Paulo State,
Brazil (22°18'53.23" S and 47°23'0.91” W). The tem-
perature and day length were monitored throughout the
experimental period through a weather station.

The day-neutral strawberry cultivar PRA Estiva
(Brazilian origin) was used under the nutrient film tech-
nique (NFT) hydroponic system. Strawberry seedlings
were transplanted on February 15th and conducted until
June 15th, 2019. A nutrient solution adapted from Paulus
et al. (2018), varying according to the vegetative and
fruiting stages of strawberry, was used in this study
(Table 1).

The cultivation system was composed of twelve
workbenches (plots), each 3-m in length, and four poly-
propylene hydroponic profiles (75 mm) per workbench.
The adopted spacing was 0.25 m between plants in the
hydroponic profiles and 0.30 m between plants of the
different shapes, totaling 12 plants per profile, 48 plants
per bench, and 192 plants per treatment. However, only
74 plants per treatment were considered for the anal-
ysis, which corresponded to the experimental net plot
area, Fig. 1.

The hydroponic system contained a tank with 500
L, a pumping system, four workbenches (repetitions),
and a solution return system to the tank. A flow rate of
1.5 L m'! was used to keep the nutrient solution circu-
lating by gravity with the profiles in the slope of 10%,
using a timer to start the pumping system at intermittent
intervals of 15 minutes during the day and for 15 min-
utes every hour during the night (Carvalho et al. 2018).

The experimental design was randomized in blocks
with three treatments and four replications. Treatments
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Table 1 Nutrient solutions adapted from Paulus et al. (2018) for hydroponic strawberry cultivation

Concentration at the vegetative
stage (g m™)

Concentration at the
fruiting stage (g m™>)

Fertilizer

Calcium nitrate 600
Potassium nitrate 200
Monoammonium phosphate 50
Monopotassium phosphate 140
Potassium sulfate 200
Magnesium sulfate 350
Conmicros Standard™: B (2.0%), CuEDTA (2.0%),

FeEDTA (7.9%), MnEDTA (2.0%), Mo (0.4%), and

ZnEDTA (0.8%) 30

550
200
0

200
150
350

30

“References to the registered trademark do not constitute an endorsement by the authors.
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Fig. 1 Experimental design of the greenhouse for strawberry cultivation using three treatments for hydroponic
DW: drinking water and chemical fertilizers (orange line), TDSS: treated domestic sewage with the addition of chemical fertilizers (green line),

and TDS: only treated domestic sewage (purple line).

consisted of drinking water and chemical fertilizers
(DW), which corresponded to a nutritional solution
adapted from Paulus et al. (2018); treated domestic sew-
age with the addition of chemical fertilizers (TDSS) to
reach the concentration adopted in DW after its chemi-
cal analysis; and only treated domestic sewage (TDS),
which also underwent chemical examination.

Treated domestic sewage was collected at the exit
of a pilot sewage treatment plant located at CCA, Fig.
2. This pilot plant treated sewage from the bathrooms
and restaurant of the university and was monitored for
one year by Oliveira et al. (2019). The sewage treat-
ment plant is divided into four units, in which the raw

effluent is received in a fat box, goes to a septic tank
through PVC piping, passes through a wetland unit,
and reaches the tertiary treatment, which corresponds to
physical disinfection of the effluent using an ultravio-
let system. Upon entering the sewage treatment station,
the grease box separated the coarse materials present
in the effluent. At the same time, in the septic tank, the
sedimentation of the solids occurred and digestion by
anaerobic bacteria, followed by the wetlands unit, the
effluent received the polishing and finally, followed the
tertiary treatment with the reduction of the pathogenic
load. After all these treatment steps, the effluent was
stored in an equalization tank.
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After evaluating all treatment units, the station pres-
ents removal efficiency of: 96.9% turbidity, 30.6% elec-
trical conductivity, 68.2% potassium, 54.1% total nitro-
gen, 36.1% total phosphorus, 14.6% magnesium, 60.6%
total organic carbon, 99.98% total coliforms, and more
than 99.99% Escherichia coli (Oliveira et al. 2019).

INPUT Inspection
Raw box_
effluent
=)
D
Fat box L
Septic Tank Wetlands

Treated domestic sewage from the equalization tank
was analyzed before each nutrient solution preparation
to calculate the chemical complementation of the TDSS
treatment by analyzing the pH, turbidity, dissolved ox-
ygen (DO), electrical conductivity (EC), total phospho-
rus (TP), total nitrogen (TN), potassium (K), calcium

OUTPUT
Disinfected
and treated
effluent

o

Ultraviolet lamp

ki

Inspection boxes

Fig. 2 Schematic of the sewage treatment plant units Source: Adapted from Oliveira et al. (2019)

(Ca), magnesium (Mg), and total and thermotolerant
coliforms (Escherichia coli).

The analytical methodology used in the analyses
followed the Standard Methods for the Examination of
Water and Wastewater (APHA 2012).

Electrical conductivity (EC) of nutrient solutions
was monitored and maintained between 1.3 and 1.5 dS
m! to ensure ideal conditions for plant development;
pH was only monitored. EC was corrected by adding
water or nutrients whenever it deviated 20% from the
initial value. The complete replacement of the nutrient
solution was carried out when values below 1.3 dS m™
were reached (Fernandes-Junior et al. 2002).

Plant nutritional status was assessed by chemical leaf
analyses performed at 30 and 60 days after transplanting
(DAT). For this, three plants were taken at random from
each treatment. The methodology proposed by Passos
and Trani (2013) was used to determine the leaf content
of nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), sulfur (S), boron (B), copper
(Cu), iron (Fe), manganese (Mn), and zinc (Zn).

Harvest started on March 15, 2019, totaling 19 oper-
ations. The harvested fruits were 70% red or fully ripe
(Fernandes-Junior et al. 2002).

Fruit mass (g plant™') was determined by weighing
and summing the total production of each treatment di-
vided by the number of plants in the useful area.

The mean size (transverse and equatorial diameter)
of fruits was determined using a caliper. Soluble solids
content (°Brix) was determined using a manual refrac-

tometer, and pH through the pulp juice diluted to 10%,
following the methodology of Instituto Adolfo Lutz
(2008). The microbiological fruits analysis aimed at the
presence or absence of E. coli and was based on an ad-
aptation of the Colilert enzymatic method from IDEXX
(2019). The Colilert test detects total coliforms and E.
coli at one organism/100 mL.

Microbiological analysis is an indication of con-
tamination during fruit cultivation and management.
To compare the parameter, Resolution RDC No. 12,
of January 2nd, 2001, was used as a reference. This
proposal was approved by the National Health Surveil-
lance Agency (ANVISA) and stipulated the microbio-
logical quality criteria for different food groups suitable
for consumption.

The results were submitted to the Kruskal Wal-
lis test, with means compared by the Dunn test at a
5% probability level using the software R Core Team
(2019).

Results and discussion

Several environmental factors influence strawberry
growth and development, with temperature and photo-
period being the most relevant. In this way, temperature
and day-length data are shown in Fig. 3 for the experi-
mental period.

The interaction between temperature and day
length is evident in the floral induction of strawberries
(Antunes et al. 2016). In Fig. 3, it is possible to ob-
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serve that as winter approaches, the days become short-
er, and the temperature declines, stimulating flowering
and fruiting. In general, the longer the day, the lower
the temperature required for floral induction to occur.
The production of stolons, in most varieties, starts when
the length of the day is longer than 12 hours and tem-
peratures are above 22 °C (Fachinello et al. 1994). The
experimental period was suitable for floral induction,

which presented an average of 11.2 hours of day length
and an average temperature of 22.2 °C.

Treated domestic sewage analysis
The studied treated domestic sewage showed low nu-

trient contents to be used as a nutrient solution (Table
2), taking into account the recommendation of Paulus
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et al. (2018) for strawberry cultivation in a hydro-
ponic system. These results are related to the effluent
source and treatment processes. Oliveira et al. (2019)
monitored the same sewage treatment plant. They
found that the efficiency in removing nitrogen and
phosphorus was attributed to the wetland unit, with
a removal rate of 74.6% of nitrogen and 82.7% of
phosphorus.

Electrical conductivity remained below 0.75 dS m™
in all analyses, which is the value proposed by Martinez
and Silva-Filho 2004 as a parameter of water quality for
nutrient solution preparation.

The pH value was higher than the ideal for plant devel-
opment. According to Wang et al. (2017), this value should
be maintained within a range from 5.5 to 6.5. Although
plants support pH values between 4.5 and 7.5 without the
natural occurrence of physiological damage, a pH value
above 6.5 under hydroponic cultivation favors the forma-
tion of insoluble complexes, reducing the availability of
manganese, coppet, zinc, boron, and phosphorus, indirect-
ly affecting plant growth (Cometti et al. 2006).

Calcium, sodium, and magnesium contents were
average compared to the results from the analyses
necessary to verify irrigation water quality (Ayers and
Westcot 1994). However, potassium contents presented
restrictions, as the authors established that the limit is
up to 2 mg L', with the final effluent showing a mean
of 20.6 mg L.

The values recommended by Ayers and Westcot
(1994) for irrigation water represent a standard for ap-
plication to the soil. However, these values are consid-
ered low for use as a nutrient solution, according to the
recommendation of Paulus et al. (2018) for strawberry
cultivation under a hydroponic system.

Variations observed in nutrient contents between
samplings are due to the sewage source, which is do-
mestic and comes from the university center, being sub-
ject to seasonal changes, such as school holidays.

Cuba et al. (2012), when discussing the water
reuse potential in agriculture, comment that the
Environmental Company of Sdo Paulo State estab-
lishes the conditions for water reuse regarding its
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Table 2 Results of the physical, chemical, and microbiological characterization of treated domestic sewage used in

the experiment over the cultivation period

Results of effluent analysis over the cultivation period

Parameter Days after transplanting Standard
0 23 52 75 103 Mean deviation

pH 6.63 8 6.54 7.04 7.06 7.05 0.57

EC(dSm™) 0.36 0.25 0.40 0.60 0.69 0.46 0.18

TOC (mgL™) 7.5 21.7 46.59 37.58 33.89 29.45 15.17

DO (mg L) 1.22 1.28 1.24 1.18 1.52 1.28 0.13

Turbidity (NTU) 13.7 13.7 9.3 9.3 9.3 9.3 2.40

TN (mg L) 10.32 10 10 16 22 13.66 5.31

TP (mg L) 0.3 0.84 0 0.1 0.24 0.35

K (mgL™) 34 5 46.6 11.5 20.62 18.67

Ca(mgL™) 32 29 47 43 38 37.8 7.46

Mg (mgL™) 6 5.6 13 15 11 10.12 4.19

Na (mg L") 42 325 36 114 41.8 32.74 12.58

SAR (mmol L) 1.79 1.42 1.20 0.38 1.54 1.26 0.54

Total coliforms MLN** 100 mL™! NP NP NP NP 1.7x103 - -

Escherichia coli MLN** 100 mL"™! NP NP NP NP 17 - -

EC: electrical conductivity; TOC: total organic carbon; DO: dissolved oxygen; TN: total nitrogen; TP: total phosphorus; K: potassium; Ca:

calcium; Mg: magnesium; Na: sodium; SAR: sodium adsorption ratio. MLN: Most likely number. NP: Not performed. **There is no standard

deviation for this parameter.

microbiological characteristics, allowing the irriga-
tion using wastewater only on fields, lawns, parks,
and planting forages, forestry, and crops for the in-
dustry. In Brazil, reusing water in the cultivation of
leafy or fruit vegetables is not yet allowed regard-
less of the quality standards of water reuse and E.
coli count.

Nutrient solution

The monitoring of pH and electrical conductivity of
treatments allowed verifying fluctuations in pH val-
ues throughout the cultivation. However, according to
Backes et al. (2004), this behavior is expected in soilless
cultivation systems, as nutrient solutions have no buff-
ering capacity. The mean pH values were 7.09 (+0.71),
6.50 (£0.97), and 7.64 (+0.40) in the DW, TDSS, and
TDS treatments, respectively.

Thus, the mean pH value in the TDSS treatment is
on the limit of the ideal range for nutrient absorption in
hydroponic solution but above the recommended in the
DW and TDS treatments.

A nutrient solution with a pH higher than 6.5 in-
directly affects plant development, favoring the for-
mation of precipitates and reducing the availability of
micronutrients (Cometti et al. 2006).

The mean electrical conductivity was 1.59 dS m™
(+0.22) in the DW treatment and 1.64 dS m™' (£0.20)
in the TDSS treatment, which is within the recommen-
dation of Paulus et al. (2018). According to these au-
thors, nutrient solution concentrations with electrical
conductivity values between 1.2 and 2.0 dS m™! are the
most indicated for strawberry cultivation under hydro-
ponic systems aiming at the productivity and quality
of fruits.

The mean electrical conductivity in the TDS treat-
ment was 0.29 dS m™ (£0.13). This low conductivity
value and solution stability reflect the effluent source
and the used treatment.

In the experimental conditions adopted in this work,
the use of treated effluent as a water and nutrients
source for the nutrient solution preparation reduces the
use of some fertilizers in the TDSS treatment without
prejudice to the culture concerning DW (Table 3).

Agronomic assessment

Plants from the DW treatment showed no visual symp-
toms of nutritional deficiency even under high pH con-
ditions. On the other hand, the TDS treatment presented
a pH above the recommended value of 6.5 during the
entire growing period despite few fluctuations, leading
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Table 3 Comparing the number of fertilizers used in treatments consisting of drinking water plus chemical fertiliz-

ers (DW) and treated domestic sewage plus chemical fertilizers (TDSS)

Fertilizer Total amount Percentage of saving (%)
DW (g) TDSS (g)

Calcium nitrate 1332 922 31

Potassium nitrate 470 273 42

Monopotassium phosphate 419 355 15

Potassium sulfate 392 265 32

Magnesium sulfate 819 472 42

to the low development of plants’ shoot and root sys-
tems compared to other treatments.

The results of leaf analysis of strawberry plants at
30 and 60 DAT (Table 4) were compared to the mac-
ro-and micronutrient sufficiency range recommended
by Passos and Trani (2013).

The leaf analysis carried out at 30 DAT showed
phosphorus, potassium, and magnesium contents below
the range recommended by Passos and Trani (2013) in
all treatments, while calcium, copper, iron, and zinc
contents were above the ideal coverage for the crop.
However, no visual symptoms of nutritional deficiency

Table 4 Results of leaf chemical analysis of strawberry plants from different treatments at 30 and 60 days after

transplanting
Analysis at 30 DAT Analysis at 60 DAT
Sufﬁcier}cy
Nutrient Treatment Treatment range
DW TDSS TDS DW TDSS TDS
gkg

Nitrogen 21 18 21.50 20 21 18 25-15
Phosphorus 1.01 1.17 1.01 438 4.67 221 4-2
Potassium 9.08 15.26 10.08 26.31 27.5 17.52 40-20
Calcium 40.15 33.13 36.37 12.14 9.85 7.78 25-10
Magnesium 3.90 3.64 3.12 3.9 3.85 3.17 10-6
Sulfur 1.66 1.70 1.30 1.02 3.37 1.48 5-1

mg kg!
Boron 67 67 34 56 63 7 100-35
Copper 215 253 282 21 17 17 20-5
Iron 321 332 321 237 282 404 300-50
Manganese 82 97 96 124 238 185 300-30
Zinc 54 62 65 32 44 114 50-20

“Sufficiency range recommended by Passos and Trani (2013).

or toxicity due to excess nutrients were observed until
this period.

The TDS treatment was different from the others
after 38 DAT, allowing observing a reduced growth of
the plant shoot. The leaf analysis carried out at 60 DAT
showed magnesium deficiency in all treatments but
without visual symptoms, which, according to Barre-
to et al. (2018), are characterized by crinkling and leaf
necrosis.

The TDS treatment showed characteristics of nutri-
tional imbalance, which could be observed in the leaf
analysis carried out at 60 DAT. Plant tissues showed
potassium, calcium, and boron deficiencies, and iron
and zinc contents were above the recommended range.

The low growth and darkening of roots and a reduc-
tion in shoot growth were due to these deficiencies, also
observed by Barreto et al. (2017) due to the unavailabil-
ity of calcium, potassium, and boron.
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No statistical differences were found in the mean
productivity of the DW and TDSS treatments (Table 5),
but with a significant difference between them and the
TDS treatment, with productivity of 72% lower. The
low productivity in TDS reinforces the fact that the
treated domestic sewage without complementing chem-
ical fertilizers does not have the necessary nutrients to
supply the demand for the strawberry.

The means of production obtained in the DW and
TDSS treatments were similar to the standards ob-

served by Fernandes-Junior et al. (2002). These authors
assessed the production of fruits and stolons of straw-
berries under different cultivation systems in a protect-
ed environment from September to December 2000.
They found that the mean fruit production under the
NFT hydroponic system was 91.1 g plant™.

The physicochemical characterization of fruits in-
dicated that their quality varied depending on the treat-
ment (Table 5).

Table 5 Means of production and physicochemical characterization of strawberry fruits under different treatments

Parameter DW TDSS TDS P-value
Mass (g plant™) 89.55a 81.82a 23.76b 0

pH 3.49a 3.46a 3.38b 0
Soluble solids (°Brix %) 6.29a 6.40a 6.61a 0.27
Transverse diameter (mm) 25.8a 24.6a 20.6b 0
Equatorial diameter (mm) 34.3a 34.1a 26.6b 0

DW: treatment using potable water and chemical fertilizers; TDSS: treatment using treated domestic sewage supplemented with chemical fer-

tilizers; TDS: treatment with treated domestic sewage. Means followed by the same letter in the row do not differ statistically from each other

by the Dunn test at a 5% probability level.

Fruits from the TDS treatment showed a higher
acidity and smaller diameter than fruits from the DW
and TDSS treatments (Table 5). It may be due to the low
availability of nutrients in the treated domestic sewage,
which led to the nutritional deficiencies of the crop.

Valentinuzzi et al. (2018) observed that potassium
is an essential macronutrient for the quality parameters
of strawberry fruits. Its absence can reduce fruit size,
besides interfering with its nutraceutical properties, in-
cluding sugar content, organic acids, and antioxidants.

Moreover, Calvete et al. (2016) pointed out that soil-
less strawberry fruits have a pH ranging from 2.70 to 3.05
depending on the cultivar, being more acid than fruits pro-
duced under the conventional system mean pH of 5.3.

Soluble solids content (°Brix) had no difference be-
tween treatments, indicating that the nutritional crop as-
pects showed no influence on this parameter. However,
the values were below the mean sugar content currently
observed in strawberry cultivars, which vary from 8 to
9 °Brix for fruits grown under a protected environment
(Calvete et al. 2016).

Microbiological analysis
The results of the analysis of fruits from all treatments

(Table 6) were within the parameters established in the
resolution RDC No. 12 of January 2, 2001, for the group

of foods that include fresh, in nature, whole, selected,
or non-selected strawberries and similar, the resolution
allows up to 2x10° NMP of thermotolerant coliforms,
and the result was below the detectable limit.

Table 6 Microbiological analysis of strawberry fruits
grown under domestic sewage effluent treated at the
sewage treatment plant located at CCA of UFSCar, Ar-
aras, SP, Brazil

Treatment Escherichia coli (MLN")
DW BDL™

TDSS BDL

TDS BDL

DW: treatment using drinking water and chemical fertilizers; TDSS:
treatment using treated domestic sewage supplemented with chemi-
cal fertilizers; TDS: treatment with treated domestic sewage. "MLN:

most likely number; “BDL: below the detection limit.

According to Cuba et al. (2015), hydroponic profiles
act as a barrier, restricting the contact of the effluent
only to the plant root. Thus, although E. coli was pres-
ent in the treated domestic sewage used in the TDSS and
TDS treatments, its absence in fruits indicates no direct
contact with the effluent and hence no microbiological
contamination. Reis and Olivares (2006) reported that,
unlike fungi, bacteria have, in general, no active struc-
tures that allow them to penetrate intact plant tissues.
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These results show that treated domestic sewage
could be used to cultivate vegetables, guaranteeing
their microbiological quality, even though it is not al-
lowed by the Brazilian legislation. The careful choice
of cultivation and irrigation methods, in addition to the
proper analysis and treatment of effluents, are essen-
tial measures to ensure the health security of crops pro-
duced from treated domestic sewage. Unfortunately, the
best practices and regulations to use TDSS and guaran-
tee good agricultural practices that ensure human health
and safe cultivation concerning pathogens risk has still
not been identified.

Conclusion

Given the results obtained, it is concluded that, in the
experimental conditions in which this work took place,
reused water as a source of nutrients in the hydroponic
cultivation of strawberries presented advantages, high-
lighting the global saving of 33% of chemical fertiliz-
ers. Using reused water as a nutritional solution with-
out additional nutrients does not meet the crop’s needs,
causing a nutritional deficiency, reduced productivity,
and quality of strawberry fruits. However, when sup-
plemented, it meets all the parameters of strawberry
cultivation, equating to cultivation with conventional
nutrient solution. The application of reused water did
not result in microbiological contamination by E. coli
in any treatments. Future research using the same con-
ditions of this study is encouraged.
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