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ARTICLE INFO ABSTRACT

The aim of this research was to evaluate the nutrient absorption and the fresh mass of lettuce plants cultivated
using domestic wastewater in a hydroponic system during winter and summer seasons. The hydroponic system
used was the Nutrient Film Technique with three treatments: 1) drinking water and chemical fertilizers (T1): 2)
wastewater supplemented with chemical fertilizers (T2): and 3) only wastewater (T3) in a completely rando-
mized experimental design with four replicates. The wastewater was previously characterized before being used
in the treatments in order to quantify the need for nutrient supplementation in the T2 treatment. To determine
the fresh mass, dry mass and nutrient absorption, three whole plant samples of each plot were collected at 1, 7,
14 and 21 days after transplanting. The nutrient absorption occurred according to a growing polynomial func-
tion for all treatments and most of the elements throughout the two cycles of the crop, except for potassium and
magnesium in the T3 treatment in the winter crop. The results of fresh mass of the plant, pH and electrical
conductivity of nutrient solutions were submitted to 2-way ANOVA, considering winter and summer as the first
factor and treatments as the second one. A significant interaction between the factors for fresh mass and elec-
trical conductivity was observed, and for that reason the average were submitted to Tukey test (p < 0.05%). For
T1 and T2 treatments, significant differences were found between the average of the fresh mass of winter and
summer, with higher values in winter. For the T3 treatment, no difference was found between the evaluated
periods, but there was a significant difference in relation to the other treatments in both periods. The plants of
this last treatment had lower fresh mass, less accumulation of nutrients and visual symptoms of nutritional
deficiency. Under the experimental conditions, it was concluded that there was no difference in the nutrient
absorption between the T1 and T2 treatment, but in the T3 treatment, the absorption was slower and smaller,
demonstrating that it is necessary to supplement the wastewater with nutrients.
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1. Introduction food production, but emphasized that the technique can also be used for

effluent treatment. The same authors report that several vegetables and

The interest in wastewater use in agriculture has been increasing
since it represents an alternative source of water and nutrients for plant
crops. In several developed and developing countries domestic waste-
water has been used in agriculture (Rana et al., 2011; Roosta and
Hamidpour, 2013). In addition to water reuse, the search for production
systems that provide the most efficient use of water in agriculture has
also increased.

Hydroponics, defined as the technique of plant cultivation without
soil using only water and dissolved nutrients, presents many ad-
vantages, including faster growth, high productivity, easy handling,
and greater efficiency in water use (dos Santos et al., 2013). According
to Rana et al. (2011) this type of cultivation was developed to increase
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economically important flowers are able to use nitrogen and phos-
phorus for their growth from nutrient rich wastewater.

According to Paulus et al. (2012), for hydroponic lettuce (Lactuca
sativa L.) cultivation, it is possible to use nutrient solutions prepared
with low quality water, or reuse nutrient solutions. The use of alter-
native sources of water and fertilizers may represent a reduction in
production costs in the hydroponic system (Azad et al., 2013), but there
is a lack of information on the correct management of the nutrient
solution (Bugbee, 2004). Although effluents contain macro and micro-
nutrients, the contents found may be limiting to the growth of plants,
either by excess or nutrient deficiency (Almuktar et al., 2015).

The characterization of the wastewater is essential for its use in
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hydroponic crops. However, knowledge of the amount of nutrients
accumulated in a plant cultivated with wastewater at each stage of
development can provide important information about the actual
availability of these nutrients and possible handling of the nutrient
solution.

Therefore, this study evaluated the performance of a hydroponic
lettuce culture of curly variety with domestic wastewater during the
winter and summer periods regarding the absorption and accumulation
of nutrients in the plants along the growing cycle, as well as its influ-
ence on production.

2. Materials and methods

The cultivation was carried out at the installations of the
Department of Natural Resources and Environmental Protection
(DRNPA) in Federal University of Sao Carlos (UFSCar) in the city of
Araras, State of Sao Paulo, Brazil (latitude 22° 1822.4”S and longitude
of 47° 23’11.1”W). The study was conducted in a greenhouse, composed
of a metal structure of the type in arch, covered with transparent
polyethylene, with a height of 3 m and a dimension of 20 m of length by
6.40 m of width, with sides closed by sombrite type. The temperature
and relative humidity of the internal and external air to the greenhouse
were monitored throughout the experimental period, and the average
results are shown in Fig. 1.

The cultivar selected was the “Vanda,” which is the curly segment
type that predominates in the Brazilian market. The hydroponic system
adopted was the Laminar Nutrient Flow Technique (NFT) (Azad et al.,
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Table 1
Nutrition solution proposed by Martinez and Silva Filho (2004) for the cultivation of
lettuce.

Fertilizer Chemical Formula Concentration (gm ™)
Calcium nitrate Ca(NOs3) 2.4H,0 900
Potassium nitrate KNO3 134
Potassium sulphate K2SO04 280
Magnesium sulphate MgS047H,0 495
Potassium chloride KCl 138
Monoammonium phosphate NH4H,PO, 142
Ferric chloride FeCl3-6H,0 11.97
Manganese sulphate MnSO4H,0 3.39
Boric acid H3BO3 2.92
Zinc sulphate ZnSO47H,0 0.49
Copper sulphate CuSO45H,0 0.08
Sodium molybdate NayMo042H,0 0.12
EDTA-disodium C10H14N,0gNa,-2H,0 16.42

2013). The lettuce seedlings were transplanted to a nursery where they
remained for 14 days until they reached the ideal size to be transferred
to the defined location of the experiment. The defined growing periods
were from November 24th to December 14th, 2014 (summer) and from
August 1st to 23rd, 2015 (winter). In the nursery the plants were grown
in nutrient solution as proposed by Martinez and Silva Filho (2004)
(Table 1).

The cultivation environment was composed of twelve workbenches
(plots), each three meters in length, and with four polypropylene hy-
droponic profiles (75mm) per workbench, in a greenhouse. The
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Fig. 1. Average values the relative humidity and air temperature monitored inside and outside the greenhouse, during the two crops (winter and summer).
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Fig. 2. Sewage Treatment Station (STS) and greenhouse.

experimental plan used was completely randomized, with three treat-
ments and four replications, totaling twelve plots for each period,
winter and summer. The first treatment was fed with drinking water
supply and chemical fertilizers (T1), the second with wastewater and
supplemented with chemical fertilizers according to the results of the
water’s chemical analyzes (T2) and the third with only wastewater (T3)
of which were also made chemical analyzes.

The structure of each treatment was composed of an NFT hydro-
ponic system, containing a tank with a capacity to store 500 L of nu-
trient solution, a pumping system, four benches (repetitions) with four
hydroponic profiles and a solution return system to the tank. The spa-
cing used was 0.25m between plants in the hydroponic profiles and
0.30 m between plants of the different profiles; in this way there were
12 plants per profile, 48 per bench and 192 plants by treatment. The
slope was 10% to facilitate nutrient solution flow by gravity, which
maintained 1.5 Lmin "' for each profile.

The wastewater used was collected at the exit of a sewage treatment
station (STS), which is installed at the front of the greenhouse (Fig. 2).
This station treats sewage from the toilets and the university restaurant
and was monitored for a year by Souza et al. (2015). The station is
divided into several units (Fig. 3), where the raw effluent that is gen-
erated is first discharged into a septic tank, followed by PVC piping to a
microalgae pond, then to a wetlands tank and finally to an equalization
tank where it is stored for use.

The wastewater analysis was done weekly before its nutritional
adjustment (Table 2) from 0.5L equalizer tank samples in a sterile
bottle and was conducted at the Laboratory of Soil Pollution for analysis
of its physical and chemical parameters, such as pH, turbidity, bio-
chemical oxygen demand (BODs2%), dissolved oxygen (DO), electrical
conductivity (EC), total phosphorus (TP) and total nitrogen (TN). Other
chemical parameters, such as calcium (Ca), potassium (K), magnesium
(Mg), sulfur (S) and sodium (Na), were analyzed at the Laboratory of
Soil Fertility. The analytical methodology adopted in all analyses of the
wastewater (chemical and physical), is in agreement with Standard
Methods for the Examination of Water and Wastewater (APHA, 2012).

The preparation of the nutrient solution for T1 and T2 was com-
pleted based on the recommendation for the lettuce crop proposed by
Martinez and Silva Filho (2004) (Table 1). In the T2 treatment, the
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Table 2
Average results of the physical-chemical characterization of the wastewater used in both
crops.

Parameters Summer Growth Winter Growth
Average Standard Deviation Average Standard Deviation
pH 8.03 0.06 7.38 0.15
EC (dSm™%) 0.86 0.23 0.72 0.12
BODs* (mgL™!) 38.63 3.33 42.30 9.84
DO (mgL™") 2.41 0.66 2.35 0.27
Turbidity (NTU) 17.76 9.01 21.35 4.45
NT (mg L™ 44.74 5.12 23.80 6.08
TP (mgL™ ") 15.33 0.67 5.08 2.55
K (mgL™1) 18.83 2.75 14.50 7.19
Ca (mg L™ 38.67 7.51 48.39 17.37
Mg (mgL™") 10.93 2.01 11.39 9.53
S (mgL™1) 101.33 22.14 28.89 37.53
Na (mg L™ 87.91 80.32 53.00 40.27

EC: electrical conductivity; BODs>’: biochemical oxygen demand; DO: dissolved oxygen;
TN: total nitrogen; TP: total phosphorus; K: potassium; Ca: calcium; Mg: magnesium; S:
sulfur; Na: sodium.

addition of the fertilizers was carried out by discounting the contents
already present in the treated effluent, and for treatment T3, as has
already been mentioned, the solution used was only wastewater.

To maintain a favorable environment for the development of the
plants in this system, it was important to monitor daily pH and elec-
trical conductivity of the solutions, through which it was possible to
determine the necessity of adding salts to adjust the electrical con-
ductivity (Azad et al., 2013). The replacement of water in the reservoirs
of each treatment was carried out weekly, and from the volume added
and the reading of the electrical conductivity the mineral fertilizers
were added.

In order to evaluate the nutritional status of the culture, at 2/3 of
the development (15 DAT), 15 newly developed leaves of each of the
treatments were randomly collected, following the methodology pro-
posed by Raij et al. (1997), to determine the leaf contents of nitrogen
(N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg),
sulfur (S), boron (B), copper (Cu), iron (Fe), manganese (Mn) and zinc
(Zn).

Quantification of the fresh mass was performed through the col-
lection of whole plants, leaves and roots, at 1, 7, 14 and 21 DAT. The
number of plants per plot (workbench) were 48 and 3 plants were
collected at each sampling date, this way, the number remaining for the
final analysis at harvest were 36 plants per plot. After weighing, these
plants were sent to the laboratory to determine the dry mass and the
absorption in the whole plants of nitrogen (N), phosphorus (P), po-
tassium (K), calcium (Ca) and magnesium (Mg), sulfur (S), iron (Fe),
manganese (Mn) and zinc (Zn), following the methodology of plant
tissue analysis described by Nogueira and Souza (2005).

In order to evaluate the effect of the interaction of the different
cultivation periods (winter and summer) and the evaluated treatments,
the results of the fresh mass of the plants, the electrical conductivity
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Fig. 3. Schematic representation of sewage treatment station built at Federal University of Sao Carlos (UFSCar).

Source: Adapted from Souza et al. (2015)
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and the pH of the different nutrient solutions were submitted to two-
way analysis of variance (F test) and the average was compared by the
Tukey test with 5% probability using the R CORE TEAM software.

The data used to compose the nutrient accumulation curves and dry
mass were submitted to regression analysis, being considered to be
independent variable the age of the plant, expressed in days, after
transplanting. A polynomial or linear fitting was used for each situa-
tion.

3. Results and discussion
3.1. Water quality for hydroponics

The results of the characterization of the wastewater, as previously
described (Table 1), are mainly related to the origin of the domestic
effluent, and also to the treatment process used. Souza et al. (2015)
monitored this Sewage Treatment Station (STS) with the objective of
evaluating the efficiency of the treatment system and the possibility of
applying the wastewater in agriculture, and concluded that the waste-
water is suitable for use in agriculture, but the application should be
localized, and if applied to the soil, it should be monitored to avoid the
risk of salinization due to the high concentrations of sodium found in
the effluent.

The great variation found in the content’s results of total nitrogen,
sulfur and total phosphorus of the wastewater in winter and summer is
due to the seasonality of the STS operation, since the treated effluent
comes from the university which, during the period of July, its gen-
eration is greatly reduced, increasing the hydraulic retention time by
changing the characteristics of the wastewater.

In the literature are found parameters on the quality of wastewater
for application in the soil (WHO, 2006), therefore, there is no specific
recommendation for hydroponic cultures. The results of the char-
acterization of the wastewater were compared with the water quality
recommendations for hydroponics described by Bohme, (1993), being
the average values of electrical conductivity and pH considered ac-
ceptable. For sodium, according to the same author, values up to
87 mg L™, the water is indicated as good to be used in hydroponics.

The cultivation of lettuce for soil cultivation is classified as mod-
erately sensitive to salinity (Ayers and Westcot, 1999), and in hydro-
ponic cultivation it is considered tolerant, according to Resh (1995).
This difference is due to the low or no matric potential on the total
water potential, allowing greater absorption of water and nutrients in
plants grown in the most diverse types of hydroponics, besides pro-
viding greater tolerance to salinity in relation to conventional soil
cultivation (Soares et al., 2007).

When comparing the mean values of total nitrogen, total phos-
phorus, potassium, calcium, magnesium and sulfur present in the
wastewater with the values proposed by Martinez and Silva Filho
(2004) (Table 2) for hydroponic cultivation, these are insufficient to be
used as nutritious solution for the lettuce culture, and a nutrient supply
is necessary. Lettuce plants can extract approximately 77% of the
phosphorus and 80% of the nitrogen contained in the wastewater so-
lution from sanitary sewage (Boyden and Rababah, 1996), but they
present a reduction of more than 50% in their fresh mass (Cuba et al.,
2015; Boyden and Rababah, 1996), with the inadequate concentration
of nutrients in wastewater being the main factor.

3.2. Absorption of nutrients and growth of lettuces

The nutrient foliar contents of both cultures (Table 3) were com-
pared with the recommended range for the culture according to Raij
et al. (1997). For the T1 treatment in the summer culture, the contents
of potassium and calcium were below the range recommended for the
culture, whereas in the treatment T2 it was potassium and magnesium
which were below recommended levels, however the plants did not
present any visual symptom of these deficiencies.
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In winter culture for treatments T1 and T2 calcium and magnesium
were below the adequate range, but without visual deficiency symp-
toms. For the other macronutrients and micronutrients, the values were
within the appropriate range.

In the T3 treatment, in the evaluated periods, visual symptoms of
nutritional deficiency were observed five days after transplantation to
the final site, and nutrient foliar contents were below for most of the
nutrients, except for boron, copper and zinc. These results suggest the
need to investigate the amount of micronutrients present in the was-
tewater, and therefore be able to interpret whether the leaf contents
found were due to absorption during the period that the seedlings were
pre-acclimated or if the wastewater provided some contribution.

The results of the nutrient and dry mass accumulation in the lettuce
plants of the different treatments in the summer crop are presented in
Figs. 4 and 5, respectively, and for the winter crop in Figs. 6 and 7,
respectively. The nutrient absorption increased for most of the elements
over the two crop cycles for all treatments, and statistical regression
analysis presented that this accumulation in plants is significantly re-
lated to their growth. The choice of function for each nutrient was
according to the behavior of each nutrient and treatment. The de-
termination coefficients (R?) for most macronutrients and micro-
nutrients were higher than 0.95, showing adequate adjustment to the
chosen model.

When comparing the trend lines of the three treatments in both
cultures up to 7 days, the accumulation of nutrients is very similar, but
from this period in the T3 the behavior is differentiated by the weakness
in the growth of the plants, whose complete reduction in the level of
macronutrients in the wastewater promotes lower growth and, conse-
quently, lower mass gain.

According to Taiz and Zeiger (2013), the elements considered es-
sential are classified according to their relative concentrations in the
plant tissue in the following growing order: N > K > Ca > Mg >
P>S>Fe >B > Mn > Zn > Cu. In summer cultivation, the
growing order of nutrients extracted from the nutrient solution for T1
was K>N>Ca>P>S>Mg>Fe>DMn>Cu>B>Zn,
whereas for T2 and T3 it was N> K > Ca >P > S > Mg >
Fe > Mn > Cu > B > Zn. On the other hand, for winter cultivation
the order of nutrients absorbed for T1 and T2 was N > K > Ca >
P>S>Mg >Fe>Mn>7Zn > Cu > B, and for T3 it was
N>K>Ca>P>Mg>S>Fe>Mn>Zn>Cu>B. Ac-
cording to Epstein and Bloom (2004), the nutriment concentration and
proportion may vary in different plants and growing conditions. For dry
weight, for example, the expected levels of N, K, and Ca are of 0.5-6%,
0.8-8%, and 0.1-6%, respectively. The accumulated amount of nutri-
ments between the treatments and the growing seasons, as nitrogen,
potassium, and calcium are the elements at higher concentration in the
crop at each treatment.

The lettuce culture, because it is composed mainly of leaves, re-
sponds adequately to the nitrogen supply. The highest values of this
element accumulated in the plants were in the summer crop for the
treatments T1 and T2, being 0.98 and 0.94 g plant ™!, respectively, at
21 DAT. When evaluating the absorption curve along the growth cycle,
up to 7 days after transplanting, it was noted that during this period
there is more intense growth and consequently a higher concentration
of nutrients. In the treatments T1 and T2 up to 7 days there was an
accumulation of 20% of the maximum absorbed N, and in the T3
treatment this value was 45%.

In winter, the maximum nitrogen accumulation at 21 DAT was
lower in all treatments when compared with the summer results, being
0.46; 0.60 and 0.16 g plant ! for T1, T2 and T3, respectively. The T3
treatment at 7 DAT already had 67% of the total N accumulated, and
the other treatments approximately 24% of the total. Nitrogen is the
element most required by most crops (Bugbee, 2004), and because it’s
part of chlorophyll molecules, when its content is insufficient, the result
is a reduction in the rate of photosynthesis. The T3 treatment plants at 5
DAT already had symptoms of nitrogen deficiency.
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Table 3
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Foliar contents of nutrients at 15 days after transplanting and recommended range for the crop as proposed by Raij et al. (1997).

Treatments Macronutrients gkg ™’ Micronutrients mg kg ™!
N P K Ca Mg S B Cu Fe Mn Zn
Summer T1 45.0 5.6 41.5 14.5 4.7 5.4 43 31 164 198 30
T2 43.0 6.8 44.0 20.4 3.8 4.9 60 53 256 313 48
T3 26.0 2.6 11.1 11.4 1.1 0.7 35 17 166 204 50
Winter T1 48.5 7.6 54.3 10.2 3.1 3.1 4 17 283 238 80
T2 49.5 7.9 49.2 10.8 2.9 2.8 10 16 214 255 47
T3 27.5 3.4 8.4 6.8 2.1 1.3 8 11 181 118 26
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Fig. 4. Absorption of N, P, K, Ca, Mg and S in Vanda lettuce plants cultivated in a hydroponic system during the summer in the treatment of drinking water and chemical fertilizers (T1),
wastewater and supplemented with chemical fertilizers (T2) and wastewater only (T3) at 1, 7, 14 and 21 days after transplanting.
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According to Grangeiro et al. (2006), Lopes et al. (2003) and
Martins et al. (2009), lettuce cultivation presents a higher demand for
potassium in comparison to other nutrients from 12 DAT, either in the
soil or in the NFT hydroponic system. In this study, the maximum va-
lues of K in the plants were 1.02 g plant ~ ! for the T1 and 0.86 g plant ~*
for the T2 in the summer, and in the winter period the accumulation at
the end of the cycle was 0.46 and 0.45g plant™! for T1 and T2, re-
spectively.

For the T3 treatment in summer, there was a K accumulation of
0.17 g plant—! at 21 DAT, and at 7 DAT the plants had accumulated
approximately 33% of the maximum K absorbed, whereas in winter the
highest accumulation observed was 0.10 g plant~* at 7 DAT, and at 21
DAT there was a decrease of 42% of this nutrient. Sodium in nutrient
solution exerts an antagonist effect on potassium, and its presence in
wastewater with a lower K concentration may have influenced the T3
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treatment.

Also, in T3, treatment plants at the end of the two cycles, small
brown staining spots on the edges of older leaves were observed, a
symptom of insufficient potassium. According to Taiz and Zeiger
(2013), this nutrient activates several enzymes involved in photo-
synthesis, influencing the productivity and final quality of the product.

From the middle of the two cycles of the T3 treatment, calcium
deficiency was observed, with the appearance of necrosis in the apical
meristems of the leaves, known as “tip burn” or necrosis in the root
meristems. These symptoms occur because calcium plays an essential
role in the meristematic growth in the leaves, but mainly in the roots.

The maximum accumulation of Ca by plants in the T3 treatment
reached 0.17 g plant ™! in summer and 0.04 g plant ~ ! in winter, both at
21 DAT. In T1 and T2 treatments, the maximum values found at 21 DAT
of Ca in the plants were 0.34 and 0.38 g plant ™! in summer and 0.11
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Fig. 6. Absorption of N, P, K, Ca, Mg and S in Vanda lettuce plants cultivated in a hydroponic system during the winter in the treatment of drinking water and chemical fertilizers (T1),
wastewater and supplemented with chemical fertilizers (T2) and wastewater only (T3) at 1, 7, 14 and 21 days after transplanting.

and 0.13 g plant ™! in winter, respectively. According to Adams (1991),
in situations with lower luminous intensity and lower temperatures
there is less transpiration of the plants, and the Ca, for being distributed
only through the xylem, has reduced leaf contents.

In contrast to nitrogen and potassium, phosphorus is required in the
least amount by the crop, and up to 7 DAT the plants of the T1 and T2
treatments absorbed approximately 20% and of the T3 more than 50%
of the maximum accumulated during each cycle. The mean difference
between the phosphorus content at the end of each cycle of the T1 and
T2 treatments was 5.5 times greater than that of the T3. Phosphorus
deficiency leads to a slower development of the crop and a nutritional
imbalance.

The demand for magnesium increased throughout the cycles (Figs. 4
and 6), except for the T3 treatment in the summer period, for which
there was a decrease from 14 DAT. The maximum accumulations were

0.10, 0.07 and 0.01 g plant™?, for T1, T2 and T3, respectively, in the
summer crop, while in winter they were 0.03, 0.03 and 0.01 g plant ™ *,
for T1, T2 and T3, respectively. According to Grangeiro et al. (2006),
for the Bab4 Summer, Taina and Verdnica lettuce cultivars the greatest
demand for magnesium occurs between 22 and 27 DAT, and these crops
have a maximum accumulation of Mg in this period of 0.14, 0.10 and
0.11 g plant ~ ', respectively. This difference between the results of this
work in the different periods of the year and the reported literature can
be attributed to the concentration of nutrients in the nutrient solution,
in which fluctuations in nutrient contents are expected (Saufie et al.,
2015).

The handling adopted to restore the nutrient solution of the T1 and
T2 treatments exerted influence on the nutrient absorption, since this
replacement was performed based on the electrical conductivity and the
absorbed volume of the solution. According to Yeo et al. (2013), this
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Fig. 7. Absorption of B, Cu, Fe, Mn, Zn and dry mass in Vanda lettuce plants cultivated in a hydroponic system during the winter in the treatment of drinking water and chemical
fertilizers (T1), wastewater and supplemented with chemical fertilizers (T2) and wastewater only (T3) at 1, 7, 14 and 21 days after transplanting.

practice, although very usual, does not allow the efficient diagnosis of
nutrient excesses or deficiencies in the nutrient solution, which may
lead to an imbalance in the nutrient solution. When measuring the
electrical conductivity of a nutrient solution after circulation by plant
roots, Ca, Mg and S, which are the elements with the lowest absorption
rate, are measured mainly, in contrast to N, P, K and Mn (Bugbee,
2004). This practice may have provided high Ca concentrations in the
medium and, thus, inhibit or decrease the rate of Mg uptake by the
roots (Abrahao et al., 2014).

Sulfur is absorbed by plants in the form of sulfate (SO4) and is part
of carbon compounds such as amino acids, coenzymes and vitamins,
which are essential to metabolism. In situations of sulfur deficiency, the
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symptoms are similar to the lack of nitrogen, but appear in the new
leaves because it is not a movable element for most species (Taiz and
Zeiger, 2013).

In winter cultivation, the maximum accumulated sulfur for both T1
and T2 treatments was 0.05g plant™ !, and for T3, it was 0.01g
plant~!. Gondim et al. (2010), in an experiment with the variety of
lettuce BR 303 cultivated in hydroponic system, indicated sulfur was
the macronutrient of least accumulation during the cultivation, having
a maximum amount 0.04 g plant ~ !, which is near to the values found in
winter for T1 and T2 of this work. In the summer, at 21 DAT, the sulfur
contents for T1, T2 and T3 were 0.10, 0.09 and 0.02g plant™?, re-
spectively, the greatest demand for the first two treatments being from
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14 to 21 days.

Micronutrients, as well as macronutrients, had their greatest de-
mand from the middle to the end of the cycle, because in this period,
the physiological activity of the plants is more intense in view of the
greater mass gain (Figs. 5 and 7). The highest levels of boron, copper,
iron, manganese, molybdenum and zinc were observed at 21 DAT in all
treatments and in both cultures.

The absorption of micronutrients for the treatments T1 and T2, in
winter and summer, perfectly accompanies the characteristic behavior
of the dry mass gain of the culture. In the treatment T3, this absorption
was lower in relation to the other treatments, evidencing that the
quantities found in the wastewater may not be sufficient to meet the
culture demand, but also emphasize the need for analysis and quanti-
fication of micronutrient contents in wastewater.

When evaluating and comparing the results of nutrient absorption
during the different periods, it was noted that in the summer there was
a greater accumulation for most of the elements in all the treatments,
but mainly for T1 and T2. Only the accumulated levels of magnesium
and boron for T1 and T2 were lower in the summer compared to the
winter values. Martinez and Silva Filho (2004) point out that there may
be differences in nutrient uptake rates for the same culture at different
times of the year and, further supporting these results, Adams (1991) in
a work on tomato growing in hydroponics observed that nutrient and
water absorption can be twice as high in summer.

The plant growth curve, expressed by the dry mass accumulation of
the crops (Figs. 5 and 7), was represented by a second-degree
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Table 4

Analysis of variance of the fresh mass of the plants, electrical conductivity and pH of the
nutrient solution according to the periods of the year (summer and winter) and different
types of nutrient solution.

Variation Causes Mean Square

Fresh Mass EC pH
Periods (P) 124,559** 0.60** 0.005"
Types of Nutritive Solution (S) 602,532%* 22.43%* 33.92%*
Interaction (P)*(S) 35,135%* 0.17** 0.31"
Residue 564 0.01 0.2
CV% 7.94 38.87 6.23

CV: Coefficient of variation between the results of each treatment; "*: Not significant by F
test; *, ** Significant at 0.05 and 0.01 probability respectively; EC: electrical conductivity.

polynomial equation, showing high correlation for all treatments, and
greater accumulation from 14 DAT onwards. In summer, the dry mass
at the end of the period was 80.5, 54.32 and 67.81% greater than
during the winter cultivation for treatments T1, T2 and T3, respec-
tively.

Fig. 8 presents the results of the daily monitoring of pH and elec-
trical conductivity of the nutrient solutions of the different treatments,
in both periods. The results of 2-way ANOVA of the nutrient solution's
electrical conductivity and fresh mass of the plants indicated a sig-
nificant interaction between the growing seasons (winter and summer)
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Fig. 8. Daily monitoring of the pH and electrical conductivity of the nutrient solution of the treatments during winter and summer cultivation. T1: treatment of drinking water and

chemical fertilizers; T2: wastewater treatment and supplemented with chemical fertilizers; T3: wastewater treatment only.
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Table 5

Average values of the fresh mass of the plants, electrical conductivity and pH of the
nutrient solution according to the periods of the year (summer and winter) and different
types of nutrient solution submitted to the Tukey test.

Variables Factors Types of Nutritive Solution
T1 T2 T3
Fresh Mass (g) Winter 464.11aA 443.75aA 118.60bA
Summer 330.68aB 322.74aB 113.71bA
EC (dSm™") Winter 2.09aB 2.12a 0.53bB
Summer 2.30aA 2.21a 0.71bA
pH Winter 6.60b 6.62b 8.30a
Summer 6.61b 6.81b 8.14a

Means followed by the same lower case letter in each line and the uppercase letter in each
column do not differ at the level of 0.05 probability by the Tukey test. EC: electrical
conductivity; T1: treatment of drinking water and chemical fertilizers; T2: wastewater
treatment and supplemented with chemical fertilizers; T3: wastewater treatment only.

and treatments (T1-T3), according to Tables 4 and 5.

Regarding the pH of the nutrient solutions, there was no interaction
of the factors, and only the simple effect of the treatments was found.
During the experimental period, an oscillation of its values for the
treatments T1 and T2 (Fig. 8) occurred, however, this variation is ex-
pected, since the nutrient solution does not have buffering capacity
(Backes et al., 2004). The range considered adequate for hydroponic
plant growth is 5.5-6.5 (Furlani, 1999). The average pH values
(Table 5) were above the range considered ideal for nutrient absorp-
tion, but even in these conditions no visual symptoms of nutrient de-
ficiency were observed for the T1 and T2 treatments. Also, according to
Bugbee (2004), plants also grow in the pH range of 4-7, if the nutrients
are not limiting. For the treatment with only wastewater, the pH re-
mained stable in comparison with the other treatments, however, above
the ideal.

The pH fluctuations in nutrient solutions are attributed to the un-
balanced uptake of ions by plants (Marschner, 2012). Most of the ni-
trogen supplied through the nutrient solution is in the nitric form, with
the anion absorption being greater than that of cations, with the oc-
currence of pH elevation. This occurs because the absorption of one
mole of NO3 ™~ is done in co-transport with two moles of H*, while in
the uptake of one mole of NH, " can occur the pumping of one mole of
H™ to the outside of the cell (Cometti et al., 2006).

The highest pH at the end of the summer period influenced the
absorption of magnesium and boron in treatments T1 and T2, and the
contents found were below the ideal range for lettuce, as proposed by
Raij et al. (1997), but without presenting visual symptoms of this de-
ficiency.

The average electrical conductivity of the T1 and T2 treatments
(Fig. 8 and Table 5) was similar to that recommended for the cultiva-
tion of lettuce in hydroponics, which is 2.5 dS m~ ! (Azad et al., 2013).
Backes et al. (2004), in a study on nutrient replacement in nutrient
solutions for lettuce cultivation, observed that in the treatments with
higher pH and electrical conductivity oscillations there was a lower
production of total fresh matter.

Data on the characterization of climatic conditions during the ex-
perimental period (Fig. 1) show that the mean air temperature inside
the greenhouse was 29.08 °C = 2.37 for summer and 24.5 °C + 2.77 for
winter. Summer is characterized by higher temperatures, greater lu-
minosity and solar radiation, increasing the evapotranspirative demand
of the culture. The monitoring of the volume of water used during each
culture to prepare and replenish the nutrient solution demonstrates
higher water consumption during the summer compared to winter
(Table 6). In the T3 treatment due to the reduced plant growth the
water consumption was much lower when compared to the other
treatments.

Bugbee (2004) suggests the use of the nutrient amounts necessary
for the plants diluted by the volume of water spent for the production
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Table 6
Water consumption for the preparation and replacement of nutrient solutions during the
experimental period.

Treatments Amount of water used (L)
Summer T1 1057

T2 905

T3 585
Winter T1 986

T2 872

T3 469

T1: treatment of drinking water and chemical fertilizers; T2: wastewater treatment and
supplemented with chemical fertilizers; T3: wastewater treatment only.

per unit of mass, however, Cometti et al. (2006), emphasize that under
tropical climate conditions with high transpiration, in which there is an
absorption of a large volume of nutrient solution, it is necessary to
know the transpiration of the lettuce culture in the NFT system, as well
as the relation and amount of nutrients absorbed for such condition. As
shown in the results of this work, there are variations in the amount of
nutrients absorbed in different periods of the year, considering that the
distribution pattern of treatments was uniform inside the greenhouse,
as well the conditions of nutrient solution management.

Lettuce is a culture adapted to milder climate, being suitable for
growing in winter (Lopes et al., 2003), when it reaches the highest
values of fresh mass, as observed in this study from the interaction
between cultivation periods and treatments (Tables 4 and 5) and re-
ported in the literature (Chekli et al., 2017; Feltrin et al., 2005;
Sediyama et al., 2009). Comparing values obtained for dry mass (Fig. 5
and 7) with the fresh mass of the treatments, it is noted that in winter
there was a higher moisture content per plant and in summer a greater
accumulation of dry mass in all treatments. The dry mass of the plant is
composed of mineral elements in which 90% are carbon, hydrogen and
oxygen as the remaining 10% contain all other mineral elements ab-
sorbed in the crop’s environment (Epstein and Bloom, 2004). Sediyama
et al. (2009) evaluate the performance of hydroponic lettuce cultivars
growth at winter and summer period and observed a stem-stretching
tendency of some lettuce varieties at higher temperatures, resulting in a
smaller number of leaves, which happened herein in plants grown in
the summer period. Additionally, the lettuce stem may have worked as
a nutrient storage, contributing for a greater mineral element accu-
mulation in the summer.

In the T3 treatment, the electrical conductivity remained stable, in
winter and summer, with small variations, but below the ideal for
culture in this system. The origin of the effluent used and the treatment
process employed directly reflect this value. Nutrient levels are much
lower than the nutrient content of the solutions and the proportions are
also different from those used by several researchers (Martinez and
Silva Filho, 2004; Furlani, 1999).

In the summer period, treatments T1 and T2 in relation to fresh
mass did not differ statistically, and in winter there was also no dif-
ference (Table 5). However, the averages of these same treatments
differ statistically in relation to the growing season, being higher in
winter. Between winter and summer cultivation the T3 treatment did
not present differences, but it was significantly different from the other
treatments during the two periods.

These results confirm the negative effect of lack of nutrients on plant
growth, demonstrating that wastewater without nutrient supple-
mentation is not feasible for use in hydroponics of lettuce culture. It is
also possible to conclude that although there were variations in the
chemical and physical characteristics of the wastewater used in the T2
(Table 1), there was no influence on the production and the accumu-
lation of nutrients when compared to T1.

T3 plants presented lower roots and leaves, as a consequence of
reduced nutrient supply in the wastewater, therefore lower fresh mass
and dry mass when compared to T1 and T2 (Table 5). It is assumed that
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there was no loss in the T3 because of the time that the plants were in
the nursery with the conventional nutrient solution. This time with the
nutrient solution may have provided an efficient absorption of nutrients
at this stage during the first 14 days. In Figs. 4-7 it can be observed that
up to 7 DAT in the T3 treatment, the plants had already absorbed ap-
proximately 50% of the accumulated total over the period evaluated for
most nutrients.

The difference found in the fresh mass results, dry mass and the
accumulated maximum of plant nutrients between the T1 and T2
treatments in the winter and summer period can be attributed to the
difference in the meteorological conditions in the times when the plants
were cultivated (Fig. 1). According to Feltrin et al. (2005), in the
summer, which is characterized by high temperatures reaching 30 °C
during the day, plants shorten the vegetative cycle, inducing premature
flowering, resulting in plants with a reduction in the total fresh mass,
which can be observed in the present work. Wastewater used had no
effect on this result, when comparing the performance of the T1 with
the T2, because in each culture there was no significant difference be-
tween the two.

For the treatment with only wastewater, the temperature difference
between the evaluated periods did not influence the results found, as
opposed to the insufficient amount of nutrients, that limited the de-
velopment of the plants in the two periods, resulting in small plants
with symptoms of generalized nutritional deficiency and non-com-
mercial plants.

4. Conclusions

Wastewater has the potential to be used as an alternative source of
water for hydroponic lettuce cultivation, and there is no damage in
terms of production for the culture, as long as a nutritional contribution
is made, independent of the time of year. Its supplementation with
fertilizers allows the increasing accumulation of nutrients, similar to the
treatment of water supply with chemical fertilizers, as opposed to its
use without addition of nutrients, which leads to the reduction of fresh
mass and nutritional deficiencies in the plants, making them out of
marketing standards.
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