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Abstract

Lettuce (Lactuca sativa L.) production is a valuable crop for supporting family farms in the Brazilian semiarid
region. The cultivation of this vegetable in a hydroponic system with foliar application of organic fertilizer can
help in mitigating the challenges imposed by the region’s edaphoclimatic conditions. Therefore, it is important to
increase the lettuce production using new technologies. VIUSID Agro” is an example of such technology that
has the potential to increase lettuce yields. VIUSID Agro® is a natural compound that actives molecular
processes without affecting the environment adversely. This product acts as a natural bioregulator and is
basically composed of amino acids, vitamins, and minerals. The experiment’s objective was to analyze the
impact of VIUSID Agro” organic fertilizer on the growth of hydroponic lettuce. The research was conducted on
a family farm in Bom Jesus, Paraiba state, Brazil. The experimental was a completely randomized design with 5
VIUSID VIUSID Agro® concentrations (0.0; 0.2; 0.4; 0.6 and 0.8 mL L) and 15 replications. Among the
indicators evaluated were the plant length, leaf number, stem diameter, root length, and fresh and dry biomass.
The results showed that the 0.4 mL L™ VIUSID Agro® concentration produced greater growth than the control
(0.0 mL L) for variables analyzed plant length, fresh and dry biomass of aerial portion, root length, fresh and
dry biomass of root. The foliar application of VIUSID Agro® improved the performance of the lettuce
morphological characteristics in a hydroponic cultivation system. Although this is the first Brazil research
evaluating VIUSID Agro® as an organic fertilizer in hydroponic lettuce, results have shown promise.
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1. Introduction

Vegetable production is currently involved generating farming income and employment in all Brazilian's regions.
Among cultivated vegetables in Brazil and around the world, lettuce (Lactuca sativa L.) is a predominant and
highly consumed vegetable (Henz & Suinaga, 2009). L. sativa is an herbaceous vegetable belonging to the
Asteraceae family from Asia, which was brought to Brazil by the Portuguese in 16th century (Resende et al.,
2018).

Morphologically, it has leaves growing in a rosette format attached to a small stem. Lettuce leaves can vary
between smooth to curly types, and with or without a head. Color-wise, lettuce can vary between green and
purple, depending on the variety. Lettuce root systems are superficial and branched. Lettuce prefers a fertile well
drained soil with ample organic matter and nutrients. The production cycle is considerably short, lasting 40-50
days (Filgueira, 2003). Certain lettuce varieties can produce several harvests a year, therefore, providing benefits
from socioeconomic point of view. Nutritionally, lettuce has excellent levels of vitamins A and C, in addition to
iron and phosphorus minerals (Resende et al., 2018).

In semiarid Brazil, lettuce cultivation is very important in supporting family farming. However, water scarcity,
high temperatures, and soil degradation have been challenges for development lettuce species for such a region.
The adoption of new technologies may serve to mitigate such challenges for lettuce production in semiarid
Brazil. Therefore, hydroponics is one technological alternative that can be used for lettuce production. When it is
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possible to implement hydroponics, it can reduce the negative impacts on production and produce higher quality
and more durability products compared to conventional production practices (Potrich et al., 2012).

Hydroponic cultivation is characterized by plant production without soil, where essential minerals and nutrients
are provide through a growing solution. Because the hydroponic growing solutions are typically recycled, there
is generally a total reduction in the water use produce a crop. In addition, advances in foliar fertilization can
contribute to higher quality vegetable products, by correcting any nutritious deficiencies depending on the plant’s
physiological growth stage (Luz et al., 2010).

Among fertilizers used in L. sativa culture, the ones of organic origin differ of the industrialized chemical
fertilizers, for not change the natural cycle of ecosystems what reduces the access to nutrients, water and oxygen
by plants (Alcantara, 2016). VIUSID Agro® is an example of an organic fertilizer. It is a natural 100% vegetable
product, which acts as a natural bioregulator. It is composed of amino acids, vitamins, and minerals, and
produced by Catalysis Laboratory (Spain).

VIUSID Agro® promotes and activates the cell metabolism, by increasing both the plant’s genetic potential and
physiological activity. Furthermore, productivity increases as a result of more ideal growth and stronger plants as
they relate to drought, frost, heat, insects, and, thereby decreasing the requirement for toxic non-organic products.
The formulation compounds become molecularly activated resulting in the increase efficiency, without changing
no modifying the molecular structure. However it is important to determine the impact and technology efficiency
of VIUSID Agro® as it relates to increasing plant growth under hydroponic production systems. Therefore, we
conducted research to determine the impact of VIUSID Agro® on hydroponic lettuce growth in Brazilian
semiarid region.

2. Method

The research was conducted at a family farm situated in a rural region in the town of Bom Jesus, Paraiba - Brazil
(38°39'00" W, 06°49'01" S). Climatological, the area is hot and semiarid. Day time temperatures are high and
decrease during the evening. Annual temperatures vary from 23 to 30 °C. Higher temperatures occur during the
dry seasons (September-February) rainfall is typically low and irregular, with average annual rainfalls from 800
mm.

The experiment was conducted in a covered greenhouse that was 5 m wide and 10 m long. The Nutrient Film
Technique (NFT) was used for the hydroponic cultivation system. The nutritious solution was prepared
according to Furlani (1998) for all treatments (Backes et al., 2004).

Water from the local dam was used for the experiment and analyzed by the Laboratorio de Analises de Solo,
Agua e Planta (LASAP), in the Instituto Federal da Paraiba (IFPB, campus Sousa) (Table 1). Checking and
adjustment of the pH (6.0+0.2) and of electric conductivity [0.5 dS m™ germination phase (0-7 days), 0.9 dS m™
seedling phase (8-25 days), and 1.12 dS m™ at mature phase (26-45 days)] in the nutritious solution were made
every day.

The nutritious solution rotation was controlled by a timer regulated to work from the 6 am to 6 pm period (15
min on, and 15 min off). In the evening, the timer was regulated to work from 6 pm to 6 am (15 min on, and 60
min off).

Table 1. Physical-chemical analysis of the water used in hydroponic system

pH CE K° Na* Ca”? Mg? S0 CO;y HCO;y CI' CSR NaCl CaCO; RAS Classe
dSm! MmOl L momme e mg L - mmol. L
7.4 0.24 04 08 020 040 001 0.0 4.68 0.8 4.08 1243 126.0 1.47 C181

Note. RSC: Residual sodium carbonate; SAS: Sodium adsorption; C1 S1: Water without risk in regard to soil
salinization, viable for in water irrigation for most crops and soils. Under physical-chemical aspect, according to
CONAMA Resolution 20, 20 July, 1986, the above sample is included in the acceptable range in regard to total
solids dissolved (TSD) content with 153.6 mg L. According to Brazilian governmental regulation MS
2011/2014, the maximum value allowed is of 1000 mg L™

The lettuce variety used in the experiment was ‘Soraia’ (FELTRIN® seed company), which had 85% germination
rate. Such variety presents advantage the resistance to Plasmopara viticola. The sowing was carried out in a
phenolic cover with water where seedlings stayed for 15 days, being transplanting to the development bench.
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The experimental design was a completely randomized with by 5 treatments (0.0, 0.2, 0.4, 0.6, and 0.8 ml L' of
VIUSID Agro®) and 15 replications. The 0.0 mL L™ treatment was the control concentration, while the 0.6 mL
L' rate was the manufactory recommendation for leafy vegetables. Each treatment was applied to 15 different
lettuce plants to analyze the growth variables.

The morphological data collected at 45 d after seeding. The data collected included the number of leaves per
plant (except dry and yellow leaves), plant length (cm), root length (cm), stem diameter at the base of the stem
(mm), fresh and dry biomass of aerial portion, fresh and dry biomass of root. The dry biomass was determined
after drying the biomass at 50 °C for 72 h.

Leaf application of VIUSID Agro® was performed using a hand sprayer. The first application was 16 d after seed
sowing, during the morning hours weekly, resulting in a total of three applications.

Statistical analysis was carried out using WinStat software for Windows (Machado & Conceicdo, 2002). The
Kolmogorov-Smirnov test was used for normality. When normality existed, a simple analysis of variance
(ANOVA) and Tukey test at 5% probability level was used.

The VIUSID Agro®™ composition is presented in Table 2. All these compounds underwent a molecular activation
prior to application.

Table 2. VISIUD Agro® composition

Composition g 100mL" Composition g 100mL"
Potassium phosphate 5 Calcium pantothenate 0.115
Malic acid 4.6 Pyridoxal 0.225
Glucosamine 4.6 Folic acid 0.05
Arginine 4.15 Cyanocobalamin 0.0005
Glycine 2.35 Monoammonium glycyrrihizinate 0.23
Ascorbic acid 1.15 Potassium sorbate 0.2

Zinc sulfate 0.115 Sodium benzoate 0.2
Distilled water-quantum sufficit (q.s.) 100 mL Triptofano 0.5

Source: Peiia et al. (2017, 2018).

3. Results and Discussion

The analysis of variance indicated significant differences (p < 0.05) among concentrations of VIUSID Agro® for
all the variables measured. The number of leaves (NL) was significantly greater for the 0.4 mL L' and the
control treatments compared to the other treatments, both averaged 8 leaves per plant (Table 3). The leaf number
was not significantly different among the other three treatments (0.2, 0.6, and 0.8 mL L"), the 0.8 mL L'
treatment was 31.2% less than the control treatment (Table 3).

Our leaf number results are in contrast to those observed by Pefia et al. (2017), who observed a 15% increase in
leaf numbers when lettuce plants were treated with VIUSID Agro® in contrast to the control. The leaf number
differences between the 2 experiments may be due to the different production systems used, hydroponics vs.
organoponics. Also the edaphoclimate and varieties may have played roles in the result differences.

Sediyama et al. (2016), in analyzing the productivity of American lettuce, grown in soil with different organic
fertilizers from animal and vegetable origins, verified that there were no significant differences among
treatments in respect to number of leaves. In contrast, Pereira et al. (2010), in analyzing the performance of
lettuce Veronica, cultivated in field as response to different doses of foliar biofertilizer, determined that 20%
concentration presented a significant impact on the numbers of leaves for in all development periods analyzed.

The VIUSID Agro® positive effect was observed for plant length (PL) where all treatments were statistically
greater than the control treatment (Table 3). Lettuce plant lengths (PL) for the 0.8 and 0.4 mL L™ treatments
were 38% and 36% greater than the control, respectively.

According to Luz et al. (2006), lettuce is the most consumed leaf vegetable by Brazilians, while tomatoes are the
most preferred vegetable fruit for salads. Therefore, the number of lettuce leaves is priority for this commercial
crop. When combining the results for the number of leaves (NL) and plant lengths (PL), the 0.4 mL L
concentration produced best plants overall (Table 3). The 0.4 mL L concentration had a similar number of
leaves (NL) and greater plant lengths (PL) than the control. These results are similar to others who observed a
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positive impact of VIUSID Agro® on the aerial morphological characteristics for lettuce (Pefia et al., 2017),
radish (Raphanus sativus L.) (Pefia et al., 2018) and turnip (Brassica rapa L.) (Calzada et al., 2019).

Pinto et al. (2017), conducting research with two American lettuce varieties with different organic fertilizer doses,
determined that the varieties responded differently in the plant length. This is an example of how the lettuce
phenotype may impact the plant’s response to fertilizer applications.

VIUSID Agro® has compounds and elements which may have positively impacted the lettuce growth in our
research. For example, amino acids like tryptophane, which are the component monomers of proteins and
precursory in biosynthesis of some phytohormones such as auxin. These plant hormones act directly or indirectly
on growth physiological mechanisms like cell extension. Research has shown that products that contain amino
acids can benefit crop growth and quality of tomatoes (Solanum lycopersicum) (Boras et al., 2011) and soybean
(Glycine max L.) (Saeed et al., 2005). Moreover, amino acids are bio-stimulants, and it is well known that the
application of formulas containing amino acids have a positive effects on plant growth and yield, and
significantly reduce abiotic stress injuries (Kowalczyk & Zielony, 2008).

Table 3 shows the effect of treatments on the stem diameter (SD). Stem diameters followed a similar but not
identical trend as the leaf number data. The control had a significantly greater average stem diameter than the all
treatments containing VIUSID Agro®. Among the VIUSID Agro® treatments, the 0.4 mL L™ rate produced
significantly greater stem diameters (SD) than the other treatments containing VIUSID Agro”, but less than the
0.0 mL L' control. The highest VIUSID Agro” rate (0.8 mL L) produced the numerical smallest stem diameter
(4.93 mm). Dias et al. (2009) determined that substituting biofertilizers in mineral solutions for hydroponic
lettuce production were not effective in maintaining morphological growth parameters, including stem
diameters.

Table 3. Number of Leaves (NL), Plant Length (PL), and Stem Diameter (SD) of lettuce plants, variety Soraia,
treated with different concentrations of VIUSID Agro® organic fertilizer in a hydroponic production system

Concentration Variables
VIUSID Agro® (mL L) NL PL (cm) SD (mm)
0.0 8.0 a* 1391 ¢ 7.40 a
0.2 6.0b 17.56 b 495c¢
0.4 80a 18.88 a 595b
0.6 6.0b 18.02 ab 4.96 ¢
0.8 55b 19.17 a 493 ¢
Average 676 1750 564
Variation coefficient 13.70 6.44 14.24
Deviation-standard 0.92 1.13 0.80

Note. * Averages followed by the same letter in a column are not significantly different by Tukey test (P < 0.05).

The fresh and dry biomass of the aerial portion of the lettuce plants are shown in Table 4. The lettuce fresh and
dry biomass aerial portions (FBAP & DBAP) were significantly greater when treated with 0.4 mL L' VIUSID
Agro®. Ojeda (2013) determined that a VIUSID Agro® 0.5 mL L™ concentration applied to tobacco (Nicotiana
tabacum L.) resulted in the optimum fresh biomass of the aerial portion. In addition, Pend et al. (2018)
determined that radish dry biomass aerial portion significantly increased with VIUSID Agro® compared to the
control.

Codognoto et al. (2015) determined that mineral fertilization produced greater American lettuce fresh and dry
biomass for the aerial portion compared to the use of organic fertilizers. Candian et al. (2016) reported that the
foliar application of biofertilizers with seaweed extracts and commercial hydrolyzed fish did not adversely affect
American lettuce fresh biomass but did increase the dry biomass. A plant’s total dry biomass production is a
result of the plant’s foliage efficiency in the interception and use of the solar radiation available during the
growth cycle. Therefore, the VIUSID Agro® treatment in our experiment produced superior results than the
control.
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Table 4. Fresh Biomass of Aerial Portion (FBAP) and Dry Biomass of Aerial Portion (DBAP) of lettuce plants,
variety Soraia, treated with different concentrations of the organic fertilizer VIUSID Agro® in a hydroponic
production system

Concentration Variables
VIUSID Agro® (mL L™) FBAP (mg) DBAP (mg)
0.0 0.470 b* 0.279b
0.2 0.391 ¢ 0.233 ¢
0.4 0.537 a 0.328 a
0.6 0.447 be 0.279b
0.8 0.421 be 0.262 be
‘Average 0453 0276
Variation coefficient 14.22 14.96
Deviation-standard 0.06 0.04

Note. * Averages followed by the same letter in a column are not significant different by Tukey test (P < 0.05).

Table 5 shows the significant impact of the foliar applications of VIUSID Agro” organic fertilizer treatments on
lettuce root system. The 0.4 mL L™ treatment produced the best lettuce root development combined across all
root variables. In each case (RL, RSFB, and RSDB), the 0.4 mL L™ treatment was significantly greater than the
control (0.0 mL L' VIUSID Agro®). Compared to the control, the root length and fresh root biomass for the 0.4
mL L™ treatment was 19% and 33% greater than the control, respectively. These results are consistent with Pefia
et al. (2017) who observed an 18% increase in the lettuce root fresh biomass when treated with 0.4 mL L of
VIUSID Agro®.

Costa et al. (2006) determined that a mineral hydroponic solution produced significant lettuce root growth, when
comparing different nutrient solutions with either a mineral or animal origin. Pantano et al. (2010), in contrast,
did not observe an impact of either chemical or biological fertilizers on lettuce (var. Julie) fresh root biomass.

Pefia et al. (2015) determined that weekly foliar application of the VIUSID Agro® increased vegetative growth
and accelerated flowering onset for Anthurium andreanum Lind (common names: flamingo flower, tail flower,
painter's palette, and lace leaf).Other authors have also reported satisfactory results in several crops when using
VIUSID Agro®. These crops include grass (Galdo et al., 2014; Quintana et al., 2015), tomatoes (Pefia et al.,
2016), and corn and onions (Atta et al., 2017; Melendrez et al., 2016).

Table 5. Root Length (RL), Root System Fresh Biomass (RSFB), and Root System Dry Biomass (RSDP) of
lettuce plants, variety Soraia, treated with different concentrations of VIUSID Agro® organic fertilizer in a
hydroponic production system

Concentration Variables
VIUSID Agro® (mL L™) RL (cm) RSFB (mg) RSDB (mg)
0.0 13.12 b* 0.230b 0.131 be
0.2 13.81 b 0.272 ab 0.157 ab
0.4 1555a 0.305a 0.179 a
0.6 14.05 ab 0.245b 0.135be
0.8 13.57b 0.183 ¢ 0.104 ¢
Average 1402 0247 0141
Variation coeficiente 11.95 16.80 21.71
Deviation-standard 1.67 0.04 0.03

Note. * Averages followed by the same letter in column do not differ statistically among them by Tukey test (P <
0.05).

4. Conclusions

The weekly foliar applications of VIUSID Agro® at 0.4 ml L to hydroponically grown lettuce plants (var.
Soraia) produced better plants than the control. The foliar application of VIUSID Agro™ at 0.8 ml L™ is not
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recommended for lettuce plants grown in hydroponic. Although this is the first Brazilian research investigating
VIUSID Agro® in hydroponic lettuce production, the results are promising and suggest additional research
should be conducted.
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