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Abstract

Food production at scale needed to meet today's need is a matter of enormous concern to the world. Hydroponics is
a technique that has caused a growing world interest. The experiment was conducted in May and June 2013 under
greenhouse conditions at the State University of Goias, Santa Helena de Goias campus. The experimental design was
a randomized block design in a 3x7 factorial scheme with three replications, the first one factor: three commercial
lettuce cultivars (American GL, Rafaela-Americana and Simpson Black Seed) and the second factor: seven EC
concentrations, being 0.92, 2.00, 2.22, 2.99, 4.03, 4.41 and 5.02 pS.cm-1. The cultivars Americana GL, Rafaela
Americana and Simpson Black Seed in the hydroponic cultivation system had their productive characteristics
influenced by the EC concentrations between 0.92 and 5.02 pS.cm-1. The cultivars Rafaela A and Simpson BS show
better performances in the ECs from 0.92 to 2.99 pS.cm-1. There is a propensity for better performances for the
American GL cultivar, for the range of 2 to 4 pS.cm-1. The increase of the EC concentrations decreased the dry mass
of the plants and the root length of the tested cultivars.
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INTRODUCTION

Food production at scale needed to meet today's need is a matter of enormous concern to the world. In this sense, it is necessary to analyze cultivation
techniques that overcome this limitation as a result of the constant increase in the need for food, and it is important to seek cultivation techniques that provide high
productivity coupled with production quality, short cycle, agricultural inputs and labor (PAULUS et al., 2010; PAULUS et al., 2012; SILVA et al., 2015)

Vertical hydroponics is a technique that has caused a growing worldwide interest, being an alternative of cultivation with nutritive solution in the presence or
absence of natural or artificial substrates that have developed in laboratories (ALBERONI, 1998), which may influence nutritional and water availability (SILVA
et al., 2015). This technique has proven to suppress current production demands, and in Brazil, its use has expanded mainly in lettuce cultivation, as a result of this
system presenting advantages, due to the size of the crop.

The lettuce (Lactuca sativa L.) is a vegetable of world production, mainly by means of salads, originating in the Mediterranean, being one of the first

vegetables cultivated by the man in the world. Currently in Brazil, it is used throughout the national territory, both in soil and in hydroponic systems, being the
main culture used in hydroponics in the country (SOARES, 2002; LOPES et al. 2005).
In Brazil, lettuce is a more important vegetable produced in hydroponic system NFT (laminar flow of nutrients), hydroponic culture being an alternative to
conventional cultivation, with advantages for the consumer, the producer and the environment (PAULUS et al., 2012). Its cultivation is very vulnerable to adverse
climatic conditions such as rain, hail, frost, temperature and also the presence of pathogens in the soil, due to its size, which can favor the production of plants of
low sanitary and hygienic quality, causing concern for being an in natura food being one of the advantages of hydroponics, the absence of these pathogens
(REZENDE et al., 2007).

To obtain the maximum efficiency of the culture, several proposals of nutritive solutions appeared, with the most varied formulations (FURLANI, 1995;
BERNARDES, 1997; MARTINEZ, 1997; SOARES, 2002; SILVA et al., 2015). In most cases, it is sought to maintain both the concentration of nutrients offered
to the plants and the electrical conductivity of the nutrient solution, in order to monitor the amount of soluble salts, avoiding the salinization of the nutrient solution
(BECKMANN-CAVALCANTE et al., 2010).

The nutrient solution used in lettuce cultivation, the electrical conductivity varies between 1,6 and 1,8 dS m™ (SOARES, 2002) until 2,5 dS m?
(CASTELLANE & ARAUJO, 1995), being in hydroponics it is usual to use the electric conductivity (EC) as an indirect means of evaluation (HELBEL JUNIOR
et al., 2008). However, it is important to highlight the importance of quantifying the best EC in each Brazilian region due to the environmental factors, cultivars
most used, varieties consumed and regionally adapted, among others, that mistakenly employed can limit all productivity.

The objective of this work was to evaluate the influence of the electrical conductivity on the agronomic characteristics and yield of three lettuce varieties, in
order to obtain the ideal electrical conductivity in the nutrient solution.
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MATERIALS AND METHODS

The experiment was carried out in May and June of 2013 under greenhouse conditions in the State University of Goias, Santa Helena de Goias campus, in the
city of Santa Helena de Goias — GO, Brazil. The experimental design was a randomized block design in a 3x7 factorial scheme, with three replicates, using the
hydroponic cultivation NFT, the first factor being three commercial lettuce cultivars (American Great Lakes, Rafaela-Americana and Simpson Black Seed) and the
second factor: seven EC concentrations, where 0.92, 2.00, 2.22, 2.99, 4.03, 4.41 and 5.02 pS.cm'l.

Regarding the planting of seedlings, the seeds were placed to germinate in trays with styrofoam cells with dimensions of 2x2x2 cm. Plantmax commercial
substrate was used to fill cells. Soon after the placement of the seeds, they were moistened daily with distilled water until the germination aiming at the uniform
growth.

The seedlings were transferred to nutrient solution, with EC established in each of the treatments. As for the nutrient solutions used in the irrigation of the
plants, seven stock solutions were used, which were diluted in distilled water, in order to obtain the ECs of 1.0; 1.5; 2.0; 2.5; 3.0; 3.5 and 4.0 dS m™.

After adjusting the ECs with the dilution with distilled water, the micronutrient stock solutions were incorporated according to the commercial
recommendations, obtaining the concentrations of iron (Fe): 5 mg L™, manganese (Mn): 0.5 mg L™, zinc (Zn): 0.05 mg L™, boron (B): 0.5 mg L™, molybdenum
(Mo): 0.01 mg L and copper (Cu): 0.02 mg L. According to the recommendations of lettuce cultivation, the nutrient solutions were monitored for a pH between
5.5 and 6.5, using the Digital pHmeter, the range being that the plants have greater availability of nutrients (CARMELLO & ROSSI, 1997; KOPP et al., 2000).
ECs were also monitored by a portable conductivity meter, often to ensure the results of each treatment.

The plants were harvested when they reached adult size, in order to standardize growth time in established EC. The following were evaluated: the number of
leaves, where the total number of leaves in each plant were counted; length of leaves and roots, which were measured using ruler; the fresh mass of the air part and
root, where the plants were weighed with a precision scale; and the dry mass of the air part and root, and the same plants that were weighed were used to obtain the
weight of the fresh mass and were then conditioned in a greenhouse with forced air circulation at 65°C for 72 hours for drying, those which achieve constant
weight. The data were submitted to analysis of variance by the test of probability (Test F) of 5% to verify the effects of significance and afterwards, submitted to
the Tukey test.

RESULTS AND DISCUSSION
Table 1 presents the analysis of variance information for the variables: leaf number (LN), mass of the air part (FM), fresh root mass (MFR), mean leaf length

(CMF).

Table 1. Analysis of variance for the leaf number (LN), green mass of the air part (GMA), fresh root mass (FRM), mean leaf length (MLL) evaluated in a
hydroponic system in Santa Helena de Goias, GO.

Test F
Fv Leaf number (LN) | Green mass of the air part (GMA) | Fresh root mass (FRM) | Mean leaf length (MLL)
ECs 0.7217 0.6461 0.3875 0.0237*
Cultivars 0.0005* 0.2182 0.7703 0.3201
ECs * Cultivars 0.0363* 0.0007* 0.0016* 0.3199
LDS (0.05) 20.47 40.68 41.48 20.44

* Significant by F test at 5% probability level.

The LN did not show a significant difference for the EC factor, and there was a significant effect between the lettuce cultivars and the interaction of the
factors. The interaction effect between was significant, so that the cultivars is influenced by the concentrations, corroborating with the results also obtained by
Guazzelli (2000) in hydroponic lettuce cultivation.

It was not shown a significant difference for the GMA of the plants in the factor EC and Cultivars, and in the interaction between the effects of the ECs x
Cultivars it was possible to observe difference, providing a dependence between the factors. According Barbieri et al. (2010) explains that EC increase improves
nutrient availability and absorption for lettuce.

Significant effect was observed for the FRM only in the interaction of the factors, but not for the isolated factors. Batista et al. (2012) obtained significant
effects for different ECs, where EC is determinant in the accumulation of FRM. There was a significant effect on the MLL, only for the EC factor, not differing for
the factor Cultivars isolated and the interaction between the factors, and no work was found and/or published for this variable.

Table 2 presents the data of the analysis of variance for mean root length (MRL), stem diameter (SD), dry air weight (DAW) and root dry mass (RDM).

Table 2. Analysis of variance for mean root length (MRL), stem diameter (SD), dry air weight (DAW) and root dry mass (RDM) evaluated in hydroponic system
in Santa Helena de Goias, GO.

TestF
Fv Mean root length (MRL) | Stem diameter (SD) | Dry air weight (DAW) | Root dry mass (RDM)
ECs 0.0001* 0.8336 0.6461 0.3615
Cultivars 0.0008* 0.3058 0.2182 0.3005
ECs * Cultivars 0.5008 0.0073* 0.0007* 0.0014*
LDS (0.05) 18.77 20.47 40.68 40.99

* Significant by F test at 5% probability level.

Significant effect on MRL was observed only between the interaction of the factors. These results corroborate with those obtained by Helbel Junior (2004),
which evaluated different compositions and flow rates of the nutrient solution in lettuce cultivars in the hydroponic system.

There was a significant effect on SD only in the interaction and no effect was observed on the isolated form factors. For the SD variable, the interaction
effect agrees to observe both low and high EC, the effect is the same in cultivars. Different from that observed by Martinez (1997), which observed increase in SD
with the increase of ECs when submitted to lettuce cultivars in a hydroponic system.

It was observed that the interaction effect between the factors being significant, so that the cultivars depended on the concentrations for the DAW and RDM
parameters. In Table 3, it is seen that only in the concentrations of EC: 0.92 and 2.99 pS.cm™, there was a significant effect, while in the other EC, it did not
influence the cultivars, for the LN. It does not show a better trend or some ideal EC value for one or more of the cultivars evaluated. This effect was verified by
Barbieri et al. (2010), which evaluated lettuces submitted to concentrations of 1 to 2 pS.cm™.

Table 3. Analysis of the averages for leaf number (LN) for 7 ECs and 3 lettuce cultivars, evaluated in a hydroponics system in Santa Helena de Goias, GO.
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ECs*
Cultivars 0,92 2,00 2,22 2,99 4,03 4,41 5,02
Americana GL 6.33a 8.67 a 7.33a 6.50 a 9.00 a 8.83a 7.83a
Rafaela- A 10.67 b 9.17 a 8.00 a 6.83 a 7.33a 6.83 a 7.33a
Simpson BS 10.67 b 9.17a 8.33a 125b 9.67a 9.83a 9.33a
LSD (0.05) 20.47

* Means followed by the same lowercase letter in the column are equal to each other, by the Tukey test at the 5% probability level.

There is no influence of increase or decrease of LN for the increase of EC in the varieties evaluated. All ECs submitted to lettuce cultivars presented similar LN by
Tavares & Junqueira (1999) and Guazzelli (2000), who observed that the plant increased with the increase in EC of the nutrient solution.

There was a significant effect among cultivars only at EC: 0.92, 2.22 and 2.99 pS.cm™ (Table 4). No statistically significant difference was observed for other ECs.
In the ECs 0.92 and 2.99 pS.cm™, it was found that the Rafaela A and Simpson BS varieties had a significant effect that exceeded the Americana GL varitie, while
in the EC 2.22 pS.cm™ the significant effect was higher for the variety Americana GL and Rafaela A, compared to cultivar Simpson BS. The lowest values of EC
had significant effects, while the increase of EC did not differ in the behavior of lettuce cultivars. These behaviors differed from those observed by Pinto et al.
(2004), which obtained significant differences of GMA for lettuce in low and high ECs of the nutrient solution.

Table 4. Analysis of the averages for green mass of the air part (GMA) for 7 ECs and 3 lettuce cultivars, evaluated in a hydroponics system in Santa Helena de
Goias, GO.

ECs*
Cultivars 0.92 2.00 2.22 2.99 4.03 4.41 5.02
Americana GL 6.44 a 22.40 a 28.51 ab 15.28 a 40.52 a 40.14 a 30.58 a
Rafaela-A 37.31b 40.07 a 50.57 b 25.61 ab 26.91a 21.32a 21.44a
Simpson BS 28.25 ab 24.03a 18.11a 45,56 ab 23.16a 27.84a 19.24 a
LSD (0.05) 40.68

* Means followed by the same lowercase letter in the column are equal to each other, by the Tukey test at the 5% probability level.

There is no increase or decrease in EC growth in any of the varieties, where the varieties have random effects when sent to different EC between 0.92 the 5.02
uS.cm™. These results differ from those obtained by Silva et al. (2000), observed a decrease in the relative production of lettuce, which was affected by the saline
effect of the soil.

According Barbieri et al. (2010), the highest accumulation of green mass of the shoot for lettuce is 1.8 pS.cm™, and that this effect was not observed in this
research for any of the evaluated varieties. Pinto et al. (2004) observed that the increase in EC of the nutrient solution promoted an increase in leaf area production,
reaching the maximum production in the EC of 1.80 dS.m™, and that EC values higher than these, promoted a reduction in leaf mass, not corroborating the
information obtained in this work for the three evaluated cultivars.

Significant effect was shown for FRM only at concentrations of 0.92 and 2.99 uS.cm™ (Table 5). The cultivar Rafaela A. stands out in low ECs, in the parameter
FRM.

Table 5. Analysis of the averages for fresh root mass (FRM) for 7 ECs and 3 lettuce cultivars, evaluated in a hydroponics system in Santa Helena de Goias, GO.

ECs*
Cultivars 0,92 2,00 2,22 2,99 4,03 4,41 5,02
Americana GL 2,48 a 7,85a 9,72 a 515a 13,85a 12,99 a 10,25a
Rafaela-A 10,63 b 13,30 a 11,48 a 7,07 a 8,32 a 6,68 a 6,26 a
Simpson BS 8,83ab 10,18 a 8,1la 12,50 b 8,39 a 12,99 a 555a
LSD (0.05) 41.48

* Means followed by the same lowercase letter in the column are equal to each other, by the Tukey test at the 5% probability level.

The FRM was higher when submitted under EC reductions for the cultivar Rafaela A. In EC, the superiority is of the cultivar Simpson BS, however in high ECs
the superiority is evident in the cultivar Americana GL.

According to Table 6, there was a significant effect among the varieties only in the concentrations of EC: 0.92 and 2.99 pS.cm™. In the two EC groups, the
varieties Rafaela A. and Simpson BS had a superior effect, compared to the cultivar Americana GL.

Table 6. Analysis of the averages for mean root length (MRL) for 7 ECs and 3 lettuce cultivars, evaluated in a hydroponics system in Santa Helena de Goias, GO.

ECs*
Cultivars 0.92 2.00 2.22 2.99 4.03 4.41 5.02
Americana GL 13.50 a 26.33a 26.92 a 22.67 a 2550 a 20.17 a 17.00 a
Rafaela-A 24.00 b 28.33 a 26.42 a 23.33 ab 24,00 a 23.67a 16.00 a
Simpson BS 25.17b 2992 a 31.58a 32.00b 25.83a 27.83a 20.00 a
LSD (0.05) 18.77

* Means followed by the same lowercase letter in the column are equal to each other, by the Tukey test at the 5% probability level.

The range of ECs between 2 and 2.22 and 4 to 5 uS.cm™ showed high effects for all cultivars tested, with EC of 0.92 and 2.99 decreasing mean MRL values. Table
7 shows that in the low and medium ECs (0.92 and 2.99), shoot dry mass was higher in the cultivars Rafaela A. and Simpson BS, while in the other cultivars no
significant effect was observed and, therefore, effect of ECs on any lettuce cultivar tested in the hydroponic system.

Table 7. Analysis of the averages for dry air weight (DAW) for 7 ECs and 3 lettuce cultivars, evaluated in a hydroponics system in Santa Helena de Goias, GO.

ECs*
Cultivars 0.92 2.00 2.22 2.99 4.03 441 5.02
Americana GL 0.54 a 1.88a 2.39a 1.28a 340a 3.37a 256a
Rafaela-A 3.18b 34la 430b 2.18 ab 2.29a 18la 1.83a
Simpson Black Seed 2.11ab 1.80a 1.35a 3.41b 1.74a 2.09a 144 a
LSD (0.05) 40.68

* Means followed by the same lowercase letter in the column are equal to each other, by the Tukey test at the 5% probability level.

No significant difference in shoot dry matter mass was observed for all cultivars submitted to Americana GL (0.92 to 5.02 pS.cm™). Therefore, at any
concentration, the cultivar will show the same, being that lower and medium EC for the cultivars Rafaela-A and Simpsons Black Seed, showed evident differences.
These results differ from those obtained by Beltrao et al. (1997), in which the authors affirm that the increase in conductivity leads to a decrease in dry matter
production, as well as productivity.
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Although there was no significant effect among the factors in isolation, the cultivars Rafaela A. and Simpson BS showed to be superior in EC lowering, when there
was an antagonistic behavior when submitted to high EC, for the same lettuce cultivars.

CONCLUSIONS

The cultivars Americana GL, Rafaela Americana and Simpson Black Seed in the hydroponic cultivation system had their productive characteristics
influenced by the EC concentrations between 0.92 and 5.02 pS.cm™.

The cultivars Rafaela A and Simpson BS show better performances in the ECs from 0.92 to 2.99 uS.cm™.

There is a propensity for better performances for the Americana GL cultivar, for the range of 2 to 4 uS.cm-1. The increase of the EC concentrations
decreased the dry mass of the plants and the root length of the tested cultivars.
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